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Changes in the human visual evoked potential caused
by the anticholinergic agent hyoscine hydrobromide:
comparison with results in Alzheimer's disease
AAA BAJALAN,* CE WRIGHT, VJ VANDER VLIET

From the Clinical Neurophysiology Unit, Department of Vision Sciences, University ofAston, Birmingham, and
Department ofNeurophysiology,* Hill Royal Infirmary, Hull, UK

SUMMARY The anticholinergic drug hyoscine hydrobromide produced a slowing of the P2 and N3
components of the flash visual evoked potential (VEP) in young normals but did not affect the
pattern reversal VEP. These results, which are similar to those found in Alzheimer's disease, could
be explained by an underlying defect of the cholinergic system.

Drugs that block central acetylcholine muscarinic re-
ceptors have long been known to disrupt cognitive
function and induce transient amnesia in humans.1
Low doses of the centrally active muscarinic receptor
blocker hyoscine hydrobromide have been found to
impair memory storage in normal subjects, but do not
affect immediate memory.2-7 The memory storage
defect can be improved by administration of the chol-
inergic agonist arecholine6 or the anticholinesterase
physostigmine, but not by the psychostimulant am-
phetamine,5 indicating that the hyoscine has a specific
effect on cholinergic neurons. At the same time as the
amnestic effects, the electroencephalogram (EEG)
shows a replacement of normal alpha activity by
slower, low amplitude waves of 5-8 Hz, and in-
hibition of the EEG arousal response to a single flash
of light.2 Such findings have led to the proposition
that cholinergic neurotransmitters are essential for
the functioning of the reticular arousal system and the
storage of recent memory.8
The similarity between these effects in normals and

the memory defects and EEG slowing found in Al-
zheimer's disease have led to the use of the pharma-
cological effects of hyoscine hydrobromide as a model
for Alzheimer's disease. Indeed, experimental work
with hyoscine hydrobromide provided the first indi-
cation that defects of the cholinergic systems may un-
derlie the amnestic symptoms of Alzheimer's disease.5

In recent years, much evidence has accumulated to
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suggest an underlying cholinergic deficit in Al-
zheimer's disease. Necropsy brain specimens show
histopathological evidence of a selective loss of
cholinergic neurons in this condition.9 Biochemical
evidence shows cortical reduction of the pre-
synaptic enzyme choline acetyltransferase (ChAT)
which synthesises the neurotransmitter acetylcholine
(ACh). 0- 5 These reductions are most prominent in
the hippocampus, parietal and temporal cortex.8 13 16
Reduction of the rate of acetylcholine synthesis has
also been found in biopsy samples from the temporal
lobe of patients with Alzheimer's disease.'7 The re-
duction in cortical ChAT at necropsy correlates with
both plaque density and the severity of intellectual
impairment in Alzheimer's disease.'8 Indeed, it has
been shown that cholinergic innervation is important
in the evolution of neuritic plaques.9
The concentration of cortical muscarinic receptors

is not reduced in Alzheimer's disease, indicating that
the deficit is presynaptic. 12'9 Current research on pri-
mates indicates that the majority of cholinergic pre-
synaptic axons in the cortex originate in subcortical
nuclei such as the nucleus basalis of Meynert and the
diagonal band of Broca.9 20 Postmortem studies of
human brains with Alzheimer's disease have shown a
reduction of ChAT8 and the neuronal population9 21
in the nucleus basalis of Meynert and the diagonal
band of Broca, but not in the adjacent putamen and
globus pallidus. These results indicate that the reduc-
tion in ChAT activity is due to cell loss and degener-
ation rather than to an alteration of enzyme activity
within a surviving neuronal population.8

Visual evoked potential (VEP) studies in our labo-
ratory have shown that patients with Alzheimer's dis-
ease have the unusual combination of a delayed flash
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major positive (P2) component and a pattern VEP of
normal latency.22 23 The amplitude of the flash P2
component was significantly higher than that of nor-
mal elderly controls, but this was not significant when
compared with a patient control group with affective
disorders but no evidence of dementia. It appears,
therefore, that the dementing process produces the
effect on the flash P2 latency rather than on the ampli-
tude. It was suggested that this unusual finding might
reflect either different cortical sources of the flash and
pattern VEP, or the effect of a specific neuro-
transmitter defect. In view of the similarity between
the pharmacological effects of hyoscine hydro-
bromide and clinical findings in patients with Al-
zheimer's disease, we decided to investigate the effect
of hyoscine hydrobromide on the VEP of normal con-
trols. This study compared the flash and pattern re-
versal VEP in ten normal subjects before a
subcutaneous injection of 0-6 mg hyoscine hydro-
bromide, during the period of the maximum pharma-
cological effect of the drug,2 and 24 hours after the
injection. Brainstem auditory evoked potentials
(BAEPs) were also recorded as a neurophysiological
assessment of the brainstem auditory pathways.

Procedure

The pattern reversal VEP was recorded first, followed by the
flash VEP and BAEP. The evoked potientials were stored on
a disc for later analysis. The first recordings were made at
1.30 pm and took about 10 minutes. The subcutaneous injec-
tion of 0-6 mg hyoscine hydrobromide was given at 2.00 pm
and the subject allowed to rest for an hour while the drug
took effect. The evoked potientials were then recorded at
3.00, 3.30, 4.00, 4.30 and 5.00 pm, to monitor the peak effect
of the drug and subsequent recovery. The procedure was
first carried out on a "control" afternoon, with no drug ad-
ministration, so that any effects of fatigue, boredom or di-
urnal variation over the 4 hours could be accounted for. In
the case of female subjects, the control and hyoscine after-
noons were exactly 4 weeks apart, so that EEG changes con-
nected with the montly cycle did not influence the results. An
additional recording was made 24 hours after the adminis-
tration of the hyoscine to ensure that the evoked potentials
had returned to normal.
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Fig 1 Group average waveforms ofthe 10 subjects. The
flash VEP shows an increase in P2 and N3 latency and an
increase in N2-P2 amplitudefollowing the injection of
hyoscine. The pattern reversal VEP is unchanged.

The subjects, with an age of 21-37 years (mean 273 +

5-1) participated in the study. They were all staff or post-
graduates of the Clinical Neurophysiology Unit who were

fully informed and in agreement with the purposes and
methods to be used. The project was given approval by the
Human Science Ethical Committee of the University.
The medically qualified member of the team administered

the injection and was present throughout the afternoon in

Table I Latency offlash visual evokedpotential

Component 1.30 pm 2.00 pm 3.00pm 3.30pm 4.00 pm 4.30pm 5.00 pm Next Day Statistical
significance

N2 Control 81-8 + 9 5 Injection of 78-9 + 11-1 82-2 + 12-9 81-2 + 14 7 81-4 + 12 8 82-5 ± 12-5 - NS
Hyoscine 80-4 + 10-6 of 0-6 mgm 83-7 + 11-4 82-1 + 9-2 82-6 + 11 1 82-5 + 110 82-9 + 12-9 793 ± 109

P2 Control 113-1 + 100 hyoscine 113-9 + 109 115-5 + 8-8 117-2 + 7-4 1148 + 10-4 115-9 + 8-6 - p < 005
Hyoscine 114-3 + 99 hydrobromide 119-2 + 109 120-3 ± 6-1 120-6 ± 5-7 1207 + 4.9 120-1 + 6-0 113-0 + 101

N3 Control 157-9 + 241 subcutaneously 150-0 T 13-0 153-9 + 13-6 154-9 + 14-9 158-1 ± 14-5 155-4 + 17-4 - p < 005
Hyoscine 154-1 + 13-0 (Experimental 166-5 + 10-7 168-3 + 10-6 165-3 + 95 169-3 + 11-7 170-1 + 13-2 160-6 + 151

day only)

Values represent mean latency and standard deviation, in ms, for 10 subjects.
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Changes in the human visual evoked potential caused by the anticholinergic agent hyoscine hydrobromide 177
Table 2 Latency ofpattern reversal visual evokedpotential

Component 1.30 pm 2.00 pm 3.00 pm 3.30 pm 4.00 pm 4.30 pm 5.00 pm Next Day Statistical
significance

N70 Control 77 4 + 8 8 Injection of 75 0 + 8-7 765 + 5 6 774 + 8-8 74 5 + 7-7 766 ± 9-3 - NS
Hyoscine 724 + 89 0-6 mgm 747 + 82 759 + 83 758 + 71 768 + 87 762 + 7-2 650 + 70

P100 Control 105 7 ± 74 hyoscine 105-0 + 6 2 105-0 + 6-9 106 2 + 7-5 100 0 + 7-5 103 6 + 7 2 - NS
Hyoscine 103 6 + 10 2 hydrobromide 103-9 + 8 3 103-6 ± 8-9 103 7 + 10-2 105 3 + 10-2 104-3 + 7 0 103 8 + 7-9

N140 Control 139 7 + 13 0 subcutaneously 137-5 ± 9 5 138-8 + 10 1 138-1 + 10-2 137-9 + 12 5 140-3 + 13 6 - NS
Hyoscine 139-0 + 10 5 (Experimental 141-9 + 9 3 143 0 + 94 141-5 + 5 9 143 2 + 7-2 142-6 + 8-6 144 7 + 18 5

day only)

Values represent mean latency and standard deviation, in ms, for 10 subjects.

every case. To minimise the effects of drowsiness, the TV
monitor was switched to broadcasting channels in between
recordings and regular conversation was maintained. The
peripheral effects of hyoscine are much smaller than those of
atropine, but a refractive check was made to correct any
latent hypermetropia and to ensure the pattern stimulus was
clear at all times. (No difficulties with focusing were antici-
pated, as a TV screen at 150 cm only requires 0-67 dioptres
of accommodation). To eliminate any possible diplopia
caused by breakdown of a heterophoria, monocular stimu-
lation was used throughout.

Methods

The evoked potentials were recorded using silver-silver chlo-
ride electrodes (resistance less than 5 kohms) and amplified
and averaged by a Nicolet Pathfinder II.

Visual evoked potentials ( VEPs) were recorded from occipi-
tal electrodes 02 and 01, referred to Fz (International 10-20
system). One hundred sweeps were averaged by the com-

puter, bandpass 05-70 Hz. The flash stimulus was produced
twice per second by a Grass PS22 stroboscope set at In-
tensity 2 (intensity of each flash 68cd/m2 per second). The
pattern stimulus was a black and 6white checkerboard
presented on a Sony television screen and reversed twice per

second by a Medelec visual stimulator. The mean luminance
of the rectangular screen was 200 cd/m2 and the field sub-
tended at the eye was 7.60 x 10.2°. The check size was 56
minutes of arc and the contrast 74%.

Brainstem auditory evoked potentials (BAEPs) were

recorded between electrodes on the mastoid bones (Al and

A2) and the vertex electrode Cz. The stimulus was a 0 1 ms

click of alternating polarity presented to the right ear at 10
Hz. The intensity was set at 70 dB above subjective thresh-
old. Two thousand sweeps were averaged, with bandpass
filters 30 Hz-3 kHz.

Analysis of results

The latencies and amplitudes of the most consistent com-

ponents of the evoked potentials were determined. For the
flash VEPs, the most consistent components were N2, P2
and N3 (fig 1). Very few of the subjects in this study showed
the early flash components Nl and P1. This is consistent
with our previous study of the effect of age on the VEP24
which showed that the early components are not often found
in the flash VEP of younger subjects, but they occur more

frequently with increasing age. For the pattern reversal VEP
the most consistent components were the predominant posi-
tive around 100 ms, and the negatives around 70 ms and 140
ms (fig 1). Waves I-V of the BAEP were identified and Wave
V included in the statistical analysis. Where waves were

skewed or triphasic in configuration, the midpoint between
the ascending and descending sides of the wave was deter-
mined.
No consistent differences between the hemispheres were

observed. Therefore, for clarity and ease of analysis, the re-

sults from the right hemisphere alone are presented (02-Fz
derivation for VEPs and A2-Cz for BAEPs). Analysis of
variance tests were used to determine the statistical
significance of the latency and amplitude changes, over time
of day in hyoscine experiment date, and between hyoscine
experiment and control dates. All individual results obtained
at all different hours of recording were used in the calcu-

, Table 3 Latency ofbrainstem auditory evoked potential

Component 1.30 pm 2.00 pm 3.00 pm 3.30 pm 4.00 pm 4.30 pm 5.00 pm Next Day Statistical
significance

I Control 1 67 + 0-08 Injection of 1-69 ± 0 11 1 70 ± 0 09 1 68 ± 0-07 1-68 ± 0-08 1 64 + 0-08 - -
Hyoscine 1-67 + 0 07 0-6 mgm 1-69 + 0-16 1-65 + 0-13 1-67 + 0-12 1-67 ± 007 1-65 ± 0 09 1 64 ± 009

II Control 227 + 012 hyoscine 271 + 0-12 276 + 013 2-74 ± 012 271 + 013 273 ± 016 - -
Hyoscine 2-72 + 0 13 hydrobromide 2-74 + 0-18 2 75 + 0 16 2-85 + 0-34 2 74 ± 0-16 2 72 + 0-14 2 72 + 0 16

III Control 3-73 ± 0 15 subcutaneously 3-72 ± 0 19 3 75 ± 0 16 3-76 + 0-22 3-74 ± 0-21 3 73 ± 0 21 -
Hyoscine 3.71 + 019 (Experimental 374 + 021 373 + 018 371 ± 0-18 370 ± 016 371 + 0-20 371 + 019

IV Control 4-94 + 0-27 day only) 492 ± 019 4-92 + 026 4-96 ± 0 30 490 ± 0-22 5.05 ± 0 30 -
Hyoscine 4-87 ± 0-23 487 ± 022 4-95 ± 022 491 + 025 4-95 + 026 490 + 0-26 498 + 020

V Control 5-54 + 0-20 5-76 + 0 26 5 60 + 0-36 5-65 + 0 31 5 61 + 0-24 5 62 + 0-28 - NS
Hyoscine 558 + 030 559 + 028 558 + 028 5-60 + 0-31 560 + 028 553 + 033 556 + 0-28

Values represent mean latency and standarid deviation, in ms, for 10 subjects.
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Fig 2 Showing that 0 6 mgm hyoscine hydrobromide
produces a signifi'cant increase in the latency ofthe P2 and
N3 components of theflash VEP.
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lation, and a value of005 was used as significance level. The
average waveforms for the group were computed on the
Pathfinder.

Results

Latency Administration of 0-6 mg hyoscine hydro-
bromide produced a slowing of the flash VEP. Figure
I shows that this was a progressive effect, being non-
significant for the N2 component, but significant at
the 5% level for the P2 and N3 components, com-
pared with the control recordings (table 1). How-
ever,there was no statistically significant change in the
latency of the pattern reversal VEP components (ta-
ble 2) or the BAEP components (table 3). During the
control afternoon, the latency of the flash P2 com-
ponent increased slightly between 3.00 and 4.00 pm.
This could be attributable to the effects ofboredom or
fatigue, although there was no further increase after
4.00 pm. This does not affect the significance of the
above results, as they represent the difference between
the hyoscine and control aftemnoons.
Amplitude The amplitude of the N2-P2
configuration of the flash VEP was significantly in-
creased by the anticholinergic drug (p <0 01) (table
4). There were no significant changes in the amplitude
of the pattern reversal VEP (table 5) or the BAEP
(table 6) related to the action of the hyoscine.
Waveform Figure 3 shows flash waveforms from
one subject, TP, on whom the hyoscine had a particu-
larly marked effect. It can be seen that in this case
hyoscine did not significantly affect the N2 com-
ponent, but produced a slowing of the P2 component
and a greater slowing of the N3 component. This
progressive effect resulted in a broadening of the P2
component. Subject LA showed a slightly different

Table 4 Amplitude offlash visual evokedpotential

Component 1.30 pm 2.00 pm 3.00pm 3.30 pm 4.00 pm 4.30pm 5.00pm Next Day Statistical
significance

N2-P2 Control 95 + 3-08 Injection of 88 + 40 90 + 48 92 + 4-7 94 + 3-7 97 + 35 - p < 001
Hyoscine 8-9 + 3-3 0-6 mgm hyoscine 10-6 + 5-0 9 9 + 4-4 10-1 + 4 0 101 + 3-8 9 5 + 4-2 8-8 + 3-9

P2-N3 Control 8-3 ± 3-4 hydrobromide 10 5 + 3 0 7 9 + 4 0 9-2 + 4 5 9-6 + 3-4 8-2 + 2-9 - NS
HyoscinelO0O + 4-7 subcutaneously 9-2 + 4-1 9 7 + 3 9 10-4 + 5 3 9-8 + 4-2 9-6 + 4-2 8-3 + 2-2

(Experimental day only)

Values represent mean amplitude and standard deviation, in pV, for 10 subjects.

Table 5 Amplitude ofpattern reversal visual evokedpotential

Component 1.30pm 2.00 pm 3.00pm 3.30pm 4.00pm 4.30 pm 5.00pm Next Day Statistical
significance

N70-PIOO Control 8-2 + 4-0 Injection of 006 mgm 6-8 + 2-0 7-6 + 2-8 8 5 + 3-7 7 2 + 3-8 7-0 + 3-3 - NS
Hyoscine' 7-2 + 4-8 hyoscine hydrobromide 6-7 + 3 7 6-3 + 3-4 5-6 ± 3-4 6-6 + 2 6 7 5 + 4 6 7-0 + 4-2

PIOO-N140 Control 6-3 + 16 subcutaneously 55 + 2-0 61 + 2-2 5-7 + 2-9 58 + 30 58 + 2-1 - NS
Hyoscine 8-7 ± 5 0 (Experimental day only) 7-9 ± 4-8 6-7 ± 4-4 7-5 + 4-9 7-3 + 3 9 8-6 ± 5 2 6-3 + 1-9

Values represent mean amplitude and standard deviation, in pV, for 10 subjects.
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Changes in the human visual evoked potential caused by the anticholinergic agent hyoscine hydrobromide 179
Time Flash VEP
(h) A
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0.6mg hyoscine
hydrobromide

Subject TP
02-Fz

lOuV

lOOms

- Hyoscine
Control

Pattern reversal VEP

P100

Fig 3 Individual VEP waveformsfrom subject TP. During
maximum effect, the hyoscine produces an increase in the
latency of the flash P2 and N3 components which broadens
the waveform. The pattern reversal VEP is unaffected.

change in waveform (fig 4). At the maximum effect of
the hyoscine (1-1 1/2 hours after administration) the
P2 was triphasic in configuration, indicating that
some fibres were affected more than others. The wave
returned to its former shape as effect of the drug wore
off. These changes in shape varied with the individual,
so that there were no overall waveform changes in the
group average waveforms (fig 1). However, the

Pattern reversal VEP

1330 14-1400h
150 SC injection of

1500 .0-06m-g hyoscine/ -hydrobromide
1530 ; ,:

1600 Control
1630 e _ Hyoscine
1700 \

Next

day

PlO0
Fig 4 Individual VEP waveformsfrom subject LA. The
hyoscine initially produces a broadening oftheflash P2
component into a triphasic configuration, indicating that
somefibres are affected and some unaffected. The pattern
reversal VEP is unaffected.

latency and amplitude increases mentioned above can
be clearly seen. Figures 1, 3 and 4 show that the hy-
oscine did not have any effect on the pattern reversal
waveforms of these two individuals or the group aver-
age.
Subjective effects The subjective effects were all con-

Table 6 Amplitude ofbrainstem auditory evoked potential

Component 1.30 pm 2.00 pm 3.00pm 3.30 pm 4.00pm 4.30 pm 5.00 pm Next Day Statistical
signlficance

I Control 0-12 + 007 Injection of 0-16 + 0-11 0-17 ± 0-11 0 15 ± 0-13 0-20 ± 0 14 0-13 ± 0-06 - -
Hyoscine 0-12 + 005 0-6 mgm 0 11 + 0-07 0-11 + 0-06 0-14 + 004 0-12 + 007 0-12 + 007 0-17 + 009II Control 016 + 006 hyoscine 022 + 012 018 + 008 020 + 014 0-18 + 011 0-20 + 009 - -
Hyoscine 022 + 0-12 hydrobromide 0 21 + 0-13 0-17 + 009 0-21 + 011 0-18 + 009 0-20 + 0-13 025 + 0-20

III Control 0 31 + 0 09 subcutaneously 0 30 + 0-12 0-35 + 0-10 0-32 + 0-14 0 33 + 0-11 0-29 + 0-12 -
Hyoscine 038 + 015 (Experimental 036 + 011 033 + 011 037 + 0-14 034 + 0-16 034 + 0-12 037 + 012

IV Control 0 30 + 0-16 day only) 0-26 + 0-14 0-29 + 0 54 0-24 + 0-14 0-23 + 0-13 0-28 + 0-16 -

Hyoscine 0 31 + 0-19 0-27 + 0-20 0 31 + 0-13 0-34 + 0-19 0-32 + 0-18 0-32 + 0-17 0-32 + 0-15
V Control 041 + 027 029 ± 010 040 + 0-14 047 + 028 035 + 0-13 040 + 0-18 - NS

Hyoscine 0 44 + 0 10 0-42 + 0-14 0-37 + 0-16 0 45 ± 0 13 0-46 + 0 18 0 41 + 0 16 0 41 + 0 16

Values represent mean amplitude and standard deviation, in pV, for 10 subjects.

Time
( h)
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sistent with the expected actions of an anticholinergic
drug. Most subjects noticed a drying of the mouth
and, in some cases, a change in taste or a sensation of
air in the oesophagus. The subjects became drowsy
but in no case did this affect the fixation of the visual
stimuli. A few subjects with high degrees of heteroph-
oria experienced difficulty in the maintenance of bin-
ocular vision. However, this did not affect the
experiment as monocular fixation was used. The abil-
ity to accommodate on the TV screen at 150 cm was
not affected.

Discussion

The delay of the P2 component of the flash VEP in
Alzheimer's disease is now well documented.22 23 25 26
This study has shown that administration of a low
dose of an anticholinergic agent to normal subjects
also produced an increase in the flash P2 and N3
latency. The effect was small owing to the very low
dose used, but was significant enough to suggest that
the larger flash P2 delays seen in Alzheimer's disease
could be explained by the large reductions in choliner-
gic activity associated with this disease. The increase
in the flash N2-P2 amplitude produced by the hy-
oscine in this study is also found in patients with pre-
senile dementia.23 25 However, our previous study23
indicated that it is the latency rather than the ampli-
tude effect which is specific to dementia.
The coexistence of a pattern VEP of normal latency

and a delayed flash VEP in Alzheimer's disease as
described by our group is certainly unusual.22 23 It
could be that the flash P2 component and the pattern
reversal VEP reflect similar mechanisms but are gen-
erated in different areas of the visual cortex, and that
for some reason, Alzheimer's disease only affects the
flash P2 generator area. If this were the case, the effect
of an anticholinergic agent on normal subjects with
no pathology of the brain would be the same for both
types of VEP. Alternatively, the findings in Al-
zheimer's disease could represent a difference in the
influence of the cholinergic system on the two types of
VEP. In this case it would be expected that in normals
the flash and pattern reversal VEP would be affected
differently by an anticholinergic agent. Our results
show the latter to be the case, indicating that the flash
P2 component is more influenced by the cholinergic
system than the pattern VEP. The results of our study
must have been due to central cholinergic action of
the drug for, if they had been caused by peripheral
effects alone, the pattern reversal VEP would also
have been affected.

These results appear to relate well to current litera-
ture on the relationship between the cholinergic sys-
tem and the visual cortex in normals and patients with
Alzheimer's disease. In the rat, the innervation of the

Bajalan, Wright, van der Vliet

occipital cortex and hippocampus arises from the di-
agonal band of Broca, while the hippocampus is also
innervated by neurons with cell bodies in the medial
septal nucleus. Cholinergic neurons from the nucleus
basalis of Meynert project to the frontal, prefrontal
and parietal cortex.9 20 Postmortem studies of human
brains with Alzheimer's disease show that the cells in
the nucleus basalis of Meynert and the diagonal band
of Broca are grossly reduced.9 21 27 Physiologically,
the diagonal band of Broca and medial septum ap-
pear to be connected with learning and recent
memory in animals. The learning and memory defects
seen in the early stage of Alzheimer's disease would
therefore be consistent with pathology in this region.9
As the cholinergic neurons of the visual cortex also
originate in this area of the brain, abnormalities of the
VEP might be related to these reductions in learning
and memory. The function of the nucleus basalis of
Meynert is not established, but primate research sug-
gests that it could be connected with reward, learning
and attention, which might relate to the emotional
and cognitive difficulties that develop in Alzheimer's
disease.9

These subcortical areas are involved in the as-
cending reticular arousal system, which is believed to
be cholinergic.8 EEG rhythms, which are believed to
originate from this area, are affected by anti-
cholinergic drugs.2 28 29 A study of the effect of hy-
oscine on the flash VEP of rats concludes that the
changes in the VEP are similar to the changes pro-
duced by septal lesions.30 The authors suggested that,
as the cholinergic fibres to the visual cortex pass
through the septum, the flash VEP changes could be
reflections of changes in diffuse ascending electro-
physiological arousal mechanisms.

This leads us to a more specific examination of
what is known about the cholinergic activity of the
visual cortex in Alzheimer's disease and in normal
brains. Postmortem studies of Alzheimer's brains
have shown that the enzyme ChAT is significantly
reduced in Brodmann's Area 1714 15 and Area 1913 of
the visual cortex, when compared with controls. In
normal brains, the cholinergic activity of Area 17 has
been found to be lower than other areas of the
brain.'5" The fibres of the geniculostriate visual
pathway are not cholinergic.29 This was also shown
in studies of the responses of the cells of the cat's
visual cortex to cholinergic stimulation by Spehl-
mann's group. They concluded that the specific neu-
ral input to the primary visual cortex (Area 17) is not
cholinergic32 but that ACh may function as the syn-
aptic transmitter for reticular input to the visual cor-
tex, or possibly as a non-synaptic neuronal excitant.28
Applying these findings to our results, it would ap-

pear that the pattern reversal VEP, which is believed
to represent the response of the geniculo-striate fibres
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Changes in the human visual evoked potential caused by the anticholinergic agent hyoscine hydrobromide 181
as they reach the primary visual cortex, is not trans-
mitted by cholinergic fibres and is therefore
unaffected by the anti-cholinergic drug hyoscine.
However, the slowing of the flash VEP that the hy-
oscine produced implies that the flash VEP not only
reflects specific visual inputs to the visual cortex, but
is also influenced by non-specific cholinergic arousal
mechanisms.

These results indicate that the flash VEP abnormal-
ities found in Alzheimer's disease could be reflecting
reductions in cholinergic activity. They also provide
evidence to suggest that the flash and pattern VEP
reflect different aspects of cortical processing.
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jects and to Patricia Roberts and Margaret Geddes
for typing the manuscript. Dr Christine Wright is fun-
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