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RESPONSES OF THE INTRA-OCULAR PRESSURE
TO DIENCEPHALIC STIMULATION*

BY

J. GLOSTER
Ophthalmological Research Unit (Medical Research Council), Institute of Ophthalmology,

University ofLondon

EARLY experimental work on the intra-ocular pressure was concerned
mainly with the procedures which cause its elevation or reduction, but more
recently attention has been focused upon the factors responsible for the
maintenance ofnormal pressure in the eye. From this second line of thought
has developed the concept that the intra-ocular pressure is kept at a fairly
constant level by a regulatory mechanism; the evidence for this has been
reviewed elsewhere (Gloster, 1959). It has been suggested that regulation
may be effected by a purely mechanical system, by hormonal influences, or
by a reflex nervous mechanism. Concerning the last possibility, the view
that the intra-ocular pressure is controlled by a diencephalic nervous
mechanism has received considerable support (Elwyn, 1938; L. Hess, 1945;
Magitot, 1949; Thiel, 1952; Duke-Elder, 1957), and the most specific
hypothesis which has been advanced attributes this control of the influence
of one or more "centres" in the diencephalon (Schmerl and Steinberg, 1950).
As a first step in the examination of these hypotheses, the response of the

intra-ocular pressure to electrical stimulation of the diencephalon has been
studied (Schmerl and Steinberg, 1950; Nagai, Ban, and Kurotsu, 1951;
von Salhnann and Lowenstein, 1955; Gloster and Greaves, 1957).

Gloster and Greaves (1957, 1958), working with cats, obtained falls in
intra-ocular pressure accompanied by rises in blood pressure, these reactions
being obtained from stimulations in an area of the hypothalamus close to
the anterior column of the fornix. It was thought that the fall in intra-
ocular pressure was due to vasoconstriction in the eye, since the effect was
abolished by preganglionic cervical sympathotomy. From these observa-
tions two closely related questions arise. First, can the area of the hypo-
thalamus from which these effects were elicited be considered as a " centre"
concerned specifically with reduction of intra-ocular pressure? Secondly,
is the vasoconstriction evoked from this area limited to the eye or does it
involve other tissues, the blood vessels of which are innervated via the
cervical sympathetic trunk?

Gloster and Greaves (1957) also described rises in intra-ocular pressure
which were not dependent upon changes in the systemic blood pressure.
Most of these responses were obtained from the stimulation of points which
were scattered over a fairly wide area of the thalamus. However, it was
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clear that these rises in intra-ocular pressure were not all of the same type,
and it seemed possible that, if they could be divided into homogeneous
groups, a definite relationship might be established between each type of
rise in intra-ocular pressure and a particular area of the diencephalon.

Lastly, in the earlier work of Gloster and Greaves (1957), diencephalic
stimulation often evoked ocular manifestations of sympathetic activity (e.g.
pupillary dilatation or retraction of the nictitating membrane), but effects
attributable to parasympathetic excitation (e.g. pupillary constriction) were
rarely seen. In view of the work of W. R. Hess (1932), it was thought that
the characteristics of the electrical stimulus used (rectangular pulses of
1 msec. duration at 30 cycles per second) might have favoured the excitation
of sympathetic rather than parasympathetic nervous elements, and that
therefore any influence of the parasympathetic component of the dience-
phalon on the intra-ocular pressure would not have been revealed.
The following experiments were undertaken to examine these points.

Methods
Cats were anaesthetized with chloralose (100 mg./kg. injected intravenously) and

the subsequent procedure followed that described by Gloster and Greaves (1957)
for recording intra-ocular pressure, femoral arterial pressure, and movements of
the nictitating membrane during electrical stimulation of the diencephalon.
Modifications of this technique were as follows:

(a) A smaler electrode was used. This consisted of an insulated stainless steel wire
(0 15 mm. O.D.) passed through a stainless steel supporting tube (0 4 mm. O.D.), the
outer surface of which was covered with an insulating coating of lacquer. The active
tip of the electrode was formed by a bared portion of the inner wire, 1 mm. long, which
projected beyond the end of the supporting tube.

(b) Damped electrical pulses having a duration of 12-5 msec. were used at a frequency
of 8 c/s, the peak voltage being 3 v. Their source was a generator of the type described
by Attree (1950), with the output modified by a suitable resistance-capacitance combina-
tion.

(c) Vascular changes in the skin ofthe ears were recorded, using a photo-electric method
based upon that of Holton and Perry (1951). Each auricle was shaved, and a circular
patch, 20 mm. in diameter, on the inner surface of the auricle was illuminated by a
6-volt projection lamp. A photo-cell having a sensitive surface 20 mm. in diameter was
placed on the outer surface of each auricle to receive the light projected through the tissues
of the ear. Each photo-cell was connected to a mirror galvanometer from which a
continuous photographic record was made. A variable resistance was connected in
parallel with each mirror galvanometer in such a way as to provide a constant damping
resistance, yet allowing the sensitivity of the circuit to be adjusted. The galvanometers
were so arranged that a downward movement on the record accompanied an increase in
the light received by the photo-cell, indicating a decrease in the amount of blood in the
ear; contrariwise, an upward movement of the tracing signified the presence of more
blood in the auricular skin. In interpreting the changes in the recordings from the
photo-cells, due regard was given to the accompanying change in blood pressure. Thus a
downward movement of the tracing occurring with a rise in systemic blood pressure was
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DIENCEPHALON AND EYE

taken to indicate active vasoconstriction in the ear; an upward movement of the tracing
under similar circumstances was interpreted as an indication of passive hyperaemia in
the ear. Similarly, active vasodilatation in the ear was shown as an upward movement
on the photo-cell record in conjunction with a fall in systemic blood pressure.

Finally, the positions of the electrode tracks and the points stimulated were determined
by preparing sections of the brain which were stained with haematoxylin and eosin. The
results were plotted on maps of frontal sections of the diencephalon which were adapted
from the atlas of Jasper and Ajmone-Marsan (1955).

Results
(A) RESPONSES OF INTRA-OCULAR PRESSURE TO DIENCEPHALIC STIMULATION

This account is based upon the results of 977 stimulations in 35 cats, and
the frequency of the responses of the intra-ocular pressure can be summarized
as follows. In about 17 per cent. of the stimulations there was a fall in
intra-ocular pressure, in about 38 per cent. of stimulations a rise, and in the
remaining stimulations no significant response.

It was apparent that division of the responses of the intra-ocular pressure
into falls and rises was only the first step in the analysis of the results; each
of these groups could be sub-divided further, either according to certain
characteristics of the response of the intra-ocular pressure or according to
the relationship of the latter to accompanying effects.

(In the following account, the eye on the same side of the mid-line as the stimulating
electrode is called the "ipsilateral eye"; the opposite eye is referred to as the "contra-
lateral eye".)

(a) Fails in htra-ocular Pressure.-These were divided into (i) parallel,
(ii) independent, and (iii) abrupt falls. In a few stimulations, there were
falls in intra-ocular pressure which could not be classified with certainty.

(i) Parallel Falls.-These were accompanied by a fall in systemic blood
pressure and were regarded as direct consequences of the latter. The
pressure in the eye and the blood pressure ran strictly parallel to one another.
Such responses were relatively uncommon, being found in about 3 5 per cent.
of the total number of stimulations.

(ii) Independent Falls.-These occurred in about 5 5 per cent. of the
stimulations and were of far greater interest, since they were not dependent
upon a fall in systemic blood pressure, and occurred as components of a
highly characteristic response pattern which in its complete form consisted
of the following:

(1) A fall in pressure in one or both eyes.
(2) A rise in blood pressure.
(3) Bilateral pupillary dilatation.
(4) Retraction of one or both nictitating membranes.
(5) Vasoconstriction in the skin of the ear.
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652 J. GLOSTER

Pupillary dilatation and cutaneous vasoconstriction occurred in about 90
per cent. of the responses; the least constant feature of the response pattern
was retraction of the nictitating membranes, which was present in only
about 30 per cent. of responses showing an independent fall in intra-ocular
pressure. Preganglionic division of the cervical sympathetic trunk abolished
independent falls (Fig. 1).
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FIG. 1.-Effect ofpreganglionic cervical sympathotomy on independent falls in intra-ocular pressure.
In this and succeeding records, the interval between consecutive vertical lines represents a period
of 60 sec.
The tip of the stimulating electrode was 12 mm. anterior to the inter-aural line, 3 mm. to the right
of the mid-line, and 0-5 mm. above the upper border of the anterior column of the fomix.
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DIENCEPHALON AND EYE

The effects of three successive stimulations of the same point in the
hypothalamus are illustrated; the tip of the electrode was 12 mm. in front of
the inter-aural line, 3 mm. to the right of the mid-line, and slightly above
the level of the anterior column of the fornix. The response to the first
stimulation consisted of a rise in blood pressure, bilateral reduction of
intra-ocular pressure, bilateral pupillary dilatation, and vasoconstriction in
the skin of both ears (shown as downward movements of the photo-cell
recordings); the typical response pattern was thus complete apart from
retraction of the nictitating membrane. The right sympathetic trunk was
then divided and, in the subsequent stimulation, there was no fall in pressure
in the right eye and no vasoconstriction in the right ear. Immediately after
the second stimulation, the left cervical sympathetic trunk was divided and,
in the subsequent stimulation, neither eye showed a reduction in pressure
and vasoconstriction was absent in the skin of the ears. Three other experi-
ments gave similar results; in one of these, retraction of the nictitating
membrane occurred in the initial response but was eliminated by cervical
sympathotomy.

(iii) Abrupt Falls.-These occurred in about 5 per cent. of the total
number of stimulations and could be differentiated clearly from the inde-
pendent falls just described. As the term "abrupt fall" suggests, the first
distinguishing feature was that the fall in intra-ocular pressure was rapid,
the lowest level being reached within 5 seconds of starting the stimulation,
whereas the independent fall in intra-ocular pressure was not complete until
about 15 seconds after starting the stimulation. Secondly, a very small but
definite ocular movement accompanied almost half the abrupt falls. Thirdly,
80 per cent. of abrupt falls were accompanied by a slight relaxation of the
nictitating membrane which was shown as a downward movement of the
corresponding photographic record. Lastly, abrupt falls in intra-ocular
pressure could still be obtained after preganglionic cervical sympathotomy.

(b) Rises in Intra-ocular Pressure.-These were divided into (i) parallel,
(ii) muscular, (iii) fast, (iv) independent, and (v) slow rises. A few responses
could not be classified.

(i) Parallel Rises.-These depended upon concomitant rises in the
systemic blood pressure. They were found in about 22 per cent of the total
number of stimulations. The rises in intra-ocular pressure and blood
pressure ran strictly parallel courses, but the vascular responses in the skin
of the ears were variable. Sometimes the record from the photo-cells ran
parallel with the tracings of the blood pressure and intra-ocular pressure;
that is to say, there was an indication of an increase in the amount of blood
in the tissues of the ears; taken in conjunction with the rise in blood pressure,
this vascular reaction was interpreted as a passive hyperaemia. In other
stimulations, the movement of the photo-cell record was in the opposite
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direction, indicating active vasoconstriction in the tissues of the ear. 70 per
cent. of parallel rises in intra-ocular pressure were accompanied by active
vasoconstriction in the ear, 17 per cent were accompanied by passive hyper-
aemia in the ear, and in the remainder the vascular reaction was indefinite.

(ii) Muscular Rises.-In a few stimulations there was a slight oscillation
of the eye, the lids, or the nictitating membrane, together with a small rise
in intra-ocular pressure. The latter was called a "muscular" rise in intra-
ocular pressure because it was reasonable to assume that the increase in the
pressure in the eye was a consequence of external pressure on the globe from
neighbouring muscles.

(iii) Fast Rises.-These proved to be of particular interest. Many of
these rises were accompanied by rises in systemic blood pressure but could
not be considered dependent upon the latter for two main reasons: first, the
rise was rapid, the highest level of intra-ocular pressure being reached before
the peak of the blood pressure (Fig. 2), and, secondly, the rise was frequently
greater than would be expected from the rise in blood pressure.
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FIG. 2.-Fast rises in intra-ocular pressure.
For Stimulus 1, the tip of the electrode was 12 mm. anterior to the inter-aural
line, 2 mm. to the right of the mid-line, and 1-5 mm. above the upper border
of the anterior column of the fornix. At E, the electrode was moved 1 Mm.
downwards for Stimulus 2.

6 54 J. GLOSTER

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.44.11.649 on 1 N

ovem
ber 1960. D

ow
nloaded from

 

http://bjo.bmj.com/


DIENCEPHALON AND EYE 655

Fig. 3 illustrates four other features of this response:
(1) The fast rise is much more marked in the ipsilateral (left) eye than in the
contralateral eye;

(2) It is sometimes accompanied by a fall in systemic blood pressure;

(3) There is no evidence of vasodilatation in the skin of the ear as shown by the
downward movement of the photo-cell tracing;
(4) Repetition of stimulation after an interval of 5 minutes gave a much smaller
rise in pressure in the eye; in order to obtain an undiminished rise it was necessary
to prolong the interval between stimulations to 15-20 minutes.
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FIGr. 3.-Fast rises in intra-ocular pressure.
For both stimuli the tip of the electrode was 13 mm. anterior to the inter-aural
line, 2-5 mm. to the left of the mid-line, and 0-5 mm. above the lower border of
the anterior column of the fornix.
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656 J. GLOSTER

There was never the slightest evidence of ocular movement nor of any other
muscular activity near the eye. Also, fast rises in intra-ocular pressure were
unaffected by cervical sympathotomy and excision of the superior cervical
ganglion.

In view of these observations, a vascular causation was suspected and this
possibility was investigated as follows. In the same animal, three types of
rises in intra-ocular pressure were studied:
(1) "Muscular" rises, obtained by stimulating a branch of the facial nerve to the
orbicularis oculi;
(2) "Vascular" rises, obtained by releasing a clamp applied to the common
carotid artery 60 sec. previously;
(3) Fast rises, obtained by diencephalic stimulation.

The level of pressure in the eye was adjusted by connecting a saline reservoir
directly to the pressure-recording system for a few seconds and the effect of
varying the initial level of intra-ocular pressure upon the magnitude of
"muscular", "vascular", and fast rises was observed. The results of one
experiment are shown in Fig. 4.
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FIG. 4.-Variation of muscular," vascular", and fast rises in intra-
ocular pressure with initial pressure.
O ="Vascular" rises on discontinuing carotid occlusion.
* = Muscular rises on stimulating nerve to orbicularis oculi muscle.
+ =Fast rises in response to diencephalic stimulation.
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DIENCEPHALON AND EYE

Rises in intra-ocular pressure due to external muscular pressure do not
vary markedly with the initial pressure in the eye, while rises due to a sudden
increase in the arterial supply to the eye increase greatly in magnitude as the
initial intra-ocular pressure increases; the variation of fast rises with the
initial level of intra-ocular pressure resembles that of the "vascular" rises
and not that of the "muscular" rises. Similar results were obtained in two
other experiments.

(iv) Independent Rises.-These were accompanied by a steady or
diminishing blood pressure. The rise of pressure in the eye never exceeded
5 cm. of saline, but, unlike the fast rises, this effect remained constant in its
magnitude during stimulation and was equal in the two eyes. Judged from
the photographic record alone, independent rises appeared similar to some
of the muscular rises in intra-ocular pressure, but there was never the slightest
evidence ofany muscular activity in the region of the eye. These independent
rises were not often encountered when the stimulating current had the
characteristics usually employed in this study, i.e. damped pulses of 12 5 msec.
duration at a frequency of 8 c/s; they became more evident when rectangular
pulses of 1 msec. duration at a frequency of 30 c/s were used. The vascular
reactions in the skin of the ears were usually insignificant. Fig. 5 (over-
leaf) shows independent rises in intra-ocular pressure and illustrates some of
the features mentioned above.

(v) Slow Rises.-These were so named because the maximum rise in
pressure was reached only at the conclusion of the 60 sec. period of stimula-
tion. Slow rises, although small in magnitude and uncommon, were of some
interest because they were accompanied by an unchanged or falling blood
pressure together with an increase in the blood content of the ears, suggesting
that there was active vaso-dilatation in these tissues.

Pupillary dilatations were obtained from many areas of the diencephalon,.
as in earlier studies. Pupillary constrictions were occasionally obtained
from the extreme anterior portion of the hypothalamus, 15 mm. anterior to
the inter-aural line and 1-2 mm. above the optic chiasma, but they were not
regularly associated with any particular type of response of the intra-ocular
pressure.

(B) LOCALIZATION IN THE DIENCEPHALON OF THE POINTS FROM WHICH
RESPONSES OF THE INTRA-OCULAR PRESSURE WERE ELICITED

In the majority of experiments described in the preceding section, the
electrode tracks were identified satisfactorily in the histological preparations,
and 855 points with their corresponding responses could be plotted on maps
of the diencephalon. The points stimulated were distributed fairly evenly
throughout the diencephalon in frontal planes 8 to 15 mm. anterior to the
42
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658 J. GLOSTER
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FIG. 5.-Independent rises in intra-ocular pressure.
Stimuli 1 and 3 with rectangular pulses of 1 msec. duration at 30 c/s.
Stimulus 2 with damped pulses of 12 5 msec. duration at 8 c/s.
For all three stimuli, the tip of the electrode was 9 mm. anterior to the inter-aural
line, and 1 mm. to the right of the mid-line at the lower border of the thalamus.

inter-aural line, and extending from the mid-line for a distance of about
6 mm. laterally.
The points from which rises in blood pressure were obtained occurred

most frequently in the posterior part of the hypothalamus, while the points
yielding falls in blood pressure were more commonly found in the anterior
regions; nevertheless, there was considerable intermingling of points giving
the two types of reaction. Consequently, the points yielding parallel rises
and parallel falls in intra-ocular pressure were scattered similarly throughout
the diencephalon.
With regard to the other reactions of the intra-ocular pressure, it can be

said that the points from which a particular response was elicited were neither
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DIENCEPHALON AND EYE

scattered randomly throughout the whole diencephalon nor limited to small
circumscribed areas.

For example, almost 90 per cent. of the points yielding independent falls
in intra-ocular pressure were located in the hypothalamus, and none was
more than 13 mm. anterior to the inter-aural line; however, within this part
of the hypothalamus, the points showed no clear grouping apart from a
possible concentration in an area extending for about 1P5 mm. around the
anterior column of the fomix. Also, many points within this relatively large
hypothalamic area were stimulated and did not yield independent falls in
intra-ocular pressure. The distribution of points giving independent falls in
intra-ocular pressure in a frontal plane 11 mm. anterior to the inter-aural
line is shown in Fig. 6.

A 11

10 8 6 4 2 0 2 4 6 8 10
w -.-.

FIG. 6.-Localization ofpoints giving independent falls in pressure in the ipsilateral
eye in a frontal plane 11 mm. anterior to the inter-aural line.
v Points giving rise in blood pressure together with fall in intra-ocular pressure.
V Points giving above response together with retraction of nictitating membrane.
o Points not giving the above responses.
CC Corpus callosum. IC Internal capsule.
Cd Caudate nucleus. MFB Medial forebrain bundle.
Fil Nucleus filiformis. OT Optic tract.
Fx Fornix. PVH Paraventricular hypothalamic nucleus.
HL Lateral hypothalamic area. SO Supra-optic nucleus.
HP Posterior hypothalamic nucleus. TMT Mamillo-thalamic tract.
HVM Ventromedial hypothalamic nucleus. VA Nucleus ventralis anterior of thalamus.

Abrupt falls in intra-ocular pressure were obtained from points which
were scattered widely throughout the diencephalon but did not lie more than
12 mm. anterior to the inter-aural line. Most of these points were located
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660 J. GLOSTER

in a frontal plane 8 mm. anterior to the inter-aural line, i.e. at the caudal
limit of the region studied.

Muscular rises in intra-ocular pressure were elicited predominantly from
points in or close to the internal capsule and from points in the posterior
hypothalamus and subthalamus.

Fast rises in intra-ocular pressure were elicited from a fairly localized area.
The most anterior points yielding this response were in a plane 13 mm. in
front of the inter-aural line and lay dorsally and laterally to the anterior
column of the fornix. At distances of 11 and 12 mm. anterior to the inter-
aural line they formed a group lying dorsal to the anterior column of the
fornix as shown in Fig. 7.

tO 8 6 4 2
. . I -we."* .

A 12
0 2 4 6 8 10
6~~~~~I wa&iI. V11....%,_%...~,!%~~..%t~,~~I

FIG. 7.-Localization ofpoints giving fast rises in pressure in the ipsilateral eye in
a frontal plane 12 mm. anterior to the inter-aural line.
* Points giving fast rises in intra-ocular pressure.
0 Points not giving this response.

CC Corpus callosum.
Cd Caudate nucleus.
Fil Nucleus filiformis.
Fx Fornix.
HL Lateral hypothalamic area.
HP Posterior hypothalamic nucleus.
HVM Ventromedial hypothalamic nucleus.

IC Internal capsule.
MFB Medial forebrain bundle.
OT Optic tract.
PVH Paraventricular hypothalamic nucleus.
SO Supra-optic nucleus.
TMT Mamillo-thalamic tract.
VA Nucleus ventralis anterior of thalamus.
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DIENCEPHALON AND EYE

Traced caudally, other points were found as far back as the posterior
limit of the area investigated but their distribution became more scattered.

Independent rises in intra-ocular pressure were obtained from stimulations
in planes up to 11 mm. anterior to the inter-aural line, the points yielding
these responses being almost always in the thalamus and extreme dorsal
regions of the hypothalamus and subthalamus.

Slow rises in intra-ocular pressure were elicited mainly from points in
planes 13 to 15 mm. anterior to the inter-aural line. Although showing a
slight tendency to be more frequent in the lateral parts of the pre-optic
region and anterior hypothalamus, these points showed no distinct grouping.

Discussion

When these results are considered in relation to the regulation of intra-
ocular pressure, it is clear that those responses of the intra-ocular pressure
which were merely reflections of changes in systemic blood pressure or
which were caused by muscular pressure on the eye are of no significance.
Parallel rises and parallel falls in intra-ocular pressure were clearly reflec-
tions of concomitant changes in systemic blood pressure. Abrupt falls in
intra-ocular pressure, which were accompanied very frequently by visible
ocular movement or by relaxation of the nictitating membrane, must be
attributed to some change in the tone of the extra-ocular muscles, while the
so-called "muscular" rises are to be regarded as the results of external
pressure on the globe. When such reactions are eliminated, there remain
as possible manifestations of a regulatory system the independent falls,
and the fast rises, independent rises, and slow rises in intra-ocular pressure.
An essential requirement of any component of a regulatory system is that

it should be capable ofproducing a sustained alteration in pressure. In these
experiments the emphasis was upon topographical considerations and it was
necessary to use stimuli of relatively brief duration (60 sec.) in order to make
practicable the exploration of the whole diencephalon. Therefore it is
impossible to judge directly from these results whether any of the reactions
enumerated above is sufficiently persistent to contribute to the regulation
of intra-ocular pressure.

In the case of the independent falls in intra-ocular pressure, however, there
is some reason for believing that these could represent part of a controlling
system, because it could be shown that the fall in pressure in the eye was
mediated via the cervical sympathetic trunk. Greaves (1958) found that
stimulation of the cervical sympathetic trunk for a period of half an hour
caused a persistent reduction in intra-ocular pressure, and it is reasonable
to conclude that excitation of the same nerve resulting from hypothalamic
activity could also produce a persistent depression of intra-ocular pressure.

It is less certain whether fast rises, independent rises, and slow rises in
intra-ocular pressure represent components of a regulatory system. Again
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the periods of stimulation were too short to show whether these reactions
gave sustained alterations in intra-ocular pressure. At the present moment
it can only be said that there exist diencephalic pathways which are concerned
with ocular vasodilatation and, if their influence extended to the blood vessels
of the ciliary processes, then a persistent increase in intra-ocular pressure
could result from diencephalic influences.

If mechanisms which regulate intra-ocular pressure are present in the
diencephalon, then it would be expected that they would influence intra-
ocular pressure only and that they would have no significant effect upon other
parts of the organism. It was found that independent falls in intra-ocular
pressure were frequently accompanied by rises in systemic blood pressure
and by vasoconstriction in the skin of the ears. In view of these widespread
systemic effects, it is inconceivable that this reaction, as a whole, forms part
of a regulatory system for intra-ocular pressure. The same argument
applies to fast rises, independent rises, and slow rises in intra-ocular pressure,
which were commonly accompanied by alterations in systemic blood pressure.
The question arises, therefore, whether such changes in intra-ocular pressure
can occur as isolated events during diencephalic stimulation. In this series
of experiments, small independent falls in intra-ocular pressure with vaso-
constriction in the ear and without an accompanying rise in blood pressure
occurred in only two responses and it is felt that little significance can be
attached to these. It has been shown elsewhere (Gloster, 1959) that, under
the experimental conditions described, the area of nervous tissue stimulated
effectively extended for about 1 mm. from the tip of the electrode. Therefore,
one cannot rule out completely the possibility that nervous elements exist in
the diencephalon which are concerned specifically with ocular vasocon-
striction, but that they are intermingled diffusely with other nervous path-
ways mediating vasconstriction in other tissues.
With regard to fast rises, independent rises, and slow rises in intra-ocular

pressure, the position is even less clear, although, bearing in mind the in-
constancy of the accompanying changes in blood pressure and of the
cutaneous vascular reactions, a similar argument could be advanced for the
existence in the diencephalon of nervous pathways which mediate rises in
intra-ocular pressure.

Regarding the general hypothesis that the intra-ocular pressure is con-
trolled by a diencephalic nervous mechanism, the only conclusion to be
drawn from the results of the present experiments is that the findings are
compatible with this view. However, a definite conclusion can be reached
with regard to the more specific hypothesis that control of intra-ocular
pressure is effected by " centres" in the diencephalon. The only reasonable
interpretation to be placed on the term " centre" is that of a relatively small
circumscribed anatomical area which is concerned specifically with either
reduction or elevation of pressure, although none of the supporters of the
specific hypothesis, while freely using the word "centre", has defined it
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DIENCEPHALON AND EYE

precisely. Accepting the definition just given, it is clear that the area from
which independent falls in intra-ocular pressure were elicited is too large to
be considered as a "centre", especially as it was found that stimulation in
this area did not invariably evoke a fall in pressure in the eye. The same is
true regarding the areas from which rises in intra-ocular pressure were
obtained; although division of these rises into homogeneous groups enabled
a closer correlation to be made between the diencephalic area stimulated and
a particular type of rise in intra-ocular pressure, none of these areas was
sufficiently small and circumscribed to justify the use of the term " centre".
It must be concluded that these experiments have failed to demonstrate the
existence in the diencephalon of any areas specifically concerned with eleva-
tion or reduction in pressure in the eye, and therefore the hypothesis that the
intra-ocular pressure is controlled by diencephalic " centres" must be
rejected. Since it is impossible, on the basis of the present work, to reject
the general hypothesis of diencephalic control of intra-ocular pressure,
the possibility remains that such control is effected by a diffuse network
of nervous elements distributed throughout the thalamus and hypothalamus.

Summary

(1) The diencephalon was stimulated in anaesthetized cats and the
responses of the intra-ocular pressure and blood pressure, vascular reactions
in the skin of the ears, and movements of the nictitating membranes were
recorded.

(2) Falls in intra-ocular pressure during diencephalic stimulation could be
divided into:
(i) Parallel falls, in which the pressure in the eye followed a course parallel to a

fall in the systemic blood pressure.
(ii) Independent falls, in which the pressure in the eye fell despite a concomitant

rise in the blood pressure.
(iii) Abrupt falls, due to a change in the tone of the extra-ocular muscles.

(3) Rises in intra-ocular pressure during diencephalic stimulation could be
divided into:
(i) Parallel rises, which reflected concomitant rises of the systemic blood pressure.
(ii) Muscular rises, due to increased pressure of the extra-ocular muscles on the

globe.
(iii) Fast rises, which were frequently accompanied by but not dependent upon a

rise in the blood pressure.
(iv) Independent rises, which were associated neither with rises in blood pressure

nor with extra-ocular muscular activity.
(v) Slow rises, which were often accompanied by a fall in blood pressure.
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(4) In general, each type of response of the intra-ocular pressure was
elicited from a particular area of the diencephalon, but none of these areas
was small or circumscribed. There was considerable overlapping of areas
giving different types of response. Also, stimulation in any one of these
areas did not invariably give the response characteristic for that area.

(5) The results are discussed in relation to the central nervous regulation
of intra-ocular pressure. While the findings are compatible with the general
hypothesis that the intra-ocular pressure is under diencephalic control, they
are at variance with the specific hypothesis that such control is effected by
" centres" in the diencephalon.
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