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Iontophoresis of LSD: effects on responses of single cortical neurones to _
visual stimulation
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The mechanisms by which LSD produces sensory disturbances in man and other i

mammals t_,17 are poorly understood though LSD alters nervous activity in the visual

system at several levels z,_m_,lS,ls. In particular systemic LSD may enhance or depress
the activity of qeurones in the visual cortex when these cells arc actiwlted by

physiological optical stimulationt",_:_,|:L However the lack of suitable control agents _
and the route of administration employed in these• latter studies makes it uncertain

whether these changes were mediated directly or were related to the hallucinogenic !

properties of LSD. The present report describes the effects of LSD and structurally

related analogues administered by microelectrophoresis onto visual cortical neurones, i i
Experiments were performed on adult cats anaesthetized with pentobarbitone :,

(35 mg/kg i.p. and supplemented with thiopentone i.v. as required) during surgery.
Wound edges were infiltrated with local anaesthetic (Anucaine, Calvin Chemical

Corp.) and anaesthesia was maintained during recording with nitrous oxide (750,0)

supplemented by intravenous thiopentone. A unilateral pneumothorax was per-

formed, the animal paralysed with gallamine and artitically ventilated. End-tidal CO.,
concentration was kept within physiological limits: rectal temperature was maintained

at 37 _'C, blood pressure and heart rate were continuously monitored. Substances were "
- administered systemically via a femoral cannula. Phenylephrine was used to contract

the nictitating membrane and atropine to dilate the pupils. Contact lenses, corrected

for refraction errors were placed over the eyes. Stimuli were usually presented at 0,1

HZ and consisted of a moving (7°/sec) bright bar (5 y, 0.6 °, 80 cd/sq.m) projected ilii
onto a screen (illuminated at 40 cd/sq.m) such that stimulus excursions started anti ;

stopped outside the receptive field. ,,:

Recordings of extracellular activity were made from single cells in cortical area i

17 using oqe barrel (3 M sodium chloride) of a live-b,'trellcd micropipctte (tip diam.

68 urn). Another barrel, tilled with 165 M sodium chloride, was used to eject Na _ to
test for any effects of electrophoretic current. The remaining barrels contained LSD

tartrate, methysergide maleate, 2-bromo-LSD (BOL), all at I mM, pH 4.0 in 165 mM

sodium chloride. Substances were made up in this way to obtain a more valid
comparison of electrophoretic potency. Histograms of single cell responses were
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' collected during visual stimulatioJi _lt optim_d orientation and direclion. All cells were

classilied from their visual response fields i_i.

The evoked activity of each cell tested (1 I simple, 5 complex, 5 hypercomplex)

was affected by LSD. An effect was considered genuine when the evoked responses

were (a) changed by 40Y£ or more from the pre-LSD values, (b) partial or complete

recovery was observed following the LSD ejection and (c) the effect was reproducible.

LSI) produced enhancement (6 simple, 4 complex) and reduclion (10 simple, 3

complex, 5 hypercomplex)of evoked liring (Fig. I). Smaller administrations were

required to produce enhalacement (mean 2.5 nA I_r 6.2 rain) than depression (mean

12.7 nA for 8.5 rain) and evoked activity of several neurones was dramatically changed

merely by turning off the LSD retaining current for 2 3 rain. These changes were

occasionally accompanied by changes in unstimulated background liring. This in 3

- simple cells (2 enhanced, I depressed) background activity was increased during the

administratio,_ _,1"LSD. LSD-induced changes wcrc not accompanied by depression of

spike amplitude nor did they result I'rom elcctrophoretic current flow since they were

not mimicked by the administratio,1 of Na _.

The mean time course of the effect, whether enhancement or depression, was

similar (onset from start of ejection 3.6 min, peak I 1.0 min, recovery 25.4 rain).

On 13 cells LSD produced an impairment of their response to the preferred

direction of light movement (Fig. I b). The ratio of non-optimal to optimal direction

responses, indicated that in 4 simple cells directional selectivity was enhanced

(66-117%) while in 11 cells (6 simple, 3 complex, 2 hypercomplex) it was depressed
o/

(46-78/o). The changes in directional selectivity were often related to the overall effect

of LSD on evoked responses. Thus were directional selectivity was enhanced, evoked

responses were also enhanced (3 cells) but reduced in another cell. Also where

directional selectivity was reduced, evoked responses were also reduced (10 cells) but

enhanced in one complex cell: These directional changes usually involved a more

._ Fig. I. a :graph of visually evoked responses (impulses/sweep) plotted against time (rains) of a complex
cell responding to a light-bar stimulus moving in the optimal (dots) and null direction (crosses). "[he
electrophoretic administration of LSD (bar above the graph) at OnA produced little change but in-
creasing the expelling current to 10 nA produced a marked enhancement _f evoked responses partic-
ularly to the optimal direction. BOL administered at the same current lbr a similar period produced no
significant change. A subsequent intravenous injection of 10/_g/kg of LSD also produced a significant
enhancement of evoked responses in this neurone, b: in this cell activity was only depressed when the
LSD expelling current was increased to 20 hA. Note the prolonged recovery of responses following the
period of ejection. A second administration of LSI) at 20 nA rcquircd a signilicanlly longer pcrit_d of
expulsion in order to depress evoked response It) the same extent as before. BOL administered at 20 nA
produced no significant changes. Also note thai the degree of depression of the optimal response was
affected to a greater extent than the null direction response, indicating an impairment of directional
selectivity, c: individual histograms of the responses of a tightly tuned hypcrcomplex cell ( 16sweeps);
(a) control response, (b) response following a 10 rain administration of LSD at 5hA. The magnitude of
the response was reduced and the receptive field was broader, (c) further deterioration of the tine tuning
ofthiscell after 15 rain ofkSD at 5hA and (d) partial recovery from LSD some 20 min after the termina-
tion of the electrophoretic ejection. The bars above the histogram indicate the direction of stimulus
movement and the arrow below the histogram shows that position at which the direction of stimulus
movement was reversed. Calibration, 50 impulses/bin.



170

significant effect on the optimal directional responses though in 2 cells (I simple, I

complex) the null direction responses were affected to a greater extent.
No consistent changes in the dimensions of the receptive field of neurones were

observed whether their evoked responses were enhanced or depressed by LSD.

However on 2 tightly-tuned hypercomplex cells LSD produced a significant broaden-

ing of the receptive field which accompanied depression of evoked activity (Fig. Ic).
Repzated ejections of LSD, tested on 13 neurones, often resulted in a reduced

effectiveness. Thus either a shorter lasting change was produced for a similar

administration (Ist dose 32 mins, 2nd dose 17 mins) or a larger administration was

required to produce a similar effect (Ist dose mean 6.2 nA at 8.2 rain: 2nd dose 14.4 nA
for 11.7 rain). This reduced responsiveness was observed both for LSD-induced

- enhancement (3 simple cells out of 4_simple and I complex) and for LSD-induced

depression (I simple, I complex, 3 hypercomplex out of 4 simple, I complex, 3
hypercomplex tested :Fig. I b).

Methysergide administered in similar amounts to LSD produced no significant

effect on visually evoked firing of 4 simple cells which were depressed by USD.

ttowever larger '.administrations (mean current 32.5 nA for 9.5 rain) produced weak
depression in 3 or these ceils. The time course of depression by methysergide was
similar to that of LSD. No significant changes in directional selectivity were observed

on any of these cells during methysergide administration. 2-Bromo-LSD (mean
current 7.5 nA for 11.2 rain) produced no significant effects on 8 neurones tested (I

simple, 3 complex, 4 hypercomplex), 7 of which had been depressed by LSD and one
enhanced (complex cell: Fig. I).

The local administration ot" LSD onto visual cortical neurones produced

variable effects on their responses to visual stimulation. Enhancement or reduction of
evoked activity did not appear to be related to the neurone type for simple or complex

cells but appeared to be related to the amount of LSDadministered,Thus enhancement
was seen more commonly with lower administrations of LSD than depression. Similar
differences have been noted in the responses of visual cortical neurones following the

- systemic administration of LSI) where Ihere was a tending towards enhancement of
evoked activity at lower doses but depression at higher ones_Z,J:_,_:L It was noteworthy

that none of the hypercomplex cells studied were enhanced even by low (OnA)

ejections of LSD. Whether this reflects a real difference in the responses of this type of

cell to LSD requires further study.

Repeated administration of LSD onto the same neurones often produced a
smaller effect. A reduction in the sensitivity of visual cortical neurones is also seen

following the systemic administration of LSI) I'' and may be due to the occurrence of
tolerance which is commonly observed in humans and in animal studies H,t7. LSD also

impaired the ability of cells to discriminate between the direction of stimulus
movement. In some cells directional selectivity was enhanced but in others it was

depressed. These changes also occur following systemic USD v',19 and are suggestive of
an impairment of inlracortical inhibitory rnechanism which rnay control directional

selectivity of visual neuroncs:J._tL
The observation that some of the effects of LSI) could be mimicked by larger
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administrations of methysergide, a hallucinogen when administered in high systemic

doses _, but not by BOL, the inactive analogue of LSD 7 suggest that effects produced

by LSD were related to its hallucinogenic properties. Moreover, the facts that the

release of LSD by microelectrophoresis is very low '_'and that evoked activity in each of

visual cortical neurones tested was affected by LSD, often merely by turning olt" the

retaining current, suggest that visual cortical neurones exhibit exquisite sensitivity to

this compound. It is likely that the changes produced by LSD resulted from

interactions with central synaptic neurotransmitters, for example serotonin '',l and

dopamine 8,1t. The possibility that similar interactions occur on visual neurones is

being investigated.

it would seem that the distortion of visual perception produced by systemic LSD

may result from a multiplicity of actions on synaptic activity at a number of stages of

- visual information processing_L The present experiments clearly implicate the visual

cortex as an important locus for this action.
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