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Summary: In a large survey of the efficacy of pertussis
vaccines made in 33 areas in the United Kingdom

during the period 1 November 1966 to 31 October 1967
a total of 3,564 households were invest'gated. Nine hun-
dred and seventy-seven strains of Bordetelia pertussis and
6 strains of Bord. parapertussis were isolated from persons
in 792 households.

After contact in the home 56% of fully vaccinated
children under 5 years of age developed a paroxysmal
cough, and in more than two-thirds of these patients the
diagnosis was confirmed bacteriologically. This suggests
that pertussis vaccination was not very effective. A com-
parison with the attack rate in unvaccinated children also
indicates a poor protection from vaccination.
None of the following factors appeared to be respon-

sible for the poor protection afforded by vaccination:
vaccination in early infancy, a long interval since vaccina-
tion, and the absence of booster doses.
Almost all the children in the survey had been given

vaccines from a single manufacturer, and therefore a com-
parison of the efficacy of vaccines prepared by different
manufacturers was inconclusive. All the vaccinated
children in the survey had been vaccinated before or
during 1967. The efficacy of current preparations will
require to be assessed by continuing surveillance.

Introduction
The efficacy of pertussis vaccines in the United Kingdom was
assessed by trials made by the Medical Research Council (1951,
1956, 1959), which showed that some batches of pertussis vac-
cines gave substantial protection.

Those results led to widespread vaccination, and concurrently
the incidence of whooping-cough in England and Wales
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declined until 1962. Nevertheless, notifications increased appre-
ciably in 1963, and since then have not declined consistently.
This cessation of the decline in notifications gave rise to doubts
about the continuing efficacy of pertussis vaccines. Disquiet
was increased by reports of the occurrence of whooping-cough
in vaccinated children (Wilson et al., 1965) and by changes
observed in the prevailing serotype of Bordetella pertussis
(Preston, 1963).

In November 1966 a Public Health Laboratory Service Work-
ing Party began an investigation to assess the present efficacy of
vaccination and to identify the serotypes of B. pertussis
currently responsible for whooping-cough in the United King-
dom. The investigation continued until April 1968 ; this
preliminary report includes the results obtained during the first
12 months of the survey-that is, until the end of October
1967.

General Plan and Methods

Thirty-three areast in England, Wales, and Scotlandt were
included in the investigation.
The Scottish areas were Dundee, Edinburgh, and Glasgow.

Dr. R. J. Fallon, Ruchill Hospital, Glasgow, and Dr. M. A.
Calder, City Hospital, Edinburgh, also took part in the labora-
tory investigations in Scotland.
The survey was co-ordinated and the results were analysed

in the Epidemiological Research Laboratory by Dr. Sheila
Polakoff with the assistance of Mrs. M. Milburn.

Sir Austin Bradford Hill advised on the analysis of the
findings.

In each area all general practitioners were asked to report
promptly to the local medical officer of health any patient
suffering from a paroxysmal cough, with or without vomiting,
if they considered that whooping-cough was a possible diag-
nosis. A member of the nursing or sometimes of the medical
staff of the health department visited the home, usually within
24 hours of the report, and took pCrnasal swabs from the
patient or patients and also from any child under 5 years of
age. About three weeks later a second visit was made, details
of the progress of the source patient or patients were recorded,
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proceedings were similar.
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330 8 November 1969 Whooping-cough Vaccines

and specimens were taken from any further patients with
paroxysmal coughs. At these visits details of other members
of the household were obtained together with the history of
previous vaccination of cach child of 10 years of age or under.
The vaccination history was checked later from records of the
family doctor or the local health authority.

B. pertussis was not isolated from all households in the
survey, and this preliminary report is concerned with the effi-
cacy of vaccines in children exposed to whooping-cough in
those households from which B. pertussis was isolated.

Laboratory Investigations

The swabs were either plated direct on to a suitable medium
or placed in a carrier medium and inoculated on to a plate
within a few hours-always on the same day.
Each laboratory used the medium of its own preference, some

using more than one medium. The following media, with
occasional minor modifications, were used: (1) Oxoid charcoal
agar CM 119 with 10% horse blood, 0-25-0-3 unit of benzyl-
penicillin/ml., and 2 ,ug. of M.&B.938 (4: 4'-diamidinodi-
phenylamine dihydrochloride 2H20)/ml.; alternatively, the
M.&B.938 was omitted. (2) Bordet-Gengou medium (Cruick-
shank, 1965), Colindale modification of Bordet-Gengou
medium (Cruickshank, 1965), or Oxoid Bordet-Gengou
medium CM 267. (3) Lacey's medium (Lacey, 1957).
A variety of carrier media was used: Oxoid charcoal agar

with penicillin and M.&B.938, Oxoid charcoal agar with peni-
cillin only, Bordet-Gengou medium with penicillin, Lacey's
carrier medium (Lacey, 1957), or Stuart's transport medium
(Stuart, 1959).

Plates were incubated at 35-36° C. for seven days. Isolates
of B. pertussis or B. parapertussis were confirmed by slide
agglutination with sera supplied by the Standards Laboratory
for Serological Reagents, Colindale. They were then typed
with monospecific serum prepared by the Wellcome Research
Laboratories, using the technique described by Preston (1965).
Isolates were then sent for confirmation of typing results to
one of two reference experts-Dr. N. W. Preston, Department
of Bacteriology, Manchester University, or Dr. F. T. Perkins,
Division of Immunological Products Control, Medical Research
Council Laboratories, London N.W.3.

Virological investigations were also made in 14 laboratories.
These findings are not dealt with in the report and will be
published later.

Definitions

The following terms are used in the report:
Patient: Any person with a paroxysmal cough, with or without

vomiting or whooping.
Source Patient: The first patient in a household and any

other patient who developed symptoms within a week of the
onset of symptoms in the first patient.

Household Contact Patient: A person who developed a paroxys-
mal cough if the onset of symptoms occurred a week or more

after the onset of symptoms in the first source patient in the
household.

Fully Vaccinated: At least three inoculations of pertussis vac-

cine, for which the following information was confirmed by
examination of the appropriate record: age at vaccination, date
on which each dose was given, type, make, and batch number
of the vaccine recorded by the local health authority or family
doctor. These details were checked from information provided
by the manufacturers of the vaccine.

Vaccination History Uncertain: Any vaccination history
deficient in one or more details or for which the details could not
be checked.

Incompletely Vaccinated: Less than three doses of pertussis
vaccine for which all details were available.

Results

Of 3,564 households investigated bacteriologically isolations
were made from 792. In these 792 households swabs were taken
from 1,372 patients ; B. pertussis was isolated from 950 and
B. parapertussis from five.

There were also 27 isolations of B. pertussis and one isola-
tion of B. parapertussis from pre-schoolchildren, of whom 24
had no symptoms during the period of observation. Further
information could not be obtained about the remaining four.
The number of households from which B. pertussis was iso-
lated varied in different areas; in a single area there were as

many as 340, whereas in two areas there were as few as two

(Table I).

TABLE I.-Number of Households From Which at Least One Bacterio-
logical Isolation was Obtained, and Patients According to Laboratory
Area

Laboratory No. of
Households

No. of Patients
Swabbed

No. of
Isolations

Bradford 25 46 28
Bristol .. . 2 3 2
Chester .. . 8 13 (2)* 9
Colindale 58 98 (2) 67
Coventry 62 98 71
Edmonton 20 36 23
Exeter .. . 4 10 (1) 4
Gloucester 5 9 8
Liverpool 31 58 33
Manchester 340 595 (17) 426
Middlesbrough 6 9 7
Newcastle 3 3 3
Oxford .. . 16 36 (1) 21
Portsmouth 63 96 (1) 78
Salisbury 42 68 (3) 46
Sheffield 32 63 (1) 39
Wakefield 25 43 31
Worcester 2 2 2
Dundee University 11 18 13
Edinburgh University 18 35 (1) 21
Glasgow City 19 33 (2) 23

Total .. .. 792 1,372 (31) 955

* Additional patients not swabbed and not included in total.

Preliminary investigations of the serotypes of the strains
suggest that more than four-fifths were serotype 1,3, but investi-
gation of the serotypes is still continuing and wiH be the subject
of a later communication.

Despite the large number of areas included in the survey the
majority of vaccinated contacts had been given vaccine from
one manufacturer (Glaxo Laboratories Ltd.); a much smaller
number of contacts had been given Burroughs Wellcome vac-

cine, and only a very few from other sources (Table II).

Attack Rates iw Household Contacts

In the analyses of attack rates which follow, only those
child-ren are included who (a) were 10 years of age or less,
(b) were known to have been in contact with a patient with
paroxysmal cough in the home, and (c) did not develop symp-
toms within one week of the onset of symptoms in the first
patient in the household. Any child whose symptoms began
within a week of the first patient in the household has been
regarded as an additional source patient and is not included in
these analyses.
The attack rates in these household contacts are shown in

Table II.
Of 288 fully vaccinated children almost 42% developed

whooping-cough after home exposure. The attack rate was

considerably greater in children under 5 years of age than in
older children-56% and 23% respectively. In children aged
less than S years the attack rates tended to vary according
to the source of the vaccine used. Approximately 61% of
contacts given Glaxo vaccines were attacked compared with
38% given Burroughs Wellcome vaccines. For those given
more than one type of vaccine or vaccines from a source other
than Glaxo Laboratories or Burroughs Wellcome the attack
rate was about 47%. The number given vaccine other than

BRITisH
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Whooping-cough Vaccines

Glaxo was small and the difference in attack rates between
Glaxo and Burroughs Wellcome vaccinated contacts under
5 years did not attain statistical significance (Table II). As
most of the contacts had been given vaccine from a single
manufacturer, all the vaccines have been considered together
in the comparisons which follow.

TABLE II.-Attack Rates in Household Contacts According to Age,
Vaccination History, and Previous Whooping-cough

Age in Years
History of A i Total

Vaccination or 0-4 5-10
Previous

Whooping- No. Attacked No. Attacked No. Attacked
cough Ex- Ex- Ex-

posed No. I0 posed No. ° posed No. %
Fully vaccinated
Complete

course Glaxo 122 74 60-7 118 28 23-7 240 102 42-5
Complete

course B.W. 21 8 38-1 5 1 20-0 26 9 34-6
Others* .. 19 9 47-4 3 0 - 22 9 40-9

All .. 162 91 56-2 126 29 23 0 288 120 41-7

Not vaccinated 179 120 67-0 96 32 33 3 275 152 55-3
Incompletely
vaccinated,
vaccination
history
uncertain .. 126 71 56-3 172 25 14-5 298 96 32-2

Previous
whooping-
cough .. 11 3 27-3 72 4 5-6 83 7 8-4

Total . . 478 285 59-6 466 90 19-3 944 375 397Total~ ~ _~8 94.75
* Other pertussis vaccines and courses for which more than one make of vaccine

was used.

In unvaccinated children the attack rate was greater than in
the children who had been vaccinated, but the difference was
not pronounced. Table II shows that of 275 unvaccinated
children of all ages 55% were attacked, the rate for children
under 5 years being 67 %. The lowest rate was found in
children whose parents reported a previous history of whoop-
ing-cough. The table also shows the rate in a group of children
who were incompletely vaccinated or whose history of vaccina-
tion was doubtful for various reasons. At ages 5 to 10 years,
this group had a lower attack rate than the fully vaccinated
group, the reason for which is not clear.

These vaccinated and unvaccinated groups were not con-
stituted by random allocation as in a prospective investigation,
and there were differences both in age and family size between
the groups. The attack rates for both vaccinated and un-
vaccinated children were greatest in young childTen from small
families. A comparison of attack rates was therefore made
in children under 3 years of age from families with only two
children aged 10 years or less. In 21 such unvaccinated child-
ren the rate was 81 % and among 34 vaccinated children 65 %,
giving a protective effect of vaccination of only 20%. Taking
the data as a whole the vaccinated and unvaccinated groups were
standardized for age and family size, and the protective effect of
vaccination, calculated on this basis, was 16% in children aged
0-10 years, 18% in children aged less than 5 years, and 12%
in children 5-10 years.

B. pertussis was isolated in similar proportions from vac-
cinated and unvaccinated patients. Of 152 patients who were
not vaccinated B. pertussis was isolated from 101 (66%). Of
120 patients who were fully vaccinated B. pertussis was isolated
from 81 (68%). Considering these bacteriologically proved
attacks only, the attack rate among the unvaccinated contacts
was 37% and among fully vaccinated contacts 28%, giving a
protective effect of only 24%.
The most stringent comparison of attack Trates between vac-

cinated and unvaccinated children is among bacteriologically
proved attacks in home contacts resulting from exposure to a
bacteriologically proved source patient. Of 147 such un-
vaccinated children 34 developed bacteriologically proved
whooping-cough, a rate of 23%, while of 194 such
fully vaccinated children 32 developed bacteriologically
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proved whooping-cough, an attack rate of 16 %. After
standardization for age and family size these attack rates were
22% and 16% respectively. Thus when based on bacterio-
logically proved pertussis the protective effect of vaccination
(27%) is not much greater than in any of the previous esti-
mates.

B. pertussis was recovered from 23 contacts who did not
develop symptoms. Of these, nine were fully vaccinated and
in a further five the vaccination history was uncertain. The
remaining nine were unvaccinated. These children are not
considered in the above analyses, but if they are included as

clinically inapparent infections the difference in attack rates
between the vaccinated and unvaccinated children is not
materially affected.
Some factors which might affect any initial protection con-

ferred by vaccination were considered-for example, the length
of time from primary vaccination to home contact, the age at
primary vaccination, and whether or not booster doses had been
given.

Period Elapsing Since Vaccination
The attack rates for all fully vaccinated home contacts who

did not receive a booster dose are shown in Table III. There
was no evidence of increasing susceptibility as the interval from
vaccination to exposure increased. Almost all the children
were vaccinated in the first year of life, and age standardization
made little difference to these attack rates. The smaller rates
which occur when the interval is longer than four years are
associated with the lower incidence of attack in older children
(see above).

TABLE III.-Attack Rates Among Fully Vaccinated Household Contacts
Aged 0-10 Years at Time of Exposure Who Did Not Receive a
Booster Dose According to the Interval from the Last Dose of
Vaccine to Exposure

Interval from Last Dose of Vaccine to Exposure (Years)
<1 1- 2- 3- 4- 5- 6+ Total

No. exposed .. 34 22 26 21 12 24 57 196
No. ofpatients .. 17 11 14 10 0 4 15 71
Attack rate ()°b 50-0 50-0 53-8 47-6 0 16-7 263 362

Age at Vaccination
There was no appreciable difference in attack rates in children

vaccinated before 6 months of age and children vaccinated at or
after 6 months. In 71 children vaccinated under 6 months and
aged 4 years or less at the time of exposure the rate was 51 %,
whereas in 27 similar children vaccinated at or after 6 months
of age the rate was 48%. The rate for 54 children vaccinated
at under 6 months and aged 5 to 10 years at exposure was
24 %, and for 44 similar children aged 6 months or more when
vaccinated was 20%. None of the children in this analysis had
received a boosting dose of vaccine.

Booster Doses
It is evident from Table IV that a reinforcing dose of

vaccine did not reduce the attack rate. In fact, the attack rate
was slightly greater in the children given a boosting do3e.

TABLE IV.-Attack Rate of Fully Vaccinated Household Contacts
According to Whether or Not a Booster Dose was Given

History of Vaccination

Primary only ..

Primary and booster(s)*

Age at Household Contact (Years)
0-4 5-10

No. Attacked No. Attacked
Ex- Ex-

posed No. % posed No. /o

98 49 50-0 98 22 22-4
61 40 656 25 7 28-0

* Two contacts (age 5-10 years) had two booster doses, neither developed
whooping-cough. In addition there were six contacts who had booster doses for
which full details were not given.
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Nevertheless, only 86 (30%) of fully vaccinated children were
given a boosting dose, and it may be that these children were
a selected and more vulnerable group.

Severity of Illness and Complications in all Patients

The parents' account of the maximum number of paroxysms
occurring in 24 hours during illness was used to indicate the
severity of the attack. In vaccinated children aged 1 to 4
there were rather fewer severe attacks than in unvaccinated
children of the same age (Table V); this difference did not attain
statistical significance. Of the 133 unvaccinated children aged
less than 1 year 38 (29%) had severe attacks, but there were
too few fully vaccinated children at this age to make valid
comparisons possible. Complications were not specially studied
in the investigation, but the reports indicated that severe com-
plications such as bronchopneumonia, atelectasis, convulsions,
constant vomiting, enteritis, and encephalitis were rarely found.
Only 26 of 1,316 (2%) patients had attacks complicated by one
or more of these conditions. As would be expected infants
(less than 1 year old) were more often affected: 10 of 187
infants (5 %) were known to have had severe complications.

TABLE V.-Severity of Symptoms (No. of Par-oxysins in 24 Hours) in
Fully Vaccinated and Unvaccinated Patients According to Age

Severity of
Symptoms

Mild (< 10) .
Moderate (10-20) . .
Severe (20+ )
Not known .

Total

History of Vaccination
Patients Aged 5-10 Years

Not
Vaccinated

No. %

57 45-6
45 36-0
16 128

7 56

.

125 10)

Fully
Vaccinated

No. °o

73 50 3
49 33-8
19 13-1
4 2-7

145 100

Discussion

This is the first occasion on which the adequacy of pertussis
vaccines in routine use has been assessed in the United King-
dom on a large scale. The vaccines assessed are those in use

up to and including part of 1967. Most of the children in

the survey had been given vaccine from Glaxo Laboratories and

few from Burroughs Wellcome or other laboratories.

The most striking feature of the results is the high attack

rate in children known to have been given a full primary course

of pertussis vaccine and subsequently exposed to whooping-
cough in the home. It is noteworthy that in the most vulner-

able age group-that is, under 5 years of age-fully vaccinated

children experienced a rate of no less than 56%.
The attack rates were less among contacts who had been

given Burroughs Wellcome vaccines than among those given
Glaxo -vaccines. There may well have been differences in the

protective efficacy of vaccines made by these two manufacturers,
but the number of contacts who had been given Burroughs
Wellcome vaccines was so small that firm conclusions on this

point cannot be drawn. The possibility that the rate was arti-

ficially increased because some of the attacks were not due to

pertussis must of course be considered. Nevertheless,

B. pertussis was isolated from two-thirds of these patients, and

all of the remainder were exposed to a bacteriologically con-

firmed case of pertussis in the home. It seems most likely,

therefore, that children exposed to B. pertussis in the home

who developed symptoms of whooping-cough had in fact been

infected with the organism.
The survey also provided an opportunity to compare attack

rates in vaccinated and unvaccinated children. In both groups

the rates varied greatly with age but were larger in young

children. There are few investigations which can be com-

BRxmsHMEDICAL JOURNAL

pared with the survey with regard to these attack rates. The
only other study made in the United Kingdom in which the
incidence of pertussis in vaccinated and unvaccinated children
was based on home contacts was the trial made by the Medical
Research Council (1951). The rate in the total of unvaccinated
children in the present survey was less than that found in the
Medical Research Council trial, but between a trial and a survey
there are obvious differences which make such a comparison of
limited value.
The Public Health Laboratory Service survey was based on

a section of the population identified only by the occurrence
of whooping-cough in the home. In such circumstances there
are two obvious factors which might reduce attack rates ob-
served in home contacts. Firstly, some of the exposed and
apparently susceptible children might be protected by a previous
attack of unrecognized pertussis. Clearly this possibility must
increase with the age of the child. Secondly, difficulties in
the follow-up of a population not composed of a selected group
of volunteers must also be taken into account. Both factors
are of less importance with very young children and in small
families. It is of interest, therefore, that in unvaccinated
children aged less than 3 years from small families the attack
rate (81 %) was of the order observed in the Medical Research
Council trial.
The small difference in attackTrates between the vaccinated

and unvaccinated children is in keeping with the conclusion
that much of the vaccine in routine use for some years before
1968 was not very effective. However, conclusions based on

comparisons between the attack rates in vaccinated and un-
vaccinated children must be drawn with caution; the vac-

cinated and unvaccinated children could not be allocated by a

random method, and differed in some respects. Nevertheless,
each child in both groups had the important basic similarity
of home contact with a-patient with whooping-cough, and in
calculating the protective efficacy of vaccination the known
differences in the groups were taken into account. A com-
parison of the rates in vaccinated and unvaccinated children
thus provides corroborative evidence of the inadequate effect
of much of the pertussis vaccine in use at that time. Only a

portion of the factors which might affect the efficacy of vaccina-
tion are assessed in this preliminary report. Since the incidence
of pertussis was similar in children in whom vaccination was
begun before six months and children in whom vaccination
was begun later, the lack of efficacy was not associated with
vaccination in early infancy.

In children up to the age of 4 years there was no indication
that the protection waned with the interval since vaccination.
After 4 years of age the incidence of pertussis was too small
in both vaccinated and unvaccinated children to permit valid
conclusions on this point. There was no evidence that booster
doses of the vaccines used increased the protection afforded by
primary vaccination.

Although the investigation included no fewer than
33 areas, almost half the families were reported from
Manchester. A disproportionate contribution from any
particular area would not be expected to affect attack rates in
contacts after infection had been introduced into the home,
and in fact an analysis of the results from all areas other than
Manchester showed no evidence of any greater protective cffi-
cacy than the results as a whole. It seems reasonable to supposc

that the findings are broadly representative of the situation in
other areas of the United Kingdom during the period covered.

The attack rates in children over 4 years of age were relatively
low. This might indicate that the vaccines whiclh they h-d
received-that is, vaccines in use bcfore 1962-were more effec-
tive than recent preparations. Hoowever, the incidence of
pertussis in the older unvaccinated children was also low. Whcn
the vaccinated and unvaccinated groups of older children we-.

standardized for family size there was no evidence of greater

protective efficacy.

332 8 November 1969

Patients Aged 1-4 Years

Not Fullv
Vaccinated Vaccinated

No. 0/ No.

97 386 116 473
95 37-8 94 38-4
41 16-3 30 12 2
1 72 5 20

251 100 245 100

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.4.5679.329 on 8 N
ovem

ber 1969. D
ow

nloaded from
 

http://www.bmj.com/


8 November 1969 Whooping-cough Vaccines MICBAORNAL 333

Judged by the number of paroxysms of cough, about 30 %
of attacks in children under 1 year of age were severe, but, as
would be expected, this proportion was less in older children.
Among children aged 1 to 4 years there was a slight tendency
for attacks to be less severe in vaccinated than in unvaccinated
children. The results, however, confirm that pertussis is still
a troublesome illness, especially in infancy, and effective pre-
vention remains desirable.
The survey is of course concerned with vaccines previously

in use and provides no evidence about the efficacy of those
currently available.
The findings, however, clearly indicate that the efficacy of

much of the pertussis vaccine in use for some years before
1968 required improvement; and also that in future the
efficacy of pertussis vaccines should be kept under constant
surveillance in the field.

The report was prepared by Dr. J. D. Abbott, Dr. E. H. Gillespie,
Dr. Sheila Polakoff, and Dr. T. M. Pollock.
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Dr. M. Sterne, Dr. J. Cameron, Dr. A. H. Griffith (Wellcome
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Laboratories, Hampstead), and Professor D. G. Evans (London
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Action of Dopamine on the Human Iris

A. S. D. SPIERS,* M.B., PH.D., M.R.A.C.P.; D. B. CALNEt D.M., M.R.C.P.
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Summary: Dopamine eye drops produce marked dilata-
tion of the pupil in man. This mydriatic effect is

inhibited by pretreatment with guanethidine. It is there-
fore concluded that dopamine acts indirectly via
adrenergic nerve endings, rather than exerting a direct
effect on adrenergic receptors in the dilator pupillae
muscle. In this respect dopamine resembles the phenyl-
alkylamines, such as tyramine, rather than the catechol-
amines, adrenaline and noradrenaline.

If dopamine acts by releasing noradrenaline from
adrenergic nerve endings, high concentrations of dopa-
mine could lead to depletion of noradrenaline stores, since
synthesis might be unable to keep pace with release.
This could be the explanation for the orthostatic hypo-
tension found in patients taking L-dopa for Parkinsonism.

Introduction

In Parkinsonism there is marked depletion of dopamine in the
corpus striatum (Hornykiewicz, 1966) and it appears probable
that the syndrome results from selective impairment of dopa-
minergic neurones. Recent attempts to enhance the level of
brain dopamine by prolonged administration of L-dopa have
resulted in substantial clinical improvement (Cotzias et al.,
1968, 1969; Duvoisin et al., 1968; Calne et al., 1969b). How-
ever, in many of the patients treated in this way hypotension
has been a troublesome though usually transient side-effect.

Studies of urinary phenolic amino acid metabolites in patients
treated with L-dopa indicate a considerable increase in dopamine
levels with only small increments in noradrenaline (Calne et al.,
1969a). Two explanations for the hypotension have been put
forward-either that dopamine, formed from administered
L-dopa, acts directly on specific vasodilator receptors (Eble,
19o4), or that dopamine plays the part of a partial agonist,
blocking a-adrenergic receptors on the blood vessels. It is
unlikely that the vasodilator f-adrenergic receptors are impli-
cated, since in animal experiments the hypotensive effects of
dopamine are not influenced by a-receptor blockade (McDonald
and Goldberg, 1963).
The a-adrenergic receptors of the dilator pupillae muscle are

homologous to the a-adrenergic receptors on the blood vessels
(Turner and Sneddon, 1968), so ocular instillation of drugs has
been studied in the human eye in an attempt to elucidate further
the pharmacology of dopamine in man, and possibly explain
its hypotensive effects. The eye has several advantages for this
type of study. Direct observations of pupillary size are simple
and rapid, and since total doses of drugs are small the hazards
of untoward effects, particularly on the cardiovascular system,
are reduced.

* Nuffield Dominion Travelling Fellow.
t Wellcome Fellow in Clinical Pharmacology.
Medical and Neurological Units, University College Hospital Medical
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Materials and Methods

Eye drops of dopamine hydrochloride were made up in 10%
solution buffered with sodium bicarbonate and sodium sulphite
to pH 6 5 and sterilized by passage through a Millipore filter.
In every case eye drops were prepared immediately before use.
Guanethidine was given as a 5% solution in a proprietary
ophthalmic vehicle (Ismelin eye drops). Drops were instilled
into one eye during each study and the other eye was used as

D

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.4.5679.329 on 8 N
ovem

ber 1969. D
ow

nloaded from
 

http://www.bmj.com/

