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Summary. The effects of LSD on neuronal activity in the LGN were studied
in cats anaesthetised with urethane. LSD was given in doses of 25 ug, 100 ug,
200 ug and 300 pg per eat. Changes in neuronal activity were compared with those
observed in a control population of cells recorded from animals that had received

0.5 ml of physiological saline or no treatment. The spontaneous firing rate, the .

responses to light stimuli delivered to the centre and to the surround regions of the
receptive fields were all depressed by the drug. There was a dose response relation-
ship which was almost identical (slope, b = —0.19 to —0.20) for each of these
aspects of LGN neuronal activity. In a given cell changes in spontaneous activity
were not correlated with changes in the responses to field centre or surround
stimulation. Changes in response to field centre stimulation were not predictive
of changes in response to field surround stimulation except in the LSD = 100 ;Zg
treatment groups. In these groups the variances of the change in spontaneous
activity were greater than those in the controls. It is concluded that, in the doses
used, LSD does not exert a uniformly depressant action on postsynaptic mem-
branes: 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-
active analogue of LSD did not completely reproduce the effects of any dose of
LSD used in this study. The possible consequences of the action of LSD on LGN
neurones for the processing of visual information is discussed.

Key words: LSD — Lateral geniculate body — Single units — Receptive fields —
Spontaneous activity — Sensory Processing

Introduction

Small doses of d-lysergic acid diethylamide (LSD) produce profound visual
disturbances in man and behavioural changes in animals (see review by Hoffer
and Osmond, 1967). Evarts ef al. (1955) found that small doses of LSD (30 ug/kg)
given intra-arterially strongly depressed the postsynaptic field response of the
lateral geniculate nucleus (LGN) to shocks applied to the optic nerve. Similar
results were obtained by Bishop ef al. (1958) who also found that when the drug
was given intravenously higher doses were required to produce a comparable
depression. Evarts et al. (1955) showed that LSD, given in quantitics many times
greater than that required to alter the LGN response, did not affect the response
of the cortex to shocks applied to the optic radiation and had only a small depres-
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272 G. Horn and J. M. MeKay:

sant effect on the flash-evoked response of the uptic tract (in doses of 2.5 mg/kg).

The work of Evarts et al. (1955) and Bishop et al. (1938) suggests that, in the
visual pathways, the LGN is particularly sensitive to LSD. Curtis and Davis
(1962) and Phillis et al. (1967) used the technique of iontophoresis to apply LSD
directly to LGN ncurones. They found that the spontaneous activity and the
responses evoked by light flashes and by electric shocks delivered to the optic
tract were depressed by the drug. None of these studies, however, throws any
light on the effects of the drug on the discrete sensory transfer functions of the
LGN. The studies of evoked potentials do not provide any direct indication of the
effects of LSD on single unit discharges and the iontophoretic studies do not pro-
vide any direct evidence of the ways in which the drug might influence the recep-
tive fields of cells in the nucleus. The present experiments were therefore under-
taken to analyse the effects of LSD on the spontancous activity and receptive
field properties of single cells in the LGN. These studies extend those of Mouriz-
Garcia et al. (1969) on a small sample of LGN neurones. A preliminary account of
the work has been published (McKay and Horn, 1971).

Materials and Methods

28 adult cats (mean weight 2.87 kg) were used. Anaesthesia was induced by an intraperito-
neal injection of a mixture containing a 2094, solution of urethane in normal saline (5.0 ml/kg)
and sodium pentobarbitone (10 mg/kg), and maintained by additional doses of urethane (1 ml/
kg) as required. A polythene cannula was introduced into the saphenous vein, providing a
route for the administration of drugs. A similar cannula in the femoral artery was used to
monitor blood pressure. The EEG was monitored by means of a stainless steel serew, placed
over the right cortex, posterior to the bregma. Tach eye was fixed to a stainless stecl ring by
means of sutures placed through the sclera, posterior to the limbus. The ring was clamped to
the stereotaxic instrument. In this way eye movements greater than + 15’ of arc were elimi-
nated (Horn et al., 1972). The cornea was protected from drying by means of a contact lens
and the retina made conjugate with the testing plane. Tungsten microelectrodes (Hubel, 1957;
Horn, 1969) were positioned stereotaxically, and lowered into the LGN. Postsynaptic neurones
were identified by the waveform of the spike (Bishop et al., 1962).

Visual landmarks (the optic disc and area centralis) were plotted, on a sheet of paper
placed over a screen 1 m in front of the cat’s eyes, by means of a reversible ophthalimoscope.
The background luminance of the screen was maintained at 4 cdm~—? by overhead tungsten
lights. Receptive fields were plotted using the technique of Talbot and Marshall (1041) and
Hubel and Wiesel (1961). The position of the field, together with its response characteristics
were marked on the sheet of paper. The centre and surround regions were outlined in pencil. A
spot of light was then focussed on and filled the centre of the field. This spot, duration 0.5 sec,

Fig. 1. Effects of treatment on spontaneous impulse activity. A) Treatment is stated below each
set, of three bars in the histogram and n is the total number of units in each treatment group.
Units belonging to one treatment group are classified according to whether the post-treatment
firing rate was inercased (hatched bars), decreased (black bars) or not changed (open bars),
compared with the pretreatment 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.
The height of the columu represents this number expressed as a percentage of the total number
of cells in that treatment group. B) The mean percentage change for each unit is plotted against
treatment, positive values being given to an increase, negative values to a decrease in the
mean firing rate. Control data are counsidered 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

significant are indicated by filled circles, those that were not significantly different by filled
- triangles

it G et ik Bt S L S S AT AL Risiar-aoio dasdulata i SR a RS S

B

and 1.5 to 2 log units
3 secintervals, by mea:
stimulated, but by an «
cell were recorded on -
a dose of LSD hydrog.
injection, was adminis:
100 ug, 200 ug or 300,
the spontaneous activi
tive field were recorded
3 min periods hefore
approximately 1 min a
24 cells where spontarn.
injection, changes, wh:
The 3 min period in w
of 10 sec. The number «
were compared using t
in the 0.5 scc after the «
for each set of 20 stin.
same statistical test, 1,
ed only if the differenc
was 1 hr, but.usually n
beginning of a study «
Rothlin, 1955) derivat
as the hydrogen tartra
experiments 0.5 ml not
activity with time wen
which no injections we-
were given. Data for ti
No significant differenc
the two groups were th
groups, unless otherwis
those from “off” centr
with “on” and “ofl™" su
response of each cell w
found to respond to th
tered. 123 cells were &
statistical tests are two
formol saline and the k

There were no ¢«
gram following the :
Ef
Units in a treat
spontaneous firiaz
not signiticantly ol
cells in ecach class w:
treatment group (Fi
changed significantl:
was similar to that ¢
changed as the dos
change” class gradu
group. In contrast, t

5
:
4
£




‘ . . LSD and Neuronal Activity in Cat LGN 273 ‘ ; o

5 ;
)- and .5 to 2 log units brighter than the background liminance, was presented 20 times at '
e 5sec mtervals, by means of a mechanical shutter. The surround region of the ficld was similarly /
» stimuusted, but by an annulus of light. These responses nd also-the spontaneous activity of the ;
i well woore recorded on magnetic tape (pre-treatment data). After these records had been made, |
1 a dose of LSD hydrogen tartrate salt, dissolved in 0.5 ml normal saline immediately before !
1€ injectzion, was administered intravenously, over a period of 1 min. The dose given was 25 pg, ;
ic 100 . 200 g or 300 ug, each approximating to 9, 35, 70 and 105 pg/kg. After the injection
v the s:pontancous activity and the responses to centre and surround stimulation of the recep- :
v tive dield were recorded (post-treatment data). Counts of spontaneous activity were made over
1€ 3 min: periods before and after treatment with LSD. Post-treatment counting was begun
he apprroximately 1 min after injection. This interval was chosen because, in pilot experiments on
0- 24 celis where spontancous activity was recorded continuously before, during and after the
p- ‘injectiion, changes, when they occured, appeared within a minute (see Fig. 2 for examples).
r The 3 min period in which spontaneous activity was recarded was broken down into epochs
) of 11t see. The number of impulses in each epoch was counted. Pre- and post-treatment counts
ve were compared using the Mann-Whitney U test (Sicgel, 1956). The number of spikes present
1Z~ in tie 0.5 sec after the onset (“on” responses) or offset (“off responses) of the light wascounted
of for e=ach set of 20 stimuli. Data for pre- and post-treatment responses were compared using the
same statistical test. In the text, unless otherwise stated, activity is considered to have chang-
ed oty if the difference was significant at p = 0.05. The minimum interval between injections
was 1 hr, but usually more than 1 hr elapsed between the end of a study on one cell, and the
begimning of a study on the next. In some experiments, the non-psychoactive (Cerletti and
1o Roriniin, 1955) derivative of LSD, 2-brom-lysergic acid diethylamide (BOL 148) was given )
kg as tne hydrogen tartrate salt in doses of 100 ug dissolved in 0.5 m} normal saline. In other ‘ "
nl/ expe:iments 0.5 ml normal saline alone was given. The variations of spontancous and evoked . : ' e
ga activ-ity with time were studied in a group of cells {the “time lapse” group) in experiments in -
| to whic:h no injections were given. Spike counts were made as for the regime in which injections
ced werr given. Data for the time lapse and saline groups of cells were analysed, and compared. 1
by No sucnificant differences were found in either spontancous or evoked activity. The data from
{ to the =wo groups were therefore pooled and are referred to as the control data. In all treatment
imi- grosus, unless otherwise stated, ‘centre-responses’ combine data from “on” centre units with 3
lens ! thos+ from “off” centre units; similarly the ‘surround responses’ consist of data from units
Y5373 ! wits. “on” and “off” surrounds. The effect of the noise made by the mechanical shutter on the
Jnes o respionse of each cell was investigated before and after injection of drugs. No LGN cell was
fournd to respond to the noise of the shutter, either before or after drugs had been adminis-
aper ! terecd. 123 cells were studied, and data on field plots were obtained from 1035 of them. Al
ope. stastical tests are two-tailed. At the end of each experiment, the cat was perfused with 10%
sten fomol saline and the location of the electrode track checked histologically.
and
stics Results
il A
 sec, There were no consistent changes of blood pressure or in the electroencephalo-
o grum following the administration of LSD.
each Effects of LSD on Spontaneous Impulse Activity -5
k1
roup. Units in a treatment group were classified according to whether the mcan %
;m'nt - spsontancous firing rate after treatment was significantly inereased, decreased or 5
itu??y not significantly chauged from the firing rate before treatment. The number of :
itne - .
class ceilis in each class was expressed as a percentage of the total number of cells in the
niber tre-atment group (Fig. 14). The activity of 10 out of 32 cells in the control group
rainst chinnged significantly. The distribution of the percentages in the BOL 148 group
n the wask similar to that of the controls. The distributions in the LSD treatment groups 3
arson - . . i
ically ehianged as the dose of the drug increased. The percentage of units in the “no
filled : chiunge” class gradually fell from 72.29 in the 25 pg group to 0 in the 300 ug A
group. In contrast, the percentage of units in which the activity decreased follow- )
¢
. )
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Fig. 2. Effects of LSD on spontaneous activity. 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. 4) 0.5 ml of saline had no effect on the firing rate, but 300 ug of LSD strongly

depressed the discharge, which returned almost to control level within 40 min. /) A unit in
which spontaneous activity was increased following injection of 100 xg of 1.SD

ing treatment, gradually increased from 11.19, in the 25 ug group to 1009 in the
300 ug 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

_ of least squares to the LSD treatment data, the control population being taken as

0 dose. The regression coefficient b = —0.19 was significantly (¢t = 5.39; p<<0.001)
different from 0. i

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
control group. The variance of the 25 ug LSD group was reduced, but the variances
of the other LSD groups were increased. In the 100 ug and 200 pg groups, in spite
of an overall depression of the discharge, strong excitatory effects were also present.
The effects of the drug on the activity of 2 units are illustrated in Fig. 2.

If the effects of repeated injections of LSD were cumulative, the influence of
a given dose might be expected to differ according to whether or not the cat had
received more than one injection of the drug. The eftect of LSD 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 cells, the second of the pair
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was recorded after a minimum of 3 previcus injections. No significant differences
4 were found showing that cumulative eftects, if they were present, were too small
f to be detected. :

7 Table 1. The variances and variance ratios of the percentage change in mean spontaneous firing
' rate according to treatment. NS = not significantly different

Treatment Variance Number of Variance ratio, P
‘units in F, relative
group to controls
Control (O pg ISD) . . . . .. 273.6 32 1 —
; 23puglSD o oo 0000 oL 46.0 18 5.95 0.001
’ W00 g LSH .« . oo o oL 21856 34 7.99 0.001
! 200 g ILSD . Lo o L o0 19820 16 7.24 70.001
; W0 ugISD . oo 845.0 11 3.09 0.01
K BOLI48 . . .. ... .. .. 271.2 12 1.01 NS
R

Effects of LSD on Receptive Fields

Responses lo Field Centre Stimulation '
— The responses of a high proportion (21 out of 36) of the control population of
“'i units changed after treatment whereas only a small proportion (3 out of 12 units)

in the BOL 148 group did so (Fig. 34). These differences suggest that BOL 148
had a stabilising effect on responsiveness to ficld centre stimulation. When, how-
ever, units were classified 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) different from that of the controls. In the LSD groups, the per-
centage of units in which the responses were unchanged following injection of
the drug fell and the percentage in which responses were depressed 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 LSD
(including LSD 0) groups was b = —0.20. This was significantly (t = —4.93;
;i; . p < 0.001) different from zero slope. The variances of the values plotted in Fig. 3B
5 were calculated. The variance of the 200 ug group was signiticantly greater than
8 that of the controls (F = 2.32; p < 0.05) and the variance of the BOL 148 group
i . significantly smaller (F = 8.67; p < 0.001). The latter effect is consistent with the
trend referred to in the above paragraph. No other variances differed significantly
from that of the controls.

. Using the criteria referred to in the previous section there was no evidence of a
b cumulative effect of LSD on the responses to field centre stimulation.

ki

Responses to Field Surround Stimulation
The responses of a high proportion (26 out of 35) of units in the control group Fig. 3. Effect of |
B changed significantly after treatment (Fig. 44). As the dose of LSD increased from ‘ creased the per
i 25 ug to 200 ug the percentage of units unaffected by the drug fell and the percent- ;Ecreaseg' g;“d”f
. : . o 1 ; ‘ . i creased. For
) age in which the response was depr-cs.\cd 1}1crstascd. The mean pt,rceflt:?ge L'hange change for cach
: in the response to field surround stimulation is plotted for each unit in Fig. 4B
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—0.20). None of the variances of the several treatments was different from that
of the controls.

There was no evidence of a cumulative effect of LSD on the responses to stimu-
lation of the surround region of the receptive field.

General Considerations

The size and shape of the receptive fields were not influenced by any of the
treatments, 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 further 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 LSD groups were therefore broken
down (Table 2) according to response type and to whether or not the post-treat-
ment responses were significantly difterent from the pre-treatment responses.
surround responses were classified in the same way. The number of cells within
each class was too small to justify statistical analysis <o that any conclusion must
be tentative. However, from these data and from the combined data for all
classes (totals columns, 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 of LSD on receptive field responses classified according to type. Respounses 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 right hand corner 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 units in the 25 ug group
was 14. The responses of 9 (64.39;) of these changed and the responses of the remaining 3
(35.794) were unchanged following administration of the drug

LSD dose in ug
25. 100 200 Totals

Field  Re- Changed Not Changed Not Changed Not

Region sponse changed changed changed

Changed Not
changed

On 64.3 357 70.5 29.5 100.0 0.0 72.2 27.8

9 5 12 5 5 0 26 10
Centre

[
[
W
IS
—
&

Lo
o
=7}

71.4 28.6

off 60.0 40.0 77.8
: 15 6

3 2 7

(34
ot
™

On 40.0 60.0  50.0 50.0 51.2 428 50.0 50.0

2 3 4 4 4 3 10 10
Surround

Off 64.3 35.7 71.5 28.5 100.0 0.0 72.6 27.4
9 5 10 4 5 0 24 9

Changes in spontancous and evoked activity occurred in all treatment groups.
Are changes in response to receptive field stimulation correlated with changes in
spontaneous activity 7 This question can legitimately be answered only if a change
in spontaneous activity is maintained throughout the period in which the evoked
responses are being studied. This condition is satisfied in the higher LSD dose
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280 G. Horn and J. M. McKay:

groups in which the effects on spontancou~ activity last from several minutes up
to approximately 1 hr. In these groups the regression cocfficient of changes in
centre and surround responses on changes in spontaneous activity were calculated
(Table 3). None were significantly differeit from zero. Thus, although all para-
meters of impulse activity were increasingly depressed as the dose of LSD was
increased the magnitude of change in spontancous activity was not predictive of
the magnitude of change in the evoked response.

Table 3. Relationship between changes in spontaneous activity and changes in response to receptive
field stimulation. The mean percentage change in the response to field centre stimulation was
paired with the mean percentage change in spontaneous activity in cach unit. The regression
coefficient, b, was caleulated for n pairs. This was done for both 100 gg LSD and 200 ug LSD
treatment groups. The same calculations were made for the mean percentage change in sur-
round responses and the mean percentage change in spontancous activity. The slope of the best-
fitting line was compared with 0 slope using the t test. None of the differences were significant

100 zg LSD 200 ug LSD
Centre Surround Centre Surround
b ... ... —0.26 —0.31 +4-0.21 +0.41
b e e e e e —1.29 —1.34 +0.80 +1.21
- J NS NS NS NS
n . e e . 25 22 12 12

Are the changes in centre responses independent of the changes in surround
responses in a given unit ? The regression coefficients of the percentage change in
surround response on the percentage change in centre response were caleulated
for the various treatment groups (Table 4). As the dose of LSD increased, the
slope (b) of the best fitting line increased. The slope was marginally different from
zero slope for the 100 ug LSD group and highly significantly (p < 0.01) different
for the 200 ug LSD group. Thus as the dose of LSD was increased a change in the
response to ficld centre stimulation became more predictive of the change in the
surround response.

Table 4. Relationship between chunges in response to field centre stimulation and changes in

response to field surround stimulation. The mean change in response to field centre stimulation

was paired with the mean change in response to field surround stimulation. This was done for

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

BOL 148 LSD dose in pg
0 25 100 200
b . .. +1.90 +0.17 +0.27 +0.46 +0.96
t . c e e 1.90 0.74 0.81 2.08* 3.33
P .- . NS NS NS NS p<0.01
n . e e e 11 34 ’ 19 22 12

* For 20 degrees of frecdom the value for t at p = 0.05 is 2.09
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- up Discussion i i
es i The spontancous activity and responsiveness of a high proportion of units in the
jated + control group changed significantly with the passage of time, although there were
pard- no changes in the size or shape of the receptive fields. Against this fluctuating
| was background of impulse activity certain effects of LSD appeared quite clearly. The R4
ve of drug depressed spontaneous and evoked activity, the ‘magnitude of the depression Ck .
and the proportion of units affected increasing as the dose was increased. Super- i '
imposed on these effects was another. LSD in doses of Z 100 ug increased the i
eptire variability of the change in spontancous activity relative to that of the controls. i
n was LSD has no effect on the invasion of optic nerve terminals by action potentials &
cssion (Evarts et «l., 1955) and a possible site of action of the drug may be on the release
 L.SD . N . . . . P
'\ sur- of transmitter substance from these terminals and/or on the interaction of the s .
 best- transmitter with the postsynaptic membrane (Bishop et al., 1958; Curtis and e
ficant Davis, 1962; Marchbanks, 1966 ; Tebécis and Di Maria, 1972; Farrow and Vunakis,
— 1972). At higher doses (= 100 ug) changes in the response to field centre stimula- :
i tion are correlated with changes in the response to ficld surround stimulation. i
— ‘ This result is consistent with a depressant effect of LSD on the postsynaptic cells. '
However, 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 stimulation
might be associated with' strong augmentation (e.g. by 85%,) of the spontaneous 3
activity. The drug therefore must differentially affect the processes underlying
evoked and spontancous discharges. These findings virtually rule out the possibili- i
round ty that, in the doses used, the drug has a postsynaptic depressant action such as
1ge in ! that observed when LSD in high concentration is iontophoretically applied to
ated : LGN neurones (Tebécis and Di Maria, 1972).
1, the ‘ The spontaneous discharge of neurones in the LGN is influenced by inputs
from from the reticular formation (Levick and Williams, 1964) and possibly by neuronal
l.crcnt interactions within the nucleus (Fuster et al., 1965; Burke and Sefton, 19606) as
n the well as by inputs from the retina (Levick and Williams, 1964). LSD may interfere
in the with the neuronal system controlling spontaneous discharges such that these
discharges are depressed and their fluctuations (Griftith and Horn, 1966) extend
over a wider range than in the control population of cells.
wgen in BOL 148, which, when administered to humans has a sedative action and does
ulation not produce visual disturbances (Cerletti and Rothlin, 1953), had little effect on 5
one for : impulse activity in the LGN, Unlike any dose of LSD, it reduced the variance of , ' i
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 of the mean change in spontaneous activity. The latter finding underlines ' ;
the possibility mentioned above that one site of action of LSD might be the reti- 4
T cular formation thus indirectly influencing the spontaneous activity (and, possibly,
the light evoked responses — see Hotta and Kameda, 1964) of LGN neurones.
Nerve terminals containing 5-hydroxytryptamine (3-HT) are present in the reti-
! 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). : ;
~
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The time course of action of LSD on spontanecus activity and the absence of
any cumulative effects of the drug is consistent with the finding in rats that
SH-LSD penetrates the brain within 5 min and disappears 1 hr after intravenous
injection (Diab ef al., 1971). '

Neurones in the LGN are connected to neurones in the striate cortex possessing
“simple” receptive ficlds (Hubel and Wiesel, 1962). If all LGN neurones feeding
onto cells with a simple receptive field were uniformly depressed, the responsive-
ness of these cells might change without any accompanying changes in the organi-
sation of their receptive fields. If, however, the excitability of some of the LGN
neurones were depressed and others not, the structure of the receptive ficlds of the
cortical cells might alter. The second possibility is the more probable, since, in a
given penetration 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
receptive fields might be compounded if, as Bishop et al. (1971) suggest, inhibitory
neurones intervene between cells with these fields and some of the axon terminals
of LGN necurones. The response properties of cells with “complex” (Hubel and
Wiesel, 1962) receptive ficlds might also be expected to be influenced by LSD
since these cells may receive input both from LGN neurones directly (Hoffman
and Stone, 1971) as well as from cells with simple fields (Hubel and Wiesel, 1062).
Activity in cells of the visual cortex may lead to perceptual expericnces for when
the cortex of human subjects is electrically excited, sensations of light are reported
(Foerster, 1929; Penfield and Rasmussen, 19532; Brindley and Lewin, 19G8).
Furthermore, it is likely that the receptive ficld properties of cortical cells impose
constraints on pattern discrimination (Hirsch and Spinelli, 1970; Blakemore and
Cooper, 1970). Changes in these properties, secondary to the changes in the LGN,
may thus contribute to the disturbances of visual perception that occur following
administration of LSD.

A reduction in the spontaneous discharge of LGN neurones might lead to an
increascd activity in cortical cells which are thought to be tonically inhibited by
the LGN discharge (Bishop et al., 1971). If the disinhibited neurone achieved a
firing rate that is normally produced when an image falls on the retina, an organ-
ism which had received LSD might experience visual sensations in the absence
of retinal stimnulation. Such sensations are reported (Hoffer and Osmond, 1967)
in human subjects who have taken LSD.

Very high doses of LSD might be expected to produce a functional ablation
of the LGN. Animals receiving such doses (Evarts et al., 1955; Bishops et al.,
1958) behave as if they were blind.

In the present studics, anaesthesia was maintained with urethane. It is possible
that this anaesthetic interacts in some way with LSD so that the effects observed
are of little physiological interest. This extreme view is unlikely to be correct
since the results described are consistent with those obtained from unanaesthetised
animals and from animals anaesthetised with barbiturates (KEvarts et al., 1953;
Bishop et al., 1958; Curtis and Davis, 1962; Phillis et al., 1967; Tebzeis and Di

Maria, 1972). The results are also consistent with those of Mouriz-Garcia et al.
(1969) who studiced in unanaesthetised cats the influence of LSD on the receptive
fields of 7 LGN cells. They used a standard dose of 50 ug/kg and found that the
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responses were strengthened in some cell- and weakened in others, a result similar
to that found using the correspondirie doe (100 ug per cat) in the present study.

Finally it is worth emphasising ~.uat the response of a high proportion of cells
to stimulation of the receptive field -nandes “spontaneously”. Such changes could
account for the fluctuations in recepi-'ve field properties of cortical neurones which
occur with the passage of time (Hor. and Hill, 1969; Bear et al., 1971 ; Horn et al.,
1972; Poggio, 1972; Donaldson and .~ash, 1973).
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