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_pm, _rd. Summary. The effects of LSD on neuronal activity in the LGN were studied
in cats anaesthetised with urethane. LSD was given m doses of 25 pg, 100 ,ug,

rot,t,,- i_hi- 200 pg and 300 pg per eat. Changes in neuronal activity were compared with those
observed in a control population of cells recorded fi'om animals that had received

: ea_ _rain.
0.,5 ml of physiological saline or no treatment. The spontaneous firing rate, the

d cexbellar responses to light stimuli delivered to the centre and ro the surround regions of the
receptive fields were all depressed by the drug. There was a dose response relation-

L_,Ine.:_nes ship which was almost identical (slope, b -- 0.19 t,o 0.20) for each of these

_urep__?_,ol. aspects of LGN neuronal activity. In a given cell changes xn spontaneous activity _;
were not correlated with changes in the responses to field centre or surround

dol..Lond.) stimulation. Changes in response to field centre stimulation were not predictive {

of changes in response to field surround stimulation except in the LSI) _ 100 pg "._
ring recipro- treatment groups. In these groups the variances of the change in spontaneous _

than those in the controls. It is concluded that, in the doses ._ 1activity were greater:IABA anta-

used, LSD does a uniformly depressant action on postsynaptie mere-not exert
I am_'._acid brancs: the effects observed are consistent with an action on the release of trans-

mitter substance and/or its interaction with receptors. BOL 148, the non-psycho- _

ues _" study active analogue of LSD did not completely reproduce the effects of any dose of_Ix_ _.) 110,

LSD used in this study. The possible consequences of the actaon of LSD on LGN tt/
hyw,glossal neurones for the processing of visual information is discussed. ,}

_0, 2_9---224 Key words: LSD -- Lateral genieulate body Single units -- Receptive fields "
Spontaneous activity Sensory Processing _::

Introduction
Nalk

Small doses of d-lysergic add diethylamide (LSD) produce profound visual 7'
disturbances in nmn and behavioural changes in animals (see review by IIoffer

and Osmond, 1967). Evarts et al. (1955) found that small doses of LSD (30 Fg/kg)
given intra-arterially strongly depressed the postsynaptic field response of the >_
lateral genieulate nucleus (LGN) to shocks applied to the optic nerve. Similar :}

results were obtained by Bishop el al. (1958) who also found that when the drug !_

was given intravenously higher doses were required to l)roduee a comparable _I
depression. Evarts et al. (1955) showed that LSD, given in quantities many times "_
greater than that required to alter the LGN response, did not aft'cot the response _'
of tile cortex to shocks applied to the optic radiation and had only a small depres-
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" 272 G. Horn and J.M.M.,l(ay:

sant effect on the flash-evoked response of the optic tract (in closes of 2.5 m_, k,*__-[ o," and 1.5 to 2 log unit._:
The work of Erarts et al. (1955) and Bishop el al. (195S) suggests that, in the 5 see intervals, hr. m_,a_

t visual pathways, the LGN is particularly sensitive to LSD. Curtis and Davis stimulated, hutbyan,cell were recorded on _,
(1962) and Phillis et al. (1967) u._ed the tcchniq(m of iontophoresis to apl)ly LSD a dose of LSD hy(lrog.
directly to LGN neurones. They foulld that the spontaneous activit.y and the injection, was adminis:

responses evoked by light flashes and by electric shocks delivered to the optic 100 pg, 200 _g or 3oo
tract were depressed by the drug. None of these studies, however, throws any the spontaneous activi

rive field were recordc_;
light on the effects of the drug on the discrete sensory transfer fimctions of the 3 rain periods before
LGN. The studies of evoked potentials do not provide any direct indication of the approximately 1 rain a
effects of LSD on single unit discharges and the iontophoretic studies do not pro- 24 cells where spontal.
vide any direct evidence of the ways in which the drug might influence the reeep- injection, changes, wh,

live fields of cells in the nucleus. The present experiments were therefore under- The 3 rain period in _
of 10 sec. The number,

takmx to analyse the effects of LSD on the spontaneous activity and receptive were compared using t
field properties of single cells in the LGN. These studies extend those of Mouriz- in the 0.5 see after the
Garci_ et al. (196!0 on a small sample of LGN neurones. A preliminary account of for each set of 20 stin,<

the work has been published (McKay and Horn, i97 l). same statistieal wsl. I,
ed only if the dilferc w,
was 1 hr, but.usually _

Materials and Methods beginning of a study _.
28 adult cats (mean weight 2.87 kg) were used. Anaesthesia was induced by an intraperito- Rofhlin, 1955) derivat

heal injection of a mixture containing a 20_}_ solution of urethanc in normal saline (5.0 ml/kg) as the hydrogen tartra
and sodium pentobarbitone (10 mg/kg), and maintained by additional doses of urethane (1 ml/ expe,'iments 0.5 ml nm
kg) as required. A polythenc eannula was introduced into the saphenous vein, providing a activity with time wer_
route for the administrat, ion of drugs. A similar cannula in the femoral artery was used to which no injections we:
monitor blood pressure. The EEG was monitored by means of a stainless steel screw, placed were given. Data for t!
over the right cortex, posterior to the bregma. Each eye was fixed to a stainless steel ring by No significant different
means of sutures placed through the sclera, posterior to the limbus. The ring was clamped to the two groups were th
the stereotaxic instrument. In this way eye movements greater than 2 15' of arc were elimi- groups, unless otherwi.-
nated (Horn et al., 1972). The eornea was protected from drying by means of a contact lens those from "off" eentr
and the retina made conjugate with the testing phme. Tungsten mieroeleetrodes (Hubel, 1957; with "on" and "off" s_
Horn, 1969) were positioned stereotaxieally, and lowered into the LGN. Posts)'naptic neurones response of each cell u
were identified by the waveform of the spike (Bishop et at., 1962). found to respond to tb

Visual landmarks (the optic disc; and area contrails) were plotted, on a sheet of paper tel-eft. 123 cells were _
placed over a screen 1 m in front of the cat's eyes, by means of a reversible ophthahnoscope, statistical tests are two
The background luminance of the serccn was maintained at 4 ednl -a by" overhead tungsten formol saline and the 1,
lights. Receptive fields were plotted using the tcclmique of Talbot and Marshall (1941) and
H(ibel and Wicsel (196l). The poskion of the field, together with its response charaeteristics
were marked on the sheet of paper. The centre and surround regions were outlined in peneil. A
spot of light was then focussed oa and filled the centre of the fiekl. This spot, duration 0.5 see, There were no c(

............................................................... gram following the

Fig. 1. Effects el treatment on spontaneous impulse activity. A) Treatment is stated below each El/
set of three bars in the histogram and n is the total number of units in each treatment group. Units in a tr_._T

Units belonging to one treatment group are classified according to whether the post-treatment spontaneous ti_i:_=
tiring rate was increased (hatched bars), decreased (blaek bars) or not changed (open bars), not signiti,.ar;llx ,.:,
compared with tim pretreatmcnt firing rate. The criterion of change using the Mann-Whitney
U test, was p < 0.05. The numbers above each bar represent the number of units in the class, ceils in each class w_
The height of the column represents this number expressed as a percentage of the total number treatment group (gi

of cells in that treatment group. B) Tim mean percentage change for each unit is plotted against changed signifieantl
treatment, positive vahtes being given to an increase, negative values to a decrease in the was similar to that c
mean firing rate. Control data are considered to be equivalent to a O dose of LSD. The Pearson
correlation coefficient was r = --0.46. Changes in mean firing rate that were statistically changed as tile dost
significant are indicated by filled circles, those that were not significantly different by filled change" class gradt

triangles group.In contrast,,1
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). an_i -.5 to 2 log units brighter than the background l,mdnanee, was presented 20 thnes at ._!
5 see intervals, by means of a mechanical shutter. The surround region of the ficM was similarly .5

te stimm,ated, but t')y an anmdus of light. These responses _,nd also-the spent aneolls activity of the +:_.

is ,eel[,a-._rerecordedon magnetictape (pre-treatment (lat,_).After these recor(ts had been made, _;
1) a do.--.-_ of LSl) hy(h'offen tartrate salt. dissolved in 0..5ml normal saline nlmediatelv before -.-

le inject:ton, was administered intravenously, over a period of 1 min. The close given was 25 pg, ?ie 100 .a.v.. 200 ltg or 300 pg, each approximating to 9.35.70 and 105/tg/kg. After tile injection
the <v:l}'ont'lneotls activity and the responses to cent, re and Stlrt'otlnd stinmlation of tbc rccep- "}i'

ty tire ':itetd were recorded (post-treatmcn',. d,tLa). Counts of spontaneous activity were nmde over ,_

ae 3 mm periods before and afh, r treatmen_ with I,SD. Post-treatment eountin_ was begun ,.

tm apt: rroximately 1 rain after injection. This interval was chosen because, in pilot experinwnts on ,{;

o- 24 ,x,,lis where spontaneous aetivily was recorded continuously before, d,ring and after the ._
injecr:i',m, changes, when they oceured, appeared within a minute (see Fig. 2 for examplesL

P" The :; rain period in which spontaneous activity was recorded was broken down into epochs
,r- of 1,} -see. The number of impulses it, each epoch was counted. Pre- and post-treatment counts ]_,

ve wet'*- _:ompared using the Mann-Whitney U test (Siegel, 1956). The number of spikes presenr_ :_

iz- in the 0.5 sec after the onset ("on" responses) or offset ("off" responses) of the light was counted '!,_
of for e_aeh set of 20 stimuli. Data for pre- and post-treatmen_ responses were compared using the

same statistical test. In the text. unless otherwise stated, activity is considered to have chang- "_'<:**

ed omtv if the difference was signitieant at p -< 0.05. The minimum interval between injections _._i]

was J 'hr, but usually more than 1 hr elapsed between the end of a stttdy on one cell. and tile "

beg,mning of a study on tile next. In some experiments, tile non.psychoactive Cerletti .and
gor:.niin. 1955) derivative of LSD. 2-brom-lvsergic acid diethylamide (BOL 14S) was given

kg) _ as =:_t,'. hydrogen tartrate salt in closes of 10i) pg dissolved in 0.5 ml nornml saline. In other . ,

ml/ ex p+,_.rmmnts 0.5 ml normal saline alone was given. The variations of spontaneous and evoked '
aerir-i_y with time were studied in a group of cells (tile "time lapse" group) in experiments in

g s whic:b no injections were given. Spike counts were made as for the reghne in which injections f_
[to ,
ced were, given. Data for the time lapse and saline groups of cells were anah'sed, and compared. ._

by No ;_tgnifieant differenees were found in either spontaneous or evoked activity, The data from '':_-
:t to tile -we groups were therefore pooled and are referred to as tile control data. I n all treatment

gm;uns, unless otherwise stated, 'centre-responses" combine data from "ca" centre units with _
imi- th,>,+, from "off" centre umts; similarly the 'surround responses' consist of data from units ;::',
lens ":'_

357; wit:_ "on" and "off" surrounds. The effect of the noise made by the mechanical shutter onthe
anes rest__:,mse of each cell was investimtted before and after injection of drugs. No I,GN cell was 2.:

fotmtd to respond to the noise of the shutter, either before or after dmlgs had been adminis- _:.

aper ter,'-d.. 123 cells were studied, and data on field plots were obtained from 105 of them. All 4+

:ope. sta::a<tieal tests are two-tailed. At the end of each experiment, the cat was perfused with 10_I_ ,_
fommol saline and the location of the elect.rode track checked histologically. "

;sten ?
and .,_,

,sties Results _i_
ill. A

i see, There were no consistent changes of blood pressure or in the electroenceph ale- _

graan following the administration of LSD. "i,,
Eljects o[ LSD o7_ Spontaneous Impulse Activity ;}

each "

roup. Units in a treatment group wereclassifiedaccordingto whetherthe mean
ment _-- sp+:mr_aneous firing rate after treatnlent was significantly increased, decreased or :_

bars), nor, signifiicantly changed from the firing rate before treatment. The number of "

.itney ceiL'_ in each class was expressed as a percentage of tile total number of cells in tim }
class. "_
tuber tr+-,,at,ment group (Fig. 1A). The activity of 10 out of 32 cells in the control group ,.
..,amst ehmngcd significantly. The distribution of the percentages in the BOL 148 group '_
n the ,.vaa_similar t.o that of the controls. The distributions in the LSI) treatment, groups '_

,arson eiuanged as tile dose of the drug increased. The percentage of units in the "no 4_
:ieally ,, {+
filled chamge class gradually R41 from 72.2% in the 25 ltg group to 0 in the 300 Fg 2

gz-_mp. In contrast, the percentage of units in which the activity decreased ibllow- ._

¸¸.2
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Fig. 2. Effects o/ LSI) on sponta_eous acticity. Data from 2 units are shown The number of ,_
spikes counted per stated interval of time are plotted against time. The arrow indicates the .]._
time of injection. A) t1.5ml of saline had no effect on the firing rate. but 3uo lLgof LSD strongly ;_
depressed the discharge, wlfiel_ returned almost to control level within 40 rain. B) A unit in

which spontaneous activity" was increased following injection of 100 llg of I,SD '_

ing treatment, gradually increased from 11.1 _/oin the 25/_g group to 100% in the

300 ltg group.
The mean percentage change in the spontaneous activity of each unit. is {.

plotted in Fig. 1B according to treatment. A straight line was fitted by the method 4,

of least squares to the LSD t.reatmen_ data. the control population b(,ing taken as j_

0 dose. The regression coefficient b = 0.19 was significantly [t -- 5.39; p<0.001) ;_

differentfrom0.

The scatter of the points in Fig. 1B is not the same for all treatments. The

variances of the percentage change in mean firing rate are given in Table 1. The '_

variances of all, except the BOL 148. treatment groups differed from that of the _,
• O _

.-- control group. The varmnce of the ,o pg LSD group was reduced, but the variances ;._
of the other LSD groups were increased. In the 100 yg and 200 Bg groups, in spite _r

of an overall depression of the discharge, strong excitatory effeetswere also present.

The effects of the drug on the activity of 2 units are illustrated in Fig. 2. _::{
If the effects of repe_ted injections of LSD were cumulative, the influence of

a given dose might be expected to differ according to whether or not the eat had ,,_
received more than one injection of the drug. The effect of LSI) on the mean _{,

firing rate of the first unit studied was compared with its effect on that of the last _:_
unit studied in the same animal. In all such pairs of ceils, the second of the pair :;

%.

. , ?¢

- .{
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J

was reeordcd after a minimum of 3 previ, us injections. No significant differences

j were found showing that cumulative elti_t.ts, if they were present, were too small
_ to bedetected.

Q

_i Table 1. The variances and rariance ratlo._ el the percentage change in mean spontaneous firing
_:_ rate according Io treatment. NS = not significantly different

Treatment Variance Numberof Varianceratio, p
'units in F, relative
group to controls

Control (O pg LSD) ...... 273.6 32 1 --
25 l_g I,SI) .......... 46.0 18 5.95 0.0el

100 l_g LSI) .......... 2185.6 34 7.99 0.001
200 pg LSI) .......... 19S2.0 16 7.24 0.O01

300 l,g I,S D .......... 845.0 11 3.09 0.01

BOL 148 ........... 277.2 12 1.01 NS

E_ects o[ ZSD o_ Receptive Fields

Response_ to Field Centre Stimulation

.,--, The responses of a high proportion (21 out of 36) of the control population of
units changed after treatment whereas only a small proportion (3 out of 12 units)

in the BOL 148 group did so (Fig. 3A). These differences suggest that BOL 14S
had a stabilising efi_ct on responsiveness to field centre stinmlation. When, how-

ever, units wcre classifcd according to whether or not their activity changed after

treatment, the distribution of the BOL 148 group was not quite significantly

(0.1 < p ::> 0.05) difl'erent from that of the controls. In the LSD groups, thc pcr-

centage of units in which the responses were unchanged following injection of

the drug fell and the percentage in which responses were dcprcssed increased as
the dose was increased.

:{ The mean percentage change in response of all units was plotted according to

treatment (Fig. 3B). The slope of the straight line fitted to the data from the LSI)(including LSI) 0) groups was b -- 0.20. This was significantly (t = !.!)3;
p < 0.001) different from zero slope. The variances of the values plotted in Fig. 3B

were calculated. The variance of the 200/ag group was significantly greater than

that of the controls (F -= 2 ....3`). p< 0.05) and the variance of the BOL 148 group
significantly smaller (F = 8.67; p < 0.001). The latter effect is consistent with the

trend referred m in the above paragraph. No other vartances differed significantly
from that of the controls.

.-. Using the criteria referred to in the previous section there was no evidence of a

emnulative effect of LSD on the responses to feld centre stimulation.

Responses to Field Surround Stimulation

The responses of a high proportion (26 out of 35) of units in the control group Fig. 3. Effect o/,

changed significantly after treatment (Fig. 4A). As the dose of LSD increased from creased the per.

25/_g to 200 l_g the percent, age of units unaffected by the drug fell aad the percent- increased, gradu' increased.Forf

.... age in which the response was depressed increased. The mean percentage change change for eael',
in the response _o field surround stimulation is i)lotted for each unit in lqg. 4B

L
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Treatment

'ontrol group Fig. 3. E_ect o/treatment ott the re.sponses to field centre stimulation. A) As the dose of LSI) in- ,_
,creased fi'om creased the percentage of units in which the field centre responses remain unchanged, or

increased, gradually fell whereas the perccnta-e of units in which the responses were dcpre._sed
[ the percent- increased. For further details see Icgcn<t to Fi,A. 1 A. B) Distribution of mean percentage k
ntage change change for each unit according to treatment, The Pearson correlation coefficient was r = ?;{
it in Fig. 4B --0.46. For further details see legend to Fig. 1 B ,r
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"_ Fig. 4. EIject o[ treatment on response,_ to fiehl s_zrround stimulation..4) [,'or further details see Off
legend to Fig. 1 A. B) Distribution of mean percentage change according to treatment. The
Pearson correlation eoeffie{ent was r = _0.37. For further details see Legend to Fig. 1 B Changes in

for all treatments. The regression eoefficie at for the data from the LSD (including Are changes i,:
the LSD 0) groups was b -- _0 19 which was significantly different from zero spontaneous a_

(t ------3.69; p < 0.001). The slope of the regression was the same as that for in spontaneou.'

spontaneous activity and almost, tim same us that for _he centre responses (b _ responses are
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--0.20). None of tile vartances of the sc_ t ral treatments was different from that _=
oftilecontrols. ,_

There was no evi,lenee of a cumulative, effect of L,";I) on the response,_s to stimu- v,"

t lation of the surround region of the recopY.ire field. ,::_

General Co_z.siderations _

The size and shape of tile receptive fields were not influenced 1)y any of the _(ii
t.reatments, nor. with 2 exceptions were the centre and surround responses chang- .,

ed in type, that is from being either pure "on" or pure "off". These exceptions

were not investigated flu'thor and will not be referred to again. .;,_
It is possible that the treatments affected "on" centre responses more than

"off" centre responses. Responses in the various LSI) groups were therefore broken .,,+
down ('fable 2) according to response type and to whether or not the post-treat- !+

ment responses were significantly different from the prc-treatmcnt responses. -_,
surround responses were classified in the same way. The number of cells within

each class was to() small to justify statistical analysis so that any conclusion must :;-

be tentative. However, from these data and from tile combined data for all i_
classes (totals cohmms. Table 2) there are no strong grounds for supposing that ...,.
LSD exerted any differential effect on units according to their response type.

Table 2. Effects o/ LSD on receptice fiehl re,+po_ses cla,_sified accordi_+ffto type. Responses to

centre or surround stimulation were classified according to whether or not the response was [.
changed following treatment. Data were further broken down by response type "on" or "off". _"

:}+"

The actual number of units in each class is given at the bottom ri _ht hand ('orner of each box.
This number expressed as a percentage of the total in the stated treatment group is given in
the middle of each box. For example, the total number of "on" centre umts in the 25 lzg group

was 14. The responses of 9 (64.3°,_) of these changed and the responses of the remaining 5 +!
(35.7(_{)) were unchanged following administration of the drug

LSD dose in _g
25 100 2Ill) Totals _+

Field Re- Changed Not Changed Not Changed Not Changed Not
Region sponsc changed changed changed changed

On 64.3 35.7 70.5 29.5 100.0 0.0 72.2 27.8 ::
9 5 12 5 5 0 26 10

Centre
Off 60.0 40.0 77.8 22.2 71.5 28.5 71.4 28.6

3 2 7 2 5 2 15 6

On 40.0 60.0 50.0 50.0 57.2 42.8 50.0 50.0
2 3 4 4 4 3 10 10

Surround
Lerde' see Off 64.3 35.7 71.5 28.5 100.0 0.0 72.6 27.4 "_,
eatmen_.The 9 5 10 4 5 0 24 9
t to Fig. 1 B

Changes in spontaneous and evoked activity occurred in all treatment groups.

D (including Are changes in response to receptive field stimulation correlated with changes in
Lt from zero spontaneous activity ? This question can legitimately be answered only if a change

as that for in spontaneous activity is maintained throughout the period in which the evoked

?onscs (b -- responses are being studied. This condition is satisfied in the higher LSD dose
J

%.

":-:_'_-+_:,._-,.¢_- _ _7 *_ _ :m,,,_ .:.. -_, : _ , , +,'_'_+_:_. _._i_ "_ _ . _.: _. _,'_.,=,_ .:_.. -.. : +,_ + ,_-- _- -_::. ;¢¢7.. , [ ."_p'_:
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"I 280 G.HornandJ. M.MeKay:t groups iu which the cffccts on spontaneou- activity last from several minutes up

to approximately l hr. In these groups the regression co(,ffi_.i('nt of changes in The spontan

centre and surround responses on changes iT_Sl)ontancous activity were calculated control group c!
¢ (Table 3). None were slgmficantly"'" differmit fi'om zero. Thus, althoug]_ all pars- no changes in

meters of impulse activity were increasingly depressed as the dose of LSD was background of:
increascd the magnitudc of change in spontaneous activity was not predictive of drug depressed

the magnitude of change in the evoked response, and the proport
imposed on the

Table 3. l_elalionsh ip between changes in Sl)ontaneou._ activity and changes in re._ponseto receptice variability of t].
field stimulation. The mean percentage change in the response to fiehl centre stimulation was LSD has no.
paired with the mean percentage change in spontaneous a(.tivity in each unit. The regression (Evarts et al., It
eoeftlcient, b, was calculated for n pairs. This was done for both lq.)pg LSD and 200pg LSD of transmitter s
treatment groups. The santo calculations were made for the mean percentage change in sur-
round responses and the mean percentage change in spontaneous activity. The slope of the best- transmitter wit;
fitting line was compared with 0 slope using the t test. None of the differences were significant Davis, 1962 ; Ma

1972). At highcl
100 pg LSI) 200 ag LSD tion are corrcla

Centre Surround Centre Surrmmd
Tiffs result is co:

b .............. --0.26 --0.3l +0.21 +0.41 , However, thai B

t .............. --1.29 --1.34 +0.80 + 1.21 with changesin

p .............. NS KS NS NS a markeddeprt.
n ....... ....... 25 22 12 12 mightbe associ:

activity. The d_

evoked and sI)or

Are the changes in centre responses indei)cndent of the changes in surround ty that, iil the d

responses in a given unit ? The regression coefficients of the percentage change in that observed v.

surround response on the percentage change in centre response were calculated LGN neurones (

for the various treatment groups (Table 4). As the close of LSI) increased, the The spontan
slope (b) of the best, fitting line increased. The slope was marginally different from from the retieuh_
zero slope for the 100 pg LSD group and highly significantly (p -< 0.01) difl'erent interactions wit!

for the 200 pg LSD group. Thus as the dose of LSD was increased a change in the well as by input:
response to field centre stimulation became more predictive of the change in the with the neuro_

surroundresponse, dischargesare d,
over a wider rat_

Table 4. Relationahip between chunges in respon._e to field centre stimubdion and changes in BOL 14S, wh
re._l_onseto field surround stimulation. The mean change in response to field centre stimulation not; produce vist
was paired with the mean elmnge in response to fiehl surround stimulation. Tiffs was done for impulse activity

n pairs of means in each treatment group. The slope b of the regression was compared with the mean chang,
0 slope using the t test the controls. A1,

BOL 148 LSD dose in pg variartcc of the n
0 25 100 20o the possibility n._

cular formation t

b ........ +1.90 +0.17 +0.27 +0.46 +0.96 ?,lie light evoked
t ........ 1.90 0.74 0.81 2.08* 3.33 Xerve terminals

p ........ NS N8 NS NS p<0.01 , eularformation

n ........ II 34 19 22 12 : neuronesin the

* For 20degreesof freedomthe valuefor t at p = 0.05 is 2.09 1970).
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. Ul) Discussion :-

,,_ i,i The spont, aneous activity and responsivcnc::_ of a high proportion of units in the :;

i,tted t control group changed significantly with tile Ii_?sage of time, although there were
para- no changes in the size or shape of the receptive tMds. Against this fluctuating

, was background of impulse activity certain effects of LSD appeared quite clearly. The

ve of drug depressed spontaneous and evoked activity, the magnitude of the depression
and the proportion of imit_ affeeted increasing as the dose was increased. Super-

Imposed on these effects was another. LSD in doses of E: 100 pg increased the

_pti,'e vaI'iability of the change in spontaneous activity relative to that of the controls.
n was LSD has no effect on the invasion of optic nerve terminals by action potent ials _

c_sion (Evarts et al., 1955) and a possible site of action of the drug may be on the release
; 124D of transmitter substance from these terminals and/or on the interaction of the .,
n _tlF-

;best- transmitter with the postsynaptic membrane (Bishcp et al., 1958; Curtis and ._;c
ficant Davis, 1962; Marchbanks. 1966: Teb_eis and Di Maria. 1972; Farrow and Vunakis, -::

1972). At higher doses (--" 100 pg) changes in the response to field centre stimula- _a

tion are correlated with changes in the response to field surround stimulation. :.S_:
_,1 This result is consistent with a depressant eft'cotof LSD oil the postsynaptie ceils. _

tlowever, changes in the spontaneous activity of a neurone were not correlated
with changes in the evoked responses in any LSD dose group and, in a given unit,

a marked depression (e. g. by 96%) of the response to field centre stilnulation

might be associated withstrong augincntation (e.g. by 85°//0) of the spontaneous
activity. The drug therefore must differentially affect the processes underlying

evoked and spontaneous discharges. These findings virtually rule out the i)ossibili -

round ty that, in the doses used, the drug has a postsynaptic depressant action such as

lge in that observed when LSD in high concentI'atioll is iontophoretieally applied to
dated LGN neurones (Teb_.cis and Di Maria, 1972).

1, the The spontaneous discharge of neurones in the LGN is influenced by inputs
from from the reticular formation (Leviek and WilliaIns, 1964) and possibly" by neuronal .:

rerent interactions wittiin the nucleus (Fuster et al.. 1965; Burke and Sefton, 1966) as

in the well as by inputs fl'om the retina (Levick and Williains, 1964). LSD lnay interfere
in the with the neuronal system controlling spontaneous discharges such that these

discharges are depressed and their fluctuations (Griffith and Horn, 1966) extend
over a wider range than in the control population of cells.

.,ge._in BOL 148, which, when administered to humans has a sedative action and does :
ulation not produce visual disturbances (Cerletti and Rothlin, 1955), had little effect on

onefor impulse activity in the LGN. Unlike any dose of LSD, it reduced the variance of _;
•d with the mean changes of responses to field centre stimulation compared with that in

the controls. Also unlike any dose of LSD, BOL 148 was without effect on the ._

variance e f the inean change in spontaneous activity. The lat, ter finding underlines '_;,

the possibility mentioned above that one site of action of LSD might be the reti- _:
eular formatio a thus indirectly influencing the spontaneous activity (and, possibly, !

the light evoked responses -- see IIotta and Kameda, 1(,)64) of LGN ncurones.
Nerve terminals containing 5-hydroxytryptamine (5-tIT) are present in the reti-

l cular formation (Fuxe, 1965). LSD antagonises the excitatory effects of 5-HT on
neurones in the reticular formation whereas BOL 148 rarely does (Boakes et al.,

1970).

{ '. •

i
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The time course of action of LSD on ,,pontaneous activity and the ahscnce of responses wet,

any cumulative effects of the drug is v,,nsistent with the finding in rats that to that found
aI[-LSD penetrates the brain within 5 rain and disappears 1 hr after intravenous Finally it, i

injection (Diab et al., 1!t71). to stimulatio_
Neuroncs in the LGN are commctcd to ncuroncs in the striate cortex possessing account for t I:

"simple" receptive fields (Hubcl and Wiesel, 1962). If all LGX ncurones feeding occur with ',L

onto cells with a simple receptivc field were uniformly depressed, the responsive- 1972; Poggio,

hess of these cells might change without any accompanying changes in thc organi- Acknowledg,
sation of their rcccptivc ficlds. If, howcvcr, the excitability of some of thc LGN Council for fina_

neurones were dei)ressed and others not, the structure of the receptive fields of the for advice and t.

cortical cells might alter. The second possibility is the more probable, since, in a

given pcnetration of the LGN some neurones were encountered in which impulse

activity was depressed by LSD whereas in others it was not affected or was
increased by the drug. The postulated alterations in the structure of simple Bear, D.M., Sas

in dark ada 1
receptive fields might be compounded if, us Bishop el al. (1971) .'_u(*(,c't._¢,s_, inhibitory .Bishop, P.O.. B
neurones intervene between cells with these fields and some of the axon terminals lateral gcni,
of LGN neurones. The response proi)erties of cells with "complex" (Hubel and -- Coombs, J.Y

Wiesel, 1962) receptive fields might also be expected to be influenced by LSD quency of si,

since these cells nmv receive inpu¢ both from LGN neurones directly (Hoffman -- Field, G.. tl
geniculatc._

..,,. and Stone, 1971) as well as from cells with simple fields (IIubel and Wicsel, 1962). Blakemore, C.,
Activity in cells of the visual cortex may lead to perceptual experiences for when Nature (Lon
the cortex of human subjects is electrically excited, sensations of light are reported Boakes, g.J., 1

(Foerster, 1929; Pcnfield and Rasmussen. 1952; Brindlev and Lewin, 1968). LSD 25 in tl
Furthermore, it is likely that the receptive field properties of cortical cells impose Brit. J. Pha_

constraints on pattern discrimination (Itirsch and Spinelli, 1970; Blakemore and Brindle)., G.S..cortex. J. Pt

Cooper, 1970). Changes m these properties, secondary to the changes in the LGN, Burke, W., Soft
may thus eontrilmte to the disturbances of visual perception that occur following rat. J. Phys
administration of LS D. Cerletti, A.. I'm

acid dcrivati
: A reduction in the spontaneous discharge of LGX ncurones might lead to an

Curtis, D.R.. 1
increased activity in cortical cells which are thought to be tonically inhibited by nucleus of tI

the LGN discharge (Bishop et al., 1971). If the disinhibited neurone achieved a Diab. 1.3I., Frc,
firing rate that is normally produced when an inmge falls on the retina, an organ- phic localisa

ism which had received LSD might experience visual sensations in the absence Donaldson, I.M

of retinal stimulation. Such sensations are reported (t[offer and Osmond, 1967) Pilysiol. (Ira

in human subjects who have taken LS D. Evarts. E.V.: ,'and other p:
Very high doses of LSD might be expected to produce a functional ablation -- Landau. W.

of the LGN. Animals receiving such doses (Evarts et al., 1955; Bishops et al., and bufoten

1958) behave as if they were blind. 594--59s (1_

In the present studies, anaesthesia was maintained with urethane. It is possible Farrow, J.T., "_from rat t)r,_

that this anaesthetic interact, s in some way with LSD so that the effects observed Foerster, O.: B,
are of little physiological interest. This extreme view is nnlikely to be correct ' (Lpz.) a9,41
since the results described are co nsistent with those obtained fl'om unanaesthetised Fuster, J.SI., C

animals and from animals anaesthetised with barbiturates (Evarts et al., 1955; the visual s,

Bishop el al., 1958; Curtis and Davis, 1962; Phillis et al., 1967; Tebg:cis and Di Fuxe, K.: Evid

Maria, 1972). The results are also consistent with those of Mouriz-Oarcia et al. IV. Distribuscand. 64, S
(1969) who studied in unanacsthetised cats the influence of LSD on the receI)tivc Griffith, J.S., 1
fields of 7 LGN cells. They used a standard dose of 50/lg/kg and found that the cortex of ui:
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.,l,.-cnce of responses were strengthened in some '.:ell- _md weakened in others, a result similar .,,

rut_ that to that found using the eorrespond:'.:_ ,t,,,_e (100 .ug per eat) in the present study.

Finally it is worth emphasismg " ',at tim response _f a high proportion of cellst[ [_lvcIlOtl_ :, -" "' "
to stimulation of the receptive field ..aan:__es "spontaneously". Such changes could

possessing account for the fluctuations in reeep; .we field properties of cortical neurones which _"

_es feeding occur with the passage of time (Iloca and I[il!, 1969 : Bear et al., 1971 ; I[orn et aI.,

-c._ponsive- 1972 ;Poggio, 1972 ; Donaldson and :2"_ash, 1973). _.:_.
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