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Introduction:

The Glaucoma is one of the commonest health
problems in the area of the middle-east, it
constitutes the 2™ cause of blindness in the
region.' The open angle type (OAG) is due to
increase rate of aqueous secretion that exceeds
its drainage with a high privilege rate in
Africa,” while the closed type (CAQG) is due to
blockade in the drainage system of the
aqueous, mostly. It happens due to an
inflammatory change in the irido-corneal
angle.’ Glaucoma induces a lot of
complications that if untreated end in total loss
of vision. The classic lines of treatment
especially for the open type rely mainly on one
strategy; to decrease the rate of aqueous
formation; e.g. by the use of B blockers as
timolol.*

The formation of aqueous humour is a mixed
mechanism that comprises both active
secretion and passive filtration.” As any
secreting cell, it would be expected that the
ciliary body would follow the same orders of
regulation as any gland. The 1* of which is the
local factors as prostaglandins which are said
to stimulate many glandular functions all over
the body.’ If this is to be applied for the
aqueous, then it would be expected for the
prostaglandin-analogues to decrease the rate of
its formation.

Moreover it was found that the electrical
activity of the retina either the electroretino-
gram or the retinal evoked potential; is a very
sensitive test to any fluctuations of the IOP, so
that many authors have already declared it as a
very sensitive parameter for assessment of the
healthiness of the neural tissue of the eye with
the IOP changes.’

The present study was designated to access the
possible role of prostaglandins in regulation of
the aqueous humour formation and the value of
studying the electrical activity of the retina as a

detector of the state of the retina with IOP
fluctuations if checked by prostaglandin-
analogues.

Patients and methods:-

The study was carried out on 30 OAG patients

who  were regular visitors of the

ophthalmology outpatient clinic at Ibn-Sina
university hospital in Sirte, Libya. The groups

(10 subjects in each) of the study were

designated as follows:-

1. Control group.

2. The OAG untreated group of patients.

3. The OAG conventionally treated group, who
received the classic treatment of OAG in
the form of Acetazolamide (Diamox 250
mg tablets, Sanofi Aventis, France), one
tab. t.d.s® and 0.5 % Timolol eye drops
(Tunolol eye drops, Unimed, Tunisia), 2
drops t.d.s. for 4 weeks.’

4. The OAG prostaglandin-analogue treated
group which received Latanoprost 0.005%
eye drops (Xalatan, 0.005% eye drops,
Uretim yeri, Pfizer, Belgium) 2 drops t.d.s
for 4 weeks. "

Weekly, the IOP was measured by the

pneumotonometry technique for all the 4

groups members and at the end of 4 weeks,

patients were subjected to the following tests;-

1- Measurement of the IOP by the use of
pneumotonometry.

2- ERG examination.”

3- Examination of the Visual Evoked
Potentials. ’

Results:

The present work showed that the IOP was
significantly higher in the untreated OAG
group all through the 4 weeks of the study
(23.2+3.3, 25.4+2.9, 26.2+3.8 &
27.1£3.1respectively) when it was compared to
the weekly corresponding values of the control
group (16.3£2.1, 15.3+2.3, 17.3£1.9&15.2+2.6
respectively).

*) Departments of Ophthalmology and Medical Physiology, Sirte and Menoufeya Universities, Libya & Egypt.
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Timolol has succeeded to significantly reduce
the IOP (22.143.4, 21.142.6, 23.2£29 &
21.443.1respectively) when it was compared to
the weekly corresponding values of the
untreated group but it failed to restore it to the
corresponding control values.

The use of the prostaglandin analogue
significantly reduced the IOP (23.4+2.1,
22.542.1, 19.3£2.1&16.6£2.1 respectively) all
through the study period, when it was
compared to untreated group and succeeded to
restore it to the control figure by the end of the
study, (tab.1).

Table (1): Shows the weekly IOP changes in the 4™ group.

Timing of The control The untreated The Timolol The prostaglandin
measurement group glaucoma group treated group treated group
By the end of the 16.3£2.1 23.243.3 22.1+3.4 23.442.1
IS[ week P]S P] S P]VHS
P,NS P, NS
P; NS
By the end of the 15.3£2.3 25.442.9 21.1+2.6 22.542.1
2" week P,VHS P;S P,HS
P, NS P, NS
P;NS
By the end of the 17.3£1.9 26.2+3.8 23.242.9 19.3£2.1
3" week P, HS P, S P\NS
P, NS P,S
P;NS
By the end of the 15.242.6 27.1£3.1 21.4+3.1 16.6+2.1
4" week P, VHS P, S P, NS
P,S P, VHS
P;NS

P, is obtained on comparing the test group to the control one.

P, is obtained on comparing the test group to the untreated OAG group.

P; is obtained on comparing the test group to the Timolol treated group.

NS means insignificant, S; significant, HS; highly significant and VHS means very highly significant

change.

Considering the ERG changes in the untreated
glaucomatous group, they showed significant
reduction of the amplitude (4.1+1.2, 5.2+£3.6&
3.140.9uv) and the duration (6.2+2.1,
3.6+1.1& 3.6t1.1msec.) of the different wave
components (A, B& C waves respectively)
when they were compared to the corresponding
control figures of the amplitude (20.3+1.8,
45.5£3.8& 6.2+1. 3) and the duration (9.4+£2.3,
21.443.6& 9.4+2.1 msec.) of the same waves.

Timolol has significantly increased the
corresponding amplitude (14.3+3.4, 37.1+4.3&
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10.2£2.1) and the duration (10.3+2.6,
19.343.1, 6.3£2.1) values of the different wave
components but it failed to restore them to the
corresponding control values.

Latanoprost has significantly succeeded to
induce amazing bouts of the amplitude
(22.1£3.4, 78.6+£5.3, 10.4£2.6), which were
significantly comparable or even higher than
the corresponding control value. As regard the
duration, it significantly succeeded to restore it
to the control figures (9.4£3.2, 19.2+4.6&
10.3£2.1) (tab.2, 3 & fig.1a-d).
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Table (2): The amplitude (uv) of the different component waves of the ERG in the 4 groups.

The wave The control The untreated The Timolol The prostaglandin
group glaucoma group treated group treated group
A wave 20.3+1.8 4.1+1.2 14.3+3.4 22.1+3.4
P,VHS P,S P|NS
10.4+2.6 P, VHS
P, VH P; S
B wave 45.543.8 5.2£3.6 37.1+4.3 78.6%5.3
P,VHS P;S P, VHS
P,VHS P,VHS
P;VHS
C wave 6.2+1.3 3.1+0.9 10.2+2.1 10.4£2.6
P\HS P;S P,S
P, VHS P,HS
P;NS

P, is obtained on comparing the test group to the control one.

P, is obtained on comparing the test group to the untreated OAG group.
P; is obtained on comparing the test group to the Timolol treated group.
NS means insignificant, S; significant, HS; highly significant and VHS means very highly significant

change.
Table (3): The duration (msec.) of the different component waves of the ERG
in the 4™ group.
The wave The control The untreated The Timolol The prostaglandin
group glaucoma group treated group treated group
A wave 9.442.3 6.242.1 10.3£2.6 9.4+3.2
P|NS P|NS P|NS
P,NS P,NS
P;NS
B wave 21.4£3.6 3.6=1.1 19.3+£3.1 19.2+4.6
P,VHS P|NS P|NS
P,VHS P,VHS
P;NS
C wave 9.4+2.1 3.6+1.1 6.3+£2.1 10.3+2.1
P,VHS P|NS P|NS
P,NS P,VHS
P;S

P, is obtained on comparing the test group to the control one.

P, is obtained on comparing the test group to the untreated OAG group.
P; is obtained on comparing the test group to the Timolol treated group.
NS means insignificant, S; significant, HS; highly significant and VHS means very highly significant

change.

Considering the visual evoked potentials
(VEP), they were significantly extinguished in
the untreated glaucomatous and the timolol
treated groups as regards their amplitude
(5.3£2.1  &2.5+¢1.4pv  respectively) and
duration (12.5£2.8 & 15.6£3.7 m.sec
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respectively). The use of the prostaglandin
analogue, Latanoprost significantly restored
both parameters (7.3+1.4 pv &25+3.1msec) to
the corresponding control value (6.5£1.9 pv &
27.5+£3.7 msec) (tab.4& fig.2a-d).
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Table (4): The VEP changes; the amplitude (uv) and the duration (msec) in the studied 4 groups

The wave The control The untreated The Timolol treated The prostaglandin
group glaucoma group group treated group

The amplitude 6.5£1.9 5.3+2.1 2.5+£1.4 7.3x1.4
P|NS P,S P,NS
P,NS P,NS
P;HS

The duration 27.54¢3.7 12.5£2.8 15.6£3.7 25+3.1
P,VHS P,VHS P,NS

P, P,VHS
P;HS

P, is obtained on comparing the test group to the control one.
P, is obtained on comparing the test group to the untreated OAG group.
P; is obtained on comparing the test group to the Timolol treated group.

NS means insignificant, S; significant, HS; highly significant and VHS means very highly significant

change.
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Figure (1-a) Shows the ERG in the control group.
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Figure (1-c) Shows the ERG in the Timolol-treated group.
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Figure (1-d) Shows the ERG in the Latanoprost-treated group.
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Figure (2-a) Shows the VEP in the control group.
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Figure (2-b) Shows the VEP in the untreated glaucomatous group.
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Figure (2-c) Shows the VEP in the Timolol-treated group.
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Figure (2-d) Shows the VEP in the Latanoprost-treated group

Discussion:

In the present study patients with OAG showed
significant elevation of the IOP with
significantly extinguished electrical activity of
the retina. There was significant reduction of
both the amplitude, duration of both the
electroretinogram (ERG) and the visual evoked
potential records (VEP). There was also
prolongation of the absolute latency of both
records. This is in agreement with the findings
of Ventura et al.'', Bode et al.'> and Todorova
et al."® The significantly extinguished electrical
activity could be due to mechanical
compression upon the neural tissues of the eye
with subsequent reduction of their excitability,
a common physiological phenomenon in the
neural tissues in general. Ischemia due to
mechanical compression upon the retina was
declared by many authors to induce significant
thinning out especially in the retinal nerve
fibre layer (RNFLT) with subsequent
suppression of the electrical activity of the
retina."!

The blockade of the beta adrenergic receptors
by Timolol together with the help of the
famous diuretic actazolamide has significantly
reduced the elevated IOP, enhanced one aspect
of the retinal electrical activity; the amplitude
of the A and B waves of the ERG and both of
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the amplitude and the duration of the VEP but
not to the control values. However, it
succeeded to restore the duration of the ERG
waves and the amplitude of its C component to
the corresponding control figures. Reduction of
the rate of aqueous secretion with the use of
timlolol is attributed to a vasoconstrictor effect
upon the ciliary’s blood vessels which are
dilated on stimulation of their plain muscle
beta-2 adrenergic receptors (15-Metheetrairut
2012). The partial improvement of the
electrical activity could be attributed to partial
recovery of the neural elements of the eye from
the pressure induced-ischemia where Ventura
et al.'® 2012 have declared that lowering of the
IOP hindered the progressive degenerative
changes of some retinal layers especially the
ganglion cell layer (RGCL). Some authors
declared that it is Timolol that can partially
recover the extinguished REG pattern that was
induced by a high level of IOP."” Moreover,
some other authors have praised timolol for a
retinal  protective effect against retinal
ischemic degeneration.'™"” The restoration of
the amplitude of the C wave and the duration
of the different wave components of the ERG
back to the normal control figure is an
interesting finding that clarifies how valuable
is the use of the beta adrenergic blockade in
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the management of the rise of the IOP. The
restoration of just the C wave amplitude could
be explained in the light of being a late slow
wave of depolarization of the pigment cell
layer of the retina which came 3™ in the trace
and not as early as the A or the B wave where
the beta blockade with its mild beneficial
action could came into effect. This is strongly
supported by the result that it exerted the same
action upon the duration of the different wave
components of the ERG. It could be said that
the timolol-induced pressure relief might
restore the duration of action of the healthy
non-ischemic ion channels in the retinal cells
back to the normal level that is why it restored
the wave duration to normal but it could do
nothing to the already damaged channels and
that is why it couldn’t do the same for the
amplitude of Acetazolamide i.e. Diamox
therapy which has a great role in the reduction
of the IOP through its potent diuretic activity.

The wuse of the prostaglandin-analogue
latanoprost induced significant reduction of the
IOP down to the control figure together with a
significant amazing improvement of all the test
parameters of the ERG and the VEP which
were significantly brought back to the control
value and may be even higher as in case of the
amplitude of the B wave of the ERG. The
effect of the prostaglandin agonist upon the
rate of aqueous secretion came in agreement
with the findings of many authors who praised
the use of prostaglandins as an effective tool
for the control of the IOP especially in case of
OAG.” They attributed their beneficial effect
of lowering the IOP mainly through widening
of the uveoscleral drainage veinular vessels
possibly as a part of their vasodilator action.
Thus they can increase the rate of the aqueous
drainage at the limbus of the eye.”
Prostaglandins are said to be potent
vasodilators for many blood vascular beds all
over the body including their venous sides.*
Prostaglandins induce vasodilatation through
many possible mechanisms, the 1* of which
may be through activation of the Ca’
dependant K’ channels resulting in hyper-
polarization of the vascular smooth muscle
cells.” One other possible mechanism may be
an ATP- mediated as it is known to be one of
the potent endothelium-dependant vasodilators.
Prostaglandins are said to augment its
vasodilator effects.*

In general, prostaglandins control the glandular
secretion from variable sites all over the body,
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starting from the salivary glands,” and passing
through the gastric secretion® to end on the
endometrium.”” It would not be un-logic to
expect them to control the secretion of the
ciliary processes. They may affect them
through many cellular mechanisms possibly by
controlling the Na'-k" pump or changing the
cell wall permeability to Ca’ ion; the key
player for any secretion to be released (25) or
through a control mechanism over the cell
protein receptors.”>*® Exactly in the same
manner where in some places there are
vasoconstrictors and plain muscle stimulants
and in other places there are vasodilators and
plain muscle relaxants,” it could be said that
they stimulate glandular secretion at some
places as in the stomach and to inhibit it in
others as in the ciliary body.”!

The beneficial effect of prostaglandins upon
the electrical activity of the retina could be also
attributed to partial recovery of the neural
element of the eye from high IOP induced-
ischemic changes. Prostaglandins could also
improve the electrical activity through other
non- pressure relief mechanisms. It may be the
interference with the membrane permeability
for ions as they are known as one of the
commonest humoral factors that alter the cell
membrane permeability toward various ions
including Na. Na ion is the key player for the
development of the photoreceptor potential and
neural excitability of the brain cells. This could
explain the more significant recovery of the
ERG and VEP with the prostaglandin-analogue
Latanoprost much more than those recorded
with the timolol treated group and this is came
in agreement with those of Phan et al.”* and
Lejeune et al.”

Prostaglandins also exert their physiological
functions through what is called the 2™
messengers which are cellular cyclic
compounds as cAMP and cGMP. They are said
to control many neural cellular functional
aspects especially the cell wall permeability,
the development of the neural action potentials
and the excitability changes.*  The
prostaglandin-induced  effect upon the
electrical activity of the retina may come
through the intervention of either the synthesis
and or breakdown of such cyclic compounds.™®
Moreover prostaglandins are said to modulate
the functions of many neural elements through
stimulation or sometimes inhibition of many
cellular neural proteins or even receptors as
neurokinin; a mechanism that can be added to
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the non pressure-relief mechanisms through
which the prostaglandins have distinguished
the retinal electrical activity.*®

The Latanoprost-induced restoration of the
electrical activity of the retina and the VEP
back to their normal values is really a
promising sign of hope for those suffering
from the neuroretinal malignant degenerative
consequetives of glaucoma. Of course, it
appears that it is of utmost significance for
those with an idiopathic rise of the IOP where
the iridocorneal angle is still open and
functioning well draining the aqueous but the
pressure is running high and clontinuously
threatening the neural integrity of the retina
especially on the long term. Nevertheless the
success of the prostaglandin Latanoprost in
achieving one goal that was not reached by the
double agent therapy i.e. timolol and
acetazolamide is one extra-advantage for the
latanoprost.

It could be concluded that prostaglandins may
have a major role in regulating the rate of
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