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Abstract : This study was designed to compare the effects of continuous release of an anti-glaucoma drug applied
by an osmotic pump and by conventional eye drop instillation in normal beagle dogs, by measuring drug concentration
in the blood and monitoring intra-ocular pressure (IOP). In group 1, an osmotic pump filled with Trusopt® was
implanted subcutaneously over the right eye of each dog and the IOP was measured. In group 2, the right eye of
each dog was administered with 2% dorzolamide (Trusopt®, Merck, USA) three times per day. Blood was sampled
once per week in all groups. The IOP of the end of this study was 16.7 ± 0.58 mmHg in group 2 and 17.7 ± 2.52
mmHg in group 2. Dorzolamide concentration in blood increased continuously over 4 weeks up to 585.8 ± 79.42 g/
L in group 1, and 747.3 ± 27.89 g/L in group 2. We achieved satisfactory results in the osmotic pump group, which
had a similar effect on IOP, and low fluctuations in IOP. Therefore, the results of this study should allow osmotic
pumps to be consider as an alternative method to eye drops for the effective, safe, and convenient treatment of glaucoma.
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Introduction

Glaucoma is the second-leading cause of vision loss and

visual impairment worldwide, affecting 70 million people

(9). It is a devastating disorder that leads to retinal ganglion

cell (RGC) degeneration, visual field loss, and eventual

blindness (20). In veterinary medicine, glaucoma is a lead-

ing cause of irreversible blindness in dogs (7). It has become

clear that the relationship between glaucoma and intraocular

pressure (IOP) is more complex than previously presumed

(16). Although increased IOP is a major risk factor for pri-

mary open angle glaucoma (POAG), other concomitant fac-

tors affecting the eye are important, including increased

glutamate levels, alteration of nitric oxide (NO) metabolism,

vascular alteration, and oxidative damage caused by reactive

oxygen species (3,14). IOP is determined by the balance

between the production rate of the aqueous humor of the cil-

iary body, the resistance to aqueous outflow at the angle of

the anterior chamber, and the episcleral venous pressure (18).

The conventional treatment for glaucoma is the topical

application of IOP-lowering drugs. Beta blockers and prosta-

glandin analogs are the first-line treatments for glaucoma,

which reduce the IOP by decreasing the aqueous humor for-

mation and increasing the aqueous humor non-conventional

outflow pathway, respectively (5). The second-line treatments

of choice for glaucoma are carbonic anhydrase inhibitors

(CAIs) and alpha agonists (7).

These topical drugs are the main form of treatment of ocu-

lar surface disease, ocular hypertension or glaucoma, and

anterior uveitis, and account for 90% of the currently avail-

able ophthalmic formulations (10,21). Although eye drops

are easy to instill, some problems may be encountered. Ini-

tially, the eye appears an ideal, easily accessible target organ

for topical treatment. However, the eye actually has effective

protection mechanisms against the absorption of foreign

materials: first by the eyelids and tear flow, and then by the

cornea, which forms a physical-biological barrier. To be

effective, a drug must penetrate the eye and achieve an ade-

quate concentration at its site of action (13). Conventional

delivery systems often result in poor bioavailability and ther-

apeutic response because high tear fluid turnover and dynam-

ics cause rapid elimination of the drug from the eye (21).

Commercial eye drops have a volume of ~30 L, which is

approximately the volume of the conjunctival sac in humans;

however, after a single blink, only 10 L is estimated to

remain (19).

Excess drug drains through the nasolacrimal duct into the

nose, where it may be absorbed into the systemic circula-

tion; unfortunately, systemic side effects may occur and can

be severe. The side effects of ocular drugs should always be

considered when a patient presents with new systemic prob-

lems (12). In addition, eye drops can only be used for the

treatment of the anterior segment disorders, as adequate drug

concentrations cannot be reached in the posterior tissues.

Therefore, high doses are needed and systemic adverse

effects are common such as systemic treatment of glaucoma
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with carbonic anhydrase inhibitors (11). Furthermore, each

time eye drops are applied, the peak intraocular concentra-

tion of drug is rapidly reached and thereafter declines rapidly

as time passes. A plot of the intraocular drug concentration

versus time presents a series of peaks in drug concentration,

which may exceed the toxic threshold of the drug, separated

by extended valleys of the drug concentration below that

needed to achieve the desired therapeutic efficacy (1).

Novel ophthalmic drug delivery systems have been devel-

oped to overcome these problems, including gels, liposomes,

niosomes, nanoparticles, iontophoresis, corneal shields, drug-

embedded contact lenses, ocular wafers, and films (8,13).

Implantable drug delivery systems that have been developed

and used include an osmotic mini-pump, a drug pellet coated

with polyvinyl alcohol and ethylene acetate, and poly sulfone

capillary fibers. The generic osmotic mini pump (ALZET®)

is a useful implantable drug delivery system that delivers

drug at a constant rate (15). ALZET pumps operate because

of an osmotic pressure difference between a compartment

within the pump, called the salt sleeve, and the tissue envi-

ronment in which the pump is implanted. The high osmolal-

ity of the salt sleeve causes water to flow into the pump

though a semipermeable membrane, which forms the outer

surface of the pump. As the water enters the salt sleeve, it

compresses the flexible reservoir, displacing the test solution

from the pump at a controlled, predetermined rate. The rate

of delivery by an ALZET pump is controlled by the water

permeability of the outer membrane of the pump. Thus, the

delivery profile of the pump is independent of the drug for-

mulation dispensed. Drugs of various molecular configura-

tions, including ionized drugs and macromolecules, can be

dispensed continuously in a variety of compatible vehicles at

controlled rates. Neither the molecular weight of a com-

pound nor its physical and chemical properties, effect the rate

of delivery. The pumps are available with a variety of deliv-

ery rates and durations, between 0.11 and 10 L/h, and 1 day

and 6 weeks, respectively (2,8).

The purpose of this study was to apply continuous drug

release system in normal beagle dogs to compare the effect

of the continuous release of an anti-glaucoma drug, applied

to normal beagles by using an osmotic pump, with conven-

tional eye drop instillation, through measurement of the drug

concentration in the blood, and monitoring of IOP.

Materials and Methods

Study dogs

Eight healthy beagle dogs were enrolled in this study. The

present study was performed in accordance with the guid-

ance of the Ethics Committee for Experimental Animals,

Chonbuk National University. They were divided into two

groups: 1) an osmotic pump group, in which IOP was mea-

sured (n = 4); and 2) a conventional drug instillation group,

in which IOP was measured (n = 4). The dogs were housed

in individual cages in the departmental animal shed, fed a

standard commercial diet, and given free access to water. All

dogs were clinically healthy and free from systemic dis-

eases, including in their eyes. Specifically, the eyes of all ani-

mals were examined before the experiment, including direct

ophthalmoscopy, slit lamp examination, Schirmer tear test

(STT), and fluorescein dye staining.

Experimental design

In group 1, an osmotic pump filled with Trusopt® was

implanted subcutaneously over the right eye and IOP was

measured. In group 2, the animals were administered 2%

dorzolamide (Trusopt®, Merck, USA) in the right eye, three

times per day. Blood samples were collected once per week

in all groups. The recorded measurements included IOP by

rebound tonometry (TonoVet®, Tiolat, Finland) and dorzol-

amide concentration in blood. The study parameters were

measured three times daily, at 8 a.m., 4 p.m., and 12 a.m. in

the first and second weeks, once every other day for the third

and fourth weeks. The study period was 28 days.

Osmotic pump implantation

The osmotic pump (model 2004, Alzet®, USA) was filled

with 2% dorzolamide, attached to a flow moderator, and con-

nected with a polyethylene catheter to obtain a continuous

infusion of the drug (Fig 1A). The pump was primed for 40 h

before use. The pumps had an average flow rate of 0.25 L/h

and the drug was infused for a period of 28 days. The pump

with flow moderator was weighed before the implantation

and at the end of experiment to check that the drug was

released completely.

Beagles were anesthetized with combination of medetomi-

dine (Domitor®, Pfizer, Finland) and tiletamin and zolaze-

pam (Zoletil®, Virbac, France) 0.02 mL/kg. At the incision

site, the skin at the superior-lateral orbital rim was asepti-

cally prepared and an incision of approximately 1 cm was

made. The skin was then dissected to make a pocket to place

the pump by using Metzenbaum scissors. The pump was

connected to the catheter and then inserted in the subcutane-

ous pocket (Fig 1B). The catheter was then placed in the lat-

Fig 1. Osmotic pump implantation. (A) The osmotic pump

(model 2004, Alzet ®, USA) was filled with 2% dorzolamide,

attached to a flow moderator, and connected with a polyethylene

catheter. (B) The pump connected to the catheter was then

inserted to the subcutaneous pocket. (C) The catheter was then

placed in the lateral fornix through a stab incision and cut to the

required length. (D) The catheter was then fixed with 3-0 poly-

glactin 910 (Vicryl ®) and the skin was closed by simple inter-

rupted stitches.
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eral fornix through a stab incision and cut to the required

length (Fig 1C). The catheter was then fixed with 3-0 polyg-

lactin 910 (Vicryl®) and the skin was closed by simple inter-

rupted stitches (Fig 1D). An Elizabethan collar was applied

around the neck of the dogs to prevent self-trauma. Cefazolin

(Cefazolin sodium, Chong Kun Dang Pharm, Korea) was

administered intravenously, as a prophylactic antibiotic, every

12 h (q12h) for 7 days after the surgery. The pump was

removed under general anesthesia after 28 days and then

weighed.

Collection of the blood samples

During the study, blood samples were obtained once per

week from animals in each group. Blood was collected in

heparinized polypropylene tubes and a sample of the whole

blood was frozen at 70oC before screening. No glass mate-

rial was used at any time in the collection, transfer, or stor-

age of specimens to avoid adsorption.

Sample preparation

The blood samples were analyzed after dilution. In brief,

aliquots of the blood samples were placed in an Eppendorf

microfuge tube. Methanolic zinc sulphate solution was added

to the samples to give a 10-fold dilution, releasing compounds

from the matrix by causing hemolysis and disrupting protein

binding. The samples were then vortexed for 10 min and cen-

trifuged at 13,000 rpm for 5 min. The precipitated proteins

and cell debris were deposited at the bottom of the tube,

leaving the compounds of interest in the clear supernatant

above. The clear supernatant (300 L) was transferred into

suitable vials for liquid chromatography-tandem mass spec-

trometry (LC-MS/MS) vials and analyzed.

Statistical analysis

Comparisons of the results were computed by SPSS (SPSS

12.0 Chicago, IL, USA) using repeated measures ANOVA

(Tukey). Within each test period, the average measurements

for IOP and dorzolamide concentration in blood were com-

pared with the subsequent measurements to detect signifi-

cant changes (P < 0.05) by using Tukey tests for repeated

measurements.

Results

Intraocular pressure

The mean ± SD changes in IOP for groups 1 and 2 are

described in Fig 2. The most notable change was the more

extensive reduction in IOP in group 1 than group 2, espe-

cially on the first and second days after implantation; the IOP

was 13.0 ± 1.0 mmHg and 15.7 ± 0.58 mmHg, respectively.

Because the IOP reduction was considered from inflamma-

tion, cefazolin (Cefazolin sodium, Chong Kun Dang Pharm,

Korea) was administered as prophylactic antibiotic intrave-

nously q12h for 7 days after the surgery. The IOP gradually

increased and was similar degree to that in group 3 on the

fourth day after implantation. The IOP of the end of this

study (the 28th day after surgery), was 16.7 ± 0.58 mmHg in

group 1 and 17.7 ± 2.52 mmHg in group 2. It was of interest

that a diurnal variation in IOP was noted in groups 1 and 2.

The greatest daily fluctuation in IOP was 13.7 ± 2.08 mmHg

in group 1 and 16.7 ± 4.93 mmHg in group 2. The compari-

son between the highest and lowest point of IOP each day

revealed the greatest daily difference occurred in group 2, of

4.1 ± 1.74 mmHg, and the lowest daily difference in group 1,

of 1.7 ± 0.87 mmHg. The decrease in IOP from baseline was

significant for the treated eye and also for the untreated eye

in all groups except the control group. The difference in the

decrease in IOP between the treated and untreated eyes was

significant in both groups 1 and 2 (P < 0.05).

Dorzolamide concentration in blood samples

The mean ± SD changes in the concentration of dorzol-

amide in whole blood for groups 1 and 2 are shown in Fig 3.

The concentration of dorzolamide in the first week was

235.7 ± 58.77 g/L in group 1. In the conventional drug

instillation group, the blood concentration of dorzolamide

Fig 2. IOP change over 672 hours (28 days).
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increased dramatically compared with the other groups in

first week, to 484.6 ± 49.92 g/L. In groups 1, and 2, dorzol-

amide concentrations increased continuously over the 4-week

experimental period. Dorzolamide accumulated in the blood

over 4 weeks, with concentrations of 585.8 ± 79.42 g/L in

group 1, and 747.3 ± 27.89 g/L in group 2.

Discussion

Conventional treatment for glaucoma is the topical applica-

tion of IOP-lowering drugs. Oral CAIs have been used to

lower IOP for the past 40 years. A higher risk of adverse

events with systemically administered agents means that top-

ical CAIs have now almost completely replaced systemically

administered CAIs (1). Topically administered CAIs are not

associated with systemic adverse effects, but may cause

periocular dermatitis, conjunctivitis, or keratitis as a result of

hypersensitivity reactions (17). Conventional topical eye

drops provide a massive dose that may surge to peak drug

concentration with every eye drop instillation (15). As IOP

will rise in the nighttime in patients with glaucoma, it is

important to follow an accurate dosing schedule; however, in

reality, it is hard to give eye drops. Moreover, the administra-

tion of eye drops to animals is often difficult to achieve.

One of the drug delivery systems used is a mini osmotic

pump that operates owing to a difference in osmotic pressure

between a compartment within the pump, called the salt

sleeve, and the tissue environment in which the pump is

implanted. The pump we used in this study was an ALZET®

osmotic pump model 2004; with a release rate of 0.25 L/h

over 28 days. The total volume supplied by the pump was

6 L per day; in contrast, the conventional topical eye drop

volume of 2% dorzolamide averages 90 L per day. After

implantation, IOP was dramatically decreased until 11 mmHg.

For the first few days, the low IOP was suggested to be a

result of mild uveitis. The average IOP gradually increased

and was similar to the eye drop instillation group. Clinical

trials of glaucoma treatment have demonstrated the efficacy

of IOP reduction in the retardation of glaucoma progression.

However, a related issue has recently surfaced and been dis-

cussed, which is the relationship between IOP fluctuation and

glaucoma. Although not all studies have shown a link between

glaucoma progression and IOP fluctuation, prospective and

retrospective studies have suggested that long-term IOP fluc-

tuation was significantly related to the rate of visual field loss

(3). Therefore, the management of glaucoma should not only

include robust IOP reduction in patients at risk of visual field

loss, but also aim to reduce IOP fluctuation, particularly in

patients who progress at lower pressures (6). In this study,

the osmotic pump would be a possible mechanism to lower

the IOP fluctuation and reduce IOP. In addition, the osmotic

pump did not affect IOP of the untreated eye, whereas IOP

was reduced in both eyes in the conventional drug instilla-

tion group. The dorzolamide concentration in the blood sam-

ples was similar in the osmotic pump group and conventional

drug instillation group. In first week, the concentration of

dorzolamide in the conventional drug instillation group was

twice as high as that in the osmotic pump group. There was

no significant difference in dorzolamide level between the

osmotic pump groups and the conventional drug instillation

group in the 2nd, 3rd and 4th week.

In this study, the analysis of blood sample was performed

every week to check the drug release from the osmotic pump.

The results of the analysis indicated that the osmotic pump

was operating continuously, but the desired amount of drug

was not released at the beginning of study. We were satisfied

with the results showing similar effects on IOP, low IOP

fluctuation, and a relatively lower effect compared with con-

ventional eye drop instillation. The possibility of inflamma-

tion due to the pump was also monitored during the study;

however, conjunctival hyperemia, aqueous flare, ocular dis-

charge, and discomfort were not observed. This study requires

further research to determine an osmotic pump implantation

site that replaces other site where different osmolality is

around eye. In addition, another problem in this study is that

all of the eyes studied were clinically normal therefore an

effect on glaucomatous eyes was not assessed. Therefore,

further study is planned to apply the pumps to glaucomatous

eyes. To ensure the study is accurate, more pump models

with variable size and release rate, and other implantation

sites, should be studied. The results of this study should

allow osmotic pumps to be consider as an alternative method

to eye drops for the effective, safe, and convenient treatment

of glaucoma.
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