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Experimental systems for the study of autonomically-acting drugs in man are
limited py criteria of gafety and patient acceptability. Although many
invasive techniques =re safe when carried out under the supervision ©of

experienced investigators, they may =not be gufficiently acceptable to the
patient to encourage him to tolerate them on repeated occasions. This has
encouraged clinical pharmacologists t° develop non-invasive and gcceptable
techniques that are sensitive enough te demonstrate meaningful pharma-

cological activity of established and new drygs.
The human eye, and in particular the pupil, has been used for many years

todemonstrate the actions and interactions of cholinergic and anti-cholinergic
drugs. The pupil is ideal for such pyrposes, being supplied by both sympathetic
and parasympathetic divisions of the autonomic system. It is also readj_]_y
measurable Ly a variety ©fboth gimple and gophisticated techniques. Further-
more, it responses t© cholinergic drugs @nd to gympathomimetic amines are
consistent within subjects when repeated under standard conditions.

The pogsibility ©f using the human pypil to study adrenergic neurone and
receptor pharmacology arose when it was found that the local administration
©°f guanethidine to the gye was of value in ac least two ophthalmic conditions,
namely glaucoma (Oosterhuis, 1962) 2and hyperthyroid lid retraction
(Sneddon and Turner, 1966; Crombie and Lawson, 1967; Gay and Wolk-
stein, 1966). Guanethidine not gp]y reduced the width of the palpebral
fissure but also produced = miosis and changes i pupillary responsiveness t
sympathomimetic amines.

experimental methods

Several methods are available for measuring pupil responses. The hest, but
most expensive, is infra-red pypillography (Lowenstein and Loewenfeld,
1958), which has recently been elaborated further by using = closed circuit
television gygtep to observe the oye and = signal processor to measure and
display pupil diameter. A loy-intensity me=x infra-red source illuminates the
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eye without discomfort or distraction to the subject (Whittaker Corporation,
Space Sciences Diyigion). This method is required for measurement and
recording ©f rapid changes in pupillary diameter, and when pypil reactivity
to light and dark are being observed. Where slower responses 2re being studied,
however, this i¢ not ygually necessary, @29 gimpler photographic methods axe
equally acceptable (Sneddon and Turner, 1967), in which pypi] diameters
are measured from photographic negatives projected o= to = white screen ox
film viewer. In fact, measurement of pupil size under standard conditions by
comparison With a pypil chart (-5 = gteps) may Pe sufficiently accurate to
provide meaningful information (Allum et al., 1974).

For most purposes it is sufficient to instil a drug in a known concentration

into the conjunctival sac as one or moxre dropsg £rom a glags o= plastic dropper
under standard conditions. It is of interest, however, that Smith (1974) has
demonstrated that gatigfactory dose-response relationships could be observed
with tropicamide concentrations of 1-25 to 40 /xg/ml when the eye was exposed
to the drug solution over 100 minutes, by comparison with the concentrations

of 5 to 10 mg/ml, which are ygually applied 2= eye drops.

ADRENERGIC NEURONE BLOCKING DRUGS

Local Administration

Guanethidine is an gdrenergic meurene blocking drug, inhibiting the release
of noradrenaline by sympathetic nerve stimulation. It was found that sym-
pathomimetic amines could be divided into two groups ©n the basis of their
interactions with guanethidine instilled locally into the eye. The mydriasis
produced by the indirectly-acting @mines ephedrine, hydroxyamphetamine,
racemic amphetamine and phenmetrazine in the control eye was abolished
by pre-treatment With guanethidine 10 per cent in the other ¢ye  IN contrast,
the mydriatic effects of the girectly-acting,amines methoxamine, adrenaline
and phenylephrine we== markedly potentiated in the treated oye (Sneddon
and Turner, 1967). The close similarity of these results in ma=n with guanethi-
dine to those reported following chronic sympathectomy of the cat iris
(Marley, 1962) suggests that a common mechanism, such as noradrenaline
depletion, may Pe responsible for the altered regponses t° sympathomimetic
amines following chronic treatment with high concentrations of guanethidine.
In keeping with this were observations in three patients who developed
Horner's gyndrome after unilateral cervical sympathectomy in whom there
was marked reduction in pydriasis produced by hydroxyamphetamine and
ephedrine, @nd potentiation ©f that to phenylephrine (Turner, 1969).

Debrisoquine resembles bretylium if producing adrenergic neurone block-
ade without catecholamine depletion (Abrams ¢t al., 1964) and its use in man
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is associated with exaggerated pressor responses t° tyramine and noradrena-
line. Studies in patients in whom debrisoquj_ne 2 per cent drops were instilled
daily for 28 days showed that there was potentiation °f phenylephrine myd-
riasis as with guanethidine, Put whereas ephedrine mydriasis disappeared ®
the guanethidine-treated eye, it persisted in the eye treated with debrisoquine

(Sneddon and Turner, 1968), indicating the continued pregence ©OFf cate-
cholamines.

Bethanidine demonstrates a biphasic action, a low concentration pI’OdU.CiIlg
= significant potentiation ©f phenylephrine mydriasis without = change in
ephedrine response. High concentrations produced potentiation ©f phenyl-

ephrine mydriasis 2nd suppression of that with ephedrine (Lind and Turner,
1969)' These findings are consistent with those of Costa et al. (1962) in the

cat.

Oral Administration

Studies in hypertensive patients successfully treated with oral regerpine,
methyldopa, guanethidine and bethanidine demonstrated a significant
decrease in mean pupil diameter compared "ith pre-treatment readings
(Sneddon, 1968). Serial determinations ofephedrine mydriasis in such patients
before and after treatment with these antihypertensive drugs showed that

reserpine and methyldopa significantly reduced ephedrine mydriasis, bPut
guanethidine and bethanidine tended to increase it (gneddon, 1968). The
reduction by regerpine 2794 methyldopa may P explained by noradrenaline
depletion from the sympathetic mexve endings in the pupil. The effects of
guanethidine and bethanidine gyggest that in antihypertensive doses they
produce their effects without producing noradrenaline depletion.

adrenergic receptor blocking drugs

Local Administration

Pupil dilatation is an g-adrenergic receptor-mediated effect. Few a-receptor
blocking drugs are suitable for ocular administration. Dibenamine and
phentolamine have been administered py this route but are irritating and
poorly tolerated. Thymoxamine ¢ = selective g-adrenergic blocking drug
without effects on j3-receptors (Foster, 1966) which is tolerated in the gye in
concentrations yp to 0-5 per cent. Instillation in the gye produces = miosis
which is present for yp to 24 hours, and is accompanied by = reduction in the
width of the palpebral fissure for the first few hours. Pre-treatment of one gye

with thymoxamine prevents the mydriatic action of phenylephrine and ephe-
drine seen in the untreated eye. When mydriasis has been established with

hydroxyamphetamine, thymoxamine reverses it (Turner and Sneddon, 1968).
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Oral Administration

Oral administration of thymoxamine 50 mg produced = significant reduction
in phenylephrine-induced mydriasis (Arbab and Turner, 1970).

Indoramin is an gntihypertensive drug with competitive a-adrenoceptor
blocking properties (Royds et al., 1972; White et 3], 1974), Oral administra-

tion of 20 and 40 g produced = reduction of phenylephrine-induced myd-
riasis, followed by = dose-related miosis (Coltart etal., 1971).

MONOAMINE OXIDASE INHIBITORS

Important among the interactions of monoamine oxidase inhibitors are those

with indirectly acting sympathomimetic amines such as tyramine and
hydroxyamphetamine. Studies in depregsed patients have shown that treat-
ment with these drugs produces = marked increase in tyramine and hydroxy-
amphetamine mydriasis. The usefulness of this experimental model was
confirmed by the demonstration that clorgyline, a mew monoamine oxidase
inhibitor, not only increased tyramine 2nd hydroxyamphetamine mydriasis
but also potentiated the systemic pressor response to oral phenylpropanol -
amine (Bevan-Jones and Lind, 1971).

OTHER INTERACTIONS

Among other interactions that have been studied on the human pupj_]_ must be

mentioned gntagonism °f morphine-induced micsis by nalorphine when both
are gpplied locally t© the eye (Normof” al., 1968).

STUDIES WITH METABOLITES
Pupillary changes after administration of a drug by mouth g+, be due to
the action of a metabolite rather than the parent compound. AT example of
this is the mydriasis that has been described after fenfluramine gdministration,
particularly in large doses (White et al., 1967; Griffith et g1, 1974) 6 Local
administration of fenfluramine 1 pop cent as gye drops did not produce
pupillary dilatation in human volunteers (Turner, 1970). Norfenfluramine,
the principal metabolite of fenfluramine, however, produced = dose-related
mydriasis when instilled in the eye of yolunteers, which was reduced or
abolished Ly local treatment with thymoxamine (Kramer et al., 1973). This
appeared to be a direct gympathomimetic action of norfenfluramine, as

pre-treatment ©Of ome eye With guanethidine eye drops for five days was
followed by = norfenfluramine-induced mydriasis identical to that in the

untreated control eye. Furthermore, oral administration of fenfluramine to

hypertensive patients treated with yregerpine produced = marked mydriasis
(Fig. 1), the time course of which is more closely related to plasma levels of
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TIME (Hours)

Fig. 1. Percentage increase in pypj]l diameter in three patients receiving reserpine for hyper-
tension following the oral administration of fenfluramine 40 g

norfenfluramine than fenfluramine (Campbell, 1971). It isprobable, therefore,
that fenfluramine-induced mydriasis is produced by the metabolite nor-
fenfluramine, which is known from animal studies to pogsess pharmacological
properties different from the parent compound (Jori et gl., 1973; Costa and
Revuelta, 1972).

neurone maturation

There is considerable controversy regarding the state of maturity of various
parts of the autonomic nervous system in newborn infants. Studies of pupillary
responses have provided some idea of the maturity of the innervation of the
ins at different gtages Of gestational age. # mydriatic response w== always
obtained with the directly-acting sympathomimetic amine phenylephrine
from 28 weeks gestational age onwards, and there was no correlation between
degree of mydriasis and gestational age. When hydroxyamphetamine o=

tyramine, indirectly acting amines, were used, the most premature babies
tended not to respond, and there was a significant correlation between the

magnitude of mydriasis and gestational age. These results indicated that the
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end-organ, die iris, had the capacity to respond te the neurotransmitter, but
that the synthesis, storage °~ release of neuronal noradrenaline was deficient
(Lind et al., 1971). The anticholinergic drug eucatropine produced = mydri-
asis from the earliest gestational age studied, the magnitude of mydriasis
being unrelated to 5g¢, suggesting cholinergic meurene and yeceptor maturity
from that early date. These results have more recently been confirmed by

Carpel and Kalina (1973),

THYROID STATUS AND ADRENERGIC ACTIVITY

There is considerable evidence that many of the peripheral manifestations of

hyperthyroidigm are mediated through sympathetic activity (Turner, 1974).
Serial determinations ofephedrine mydriasis were carried out in hyperthyroid
and hypothyroid patients before and after treatment. During the period of
treatment with antithyroid drugs there was a Significant reduction in ephe-
drine mydriasis in the hyperthyroid patients, and = gignificant increase in
hypothyroid patients during treatment with thyroxine (Turner, 1969, 1972).

These results are further evidence for an interaction between thyroid hormones

and adrenergic activity.

NEUROPATHIES

Pupil responses t° sympathomimetic amines and paragympathomimetic
drugs have been used for many years i the diagnosis and investigation of
Horner's gyndrome and Holmes-Adie syndrome. HOpkil’lS et al. (1974) have
described two patients with evidence of acute autonomic failure including

postural fainting, paralysis ©f accommodation, and failure of gyeating and
lachrymation. They both showed a brisk constrictor response t° methacholine
2-5 per cent, suggesting denervation on the cholinergic side, and = gslight
p g9 g

mydriasis in eme patient to adrenaline I perxent, suggesting = partial adren-
ergic denervation.

A more generalised neurological condition is familial dysautonomia
(Riley-Day syndrome) characterised by vasomotoxr instability, poor muscle
co-ordination, and impairment ©f sweating, lachrymation 2nd temperature

control. There are exaggerated vascular responses t° injections of metha-
choline and noradrenaline. We have studied the pupil responses of a child of

eighteen months with this condition, and compared them with those of control
children matched for age and eye colour. Methacholine 2-5 per cent and
physostigmine 0-5 per cent eye drops produced = significantly greater miosis
in the patient compared with the control gupjects. The mydriasis produced

by phenylephrine was also greater in the patient, but ephedrine, Which pro-
duced a mydriasis in the controls, did not have a measurable effect in the
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patient (Shinebourne et al., 1967). These responses 2re characteristic of

denervation of the Sympathetic and parasympathetic systems, and are con-
sistent with observations in the cardiovascular and other systems.

conclusions

Measurement of pupillary responses t° autonomic drugs may provide a
simple and satisfactory method for studying their action and interaction in
an. Pupil responses may also be used for testing the integrity of the autonomic
supply to the gye, both from the point of view of its maturation, and also ofits

involvement in pathological processes.
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