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COMMUNICATIONS

INFLUENCE OF THE FIFTH CRANIAL NERVE ON THE
INTRA-OCULAR PRESSURE OF THE RABBIT EYE*t

BY

E. S. PERKINS
Institute of Ophthalmology, University ofLondon

INTRODUCTION
THIs paper is a continuation of previous studies on possible nervous
mechanisms involved in the control of intra-ocular pressure in experimental
animals, and has consisted, in the main, of recording the changes in intra-
ocular pressure produced by cutting and stimulating the fifth cranial nerve
in rabbits, with observations on the pupillary reaction, temperature changes
in the eye, and the episcleral and choroidal vessels.

NORMAL INTRA-OCULAR PRESSURE
The mechanism whereby the normal intra-ocular pressure is maintained

has excited the interest of physiologists and ophthalmologists ever since
Mackenzie (1830) pointed out the association between an increase in this
pressure and the disease known as glaucoma. A knowledge of the normal
height of the intra-ocular pressure was an essential preliminary to investiga-
tion of its abnormalities, and many reports of measurements can be found
in the literature.
These measurements can be divided into two groups; the first and smaller

group was made by manometric methods, in which direct readings of the
pressure were obtained by inserting a needle connected to a manometer
into the anterior chamber.

Hering (1869) was one of the earliest workers to use a method of this type
on human eyes. He employed a fine capillary tube sealed at one end and
partly filled with saline to enclose an air column at the sealed end. A needle
at the open end of the tube was introduced into the anterior chamber of an
eye, thus allowing the intra-ocular pressure to cause a movement of the
saline along the tube as the air was compressed. The difficulty of measuring
the small movement of the saline made the method inaccurate.

Wahlfors (1888) also used a manometric method on a human eye
before enucleation and found a pressure of 26 mm. Hg. Wessely (1916),
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E. S. PERKINS

during an investigation into the effect of contraction of the extra-ocular
muscles on the intra-ocular pressure, obtained pressures of 22-5 and 18-5
mm. Hg in two human eyes before enucleation. Seidel (1922) recorded
pressures of 25 and 20 mm. Hg in two human eyes, also before enucleation.
Manometric methods have also been applied extensively to animals, and

the results show the average pressure to be in the region of 25 mm. Hg
with extremes of 18 and 30 mm. Hg.
The second and larger group of measurements on human eyes has been

made by tonometric methods. These results, by the very nature of the
methods used, cannot claim to be as accurate as manometric measurements,
but the average values obtained by most workers agree fairly well with the
manometric results.

Schiotz (1909), the inventor of one of the most popular tonometers,
considered the normal intra-ocular pressure to be between 19 and 30 mm. Hg.
Cridland (1917) analysed the figures from eight publications and found an
average of 19 1 with limits of 12-3 to 26 mm. Hg (Schi6tz); in a personal
series representing 1,001 normal eyes, he found an average of 20-06 mm. Hg.
McLean (1919), using his own design of tonometer, obtained values of 22 to
40 mm. Hg for the normal range. Muller (1931) considered the normal
range to be from 12 to 35 mm. Hg (Schiotz). Marlow (1949) examined 104
eyes, using both Schi6tz and Harrington tonometers, and found an average
pressure of 18-5 mm. Hg. Glees (1952) found values between 10 and
30 mm. Hg (Schi6tz), with a mean value of 20-3, in a series of 5,392 eyes.
Goldmann (1954), using an applanation tonometer of a new design, con-
sidered the average normal pressure to be 15-5 mm. Hg, but later quoted a
figure of 14 5 mm. Hg (Goldmann, 1955). Jackson (1955), using an
American standard Schi6tz tonometer with a 7 59-g. weight, found an
average tension of 24 mm. Hg (Schiotz) with a range of 10 to 40. Using
the new calibration curves from the Report on Standardization of Tono-
meters of the American Academy of Ophthalmology (Friedenwald, 1954),
these averages would be a little lower-22 mm. Hg with limits of 9 to
37 mm. Hg.
These figures show that, although the limits of normal pressure are wide,

the average value is in the region of 20 mm. Hg. In spite of the considerable
variation between individuals, the intra-ocular pressure of any single animal
or person has always been found to remain remarkably constant under
normal conditions, showing only small diurnal variations of 3 or 4 mm. Hg.
The discovery by Ascher (1942) and independently by Goldmann (1947)

of episcleral vessels containing aqueous l¶umour settled the long controversy
whether or not there was a continuous flow of aqueous out of the eye.
Their findings have been amply confirmed in human eyes by many workers,
and aqueous veins have also been demonstrated in rabbits by Weekers and
Prijot (1950) and by Greaves and Perkins (1951). Ashton (1951, 1952) and
Ashton and Smith (1953) demonstrated the origin of these vessels from the
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

canal of Schlemm in man by means of Neoprene casts, and there is no doubt
that a continuous formation and drainage of aqueous humour takes place
in the normal eye.

While the mechanism of drainage of aqueous is now well established, the
formation of aqueous is not so thoroughly understood. The original
hypothesis of Duke-Elder (1927) that aqueous humour is formed by a
process of simple diffusion from the plasma was later modified in the light
of his work on the osmotic relationships of aqueous humour and plasma
(Benham, Duke-Elder, and Hodgson, 1938; Duke-Elder, 1948) which showed
that the aqueous humour was hypertonic to plasma. This hypertonicity
must be due to the entry of some ion or ions by an active transfer from the
plasma-i.e. secretion. The evidence at the present time suggests that two
ions, ascorbate and bicarbonate, are secreted into the aqueous. The con-
centration of ascorbate in the aqueous humour was first shown by Muller
and Buschke (I914), and this has been repeatedly confirmed by other workers,
and as there is no evidence that ascorbic acid is synthesized within the eye
it must enter by secretion.

Kinsey (1950) has shown that the bicarbonate content of the aqueous
humour is higher than that of the plasma, and has suggested that this ion is
primarily responsible for the hypertonicity of the aqueous humour. The
aqueous humour/plasma ratio of all other ions so far investigated has been
found to be less than unity, which is consistent with a bulk flow of fluid
through the eye. It is thought that the aqueous humour originates in the
ciliary processes, but water and some ions may enter and leave the anterior
chamber through the capillaries of the iris.
Many estimations of the bulk flow of aqueous humour have been made

in animals by injecting a test substance into the blood stream and measuring
the steady-state ratio of concentrations in the aqueous humour and plasma.
Para-aminohippuric acid is a suitable substance to use, as it is rapidly
excreted by the kidney. Although there is some disagreement in details,
the rate of flow has been found to be approximately 1 to 2 per cent. of the
volume of aqueous humour per minute.

Similar estimations have been made on human eyes, using fluorescein as
a test substance. A value of 1 9 mm.3/min. was found by Goldmann (1955)
using this method, while Grant (1955), using the entirely different method of
tonography, obtained a value of 1 29 mm.3/min.

It seems reasonable to suppose that the relative stability of the intra-
ocular pressure is related, in part at least, to a controlled flow of aqueous,
and, while a detailed discussion of ocular dynamics is outside the scope of
this work, it is useful to consider some of the fundamental problems involved.
Priestley Smith (1891) showed a very clear grasp of the essentials of the
subject and laid a firm foundation for later workers. His book is out-
standing for its clarity of thought and acuteness of observation.

First the basic process can be described as follows: blood enters the eye

259

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.41.5.257 on 1 M

ay 1957. D
ow

nloaded from
 

http://bjo.bmj.com/


by the force of the heart's action, fluid crosses the blood-aqueous barrier
into the posterior chamber, and thence to the anterior chamber which it
leaves via the angle of the anterior chamber and Schlemm's canal. Water
and electrolytes may also enter and leave the anterior chamber through the
capillaries of the iris. From Schlemm's canal the aqueous flows into the
episcleral plexus and back into the blood stream, sometimes appearing in
the conjunctival vessels where it can be seen in the aqueous veins. We
know that under normal conditions the pressure of the intra-ocular fluid is
kept constant within wide limits, and that changes induced in this pressure,
for example, by massaging the globe, are quickly counteracted.

Such a tendency to maintain a constant pressure could be effected by a
number of factors or combination of factors. An increased capillary pres-
sure, an increased secretion or an increase in the osmotic pressure of the
aqueous humour, a narrowing of the exit channels, or a rise in episcleral
venous pressure are all factors tending to increase the pressure. Similarly
a decreased capillary pressure, a decreased osmotic pressure of aqueous,
widening of the exit channels, or a lowering of the episcleral venous pressure
would tend to decrease the intra-ocular pressure. Possible resistance to
flow through the trabeculae must also be taken into account, as changes in
its resistance could alter the rate of flow of aqueous and thereby alter the
intra-ocular pressure.

That all these factors combine in a harmonious way to produce a steady
intra-ocular pressure strongly suggests that an active compensating mechan-
ism exists. It is worthwhile, however, to consider whether a static system
depending only on fixed anatomical relationships could in fact produce a
stable intra-ocular pressure in spite of random variations in any or all of
these factors.
The anatomical arrangement can be represented diagrammatically as in

Fig. I (opposite).
Here A represents the arterial supply to the eye, C the capillary network,

V the veins, E the anterior and posterior chambers separated from the
capillaries by a semi-permeable membrane M (the blood-aqueous barrier),
and S the drainage channels back to the veins, separated from E by the
trabeculae T.
The hydrostatic pressure in A would tend to push the fluid through the

membrane into E and, providing the pressure in E was greater than that in
the veins, fluid would leave E through T and S into V.
How would such a system react to enforced changes in pressure within E?

A rise in pressure in E would decrease the hydrostatic difference on either
side of M, tending to decrease inflow, and would increase the rate of flow
through S, resulting in the desired effect of reducing the pressure. Con-
versely, a reduction in pressure in E would automatically increase the fluid
entry and decrease the outflow. Presuming the correct ratios of size between
the arteries, veins, and exit channels, such a system would provide a self-

E. S. PERKINS260
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

regulatory mechanism for keeping the pressure in E constant. The height
of the pressure would depend on the relative pressures in A and V, and the
degree of permeability of M, the resistance of T, and the size of the exit
channels.

A Arterial supply
C Capillaries
M Blood-aquet us barrier
E Anterior and posterior chambers
T Trabeculae
S Aqueous drainage channels
V Veins

FIG. 1.-Diagram of aqueous flow.

It is probably fair to use such a mechanical analogy to explain the broad
principles of control of the intra-ocular pressure, but the system is found to
be deficient when the details of the actual apparatus as found in the eye are
considered. First, the blood vessels are very different from a rigid system of
tubes, and it is probably true that the capillary bed of the ciliary body which
brings the blood into contact with the blood-aqueous barrier is never fully
open or closed, but that different areas are dilated or contracted in a con-
stantly varying proportion.

Secondly, it has been shown that aqueous humour is produced by a
process involving secretion-an activity which is always under some form
of central control-either hormonal or nervous; and thirdly, it must be
remembered that aqueous humour is not solely concerned with the main-
tenance of intra-ocular pressure, but has metabolic duties to perform in
relation to such avascular structures as the lens and cornea.

It would then be remarkable if no form of control over the formation and
flow of aqueous and the intra-ocular pressure existed.
Some of the experimental evidence has been presented by the author in a

recent paper (Perkins, 1955).

POSSIBLE MECHANISMS FOR CONTROL OF INTRA-OCULAR PRESSURE
Once the need for a controlling mechanism is admitted, it is natural to

consider the central nervous system as a possible participant, though it
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must be borne in mind that considerable autonomy exists in the peripheral
vascular system independently of the central nervous system. Lewis and
his co-workers (Lewis and Grant, 1924; Lewis, 1926; Lewis, Harris, and
Grant, 1927) have shown the very marked changes in peripheral vascular
pattern which can be produced by local tissue metabolites and axon reflexes;
these will be considered in detail later. Hormonal control is also a possi-
bility, but at the moment there is little evidence for its existence.

In reviewing the literature on the nervous control of the intra-ocular
pressure, one is struck by the great preponderance of theory over fact,
particularly noticeable in recent times. Elaborate superstructures have been
built on quite inadequate experimental foundations. Apart from the general
consideration that a nervous control is likely, what are the facts that point
to the existence of such a control ?
The importance of the autonomic nervous system in relation to the control

of other systems in the body directed interest to the sympathetic and para-
sympathetic nerves to the eye. The sympathetic has been studied by many
workers, and the main actions of the cervical sympathetic on intra-ocular
pressure in animals (and to a lesser extent in man) have been fairly well
established. The literature on this subject was reviewed by Greaves and
Perkins (1952) and will not be pursued further here. The effect of the
sympathetic as demonstrated by our experiments can be summarized briefly
under three headings:.

(1) First to be considered is its adventitious effect, by which is meant its
effect on the smooth muscle in the orbit, a contraction of this muscle causing
a passive rise in intra-ocular pressure and its relaxation a slight fall. Such
changes are not important and show much variation between species. In
the cat, for example, an initial rise due to this process can be demonstrated
-by stimulating the cervical sympathetic, while in the rabbit, with less smooth
muscle in the orbit, this initial rise is absent.

(2) The second and 'probably the most important effect is the vaso-
constriction of the ocular blood vessels. Most of the workers in this field
have been content to record changes in the intra-ocular pressure only, and
observations on the vessels themselves have rarely been made. Greaves
and Perkins (1952) studied and photographed the effect of sympathetic
stimulation on the choroidal vessels, the episcleral vess!els, and the vessels of
the ciliary plexus. We found a marked vasoconstriction of the ciliary vessels
and only slight changes in the choroidal vessels. The technique of observing
the choroidal vessels will be described in detail later. Wudka and Leopold
(1956) reported narrowing of the long ciliary arteries after stimulation of the
sympathetic in the rabbit.

(3) The sympathetic may have an effect on the capillary permeability.
Such a change has been reported by Engel (1941) in the knee joint, as shown
by the rate of entry of a dye into the synovial fluid from the blood stream,
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

and an increase in the permeability of the blood-aqueous barrier after section
of the sympathetic has been described by Muller and Pflimlin (1929) and by
Hallermann, Basch, and Ladeburg (1951).
As far as the parasympathetic is concerned there is no evidence of any

direct effect on intra-ocular pressure. Stimulation of the third nerve in
rabbits does produce a rise in intra-ocular pressure, but this is due to con-
traction of the extra-ocular muscles and can be abolished by paralysing the
extra-ocular muscles with decamethonium iodide (Greaves and Perkins,
1953). A vasodilatation of pial vessels on stimulating the vagus and the
seventh cranial nerve in monkeys has been reported by Chorobski and
Penfield (1932) and by Forbes, Nason, Cobb and Wortman (1937), but
stimulation of these nerves has been found to have no effect on the intra-
ocular pressure (Greaves and Perkins, 1956; Fig. 2).

MONKEY 59
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FIG. 2.-Recording of blood pressure (upper trace) and intra-ocular pressure of right eye
(middle trace) and left eye (lower trace) of a monkey. Injection of C.10 causes a tonic
contraction of the extra-ocular muscles resulting in a rise in intra-ocular pressure. Stimula-

tion of the right seventh nerve produced no change in intra-ocular pressure.

The only evidence for a parasympathetic action on intra-ocular pressure
seems to be the fact that inhibition of cholinesterase by drugs reduces the
intra-ocular pressure in glaucoma. In the normal eye, however, eserine
tends to cause a slight and temporary increase in the pressure, probably
owing to capillary dilatation, and the presence of a parasympathetic control
has yet to be proved.
Some experimental evidence for a controlling centre in the diencephalon

has recently been put forward (von Sallmann, Macri, Wanko, and Grimes,
1956; Gloster and Greaves, 1956).
There is, therefore, some evidence that the autonomic nervous system may

play a part in the cotitrol of intra-ocular pressure through sympathetic
pathways.
One other type of vascular response associated with nervous activity is

found in relation to the sensory nerves, and the present study was undertaken
to determine whether vascular changes leading to changes in intra-ocular
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pressure could be mediated by the sensory supply to the eye. The literature
on vascular changes associated with peripheral sensory nerves will first be
reviewed, followed by that concerning changes in the eye after stimulation
of the fifth cranial nerve, both by direct stimulation of the nerve trunk and
by trauma to the eye.

VASCULAR REFLEXES INVOLVING PERIPHERAL SENSORY NERVES GENERALLY

Stimulation of a peripheral sensory nerve may give rise to antidromic
vasodilatation, either by a special kind of afferent fibre ending in the capillary
walls, or by metabolites set free in cells by impulses passing down afferent
nerve fibres (Langley, 1923). The earliest observations of this type were
made by Schiff (1855), who noticed that section of nerve roots supplying a
limb caused a rise in temperature in the limb. Goltz (1869) found that
crimping the sciatic nerve caused a rise in temperature in the hind limb.
Stricker (1877) found that stimulation, mainly mechanical, of the posterior
roots of the nerves to the hind limb also caused a rise in temperature in
the limb. Bayliss (1900, 1901, 1902), using a plethysmograph, showed that
electrical and mechanical stimulation of the posterior roots caused a marked
increase in volume of a hind limb in the cat.

It is interesting to note that Bayliss found that, in spite of varying the
strength of the induction current and the rate of shocks, he could not rely
on electrical stimulation causing vasodilatation in a limb. Mechanical
stimulation by pricking or crimping the nerve, however, always produced a
vasodilatation.

Bruce (1910) observed that an irritant substance, such as oil of mustard,
applied to the conjunctiva caused dilatation of the vessels, but that no dilata-
tion occurred after degeneration of the sensory nerves to the conjunctiva.
Bruce postulated a division of sensory fibres at the periphery, one part
coming from the normal sensory ending, the other division going to the
local arterioles where it causes reflex vasodilatation when the sensory ending
is stimulated. This postulate has been substantiated by the work of Adrian,
Cattell, and Hoagland (1931). They recorded action potentials travelling
peripherally in a sensory nerve when skin supplied by a higher branch of
this nerve was stimulated.
Bardy (1915) in the main confirmed the results of Bruce, but found the

effect much reduced after repeated local instillation of 2 per cent. nicotine
or intravenous injection of 60 mg. nicotine. As Langley (1923) points out,
nicotine in this dosage would cause a large drop in blood pressure which in
itself is likely to prevent -a hyperaemic response. The importance of a
reasonably normal general blood pressure for the maintenance of these
effects is shown by the fact that, though nitrogen mustard normally causes
a gross rise in intra-ocular pressure when injected subconjunctivally in the
rabbit, the reaction does not occur if the blood pressure is kept below

264 E. S. PERKINS
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

approximately 90 mm. Hg by deep anaesthesia (Davson and Perkins,
unpublished).
Yasukazu Doi (1920) demonstrated antidromic fibres in the posterior

roots of spinal nerves of the frog. Stimulation of these fibres caused
dilatation ot skin vessels.

Feldberg (1926) reported that mechanical and electrical stimulation of the
auricularis, ventralis, and dorsalis nerves to the rabbit ear after sympathec-
tomy produced a vasodilatation after a latent period of 10 to 15 seconds.

Lewis and Marvin (1926) also reported vasodilatation of skin vessels
lasting 5 to 10 minutes after stimulation of a sensory nerve. They con-
sidered the antidromic vasodilatation to be due to impulses along the
sensory nerves, not to the vessels directly but to the tissues of the skin,
where these impulses caused the release of some substance which acted on
the vessels.
Holton and Perry (1951) showed that, in the ears of sympathectomized

rabbits, a consistent and reproducible vasodilatation was obtained in response
to stimulation by single or multiple shocks applied to the peripheral end of
the cut greater auricular nerve. The response to single shocks came on
after a latency of about 10 seconds. The stimulation, using a unipolar
saline cotton wool electrode, had to be of 15 volts and 10 millisecond dura-
tion. This antidromic vasodilatation was depressed by eserine, and this
depression was reversed by atropine.
Weddell (1954), using improved histological techniques, was able to

demonstrate that peripheral sensory nerves to the skin split up into numerous
nerve fibres which are branches of parent fibres and may be myelinated or
non-myelinated. In some cases myelinated fibres lose their myelin sheaths
and travel for several millimetres as non-myelinated fibres before giving rise
to a profuse arborization of fine, freely ending, naked, axoplasmic filaments.
These filaments may terminate in unencapsulated nerve endings, encap-
sulated nerve endings, or endings related to hair follicles. Thus a complex
plexus of branching axons is present in the skin and some of the branches
are noted to end in relation to walls of arteries, arterioles, and venules.
There is, therefore, good physiological evidence and some anatomical

evidence that the skin is supplied by antidromic fibres running with the
sensory nerves and that stimulation of these fibres causes vasodilatation.

LITERATURE ON THE FIFrH CRANIAL NERVE AS RELATED TO THE EYE
Remarkably little has been written concerning the relationship between

intra-ocular pressure and the fifth cranial nerve in experimental animals,
and, apart from Hartmann's work, which will be described later, few clinical
observations appear in the literature.
Magendie (1824), investigating the functions of the cranial nerves in

rabbits, cut the fifth nerve and noted contraction of the pupil followed by
loss of sensation on the affected side of the face. Bernard (1858) also
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found that cutting the nerve in rabbits caused miosis, increased vascularity,
and dullness of the cornea with increased curvature.
Budge and Waller (1852) described the following experiment:
In a man who was recently decapitated in this town on 12th December, we have

immediately after the event, stimulated galvanically the sympathetic nerve and
produced a marked dilatation of the pupil. After the stimulation was stopped
the pupil gradually recovered to the previous state. After repeating these experi-
ments several times the third nerve was exposed and stimulated. This caused a
contraction of the pupil and movements of the globe. Galvanic stimulation of
the fifth nerve did not give a result when applied to the gasserian ganglion or
behind this body, but when applied in front of the ganglion caused dilatation of
the pupil. Electrical stimulation of the globe caused a contraction of the pupil
followed immediately by a dilatation.
Donders (1864), investigating whether division of the fifth nerve inter-

rupted the sympathetic supply to the eye in the rabbit, obtained the following
results:

(1) Division of the nerve at or distal to the ganglion caused contraction of the
pupil which diminished within a few hours.

(2) The tension of the eyeball remained at first the same, sometimes becoming
even rather greater while the pupil was small, but later becoming lower than
normal providing the eye remained quiet.

(3) After division of the fifth nerve, stimulation of the sympathetic nerve in the
neck still produced a dilatation of the pupil in seven out of eleven animals, though
the dilatation was much slighter in degree. In the other four animals the dilatation
was absent. In all the animals the cornea was insensitive, but in four of the
animals showing some dilatation one or other lid was still sensitive.
Von Hippel and Griinhagen (1868) passed a strong electric current through

electrodes placed on either side of the medulla at the roots of the fifth nerves
and found a marked rise of intra-ocular pressure in rabbits. As Henderson
and Starling (1904) point out, the unselective method of stimulating and the
absence of blood pressure records leave these results open to other inter-
pretations.
Von Schulten (1884) also reported that, although cutting the fifth nerve

had no effect on intra-ocular pressure, stimulating the nerve did produce a
marked rise in intra-ocular pressure. Again, no blood pressure records
were taken, and the results of stimulating the gasserian ganglion by Bellar-
minoff (1886) are subject to the same criticism. Vulpian (1885) recorded
vasodilatation in the eyes of dogs after stimulation of the fifth nerve.
Morat and Doyon (1902) and Franqois-Franck (1875) found a fall in

intra-ocular pressure on cutting the fifth nerve post-ganglionically and a rise
in intra-ocular pressure on stimulating the nerve in animals. Angelucci
(1893) noticed a reduction in ocular tension after extirpation of the ganglion
in man, and Wilbrand and Saenger (1900) reported that excitation of the
nerve increased the intra-ocular pressure.
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

Henderson and Starling (1904), working with cats, divided the fifth nerve
between the gasserian ganglion and the brain and stimulated the ganglion
with needle-electrodes. They found that stimulation caused a small rise in
intra-ocular pressure, but this was accompanied by retraction of the nicti-
tating membrane and dilatation of the pupil, showing that sympathetic fibres
travelling in the ganglion were also being stimulated. When this experiment
was repeated in animals which had had the cervical sympathetic cut some
3 to 4 weeks previously, no change in intra-ocular pressure was recorded.
The general blood pressure was unaffected by stimulating the ganglion
provided the pre-ganglionic section was complete.
Corrado (1951) found that stimulation of the fifth nerve in dogs caused

an increase in vascularity of the eye and an exudate of protein into the
anterior chamber. Quantitative determinations of histamine were made on
the aqueous of such eyes. Histamine was absent in those eyes in which the
first division of the fifth nerve had been sectioned and. stimulated electrically.
The histamine content of the opposite eye was normal. He explained these
changes by an inhibitory action of the albumin which appears in large
amounts as a result of increased vascular permeability of the eye on the
stimulated side.
The increases in intra-ocular pressure recorded in some animals on

stimulating the fifth nerve have been brought forward as evidence that the
nerve contains vasodilator fibres to the eye, but, as Hartmann (1924) pointed
out, a similar peripheral vasodilatation can be obtained by stimulating any
sensory nerve.
Hartmann studied the effects of retro-gasserian section of the fifth nerve

in man and found the following results:
(1) Slight enophthalmos and narrowing of the palpebral fissure.
(2) Miosis appearing 3 to 4 days after operation and lasting more than one year

in the majority of cases.
(3) Dilatation of the pupil with cocaine and adrenaline enhanced on the operated

side.
(4) A drop in intra-ocular pressure (averaging 4 mm. Hg) in the great majority

of cases in the days following operation.
(5) A reduced retinal arterial pressure, as measured by Bailliart's method of

ophthalmodynamometry, in most cases.
(6) Vasodilatation of the skin vessels in 80 per cent. of cases immediately after

the operation. In old cases no obvious dilatation of skin vessels was observed,
but pinching the skin produced a greater degree of vasodilatation on the operated
side than on the normal side.
Hartmann considered that these effects were due to increased irritability

of the peripheral axon reflex following loss of central control-a liberation
phenomenon.
He concluded that there are no fibres from the autonomic nervous system

in the fifth nerve; in particular no pupillary fibres, no vasomotor fibres for
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E. S. PERKINS

the retina or skin of the face, and no fibres regulating ocular tension. The
results which immediately follow section of the nerve can be interpreted as
a release from central inhibition by the interruption of their sensory route
to the brain. The changes in the days immediately following operation can
be due partly to interruption of the nerve, but also to irritation of the cut end.
Hartmann noted that these changes are all similar to those produced by an
increase in parasympathetic tone. It would seem more likely that a decrease
in sympathetic tone caused by section of sympathetic fibres in the ganglion
was the cause of the changes he described.
To enable any form of central nervous control to act, some afferent path-

way to inform the central nervous system of the state of the intra-ocular
pressure must be postulated. There is some evidence that such a pathway
exists in the fifth nerve. Dieter (1940) demonstrated action potentials in
the fifth nerve on changing the intra-ocular pressure, and Tower (1940)
reported background spike potentials from the long ciliary nerves of the cat,
which disappeared after paracentesis.
The early workers (Donders, 1864; von Schulten, 1884; Morat and

Doyon, 1902; Francois-Franck, 1875) reported that stimulation of the
nerve in animals (mainly rabbits) caused a rise in intra-ocular pressure, and
Magendie (1824), Bernard (1858), and Donders (1864) also noticed a contrac-
tion of the pupil.
The careful work of Henderson and Starling (1904) on cats demonstrated

that in this animal no such pupillary or intra-ocular pressure changes occurred
provided the sympathetic fibres had degenerated. They also suggested that
the rise in intra-ocular pressure claimed by other workers could have been
due to rises in general blood pressure. It is a pity that Henderson and
Starling did not repeat these experiments on rabbits, as their authoritative
opinions, based only on cat experiments, may partly account for the lack of
interest in the fifth nerve as related to intra-ocular pressure since their work
was published. It is also probable that the technical difficulties involved in
the surgical approach to the fifth nerve in rabbits has also been a factor in
this lack of interest.

CHANGES IN INTRA-OCULAR PRESSURE INDUCED BY TRAUMA
It is reasonable to suppose that trauma to the eye causes strong stimulation

of the sensory endings of the fifth nerve, and it is interesting to consider the
effect of trauma on the intra-ocular pressure and intra-ocular circulation.
That trauma to the eye itself may cause disturbances of the intra-ocular

pressure is well known. Clinically, a blow on one eye may result in a higher
or lower tension in this eye followed by a period of instability of tension.
Consensual changes in the other eye have also been reported; for example,
in eyes with a predisposition to congestive glaucoma, operation on one eye
may precipitate an acute attack in the other.

In animals, Wessely (1900), Magitot (1923), Leplat (1924), and Duke-
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

Elder and Duke-Elder (1931) obtained very similar results after trauma to
the eye in one form or another. Magitot found that contusion of one eye
was followed by a rise in intra-ocular pressure, which was sometimes accom-
panied by a contralateral change. Irritation of the iris or cornea produced
a rise in tension with protein exudation in the aqueous.

Leplat found that contusion of one eye in rabbits caused a rise in tension
in the injured eye and also a rise in the other eye, though to a lesser degree.
The effects were most noticeable in unanaesthetized animals. Protein was
frequently found in both aqueous humours even when a rise in pressure
occurred only in the injured eye. Cocainization of the eye reduced the effect,
and retrobulbar cocaine prevented any contralateral effect. The pupil con-
tracted after the blow, but not necessarily in relation (of degree) to the rise
in tension.

Duke-Elder found that scratching the iris caused a local vasodilatation
accompanied by an increase in capillary permeability and a rise in intra-
ocular pressure. He considered the changes to be comparable to the
"triple response" described by Lewis (1924), which takes place in the skin
after injury. Cocaine was found to prevent such changes.

Hallermann, Basch, and Ladeburg- (1951) found that the application of
ultrasonic radiations to the cornea of animals only produced a rise of intra-
ocular pressure if the dose was great enough to cause opacity of the cornea.
Kornbluth and Linner (1955) reported that performing tonography, in

which a weighted tonometer is applied to one eye, caused a lowering of
tension in the opposite eye of rabbits. Akagi, Nishimura, and Yamamoto
(1955) found consensual- changes in intra-ocular pressure after the artificial
raising of the pressure in one eye, and that these were abolished by cutting
the ophthalmic branch of the fifth nerve on the operated side.

Experiments on human eyes have shown similar results to those obtained
in animals. Magitot (1939) described consensual changes after compression
of the eye with a weight of 250 g. for 8 minutes. Such pressure caused a
reactionary rise in the compressed eye and in some cases a consensual rise
in the other eye.
Thomassen (1946) gave a comprehensive review of the literature relating

to compression of the eye, and in his own experiments found occasional
consensual rises when a reactionary rise in pressure followed compression
of one eye.
Moreu (1948) reported that the rise of pressure after trauma to the eye

(burns of the cornea and conjunctiva) was greater if the sympathetic supply
had been previously cut.
We (Greaves and Perkins, unpublished) have attempted to explore the

contralateral changes in the intra-ocular pressure of the rabbit eye after con-
tusion. We had hoped to produce such a consensual effect in experimental
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animals enabling an investigation of any nervous pathways involved.
Although some interesting results were obtained, it was not possible to get
sufficiently reliable effects for it to be worthwhile extending the experiments
at present. It is probable that individual animals vary in their sensitivity
and vasomotor reflex activity, and until a method of predetermining such
vague properties is developed, further work must remain in abeyance.
Our experiments demonstrate that consensual changes do occur, but to a

significant degree in only about 20 per cent. of animals. The changes which
were recorded are of some interest, and a short account of the methods used
and results obtained follows.

Dynamometry
Method.-For dynamometer experiments the animals were anaesthetized with Nembutal

1 g./lb. body weight intravenously for rabbits, and 1 g./15 lb. body weight intraperi-
toneally for cats. The femoral blood pressure and intra-ocular pressure of both eyes
were recorded photographically by the apparatus to be described later.

In the dynamometer experiments pressure was then applied to one eye, using a
Bailliart dynamometer, taking care not to drive the needle in the anterior chamber into
the iris or lens. A pressure of 150 g. was used in all experiments, except two, where
pressures of 50 and 140 g. respectively were used. The time of application is shown in
Table I.

TABLE I
DYNAMOMETER EXPERIMENTS

Length of Change in Intra-OcularPressure TTime of Pressure (cm. saline)
Animal | No. | Applied Application |Isael___aer(g.) (sec.) Ipsilateral Contralateral

Eye 'Eye
240 50 50 Rise 10 No change

74 150 50 Rise 30 No change
Rabbit

134 150 60 Rise 50 Rise 2-5

124 150 300 Rise 30 No change

10 150 240 Rise 12 No change

79 150 30 Rise 12 No change

34 150 300 Rise 15 No change
Cat

11 150 120 Rise 5 No change

33 150 180 Not recorded No change

43 140 120 No change No change

43 150 90 Rise 20 No change

Results.-It is apparent from the results that simple compression will produce
a reactionary rise in the eye compressed after the pressure is released (Table I).
In only one animal was any change relative to the compression seen in the intra-
ocular pressure of the contralateral eye.

E. S. PERKINS270
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

Impulse Stimulation
In an attempt to elicit a contralateral effect, a more violent method of stimulating

the eye was tried. It was also decided to use urethane as an anaesthetic in case
Nembutal was depressing any nervous reflexes involved. Doses of 1-75 g./kg.
intravenously were used.
Method.-Under urethane anaesthesia, a spring-loaded plunger was held in apposition

to an animal's eye so that on release of the spring a severe blow was transmitted to the
eye. The distance of travel of the plunger could be regulated so that it did not deform
the cornea more than eighth of an inch. The blood pressure and intra-ocular pressure
of each eye was iecorded as before.

Results.-Table II (overleaf) shows that a rise in the intra-ocular pressure of
the injured eye was obtained in almost all experiments, though in many cases the
blow had to be repeated once or twice. Faulty technique, in that the plunger
was not sufficiently close to the cornea to transmit the impulse fully, probably
accounts for the necessity to repeat the blow in some experiments, but in others
it did appear that the first blow had less effect than the second blow repeated
some minutes later.

In the 28 experiments, an average rise in pressure of 30 cm. saline was produced
in the injured eye, but in only thirteen experiments was a significant change in
intra-ocular pressure of the contralateral eye observed. Of these thirteen, a rise
in intra-ocular pressure was noted on four occasions, in six a drop occurred, and
in the remaining three a fall was followed by a rise of approximately the same
amount. Five animals had a left sympathectomy performed immediately before the
impulse stimulation, five received a retrobulbar injection of procaine, and two
were given injections of strychnine. None of these manoeuvres gave any indica-
tion of increasing or decreasing the incidence of contralateral effects.
When such a change did occur it often took the form of a slow rise of pressure

starting some 20 to 40 minutes after the initial stimulation. In some experiments
the rise was preceded by a slow fall. The contralateral changes were, therefore,
in the opposite direction to the changes in the stimulated eye (Fig. 3a, b, c, over-
leaf), the initial fall occurring during the rise of pressure in the stimulated eye,
and the consensual rise occurring during the falling phase in the stimulated eye.

Consensual changes occurred in two out of five experiments in spite of a retro-
bulbar injection of 1 ml. procaine 2 per cent. before stimulation of the eye.
Summary.-The above experiments and those of other workers show, therefore,

that trauma to the eye is followed.by a rise in intra-ocular pressure in the injured
eye and may cause a change in the contralateral eye.

TECHNIQUES
The techniques involved in this work fall into the following groups:

(a) Observational;
(b) Recording of intra-ocular pressure, blood pressure, and temperatures;
(c) Operative procedure in survival experiments;
(d) Histological.

(a) Observational
(i) Episcleral Vessels (Animals).-The lids were retracted with sutures and when

necessary the eye was positioned by a corneal stitch. The episcleral vessels were
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E. S. PERKINS

TABLE II

IMPULSE STIMULATION EXPERIMENTS

Side of Impulses Change in Intra-Ocular Pressure
Rabbit P jious Applied (cm. saline)
No.Sympathectomyf Side No. Ipsilateral Eye Contralateral Eye

34 Right 2 Rise 20 No change

59 Right 3 Rise (needle blocked)

87 - Right 2 Rise 40 Rise 12

28 Right 1 Rise 40 Rise 2

92 Right 2 Rise 23 Rise 10

212 - Right 2 Rise 20 Fall 8 followed by Rise 5

142 Right 1 Rise 2 Fall 4

45 Right 2 Rise 50 No change
51 _ Right 2 Rise 15 Fall 3

63 Right 1 Rise 17 No change
216 Right 2 Rise 27 Fall 3

133 Left Right 1 Rise 10 Fall 10

103 Left Left 1 Rise 45 No change
Right 1 Rise S No change

28 Left Right 2 Rise 20 Fall S followed by Rise 5

35 Left Right 2 Rise 33 Rise 10

62 Left Right 3 Rise 25 Fall 2

61 - Right 1* Rise 45 No change
205 Right 1* Rise 9 Rise 13

200 Right 1* Not recorded No change
148 - Right 2* Rise 7 Fall 5

134 - Right 1* Rise 16 No change
141 Left 2 Rise 50 No change
6 - Left 1 Rise 20 No change

35 Left 1 Rise 20 No change
45 Left 1t No change No change
43 - Left it No change No change

272
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FIFTH NERVE AND INTRA-OCULAR PRESSURE 273
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camera fitted with a long extension tube, illumination for photography being
obtained from an electronic flash apparatus.

(ii) Choroidal Vessels (Animals).-It has been previously reported (Greaves and
Perkins, 1952) that the sclera can be made transparent by dehydration..- .The
conjunctiva was reflected from the sclera in albino rabbits and dried by'a current.
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of air. After some minutes an excellent view of the main choroidal vessels could
be obtained; illumination through the pupil with a microscope lamp enabled the
binocular microscope to be used and photographs taken (Fig. 4). The head must
be held firmly for such observations, and a metal plate screwed into the skull is
the best form of head clamp.

FIG. 4.-Photograph of choroidal vessels of an albino rabbit as seen after
dehydration of sclera. (x 5).

(b) Recording of Intra-Ocular Pressure, Blood Pressure, and Temperature
(i) Tonometric Method.-A simple applanation tonometer (Perkins, 1953) has

been designed and used for estimation of ocular tension when it was undesirable
to introduce needles into the anterior chamber (Fig. 5).

FIG. 5.-Photograph of applanation tonometer. The
brass ring in the foreground is an additional weight

_ -of 10 g. for use at high levels of intra-ocular pressure.
(Two-thirds actual size).

(ii) Manometric Method.-At the commencement of the work on intra-ocular
pressure, of which the present investigation is a continuation, it was realized that
continuous simultaneous blood pressure and intra-ocular pressure recordings were
necessary if interpretation of intra-ocular pressure changes were to be reliable.

274 E. S. PERKINS
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

The apparatus at present in use has been evolved over the last 4 years, with
assistance and advice from the technical staff of the Institute of Ophthalmology.

It consists of membrane manometers based on the design of Davson and
Purvis (1950) so arranged that the image of a slit is reflected from mirrors mounted
on the membranes and focused onto a running film, 120 mm. wide, contained in a
speciallyconstructedcamera. Figs 6 and 7 show diagrams ofone ofthe manometers.

to

to harndlereservoi

to)eye to
to to eye reservoir

FIG.6. Diag rubbermembrane mnmtr FG .Scino ebaemnmtr

pwng spring-loaded
mirror mounting roll

mirror ~~~~~~~~~~~mirror
roller

FiG. 6.-Diagram of membrane nmaometer FIG. 7.-Section of membrane manometer.
and miirror mounting.

Fig. 8 (overleaf) shows a diagram of the apparatus seen in the photograph
(Fig. 9, overleaf).
The speed of the camera can be varied from 5 to 15 mm. per minute, this range

having been found to be the most useful. A light flash at 1, 5, 10, 30 or 60 seconds
acts as a time-marker on the film.
No attempt at accurate compensation to the pressure inside the eye is made, but

the reservoir is raised to 25 cm. of saline and the saline allowed to flow from the
needles during insertion into the anterior chamber. The pressure settles to a
steady level in a few minutes and is rarely more than a few cm. above or below
25 cm. saline. Care is taken to reduce trauma to the minimum-a slight touch
of the needle on to the iris is enough to cause a rise in intra-ocular pressure.
This rise is accompanied by a contraction of the pupil (usually semi-dilated in the
anaesthetized animal) and occurs within 5 minutes of the insertion of the needle.
If, at the end of this period, the pressure is steady and the pupil dilated, recording
is started and allowed to proceed for another 5 minutes before stimulation of the
nerve under investigation. By this means it is reasonably certain that results are
not influenced appreciably by the insertion of the needle.
The blood pressure is measured by means of a siliconed glass cannula inserted

into the femoral artery and connected to a manometer of the same design as those
used for recording intra-ocular pressure.

Details of the operative procedure involved will be described in the section on
operative technique or in the descriptions of experiments. Electrical stimulation
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Hq

Rcdingcamera

FIG. 8.-Diagram of apparatus for simultaneous recording of right and left
intra-ocular pressure and blood pressure.

l
i1

t:

FIG. 9.-Photograph of manometers, illumination system, and camera.

of the nerves was provided by a square-wave electronic stimulator (Attree, 1950),
and details of pulse width, frequency, and voltage will be given in the descriptions
of the experiments.
For anaesthesia, urethane 1P75 g./kg. body weight in a dilution of 25 per cent.

warmed to 370 C. and injected intravenously over a period of 4 to 8 minutes was
used for experiments with rabbits, supplemented by the instillation of pantocaine
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

1.0 per cent. into the conjunctival sac before the insertion of the intra-ocular
pressure needles.

(iii) Temperature Measurements.-The temperature of a tissue depends to a
considerable extent on the rate of blood flow through it. In the eye it is possible
to use temperature records to demonstrate changes in blood flow. A small
copper-constantan thermocouple was made sa that the junction protruded about
1-5 mm. from a small oblong of celluloid 2 x 4 mm. The junction could then- be
inserted through an incision in the sclera over the ciliary body and the conjunctiva
sutured over the celluloid plate to hold it in position. Another thermocouple in
series was placed in the rectum of the animal to compensate for changes in the
general body temperature, and a third in series positioned near the head to com-
pensate for variations in room temperature.
The thermocouple system was connected to a d'Arsonval galvanometer

positioned so that light reflected from the mirror was focused on the camera slit.
Thus the temperature changes were recorded simultaneously with the two intra-
ocular pressures and the general blood pressure. Calibration of the thermocouple
was done by means of a cooling curve, and a deviation of 120 mm. (the width of
the film) was found to represent a 20 C. change of temperature.

(c) Operative Procedure in Survival Experiments
In one series of experiments the fifth nerve was sectioned 3 to 4 weeks

before stimulation. The animals were anaesthetized with Pentothal and
the skin of one side of the head shaved and cleaned with soap and water.
Under sterile conditions, a specially-designed knife, similar to that used by
Bernard (1858), was inserted through the cranial wall of the middle fossa
and passed medially and slightly anteriorly until the pre-ganglionic part of
the fifth nerve was touched, this being evident by a contraction of the pupil.
The knife was now moved up and down to section the nerve. The ocular
tension was measured before and after section of the nerve, using the
applanation tonometer previously described.
The animals were watched carefully as the anaesthesia wore off, and the

sensation of the lid and cornea tested by pricking the skin with forceps and
touching the cornea. If these areas were anaesthetic the lids were sutured
together to prevent corneal changes. Any animals showing signs of severe
brain damage and haemorrhage were killed. Out of a total of 32 animals,
22 survived, and in fifteen of these satisfactory anaesthesia was obtained in
the area supplied by the ophthalmic division of the fifth nerve.

(d) Histological
After the experiments on animals in which the fifth nerve had been

sectioned previously, the rabbits were perfused by a cannula in the ascending
aorta with 1 litre of a solution of magnesium sulphate 10 per cent. and
potassium dichromate 2 to 3 per cent. The fifth nerves were then dissected
out and stained by Marchi's method for degenerated fibres. The nerves
were put into two parts 1 per cent. osmic acid and one part potassium
dichromate and left for 3 days, when the solution was changed. Ten days
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later the nerves were washed overnight in running water, then dehydrated
through 70 per cent., 90 per cent., and absolute alcohol, and finally left in
bergamot oil for 2 hours. They were then embedded in paraffin wax and
sectioned.
On the advice of Dr. M. Smith, of tpe Hospital for Nervous Diseases, Queen Square,

the changes seen in the sections stained by this method were confirmed in two other
animals by a modified Marchi method and Glee's modification of Swank and Davenport's
method.

NORMAL ANATOMY OF THE FIFrH NERVE IN THE RABBIT
Very little has been written in the literature concerning the anatomy of

the fifth nerve in the rabbit. Bernard (1858) described the course of the
nerve in the orbit as follows:

The ophthalmic branch of the fifth nerve is distributed to the eye by three
branches, the lacrimal, frontal, and nasal. The last branch gives fibres to the
ciliary ganglion from which fibres go to supply the iris. Other fibres from the
nasal branch enter the eye directly as the ciliary nerves.

Davis (1929) gives an excellent general description of the eye and orbit,
and shows diagrammatically the course of the lacrimal and infra-orbital
branches, but merely states in the text that the distribution of the nerve is
similar to that in the human eye. The photographs and drawing shown
here were made from dissections undertaken in the course of this work.
It was found that dividing the head in a sagittal mid-line plane enabled the
structures entering the orbital fissure to be exposed more easily than an
approach via the middle fossa. The arrangement of the nerves entering and
leaving the orbit is shown in Figs 10 and 11 (opposite).

Fig. 12 (opposite) shows a dissection in which the roof of the orbit has
been removed, the recti muscles divided, and the globe retracted medially.
The general arrangement of the sensory nerves to the globe follows that of

the human eye. Dissection of the branches of the ophthalmic nerve shows
that there are three main branches of the nerve in the orbit, corresponding
to the lacrimal, frontal, and naso-ciliary branches in man. These unite at
the apex of the orbit and leave it through the superior orbital fissure in close
company with the tbird, fourth, and sixth nerves. Branches can be traced
from the rectus muscles and the ciliary ganglion which lies near to the optic
nerve on its lower lateral aspect.

In the middle fossa, the ophthalmic division and the maxillary division
(this latter being considerably larger) join and run backwards to the gasserian
ganglion, which is an ill-defined swelling on the nerve, from whence a short
root enters the pons. The third nerve lies above and medial to the combined
trunk, the fourth above and laterally, and the sixth medially. The motor
root joins the nerve at the ganglion.

Thus, in order to expose the preganglionic part of the nerve, a large part
of the cerebral hemispheres has to be removed. It is possible to approach
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

Harderion Extra-ocular muscles

/-lN

FIG. 10.-Diagram ofcranial nerves seen after dissection ofrabbit head divided in the sagittal plane.

....*....

FIG. 1 1.-Photograph of structures shown diagrammatically in Fig. 10.
~~¾. ., ......,,. a

I FIG. 12.-Photograph of dis-
section of structures entering
rabbit's orbit. The globe

i has been rotated medially.
Second, third, fourth, fifth,

"I and sixth cranial nerves are
IV indicated by arrows.
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the post-ganglionic trunks by elevating the temporal lobes but removal of
some cerebral cortex is necessary as a rule in order to view the nerve.

It will be seen, therefore, that all the acute experiments involving stimu-
lating and cutting the nerve have necessitated a craniotomy and at least
partial decerebration. The shock attendant on such operative procedures
must be considerable, and this combined with haemorrhage from the cut
cerebral vessels frequently causes a lowering of blood pressure. It seems
probable that local vascular reflexes may be considerably affected by the
general vascular tone, and it has been found by experience that peripheral
vasodilatation in response to irritants is much decreased if the blood pressure
falls below about 90 mm. Hg.

It has usually been possible to maintain the blood pressure in the region
of 100 mm. Hg, but where the blood pressure was 90 mm. Hg or below, the
results may not be significant and will be noted as such.

EXPERIMENTAL RESULTS
I. STIMULATION OF THE INTACT FIFTH NERVE
(1) Electrical Stimulation.-The nerve was exposed by craniotomy and
partial decerebration, the femoral blood pressure cannula and intra-ocular
pressure needles inserted, and the recording camera started. After 5
minutes, to allow the readings to become steady, a bipolar electrode was
placed on the ophthalmic and maxillary trunk, and the nerve stimulated by a
current of 5 volts at a frequency of 50 cycles per second for periods of
30 seconds to 2 minutes.

In two out of five animals, a rise in intra-ocular pressure on the side
stimulated (7 cm. in one and 5 cm. in the other) followed the stimulation.
A possible reason for the difficulty in obtaining consistent results from

electrical stimulation was found in another series of experiments, when fine
glass electrodes were introduced into the nerve for purposes of recording
action potentials. It was then found that the nerve sheath was very tough
and fibrous, and offered considerable resistance even to electrodes as small
as 5,u.
More powerful electric shocks might be more effective, but as other nerves

are in close proximity, spread of impulse to them would be likely and
difficult to control. Electrical stimulation was, therefore, abandoned and
mechanical stimulation substituted.
(2) Mechanical Stimulation.-These experiments will be considered under
the following headings:

(a) Effect on intra-ocular pressure
(b) Changes in episcleral vessels
(c) Changes in choroidal vessels
(d) Temperature changes in ciliary region
(e) Effect on permeability of blood-aqueous barrier
(f) Pupillary changes
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

(a) Effect on Intra-ocular Pressure
IPSILATERAL EYE.-In almost every experiment a marked rise in intra-

ocular pressure in the ipsilateral eye followed rubbing of the post-ganglionic
part of the fifth nerve. Mechanical stimulation of the intact nerve also
caused a drop in the blood pressure, some movements of the rabbit and
slight cries. The pupil always contracted immediately after stimulation and
did not return to its original size for an hour or more. This pupillary effect
is a curious one, and will be considered briefly later.

In man, and some animals, sympathetic fibres run with the ophthalmic
division of the fifth nerve, and in order to eliminate any effects due to these
fibres, stellate ganglionectomies were performed in twelve animals. The
operation was done 4 or more weeks before the fifth nerve experiments to
allow time for the sympathetic fibres to degenerate. This was not found to
influence the changes in the ipsilateral eye, and even in those animals not
previously sympathectomized, no dilatation of the pupil or vasoconstriction
was noticed after stimulation of the fifth nerve. It seems likely, therefore,
that the sympathetic fibres do not join the fifth nerve before it enters the
orbit in the rabbit.
The sequence of events which follow mechanical stimulation of the fifth

nerve is well shown in Fig. 13. The blood pressure shows an immediate
drop which is reflected in a small fall in the intra-ocular pressure in both
eyes. In the contralateral eye the pressure returns to its original level and
remains at this level. In the eye on the side stimulated the pressure returns
to its original level and continues to rise some 20 cm. saline. The rise is
rapid and usually reaches its maximum in 5 minutes. The pressure then
slowly declines during the following 30 minutes, in many cases never regaining
its initial level.

FIG. 13.-Recording of blood
pressure and right and left intra-
ocular pressures in a rabbit.
Stimulation of the fifth nerve
causes a sharp fall in blood
pressure with rapid recovery
which is reflected in a small fall
in intra-ocular pressure in both
eyes. The right intra-ocular
pressure then commences to rise,
reaching a maximum of over 80
cm. saline.

RABBNIT 57

go-;ii ii _

EO 35-

Right VtWnerve
mechanically stimulated

In Table III (overleaf) the arithmetical mean of the rise in pressure in the
ipsilateral eye is 19-78 cm. saline.

281

.90

.60

-70

-60

so

40

-30

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.41.5.257 on 1 M

ay 1957. D
ow

nloaded from
 

http://bjo.bmj.com/


E. S. PERKINS

INTRA-OCULAR
TABLE III

PRESSURE CHANGES AFTER STIMULATION OF FIFTH NERVE

Rabbit Side Side of Rise in Intra-Ocular Pressure

No.bi Stimuaed Previous (cm. saline)
NSmtSympathectomy Ipsilateral Eye Contralateral Eye

56 Right 12 No change
79 Left 6 No change
138 Right No change No change
235 Right Right 20 No change
101 Right Right 20 2
222 Left Left 8 5

107 Left Left 22 No change
266 Right Left 25 25
57 Right (a) Left 22 4

(b) 25 No change
94 Right (a) Left 22 No change

(b) 22 No change
144 Right - 30 No change
14 Right (a) - 20 No change

(b) 15 No change
144 Right (a) 25 5

(b) - 20 No change
217 Right (a) 5 Not recorded

(b) - 35 Not recorded
240 Right 25 No change
126 Right _ 25 No change
209 Right (a) Left 7 No change

(b) No change No change
211 Right Left 40 5
84 Right 32 No change
69 Right - 40 Not recorded

502 Right - 9 No change
Left 26 No change

192 Left Not recorded No change
Right - 35 No change

21 Left 25 No change
Right - 3 No change

39 Right (a) Left 10 No change
(b) 5 No change

111 Right Left 20 No change
Left Left 6 No change

202 Right (a) 55 Not recorded
(b) 15 Not recorded
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

CONTRALATERAL EYE.-In six out of 36 stimulations a rise in intra-ocular
pressure occurred in the contralateral eye (Table III). The change did not
occur immediately but took the form of a slow rise and fall, reaching a
maximum about 15 minutes after stimulation. The height of the rise was
usually about 5 cm. saline, but in one case it reached 25 cm. saline (Rabbit
266).

It would appear that previous sympathectomy on the contralateral side
tends to facilitate a contralateral rise in intra-ocular pressure, as a higher
proportion of contralateral rises, three out of seven stimulations, occurred in
sympathectomized animals than in those with an intact sympathetic nervous
system (Table III).
These contralateral changes will be discussed more fully at a later stage,

but it is interesting to compare the type of tracing with those obtained after
trauma to the eye. Here also contralateral changes, when they took place,
were manifested by a slow rise and fall, reaching a maximum in some 15
to 30 minutes.

(b) Changes in Episcleral Vessels.-Rabbits anaesthetized with urethane
were partly decerebrated to expose one fifth nerve. The episcleral vessels
were then inspected, using a Zeiss binocular slit-lamp microscope.
The vessels were also photographed with a Kine-Exacta camera, using an

extension tube to give x 5 magnification. For the photographs illumination
was provided by an electronic flash tube.

In order to keep the eye in position it was found necessary to insert a
corneal suture and anchor this to the skin. The lids were also retracted
by sutures.
One of the difficulties encountered in these observations on episcleral

vessels was the dilatation of the vessels, due simply to exposure of the eye.
Drying causes a definite vasodilatation, and in spite of precautions to keep
the eye moist, the vessels were always more dilated after several observations
had been made. Only the first few observations and photographs can,
therefore, be considered significant.
On stimulation of the fifth nerve, the episcleral vessels appear to dilate

within a minute or so, more vascular channels opening up with some slowing
of the venous stream. Aqueous veins previously studied in the eye of the
rabbit by Greaves and Perkins (1951) were observed during stimulation of
the fifth nerve and were noticed to contain more blood than before stimula-
tion. The changes mainly affect the capillaries and smaller arterioles and
do not, therefore, show very clearly in the photographs.
The photographic appearances depend to a large extent on exposure time

and development time of both negatives and prints. It is rarely possible
to be absolutely sure that successive photographs will be of exactly the same
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density, and unless a definite increase in calibre or increase in the number of
vessels can be seen, photographic records are not reliable (Fig. 14).

(Ca)

(b)

krl'lE. 1it k)-HUUJ FP1U;&Ml UP15A1PICWWal1AU5 VI LtUUJL UmUv ZiLlillUslVXLUS VX

fifth nerve. ( x 6-5).
FIG. 14 (b).-Photograph of same eye after stimulation of fifth nerve, showing
vasodilatation of episcleral and conjunctival vessels. ( x 6-5.)

(c) Changes in Choroidal Vessels.-Albino rabbits anaesthetized with
urethane were used for the experiments. As previously described, after
craniotomy and partial decerebration, the choroid was then exposed.

Observations and photographs were then taken, the ipsilateral fifth nerve
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

was stimulated mechanically, and the choroid was again observed and
photographed. No appreciable change in the calibre of the larger vessels
was found to follow stimulation (Fig. 15).

FIG. 15 (a).-Photograph of choroidal FIG. 15 (b). Photograph of same
vessels of albino rabbit before stimula- choroidal vessels after stimulation of fifth
tion of fifth nerve. ( x 13.) nerve. No appreciable change is seen

in calibre of vessels. ( x 13.)

It is not possible to examine the capillaries in detail with this preparation,
and any change taking place in them would not be noticed.

It is interesting in this connexion to note that Leopold (1951), in an
extensive investigation of the action of drugs on the choroid using a scleral
window technique, also found that the main choroidal vessels were not
affected by a large variety of vasomotor drugs.
Our experiments on the sympathetic also failed to reveal changes in the

main choroidal vessels, and from these results it seems likely that the choroid
does not exhibit such vasomotor activity, except.possibly in the capillary zone.

(d) Temperature Changes in Ciliary Region
IPSILATERAL EYE.-In every experiment except one, in which tempera-

tures were recorded, stimulation of the fifth nerve was followed by an
appreciable rise in the temperature (up to 1.50 C.) of the ciliary body on the
same side (Table IV, overleaf). The rise started within a few seconds of
stimulation and reached a peak some 5 minutes later; the later course varied.
In some experiments a slow fall then followed, but only rarely did the
temperature return to its initial value within the experimental period (approx-
imately 1 hrs). In other animals the temperature remained raised after
stimulation.

It must be admitted that temperature readings taken by this method are
open to error over prolonged periods. A small difference in the position
of the thermocouple, such as may be brought about by the reflex movements
of the animal after stimulation of the fifth nerve, could produce a change in
base line. One would expect, however, that, if this was the explanation of
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286 E. S. PERKINS

TABLE IV
TEMPERATURE CHANGES IN CILIARY REGION AFTER

STIMULATION OF FIFTH NERVE

Rabbit Side Side of Temperature Change (0 C.)
No. Stinuslated Previous -______Ganglionectomy Ipsilateral Eye Contralateral Eye
242 Right Rise 1 0 Not recorded

14 Right (a) Rise I 0 Not recorded
(b) - Rise 017 Not recorded

144 Right (a) Rise 0-8 Not recorded
(b) Rise 0'5 Not recorded

217 Right (a) Rise 10 Not recorded
(b) No change Not recorded

209 Right (a) Left Not recorded Rise 1P5
(b) Not recorded Rise 1P5

211 Right Left Not recorded Rise 0-5

84 Right Rise 1P5 Not recorded

69 Right Not recorded Rise 10

202 Right Rise 0-2 Not recorded
Left Not recorded *No change

192 Left Not recorded Rise 0-2
Right Rise 1P0 Not recorded

21 Left - Not recorded No change
Right Rise 0 5 Not recorded

39 Right (a) Left Not recorded Rise <0 1
(b) Not recorded Rise <01

111 Right Left Not recorded Rise <0 1
Left Rise 0-2 Not recorded

202 Right (a) Rise 0 3 Not recorded
(b) Rise 0-3 Not recorded

* Blood pressure below 90 mm. Hg after stimulation of right fifth nerve

the prolonged rises seen in some experiments, an equal nuniber of animals
would show a drop in the base-line reading. This has never occurred, and
I think it is quite certain that a rise of temperature of the ciliary body is an
invariable accompaniment of the fifth nerve stimulation.

CONTRALATRAL EYE.-The above experiments were repeated with
stimulation of the contralateral intact fifth nerve in eight animals, and again
a rise in temperature was obtained in six out of eight animals. The rise is
not so marked in this eye, but it is quite definite and beyond experimental
error (Table V, opposite).

It must be emphasized that, in these experiments, both fifth nerves were
intact. The rise starts a few seconds after stimulation (Fig. 16, opposite).
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

TABLE V
SUMMARY OF CONTRALATERAL TEMPERATURE CHANGES

Rabbit Side Side of Previous mContralateran
No. Stimulated Ganglionectomy (0 C.)
209 Right (a) Left Rise 1 5

(b) Rise 15

211 Right Left Rise 0 5

69 Right Rise 10

202 Left - No change

192 Left Rise 0 2

21 Left No change

39 Right (a) Left Rise 0-1
(b) Rise 0-1

Right Left Rise 0-1

FIG. 16. -Recording of
oC blood pressure, right and
df I5C* left intra-ocular pressures,

and temperature of ciliary
body of left eye after
stimulation of right eye,
showing contralateral rise
in temperature without
marked rises in intra-ocular
pressure in either eye.

Right vthnerm
mechanically stimulated

(e) Effect on Permeability of Blood-Aqueous Barrier.-At the end of
,experiments the aqueous humour was withdrawn from both eyes and tested
for the presence of protein by adding an equal volume 5 per cent. trichlor-
acetic acid. v

In every case a thick precipitate of protein was obtained in the aqueous
from eyes on the same side as the stimulated nerve. Frequently the aqueous
was tinged with blood.
The findings in the aqueous of the contralateral eye were less consistent,

but in twelve out of 24 experiments in which only one nerve was stimulated,
a definite precipitate was obtained. In a few experiments there was almost
as much protein present as in the other eye.

0
gx 44
(im
.A g
a
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Slight amounts of protein are probably not significant, as this occasionally
occurs following insertion of the needle for intra-ocular pressure measure-
ment. However, a short series of experiments in which no intra-ocular
pressure measurements were made, showed that the protein content of the
aqueous was similarly increased, and it seems unlikely that any appreciable
error is introduced by the method of measuring intra-ocular pressure with a
needle in the anterior chamber.

It can, therefore, be concluded that stimulation of the fifth nerve always
causes an increase in permeability of the intra-ocular vessels of the ipsilateral
eye and may cause a similar though less intense change in the contralateral
eye.

(f) Pupillary Changes.-In all experiments in which the intact fifth nerve
was stimulated mechanically, a contraction of the pupil was observed on the
side of stimulation. The contraction started a few seconds after the com-
mencement of stimulation and progressed over the next 10 to 20 seconds,
reaching a maximum about 30 seconds after stimulation. The miosis
slowly decreased during the next 20 minutes but often lasted in some degree
for more than an hour. The whole character of the change was unlike
that produced by stimulation of the third nerve, and persisted in spite of
atropinization of the eye. It was not influenced by previous cervical
sympathectomy.
No pupillary changes were recorded in the contralateral eye, even when

this eye showed a rise in intra-ocular pressure or an increase of protein in
the aqueous.

II. SURVIVAL EXPERIMENTS AFTER SECTION OF THE FIFTH NERVE
Cutting the fifth nerve by a blind approach, as described previously caused

similar reactions to that of mechanical stimulation in the non-survival
experiments. The ocular tension of the eye on the side of operation was
measured with the applanation tonometer. In 25 experiments a rise in
ocular tension was recorded. The average tension under pentothal anaes-
thesia before operation was 24-44 mm. Hg and immediately after section or
attempted section the tension was 36-48 mm. Hg. The mean increase in
pressure was 11 6 mm. Hg.

Section of the nerve always caused a marked contraction of the pupil to
2 to 3 mm. in diameter.

In ten of these survival animals the ocular tension of both eyes was
measured under urethane anaesthesia 2 to 4 weeks after section. The
average tension of the control eyes was 23-75 mm. Hg (S.E. 0-96, S.D. 3 04),
and the average tension of the operated eyes was 22 70 (S.E. 0-87, S.D. 2'75),
an average of 1.05 lower, but without statistical significance.
Two to 4 weeks after division of the nerve the animals were anaesthetized

with urethane and decerebrated, and the fifth nerve was stimulated mechanic-
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

ally above and below the site of section. This experiment was performed
successfully in eleven rabbits with the following results:

(1) Stimulation of the nerve on the cranial side of the section, either
between the brain and the gasserian ganglion or between the ganglion and
the site of section, caused a change in the size of the pupil in only one animal
and this change was a small contraction of05 mm. On only three occasions
was a change in intra-ocular pressure recorded: in two cases a small rise
of 5 cm. saline, and in one a rise of 3 cm. saline. Small contralateral rises
in intra-ocular pressure were observed in two animals. A fall in blood
pressure averaging 409 mm. Hg accompanied each stimulation (Table VI).

TABLE VI
INTRA-OCULAR PRESSURE CHANGES IN SURVIVAL EXPERIMENTS

Stimulation ofFifth Nerve Central to Point of Section

Rabbit Side ~~~Intra-Ocular Pressure (cm. saline) Fall in BloodRabbit Side FPressureNo. Stimulated Ipsilateral Eye Contralateral Eye (mm. Hg)

2094 Left Rise 5 Rise5 40

2098 Left (a) No change No change 50
(b) No change No change 5

2225 Right No change No change 40

2132 Right (a) No change No change 40
(b) No change No change 50

2220 Right (a) No change No change 30
(b) No change No change 40

2221 Right No change No change 35

2297 Left No change No change 60

2367 Right No change No change 40

2366 Right Rise 3 No change 50

2508 Right Rise S Rise 3 50

Mean fall in blood pressure 42-3 mm. Hg.

(2) Stimulation of the nerve distal to the section caused a contraction of
the pupil nine times out of eleven, the average change being 3-8 mm. The
intra-ocular pressure showed a definite rise after all except one stimulation,
the average rise being 18-4 cm. saline (Table VII, overleaf). A fall in blood
pressure averaging 31 8 mm. Hg accompanied each stimulation, and on four
occasions the contralateral eye showed a delayed rise in intra-ocular pressure
of 2, 3, 7, and 13 cm. saline respectively.

Fig. 17 (overleaf) is a tracing from a typical experiment (Rabbit 2220).
The pupillary changes are shown in Tables VIII and IX (overleaf).
19
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E. S. PERKINS

TABLE VII

INTRA-OCULAR PRESSURE CHANGES IN SURVIVAL EXPERIMENTS
Stimulation of Fifth Nerve Peripheral to Point of Section

Rabbit Side | Intra-Ocular Pressure (cm. saline) Fall in Blood
No.Stimulated ~~~~~~~~~~~PressureNo. Stimulated !1Ipsilateral Eye Contralateral Eye (mm. Hg)

230 Left (a) Rise 9 No change 40
(b) No change No change 40

2094 Left Rise 35 Rise 13 40

2098 Left Rise 67 Rise 7 10

2225 Right Rise 8 No change 40

2132 Right (a) Rise 8 Rise 2 40
(b) Rise 5 Rise 3 50

2220 Right Rise 13 No change 5

2221* Right (a) No change No change 30
(b) No change No change 30

2297 Left Rise 35 No change 25

2367 Right Rise 8 No change 30

2366 Right Rise 15 No change 30

2508 Right Rise 55 No change 50

Mean rise in intra-ocular pressure 18-4 cm. saline. Mean fall in blood pressure 32-8 mm. Hg.
* Subsequent examination of this animal showed that the fifth nerve had been sectioned at its point of entry into

the orbit so that the peripheral portion could not be adequately stimulated from the middle fossa.

FIG. 17.-This animal had had the
right fifth nerve cut 3 weeks
previously.
(A) Stimulation of right fifth
nerve between gasserian ganglion
and brain; no rise in intra-ocular
pressure.
(B) Stimulation ofright fifth nerve
between gasserian ganglion and
point of previous section; no rise
in intra-ocular pressure.
(C) Stimulation of peripheral cut
end of nerve; rise in right intra-
ocular pressure from 25 to 38 cm.
saline.

-
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

TABLE VIII
PUPILLARY CHANGES IN SURVIVAL EXPERIMENTS

Stimulation of Fifth Nerve Central to Point of Section

Rabbit Side Pupillary Contraction (mm.)
No. Stimulated Ipsilateral Eye Contralateral Eye

2094 Left No change No change

2098 Left (a) No change No change
(b) 05 contraction No change

2225 Right No change No change

2132 Right (a) No change No change
(b) No change No change

2220 Right (a) No change No change
(b) No change No change

2221 Right No change No change

2297 Left No change No change

2367 Right No change No change

2366 Right No change No change

2508 Right No change No change

(a) and (b) indicate two separate stimnulations

There are two possible explanations for these blood pressure and contra-
lateral intra-ocular pressure changes; either, in stimulating the peripheral
portion, the central end of the nerve was also stimulated, or the maxillary
division of the trigeminal nerve, which lies beneath and in contact with the
ophthalmic division, was stimulated. The latter supposition could certainly
account for the blood pressure changes.
The surprising results on the pupil and intra-ocular pressure after stimula-

tion of the peripheral part of the nerve indicated that, although the nerve
had been completely divided, as shown by the anaesthesia in its area of
distribution, wome fibres were still active. The only explanation seemed to
be that ganglion cells were present peripheral to the point of section. If
this were the case, histological examination of the nerve central to the section
should show degenerated fibres. The presence of undegenerated fibres in
the peripheral part of the nerve would not be conclusive evidence as it could
be interpreted as due to incomplete section. In the later animals, therefore,
the nerve was dissected out after the completion of the experiment and
examined histologically, with the results detailed below.

III. HISTOLOGICAL RESULTS
In eleven experiments, the fifth nerves from both sides were removed,

stained by Marchi's method, and sectioned. In every case degenerated
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TABLE IX
PUPILLARY CHANGES IN SURVIVAL EXPERIMENTS

Stimulation of Fifth Nerve Peripheral to Point of Section

Rabbit Side Pupillary Contraction (mm.)
No. \ Stimulated lpsilateral Eye Contralateral Eye

203 Left (a) 1 0 contraction No change
(b) 0 5 contraction No change

2094 Left 5 0 contraction No change

2225 Right 5 0 contraction No change

2098 Left 6 5 contraction No change

2132 Right (a) 2-0 contraction No change
(b) 1 0 contraction No change

2220 Right 4-0 contraction No change

2221* Right No change No change

2297 Left 4 0 contraction No change

2367 Right 1-5 contraction No change

2366 Right No change No change

2508 Right 4 0'contraction No change

Mean pupillary contraction 2-7 mm.
* This animal also showed no changes in intra-ocular pressure. (See note under Table VII).

fibres were found in the nerve which had been cut some weeks previously.
A study of these preparations revealed, however, that ganglion cells extended
much further into the periphery of the nerve than had been anticipated, and
in two longitudinal series of sections the gasserian ganglion was shown to
be a rather diffuse structure extending over 1 cm. of the nerve. In these
sections there were a few ganglion cells in the region of the cut end of the
nerve, and it seemed very possible that the results obtained from stimulating
the peripheral nerve outlined above could be explained by the presence of
ganglia in this part of the nerve.

In order to be sure that ganglion cells were not present within the globe,
one eye was enucleated or eviscerated (two animals) and the fifth nerves
examined for degeneration. No degeneration was found, and evisceration
of the socket in one further animal also failed to reveal degeneration in the
fifth nerve trunk.

DISCUSSION
The effects on the intra-ocular pressure obtained in the stimulation experi-

ments on the intact fifth nerve confirm the findings of many of the older
workers on rabbits and dogs (Magendie, 1824; Bernard, 1858; Donders,
1864; von Hippel and Griinhagen, 1868; von Schulten, 1884; Vulpian, 1885;
Bellarminoff, 1886).
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

It is strange that these effects should not have been further investigated
since the turn of the 19th century, but it seems likely that the results in the
cat of Henderson and Starling (1904), in which they showed that the rise in
intra-ocular pressure was due only to stimulation of the sympathetic fibres,
cast so much doubt on the validity of the previous results that the subject
was not pursued. This failure to explore the matter persisted in spite of
the continued interest in the effects on the intra-ocular pressure of contusion
and injury to the eye, in which the sensory nerves were likely to play a large
part. The contraction of the pupil after stimulation of the nerve was like-
wise neglected since the time of Bernard (1858), until Maurice (1954) found
that antidromic stimulation of the fifth nerve caused contraction of the pupil
in rabbits even after previous sympathetic denervation of the eye. 'Maurice
reported that, when the pupil had recovered from section of the fifth nerve,
it contracted again on stimulation of the peripheral stump but not of the
central stump. If the fifth nerve were allowed to degenerate after section
distal to the gasserian ganglion, this pupillomotor effect could not be
obtained, though dilatation occurred normally on sympathetic stimulation.
He also noted that a contraction could be obtained some minutes after the
animal had been killed by exsanguination, and that exsanguination had no
influence on the size of a pupil already contracted. He concluded that this
showed that the effect did not result from liberation of a pupillomotor sub-
stance into the blood stream, and was unlikely to be due to a vasomotor
action on the vessels of the iris.
The experiments described in this thesis substantiate the findings of

Maurice, although some degree of pupillary contraction was obtained in
most of the survival experiments when the peripheral portion of the nerve
was stimulated. It is probable that, in the experiments performed by
Maurice, the nerve was divided more peripherally, leaving fewer or no
ganglion cells in the peripheral nerve trunk.
Although this work has been concerned primarily with intra-ocular

pressure changes, it is interesting to consider what factors may be involved
in the contraction of the pupil which follows stimulation of the fifth nerve.
The theoretical possibilities are as follows:

(a) Accidental stimulation of the third nerve.
(b) A reflex arc with the fifth nerve as the sensory limb and the third nerve as

motor part.
(c) Intense vasodilatation of the blood vessels of the iris causing a mechanical

miosis.
(d) Inhibition of sympathetic tone.
(e) The liberation of some substance at the fifth nerve endings which causes

contraction of the sphincter pupillae.
(a) Accidental Stimulation of the Third Nerve.-When the experiment was

performed in decerebrated animals, it was possible to see the third and fifth
nerves and to be quite sure that the third nerve was not touched. The
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character of the contraction is also unlike that which follows stimulation of
the third nerve, being slower in onset and persisting much longer after
stimulation has ceased.

(b) A Reflex Arc.-This possibility can be eliminated-for two reasons.
First, in the experiments in which the fifth nerve had been divided previously,
stimulation of the central part of the nerve did not cause a contraction of
the pupil. Secondly, stimulation of the intact nerve caused a contraction
of the pupil after the third nerve had been sectioned.

(c) Vasodilatation.-Congestion of the blood vessels of the iris is known
to cause some degree of miosis, as for example in acute iritis. However,
Maurice has shown that the effect persists after exsanguination of the animal,
so that it cannot be due to vasodilatation only.

(d) Inhibition of Sympathetic Tone.-Division of the sympathetic supply
to the pupil caused only a slight degree of miosis in the rabbit, and previous
cervical sympathectomy did not affect the pupillary contraction after fifth
nerve stimulation.

(e) Liberation of an Active Substance.-This final possibility seems to be
the most likely explanation, and has received considerable support from the
work of Ambache (1956). He has tested extracts of rabbit iris and fifth
nerve on preparations of rat colon and has found evidence of an active
substance " Irin", which can be differentiated from all the known substances
of this type so far investigated, especially those obtained from extracts of
muscle and nerve. This substance has also been found to contract the pupil
in the rabbit, and it seems likely that this is the substance which is released
by stimulation of the fifth nerve.
Although vascular changes have been found to occur in the contralateral

eye, in no experiment was a contraction of the pupil noted in the contralateral
eye. Bernard (1858), who sectioned (thereby stimulating mechanically) the
fifth nerve in conscious animals, noticed contraction of the pupil on the
ipsilateral side, but did not report any contralateral pupillary changes. It is
unlikely, therefore, that the failure to observe such changes in the experi-
ments reported here was due to the use of general anaesthesia. It is probable
that the vascular and pupillary changes are brought about by separate
mechanisms, one of which acts only on the side of stimulation, while the
other can affect both eyes.

Changes in Ocular Vessels and Intra-Ocular Pressure
Cutting the fifth nerve has the same immediate effects as mechanical

stimulation. In animals which were allowed to recover, the intra-ocular
pressure on the side of operation tended to be slightly lower 3 or 4 weeks
after the operation, but the results were not statistically significant. In
these animals the pupils were equal.
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

In considering the cause of the rise of intra-ocular pressure produced by
stimulation of the fifth nerve, it is easiest to enumerate all the factors which
may cause a rise in intra-ocular pressure and apply the experimental evidence
to each factor in turn.

(1) External pressure on the globe from contraction of smooth muscle or
extra-ocular muscles.

This factor can be excluded, as no eye movement or lid movement occurs.

(2) Increase in blood volume within the globe.
There is definite evidence that a vasodilatation does occur on stimulating

the fifth nerve and it is very likely that the rapid rise in pressure is due in
part to this factor.

(3) Increasedformation of aqueous.
These experiments give no direct evidence of an increased formation of

aqueous, but the vasodilatation would be expected to have this effect.

(4) Change in osmotic pressure of the aqueous humour.
Aqueous humour normally contains little protein, but after stimulation

of the fifth nerve the permeability of the blood-aqueous barrier increases
and allows much protein, and even sometimes blood corpuscles, to enter
the anterior chamber. Thus the osmotic pressure of the fluid in the anterior
chamber will be much increased, contributing to the rise in pressure.

(5) Obstruction of the outflow channels.
The large amounts of protein in the aqueous must tend to block the angle,

and occasionally the manometer needle becomes blocked completely. It is
likely, therefore, that this is a factor of some importance.

(6) Increased episcleral venous pressure.
The aqueous veins have been observed to be filled with blood after

stimulation of the fifth nerve, but although this could be due to an increase
in episcleral venous pressure it could also be due to a lower pressure in the
aqueous veins themselves. As direct measurements of episcleral venous
pressure are unsatisfactory in the rabbit, the importance or otherwise of this
factor is difficult to assess.

Contralateral Effects
The changes in the contralateral eye which follow stimulation of one

fifth nerve are particularly interesting. It seemed at first, when a rise in
intra-ocular pressure was used as the criterion, that contralateral effects
occurred relatively infrequently-six times in 36 experiments-but, when the
aqueous humour of the eyes was examined for protein, appreciable amounts
were found in half the contralateral eyes. The more refined technique of
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temperature recordings from the ciliary region also showed that some contra-
lateral effect followed the stimulation in six out of eight experiments.

It is, therefore, very likely that stimulation of one fifth nerve produced a
vasodilatation in the contralateral eye in a high proportion of cases, and that
this vasodilatation was followed by an increase in permeability in half the
animals, but in only 15 per cent. of such stimulations were these changes
sufficiently marked to cause a rise in intra-ocular pressure. This figure is
comparable to the number of rises in the intra-ocular pressure in the contra-
lateral eye found in experiments involving a contusion injury to one eye
(Table II).

There are three possible explanations of these contralateral changes:
(1) That it is a non-specific result of the rather severe shock which follows

stimulation of a sensory cranial nerve. The large fall in general blood
pressure which always accompanies stimulation of the fifth nerve could
cause peripheral vascular constriction, and on recovery of the blood pressure
a reactionary vasodilatation of ocular vessels might take place.

There is a little corroborative evidence for this suggestion from some
experiments in which a T cannula was tied into the common carotid. It
was found that, if total occlusion of the common carotid lasted for more
than 2 minutes, release of the occlusion was sometimes followed by a rise
in intra-ocular pressure on the side of the occlusion. However, the fall in
blood pressure after stimulation of the fifth nerve rarely lasts longer than
half a minute, and it seems unlikely that this in itself would be sufficient to
account for the contralateral effect.

(2) That after stimulation of the fifth nerve a vasodilator substance is
released into the blood stream and reaches the contralateral eye. This
implies a substance whose action is limited to ocular vessels and is not
destroyed in the blood stream. There is no evidence for such a substance.
" Irin ", which is probably responsible for the pupillary contraction, has, so
far as is known at present, no vasodilator action and certainly does not reach
the opposite eye in sufficient concentration to cause a contraction of the
pupil.

(3) That a stimulus reaches the contralateral eye via a nervous pathway.
The sympathetic system can be excluded as contralateral changes occurred
after the sympathetic supply to the eye had been removed.
A direct pathway up the stimulated nerve to its nucleus in the brain,

crossing to the opposite nucleus and descending antidromically in the
opposite fifth nerve seems the most likely explanation of the contralateral
changes. The evidence in favour of this explanation is as follows:

(i) The type of change-vasodilatation followed by increased permeability
-is the same in the contralateral eye as in the eye on the side of stimulation,
though less in degree.

E. S. PERKINS296
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FIFTH NERVE AND INTRA-OCULAR PRESSURE

(ii) The vasodilatation, as shown by the temperature recordings, occurs at
about the same time interval after stimulation in both eyes.

(iii) The association between depth of anaesthesia and the frequency of
the contralateral changes suggests a nervous pathway. In this connexion it
is interesting that Leplat (1924) found contralateral changes more frequently
in unanaesthetized than in anaesthetized animals.

(iv) Perhaps the most conclusive evidence derives from seven experiments
in which an intact nerve on one side was stimulated after cutting the nerve
on the contralateral side; no intra-ocular pressure rise was noticed in the
contralateral eye. In one of these experiments, temperature recordings were
taken from the ciliary region of the contralateral eye and showed no change
after stimulation.

The vasomotor changes which follow stimulation of the fifth nerve con-
form to the pattern previously noted in peripheral sensory nerves. It seems
likely that these changes are connected in some way with the axon reflex
which is also mediated by sensory nerves. -Duke-Elder and Duke-Elder
(1931) showed that an axon reflex can be elicited from the rabbit iris, and
presumably an antidromic stimulus applied to the fifth nerve could be
conducted along that part of the axon reflex pathway which terminates in
relation to the capillaries of the eye and could produce a vasodilatation
similar in character to that invoked by an axon reflex.
The survival experiments and the histological results have shown that

ganglion cells extend peripherally in the ophthalmic branch of the fifth nerve
in rabbits. As no degenerative changes were found in the nerve after
enucleation of the eye and evisceration of the orbit, the ganglion cells must
be confined to the main trunk of the nerve.
From the more general viewpoint of the nervous control of intra-ocular

pressure, these experiments show that the fifth cranial nerve in rabbits can
mediate impulses for raising the intra-ocular pressure. This does not
necessarily imply that the nerve takes an active part in the normal control
of intra-ocular pressure; the fact that animals in which the nerve had been
divided some weeks previously showed little change in ocular tension is
against such a suggestion, but does not exclude the possibility. It may well
be that the intra-ocular pressure is to some extent self-regulatory under
normal conditions, and that the nervous mechanisms are only brought into
action when the equilibrium is disturbed.
Under pathological conditions, however, it is probable that local irritative

lesions in the eye stimulate the fifth nerve endings, cause reflex vasodilatation,
and raise the intra-ocular pressure. Lesions which stimulate the trunk of
the ophthalmic division or the gasserian ganglion might also cause similar
changes, and it may be of some significance that glaucoma following herpes
zoster ophthalmicus in the absence of an anterior uveitis has been reported
in man (Salomaa, 1951). It must be emphasized, however, that the results of
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experiments performed on rabbits cannot be applied unreservedly to the
human eye.

SUMMARY OF RESULTS
(1) Mechanical stimulation of the intact fifth nerve caused, on the side of

the stimulation, a contraction of the pupil, a rise in temperature of the ciliary
region, a rise in intra-ocular pressure, and an increase of protein in the
aqueous humour.

(2) In the contralateral eye, no contraction of the pupil resulted from
stimulation of the opposite intact fifth nerve, but a rise in intra-ocular
pressure occurred in 15 per cent. of animals. In half the experiments an
increase in protein was found in the aqueous humour of the contralateral
eye, and in six out of eight animals a rise in temperature of the ciliary region
was recorded.

(3) Section of the fifth nerve produced the same immediate effects as
stimulation. Although the tension of the eye on the side of section tended
to be slightly lower than that on the normal side when measured 2 to 4 weeks
later, the differences were not statistically significant.

(4) Stimulation of the fifth nerve caused a vasodilatation of the episcleral
vessels of the ipsilateral eye. No change was found in the choroidal vessels
,of this eye.

(5) In animals in which the fifth nerve had been sectioned 2 to 4 weeks
previously, stimulation of the cranial portion of the nerve caused no changes
in the pupil or intra-ocular pressure.

(6) Histological examination of the nerves previously sectioned showed
degenerated fibres in that part of the nerve central to the section. These
fibres probably arose from ganglion cells in the trunk of the fifth nerve
peripheral to the point of section.

(7) It is concluded that the vascular changes in the eye which follow
antidromic stimulation of its sensory nerve supply are comparable to the
vascular changes in the skin which follow antidromic stimulation of the
peripheral sensory nerves.

I wish to acknowledge most gratefully the constant help and advice received in the course of
this work and the preparation of this paper from Sir Stewart Duke-Elder, Director of Research,
Institute of Ophthalmology.
For the skilled technical assistance of Mr. J. Edwards, which was invaluable in the laboratory

work and the preparation of the diagrams of the apparatus, I am also most grateful.
My thanks are due to Miss J. Richards for her painstaking secretarial help, and to the Medical

Illustration Department of the Institute of Ophthalmology for the reproductions of the tracings
and diagrams.

I am indebted to Miss S. Rountree and to Mr. A. McNeil of the Department of Pathology,
Institute of Ophthalmology, for the histological preparations, and to Dr. M. Smith of the
Hospital for Nervous Diseases, for advice on-staining methods.

298

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.41.5.257 on 1 M

ay 1957. D
ow

nloaded from
 

http://bjo.bmj.com/


FIFTH NERVE AND INTRA-OCULAR PRESSURE

REFERENCES
ADRIAN, E. D., CArTELL, McK., and HOAGLAND, H. (1931). J. Physiol. (Lond.), 72, 377.
AKAGI, G., NISHIMURA, K., and YAMAMOTO, A. (1955). Ganka-Kiyo, 6, 180 (Ophthal. Lit.

(Lond.), 9, 147, No. 898).
AMBACHE, N. (1956). J. Physiol (Lond.), 132, 49P.
ANGELUCCI, A. (1893). Arch. Ottal., 1, 71.
ASCHER, K. W. (1942). Amer. J. Ophthal., 25,1174.
ASHTON, N. (1951). British Journal of Ophthalmology, 35, 291.

(1952). Ibid., 36, 265.
and SMrrH, R. (1953). Ibid., 37, 577.

ATrKEE, V. H. (1950). J. sci. Instrum., 27, 43.
BARDY, H. (1915). Skand. Arch. Physiol., 32, 198.
BAYLISS, W. M. (1900). J. Physiol. (Lond.), 25 (Proc. Phys. Soc., p. xiii).

(1901). Ibid., 26, 173.
(1902). Ibid., 28, 276.

BELLARMNOFF, L. (1886). Pfluigers Arch. ges. Physiol., 39, 449.
BENHAM, G. H., DUKE-ELDER, S., and HODGSON, T. H. (1938). J. Physiol. (Lond.), 92, 355.
BERNARD, C. (1858). "Le9ons sur la physiologie et la pathologie du systeme nerveux", vol. 2.

p. 96. Bailliere, Paris.
BRUCE, A. N. (1910). Arch. exp. Path., 63, 424.
BUDGE, J., and WALLER, A. (1852). C. R. Acad. Sci. Paris., 34, 164.
CHOROBSKI, J., and PENFIELD, W. (1932). Arch. Neurol. Psychiat. (Chicago), 28, 1257.
CORRADO, M. (1951). Arq. port. Oftal., 3, 63.
CRIDLAND, B. (1917). British Journal of Ophthalmology, 1, 352.
DAVIS, F. A. (1929). Trans. Amer. ophthal. Soc., 27, 401.
DAVSON, H., and PERKINs, E. S. (Unpublished).

and PURVis, C. (1950). British Journal of Ophthalmology, 34, 351.
DIETER, W. (1940). Zbl. ges. Ophthal., 45, 614.
Doi YASUKAZU (1920). J. Physiol. (Lond.), 54, 227.
DONDERS, F. C. (1864). "Accommodation and Refraction of the Eye". New Sydenham

Society, London.
DUKE-ELDER, P. M., and DUKE-ELDER, S. (1931). Proc. roy. Soc. B., 109, 19.
DUKE-ELDER, S. (1927). "The Nature of the Intra-ocular Fluids". British Journal of-Ophthal-

mology, Monogr. Suppl. 3.
(1948). Trans. ophthal. Soc. U.K., 68, 413.

ENGEL, D. (1941). J. Physiol. (Lond.), 99, 161.
FELDBERG, W. (1926). Ibid., 61, 518.
FORBES, H. S., NASON, G. I., COBB, S., and WORTMAN, R. C. (1937). Arch. Neurol. Psychiat.

(Chicago), 37, 776.
FRANcJ,OIS-FRANCK, C. (1875). Quoted by Hartmann (1924), pp. 7, 15.
FRIEDENWALD, J. S., Chairman (1954). "Standardization of Tonometers". Decennial Report

by the Committee on Standardization of Tonometers. American Academy of
Ophthalmology and Otolaryngology.

GLEEs, M. (1952). v. Graefes Arch. Ophthal., 153, 356.
GLOSTER, J., and GREAVES, D. P. (1956). Proc. roy. Soc. Med., 49, 675.
GOLDMAN, H. (1947). Ophthalmologica (Base!), 114, 81.

(1954). Bull. Soc. franc. Ophtal., 67, 474.
(1955). "Glaucoma, A Symposium", ed. S. Duke-Elder, p. 124. Blackwell, Oxford.

GOLTZ, F. (1869). "Beitrage zur Lehre von den Functionen der Nervencentren des Frosches".
Hirschwald, Berlin.

GRANT, W. M. (1955). "Glaucoma, A Symposium", ed. S. Duke-Elder, p. 137. Blackwell,
Oxford.

GREAVES, D. P., and PERKINS, E. S. (1951). British Journal of Ophthalmology, 35, 119.
(1952). Ibid., 36, 258.
(1953). Ibid., 37, 54.
(1956). J. Physiol. (Lond.), 134, 393.

HALLERMANN, W., BASCH, A., and LADEBURG, H. (1951). Klin. Mbl. Augenheilk., 119, 401.
HARTMANN, E. (1924). "La neurotomie r6tro-gass6rienne". Doin, Paris.
HENDERSON, E. E., and STARLING, E. H. (1904). J. Physiol. (Lond.), 31, 305.
HERING, E. (1869). S.B. Wien. Akad. Wiss., Math. nat. Classe, 60, Abt. 2, p. 829.
HIPPEL, A. VON, and GRUNHAGEN, A. (1868). v. Graefes Arch. Ophthal., pt. 3, 14, 219.
HOLTON, P., and PERRY, W. L. M. (1951). J. Physiol. (Lond.), 114, 240.
JACKSON, C. R. S. (1955). British Journal of Ophthalmology, 39, 368.
KINSEY, V. E. (1950). Arch. Ophthal. (Chicago), 44, 215.
KORNBLUTH, W., and LINNtR, E. (1955). A.M.A. Arch. Ophthal., 54, 717.

299

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.41.5.257 on 1 M

ay 1957. D
ow

nloaded from
 

http://bjo.bmj.com/


300 E. S. PERKINS

LANGLEY, J. N. (1923). J. Physiol. (Lond.), 58, 49.
LEOPOLD, I. H. (1951). Trans. Amer. ophthal. Soc., 49, 625.
LEPLAT, G. (1924). Ann. Oculist. (Paris), 161, 87.
LEWIS, T. (1924). Heart, 11, 119.

(1926). Ibid., 13, 1.
and GRANT, R. T. (1924). Ibid., 11, 209.
HARRIS, K. E., and GRANT, R. T. (1927). Ibid., 14, 1.
and MARVIN, H. M. (1926). J. Physiol. (Lond.), 62 (Proc. Phys. Soc., p. xix).

MACKENZIE, W. (1830). "A Practical Treatise on the Diseases of the Eye". Longman, Rees,
Orme, Brown, and Green, London.

MCLEAN, W. (1919). Arch. Ophthal. (N. Y.), 48, 23.
MAGENDIE, F. (1824). J. Physiol. exp. (Paris), 4, 176.
MAGITOT, A. (1923). Ann. Oculist. (Paris), 160, 81.

(1939). In "Trait6 d'ophtalmologie", publie sous les auspices de la Societe frangaise
d'Ophtalmologie, par P. Bailliart, C. Coutela, E. Redslob, and E. Velter. Masson, Paris.

MARLOW, S. B. (1949). Trans. Amer. ophthal. Soc., 47, 349.
MAURICE, D. M. (1954). J. Physiol. (Lond.), 123, 45P.
MORAT, J. P., and DOYON, M. (1902). "Traite de physiologie", vol. 2. Masson, Paris.
MOREU, A. (1948). Arch. Soc. oftal. hisp.-amer., 8, 1193.
MULLER, H. K. (1931). Arch. Augenheilk., 104, 89.

and BUSCHKE, W. (1934). Ibid., 108, 368.
and PFLIMLIN, R. (1929). Ibid., 100/101, 91.

PERKINS, E. S. (1953). Trans. ophthal. Soc. U. K., 73, 261.
(1955). "XVII Concilium Ophthal. 1954, Canada, U.S.A., Acta", 2, 1157. University
of Toronto Press.

SALOMAA, S. (1951). Acta ophthal. (Kbh.), 29, 227.
SCmFF, M. (1855). "Untersuchungen zur Physiologie des Nervensystems mit Beruicksichtigung

der Pathologie". Riitten, Frankfurt am Main.
SCHIOTZ, H. (1909). Arch. Augenheilk., 62, 317.
SALLMANN, L. VON, MACRI, F. J., WANKO, T., and GRIMES, P. A. (1956). Amer. J. Ophthal., 42,

No. 4, pt. 2, p. 130.
SCHULTEN, M. W. VON (1884). v. Graefes Arch. Ophthal., 30, pt. 3, p. 1.
SEIDEL, E. (1922). Ibid., 107, 496.
SMITH, PRiESTLEY (1891). "On the Pathology and Treatment of Glaucoma". Churchill, London.
STRICKER, S. (1877). S. B. Akad. Wiss. Wien., Math.-nat. Classe, 74, abt. 3, p. 173.
THOMASSEN, T. L. (1946). " Experimental Investigations into the Conditions of Tension in

Normal Eyes and in Simple Glaucoma". M.D. Thesis, Oslo. (Acta ophthal. (Kbh.),
Suppl. 27).

TOWER, S. S. (1940). J. Neurophysiol., 3, 486.
VULPIAN, E. F. A. (1885). C. RY Acad. Sci. (Paris), 101, 981.
WAHLFORS, K. R. (1888). "Ber. 7 ophthal. Kongr. Heidelberg", p. 268. Quoted by T. Leber in

"Graefe-Saemisch Handbuch der gesammten Augenheilkunde", 2nd ed., bd. 2, abt. 2, p.
321.

WEDDELL, G. (1954). In "Modem Trends in Dermatology", 2nd Ser., ed. R. M. B. MacKenna.
Butterworth, London.

WEEKERS, R., and PRIJoT, E. (1950). Ophthalmologica (Basel), 119, 321.
WESSELY, K. (1916). Arch. Augenheilk., 81, 102.

(1900). Ber. ophthal. Ges. Heidelberg., 28, 69.
WILBRAND, H., and SAENGER, A. (1900). "Die Neurologie des Auges", vol. 3. Bergmann,

Wiesbaden.
WUDKA, E., and LEOPOLD, I. H. (1956). A.M.A. Arch. Ophthal., 55, 506, 857.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.41.5.257 on 1 M

ay 1957. D
ow

nloaded from
 

http://bjo.bmj.com/

