Effects of Adenosine in Glaucoma; Shrestha R

Original Article

An Experimental Study to Evaluate the Effects of Adenosine
on Intraocular Pressure in Conscious Albino Rabbits
Rashmi Shrestha', Anjan Khadka', Nishith Singh’

'Department of Pharmacology, Nepalese Army Institute of Health Sciences, Kathmandu, Nepal.
Department of Pharmacology, Armed Forces Medical College, Pune-40, India.

ABSTRACT

Introduction: Glaucoma is a common problem globally which can lead to irreversible
blindness. It is characterized by progressive optic nerve damage. Though its definition doesn’t
include elevated intraocular pressure but it is known that elevated intraocular pressure is the
main culprit behind development of glaucoma. There are various medical and surgical
treatment for glaucoma but none are without risk. None of the existing modalities leads to
desired control of intraocular pressure and combined approach is needed for the treatment. The
study is aimed to evaluate the activity of adenosine, a vasoactive agent, on intraocular pressure
in rabbits as the search of newer agents for treatment and prevention of glaucoma. Methods:
The study was carried out in albino rabbits using two experimental models viz. water loading
model (acute) and steroid induced model (chronic) to induce glaucoma. Intraocular pressure
lowering effects of adenosine was studied in both models. IOP was measured with Schiotz
tonometer. The intraocular pressure measurement was converted in to mm of Hg by using a
IOP conversion chart. Results: Adenosine significantly prevented the acute rise in intraocular
pressure in water loading acute model of glaucoma and significantly reduced intraocular
pressure in chronic dexamethasone induced glaucoma model. The maximum mean difference
in IOP between control and adenosine treated eyes were 15.29% in intragastric tap water
loading model. The maximum IOP reduction was 33.52% in chronic model induced by
dexamethasone (0.1%). Conclusion: Adenosine significantly prevented the acute rise in
intraocular pressure in water loading acute model of glaucoma and significantly reduced
intraocular pressure in chronic dexamethasone induced glaucoma model. The maximum mean
difference in IOP between control and adenosine treated eyes were 15.29% in intragastric tap
water loading model. The maximum IOP reduction was 33.52% in chronic model induced by

dexamethasone (0.1%).
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INTRODUCTION

Glaucoma is one of the leading cause of
irreversible blindness throughout the world.
According to the WHO statistics (1995), it
indicates that glaucoma accounts for 13.5% of

global blindness!. Glaucoma is a group of
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conditions in which there is a progressive optic

neuropathy with development of associated
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characteristic visual field deficits. By
definition, it does not include elevated
intraocular pressure (IOP) but it is known that
elevated IOP is the key risk factor in the
Raised 1OP

contributes to the optic nerve damage directly

development of glaucoma® 3.

due to pressure effect and indirectly by
reducing the blood supply to the optic nerve
head to cause ischemia. One would therefore
predict that the ideal drug to treat glaucoma
would be a substance that lowers IOP,
facilitates blood flow to the optic nerve head to
prevent ischemia and neural cell death.
Different studies show that adenosine exert
neuroprotection in the retina along with
reducing IOP but the results are
inconclusive*’.

The available treatment modalities for ocular
hypertension or glaucoma are pharmacological,
laser and surgery': 2. These modalities have
their own advantages and disadvantages.
Considering the patient compliance, cost
effectiveness and inherent risk of surgical
management, pharmacological approach to
reduce IOP appears to be the first choice of
treatment. None of the existing agents
singularly leads to adequate control of IOP.
The search for newer agents to treat glaucoma
is an overwhelming clinical necessity.

The models of glaucoma in rabbits are well
validated for their clinical correlation and have
been used in numerous studies since their
discovery® °.The field of glaucoma has not
seen a new class of drugs since prostaglandin
analogues was introduced more than a decade
ago. Acknowledging that much research still
needs to be done for other pharmacological
options using different mechanism. In view of
the above, the study was aimed to investigate

the IOP reducing activity of adenosine in
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experimentally induced glaucoma model in
rabbits.

METHODS

Healthy adult albino rabbits (New Zealand
strain) of either sex, weighing 2-2.5 kg, housed
in clean metallic cages in the standard
laboratory conditions with free access to food
and water ad-libitum were used in the study
after obtaining approval from Institutional
Animal Ethical Committee (IAEC).

Drugs and chemicals used were:-

1. Adenosine ampoule (3mg/ml):It was diluted
in normal saline to prepare a solution of 1mg
per ml (0.1%) for topical use.

2. Dexamethasone phosphate vial (4mg/ml): It
was diluted in normal saline to prepare a
solution of 1mg per ml (0.1%) for topical use.
3. Tap water was used to induce acute model of
glaucoma.

4. Normal saline (0.9 % NaCl) was used as

control.
Instrument used was:-

1. Schiotz tonometer (Figure 1).

Figure 1: Schiotz tonometer
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Others instruments used were :-

1. Infant feeding tube of size 4-6 FG: It was
used for intragastric tap water administration to
rabbit for induction of acute model of

glaucoma.

2. Rabbit restrainer: Steel rabbit restrainer was

used to restrain the rabbit.

3. Eye dropper: It was used to instill the drugs
topically.

4. Syringes: They were used to load water in
infant feeding tube to induce acute model of

glaucoma.
Models used in the study were:-

1. Water loading model: This is the acute
model of glaucoma which is widely used. It
was established by Sugiyama et al. In this
method, the changes in IOP are temporary.
Intragastric water administration leads to
reduction in blood osmolarity. This reduction
creates an osmotic gradient between blood and
aqueous humor and thus a passive flow of
water into the eye. Also, there is a decrease in
the outflow facility of the aqueous humor
likely due to a mechanical obstruction of the
outflow by hydration of trabecular meshwork

cells!o: 11,

2. Steroid induced model: This is the chronic
model of glaucoma which has been used in
several studies. The amount of elevation of IOP
in rabbits treated with dexamethasone is
variable and appears to be age-related. The
changes in the aqueous outflow pathway in
dexamethasone-treated eyes may be important
factors for the development of dexamethasone-
induced ocular hypertension in the rabbit!2,
The mechanism of corticosteroid-induced
ocular hypertension is increased aqueous

outflow resistance!3.The precise mechanism of
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how steroids cause elevation in IOP is not

known.

Procedure: The IOP lowering effect of the
drugs were studied in 10 rabbits for each
model. The right eye of animals was instilled
with Normal Saline (control eye) and the left
eye was instilled with test drug (test eye).
Acute model of glaucoma was induced by
intragastric tap water administration and
chronic model of glaucoma was induced by
0.1% dexamethasone phosphate. All the eye
drops were freshly prepared on the day of
experiment and administered using eye
dropper. For each application, one drop of the
drug solution was instilled in the middle of the
inferior cul-de-sac of each eye followed by lid
closure!3. TOP lowering effects of adenosine
IOP was

measured every 15 minutes for 75 minutes in

was studied in both models.

both eyes with Schiotz tonometer. A washout
period of 1 week was used between the
applications of different test compounds in
same animal.

The animals were acclimatized for tonometry
before the actual study. The instrument was
calibrated before each use by placing it on a
stainless steel “eye” provided in a tonometer
case and checking that the scale reading is
‘zero’. The animal was restrained so as to ease
the tonometry procedure. The attendant helped
to hold the head of rabbit such that the cornea
of rabbit’s eye was perpendicular to tonometer.
Cornea was anesthetized with 2 drops of 2%
lignocaine eye drops. The tonometer tip and
footplate were wiped carefully with alcohol
swab and allowed to air dry. The rabbit’s eye
lids were retracted gently with left hand
without placing tension on the globe. The
footplate of tonometer was placed directly over

cornea by holding the handle of tonometer with
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right hand. The handle of tonometer was
lowered to a position midway between the top
and footplate such that the instrument works
independently by its own weight. The reading
on the scale was recorded as soon as the needle
became steady. The recording of IOP was
started with 5.5 gram weight however if the
reading was less than 4 then additional weight
was added to the plunger to make it 7.5 gram
or 10 gram as indicated!® 3. The IOP
measurement was repeated for three
consecutive reading and the average reading
and the plunger weight was converted in to IOP
in mm Hg by using a IOP conversion chart!4
(Figure 2). Antibacterial (ciprofloxacin) eye

drops was instilled after procedure to prevent

eye infection.

Figure 2:Technique of Schiotz tonometry in
rabbit’s eye

Results were expressed as mean + SEM

(standard error of mean). Statistical analysis
was done by paired student’s t-test. P values <
0.05 were considered statistically significant.
The effect of each drug and vehicle was
calculated as the difference in IOP (AIOP=IOP
in test eye — IOP in control eye). The

percentage of IOP reduction was defined as
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Table 1: Effect of adenosine (0.1%) on IOP in
water loading induced acute glaucoma model
in albino rabbits. * P value <0.05, Change in
IOP % = (IOP of treated eye — IOP of control
eye)/ IOP of control eye x 100

0 13.32+1.10 13.32+1.62 0
15 17.58+1.06 15.49+1.28* -11.89
30 22.03£1.01 18.75+1.72* -14.89
45 25.97+0.81 23.13+1.47* -10.94

AIOP/IOPx100 in the control eye in each
rabbit!®,

RESULTS

Effect of adenosine (0.1%) on water loading
induced acute glaucoma model: Adenosine
prevented a short term rise in IOP significantly
in comparison to control eye. The rise in IOP in
adenosine treated eye was significantly less in
comparison to control from 15 minutes to 75
minutes after water loading. The maximum
mean difference in IOP between control and
adenosine treated eye was 15.29 % at 60
minutes (Table 1).

Effect of adenosine (0.1%) on Dexamethasone
induced chronic glaucoma model: Adenosine
decreased IOP significantly in comparison to
control eye. The reduction in IOP by adenosine
(0.1%) was significant from 15 minutes to 75
minutes in comparison to control. The
maximum reduction in IOP was 33.52 % at 75
minutes after adenosine (0.1 %) eye drop
instillation (Table 2).

DISCUSSION

Adenosine significantly prevented the acute
rise in IOP in tap water loading acute model of
glaucoma. Similarly adenosine (28.82 £+ (.78 to
19.16 £+ 0.86) produced significant reduction in
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Table 2: Effect of adenosine (0.1 %) on IOP in
dexamethasone induced chronic glaucoma
model in albino rabbits. * P wvalue <0.05,
Change in IOP % = (IOP of treated eye — IOP

of control eye)/ IOP of control eye x 100

0 29.37+0.69 28.95+1.17 1.43
15 29.384¢0.75 28.03+0.83* 4.59
30 28.91+0.81 24.26+0.97* 16.08
45 28.87+£0.85 21.65+0.51* 25.01
60 28.87+0.85 20.54+1.24* 28.85
75 28.82+0.78 19.16+0.86* 33.52

IOP in chronic dexamethasone induced
glaucoma model. The maximum mean
difference in IOP between control and
adenosine treated eyes were 15.29 % in
intragastric tap water loading. The maximum
IOP reduction was 33.52 % in chronic model
induced by dexamethasone (0.1% ). This study
supports the few other studies which reported
the reduction in IOP by adenosine!3 7- 13, In
rabbits, the activation of adenosine A receptor
lowers IOP!7- 13, Few studies also suggest the
involvement of adenosine Az, receptor in
reduction of intraocular pressure!®2!. The
mechanism of action of adenosine in lowering
IOP is not clearly understood but few probable
mechanisms are as follows:

1. It reduces IOP by early reduction in aqueous
flow followed by a subsequent increase in
outflow facility??.

2. A adenosine receptors stimulation in
trabecular outflow pathway enhances release of
matrix metalloproteinase from trabecular
meshwork cells which reduces resistance to

outflow of aqueous humor to lower IOP?.
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3. The oculohypotensive effect of A receptor
agonist is more likely to be due to an effect in
post junctional receptors because activation of
this receptors suppresses stimulated cyclic
adenosine monophosphate (cAMP)

accumulation?? 24,

CONCLUSION

This study demonstrates that the adenosine
prevents the rise in IOP in acute models of
glaucoma induced by intragastric tap water
loading and reduced IOP in chronic
dexamethasone induced glaucoma model.
Further experimental and clinical studies are
required to be carried out to ascertain clinical
efficacy and safety of adenosine, a vasoactive
agent, in treatment and prevention of

glaucoma.
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