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postpartum levels of plasma vitamin A than women who have
borne normal children (Gal et al., 1971). The mode of
teratogenic action of synthetic steroids and vitamin A is as yet
unknown, but the findings reported here suggest that further
research should be undertaken into their -effect on the repro-
ductive environment.
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Summary

Eye-drops of levodopa and dopamine induce pupillary
dilatation which is inhibited by thymoxamine, an
alpha-adrenergic blocking drug. This indicates that
the mydriatic action of levodopa and dopamine involves
excitation of alpha-adrenergic receptors of the dilator
pupMllae muscle. Such a conclusion is in accord with
the previously expressed suggestion that levodopa is
rapidly converted to dopamine, which displaces
noradrenaline from adrenergic nerve endings.
The findings that dopamine exerts alpha-adrenergic

effects at the periphery may be construed as evidence
in support of the view that the hypotensive action of
levodopa is mediated via the central nervous system.

Introduction

Levodopa has now been established as the most powerful
drug available for the treatment of a considerable proportion
of Parkinsonian patients. In some cases, however, the thera-
peutic action of levodopa is accompanied by adverse effects
which include alterations in autonomic function. The most
significant of these effects is hypotension, more pronounced
in the erect posture, and rarely severe enough to limit
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levodopa therapy (Yahr, Duvoisin, Schear, Barrett and
Ilochn, 1969; Calne, Brcnnan, Spiers, and Stcm, 1970;
McDowell, 1970). In an attempt to analyse some of these
actions on the sympathetic nervous system the response of
the dilator pupillae muscle to levodopa and dopamine eye-drops
has been investigated. In these studies both drugs have been
found to induce pupillary dilatation (Spiers and Calne, 1969;
Calne and Spiers, 1970; Weintraub, Gaasterland, and Van
Woert, 1970). It has been suggested that this mydriasis is
achieved by the release of noradrenaline from adrenergic
nerve endings in the iris. In order to investigate this possibility
the effect of thymoxamine (an alpha-adrenergic blocking drug)
on the mydriatic action of levodopa and dopamine has been
studied.

Subjects and Methods

Subjects.-Twenty-four normal volunteer subjects took part
in these investigations-eight were treated with levodopa
alone, eight with dopamine alone, four with levodopa and
thymoxamine, and four with dopamine and thymoxamine.

Design.-Eye-drops of levodopa or dopamine were instilled
into the conjunctival sac of one eye at hourly intervals for six
hours. Thymoxamine was given one-and-a-half hours and
half-an-hour before administration of levodopa or dopamine.
Further doses of thymoxamine were given at hourly intervals
two to six hours after starting levodopa or dopamine if the
treated eye displayed any mydriasis. All drug administration
consisted of two drops. The pupillary diameter was recorded
in both eyes by an observer who did not know which eye
was being treated. Measurements were made to the nearest
0 5 mm in artificial light, using the pupillometer of a standard
ophthalmoscope.
Drugs.-Levodopa, 1",, aqueous solution, was buffered with

borate to pH 7. Dopamine hydrochloride, 10", aqueous
solution, was buffered to pH 6-5 with bicarbonate sulphite.
Thymoxamine hydrochloride, 0 1'',, aqueous solution, was
buffered to pH 7 with borate.
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Results

Levodopa and dopamine by themselves each produced pupillary
dilatation in all patients. Of the four subjects who had thymox-
amine before levodopa, two developed and retained miosis
throughout the period of observation. In the other two mydriasis
developed three hours after the last dose of thymoxamine, but
miosis was induced by further instillation of thymoxamine while
continuing administration of levodopa. Similar results were
obtained in the four patients who were given thymoxamine
before dopamine. Two had continuous miosis over the six
hours of observation; the other two displayed mydriasis one-
and-a-half and two-and-a-half hours after the last dose of
thymoxamine. In both the mydriasis was suppressed by giving
more thymoxamine while the administration of dopamine
was continued.
The results are sununarized in the Table, which shows

the difference (in mm) between the diameter of the pupil
in the untreated and treated eye of all subjects at the end of
the six-hour period of administration of levodopa or dopamine.
A negative value indicates miosis in the untreated eye. It is
evident that thymoxamine inhibits the mydriatic response to
both drugs (significant to 1% level).

Action of Thymoxamine on the Pupillary Dilatation Produced by Levodopa and
Dopamine in 24 Normal Subjects. Results Expressed as Diameter (in mm) of
Untreated Pupil Subtracted from Diameter of Treated Pupil Six Hours after
Repeated Instillation of Levodopa or Dopamine Eye-drops into Conjunctival
Sac. Negative Results Represent Miosis

Levodopa Levodopa and Dopamine Dopamine and
Alone Thymoxamine Alone Thymoxamine
1.0 -05 3-5 05
3-5 05 1.0 05
3-5 -0-5 1.0 0 0
4-5 -2-0 50 -05
1-5 1-0
1.0 5 0
1-0 1-5
10 50

Mean 2-2 -0-6 2-9 0.1

Discussion

If it is assumed that the blocking action of thymoxamine is
specific for alpha-adrenergic receptors, these results indicate
that levodopa and dopamine can exert a peripheral sympathomi-
metic action by alpha-stimulation. It is commonly found that
oral administration of levodopa to Parkinsonian patients results
in sympatholytic effects-orthostatic hypotension (Yahr,
Duvoisin, Schear, Barrett, and Hoehn, 1969; Calne et al., 1970)
and miosis (Spiers, Calne, and Fayers, 1970). One explanation
for these observations is that the peripheral sympathomimetic
action of levodopa is antagonized by a sympatholytic action
mediated via the central nervous system, as suggested by
Henning and Rubenson (1970).

It would appear that in the proposed balance between a
peripheral sympathomimetic and a central sympatholytic
action of levodopa the latter usually predominates. However,
this is not always the case. Instead of the usual hypotension

occurring in patients receiving levodopa there are occasional
cases of hypertension (Cotzias, Papavasiliou, and Gellene, 1969)
and other sympathomimetic disturbances such as tachycardia,
flushing, and pupillary dilatation (Yahr et al., 1969; Weintraub
et al., 1970).
Other possible explanations for the sympatholytic action of

levodopa include direct dopaminergic vasodilation of the renal
and mesenteric vascular beds (Eble, 1964; McNay, McDonald,
and Goldberg, 1965) or dopamine displacing noradrenaline
from its storage sites to produce depletion in sympathetic
nerve endings (Spiers and Calne, 1969).
Levodopa itself is inactive (Carlsson, 1966), pharmacological

effects being produced by its decarboxylated metabolites the
catecholamines: dopamine, noradrenaline, and adrenaline.
Drugs are available which block the decarboxylation of levodopa
to catecholamines and some of these inhibitors are unable to
cross the blood-brain barrier. It has been suggested that when
such peripheral decarboxylase inhibitors are given with levodopa
therapeutic results might be improved by decreasing adverse
reactions due to the peripheral formation of catecholamines
(Bartholini, Burkard, and Pletscher, 1967). As the peripheral
decarboxylase inhibitors do not readily enter the brain, catechol-
amines can still be formed at this site. Initial clinical reports
of this new approach to treatment have been encouraging
(Barbeau, 1969; Cotzias et al., 1969). Unfortunately it has
been found that hypotension is exacerbated by this combined
therapy (Watanabe, Chase, and Cardon, 1970), an observation
which affords further support for the view that the sympatholytic
action of levodopa is mediated via the central nervous system.
This raises the possibility that in patients taking levodopa
alone a peripheral sympathomimetic effect may tend to com-
pensate for the central hypotensive action.

This work was supported by the Wellcome Trust. We wish to thank
Miss A. Petrie for statistical assistance.
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