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ABSTRACT

We have previously shown the pharmacokinetic value of delivering
gentamicin to the rabbit anterior segment using the Morgan Therapeutic
Lens™. The present study utilized an intrastromal injection model of
Pseudomonas keratitis to test the therapeutic efficacy of continuous
flow delivery of gentamicin with the Morgan therapeutic lens. All
eyes (n = 52) received an intrastromal injection of approximately 1800
colony forming units (CFU) of Pseudomonas aeruqinosa. At 22 hours
after injection, eyes were perfused for 6 hours with saline or
gentamicin (1, 2.5 or 5mg/ml), or received gentamicin drops
(13.6mg/ml) at 15 minutes for four doses, then hourly for 6 hours.
Corneas were homogenized and plated to determine bacterial survival,
and expressed as log colonies (CFU). Log CFU recovered were 7.37 ±
0.04, 6.64 ± 0.20, 5.64 ± 0.31, and 3.56 ± 0.50 log CFU for saline
perfusion, 1, 2.5, 5 mg/ml gentamicin perfusion respectively.
Following six hours of treatment with topical fortified gentamicin
drops, 5.93 ± 0.34 log CFU were recovered. Gentamicin perfusion (5
mg/ml) was significantly different from saline or the other treatment
groups (P<0.05). Continuous corneal perfusion with the Morgan
Therapeutic Lens™ demonstrated an increasing dose response curve with
increasing perfusate concentration. It was effective in the treatment
of experimental Pseudomonas keratitis.

INTRODUCTION

Bacterial keratitis can often present a difficult problem for the
treating physician. Delay in treatment can lead to scarring of the
cornea and sometimes to loss of the eye. The incidence of this
disease has been steadily on the increase due to the common usage of
contact lenses. Studies have shown that increasing lens wearing time
proportionally increases the risk of developing keratitis.1
Pseudomonas aeruqinosa is a ubiguitous gram negative bacteria that has
emerged as one of the common organisms involved in the etiology of
contact lens related microbial keratitis.2"5
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Currently, bacterial keratitis is treated by the instillation of
commercial and specially prepared fortified antibiotics drops.6"8
Under many circumstances, the patient is admitted to hospital to
facilitate the frequent administration of topical drops every half
hour. This is labour intensive for the nursing staff and requires a

hospital admission. Other methods of treating bacterial keratitis
have included iontophoresis, whereby drug delivery to the cornea is
facilitated by the application of a weak electrical current across a
solution of antibiotic.9"11 Collagen shields have also been shown to
be pharmacokinetically and therapeutically useful in delivering drugs
to the cornea.12"14

The Morgan Therapeutic Lens (MTL) is a smooth scierai shell made
out of polymethylmethacryalate. It is attached to a silicone tube
which can be connected via IV tubing to a fluid source. It was

originally developed by Dr. Morgan for ocular lavage in the treatment
of chemical injuries to the eye.15 We have previously shown the
pharmacokinetic efficacy of the Morgan Therapeutic Lens in delivering
gentamicin to the cornea and aqueous humor.16 Additionally, this lens
has been shown to be effective in delivering epithelial growth factor
to the cornea.17 The present study was designed in order to compare
continuous flow of gentamicin via the Morgan Therapeutic Lens in the
treatment of experimental Pseudomonas keratitis in the rabbit to
standard treatment of frequent application of fortified topical drops.

MATERIALS AND METHODS

Treatment of the rabbits in this investigation were in compliance
with the ARVO resolution on the use of animals in research.

New Zealand white rabbits (2-3kg) were utilized for all
experiments. All treatments were performed with the rabbits
anesthetized by a 2ml intramuscular injection of a 5:4 mixture of
100ml/ml of ketamine (Rogarsetic™, Rogar/stb, London, Ontario) and
20mg/ml of xylazine (Rompun™, Haver, Etobicoke, Ontario). A single
drop of 0.5% proparacaine (Ophthetic™, Allergan Inc., Pointe Claire,
Quebec) was applied to the cornea. One eye of each rabbit received
an intrastromal injection of 10 ul containing 1830 ± 240 CFU
Pseudomonas aeruqinosa (ATCC strain 27853). The bacteria were grown
to an early log phase in tryptic soy broth at 37°C for four hours and
then adjusted to the appropriate concentration with sterile saline
using a 0.5 MacFarland standard. The number of bacteria injected was

retrospectively verified by serial tenfold dilution plating on blood
agar. Inoculation was done by inserting a 3 0 gauge needle
intrastromally close to the centre of the cornea. The infection was
allowed to progress for twenty hours. Eyes were randomly assigned to
one of the following treatments: Group 1 eyes received saline
perfusion. Group 2 eyes received fortified gentamicin topical drops
(13.6mg/ml, 0.68mg/50 ul) applied every 15 minutes in the first hour
and once hourly thereafter for a total of six hours. Group 3 eyes
received gentamicin perfusion at a concentration of 1 mg/ml. Group
4 eyes received gentamicin perfusion at a concentration of 2.5 mg/ml.
Group 5 eyes received gentamicin perfusion at a concentration of 5
mg/ml. All perfusions were performed for a total of 6 hours at
2ml/hour. There were 10 or 11 eyes in each group. Gentamicin drops
were prepared by adding 2ml of 4 0mg/ml gentamicin sulfate
(Cidomycin™, Roussel Canada Inc., Montreal, Quebec) to 5ml of 0.3%
gentamicin drops (Garamycin). All perfusion experiments were done
under maintenance general anesthesia using the intramuscular
anesthetic described above.

At the end of six hours, the rabbits were sacrificed by an
intravenous overdose of T-61 (Hoechst Canada Inc., Montreal, PQ.) The
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cornea from each animal was rinsed with 3ml sterile phosphate-buffered
saline and removed by incision at the corneoscleral limbus. Corneas
were minced into small pieces and homogenized in 3ml PBS by a tissue
homogenizer under sterile conditions. The tissue was ground to a fine
suspension. An aliguot, 0.5ml, of the homogenate was serially diluted
with sterile saline and 0.1ml from the respective dilutions or
undiluted homogenate were plated on blood agar plates in triplicate.
The plates were incubated at 37°C for 20-22 hours, and the number of
CFU per plate was determined and expressed as Log CFU/cornea. T-tests
between the means from each treatment group were conducted for
statistical comparison.

Saline Drops 1 mg 2.5 mg 5 mg
Figure 1. Comparison of CFU's recovered following treatment. Gentamicin
drops, 13.6 mg/ml, every 15 min X 4, then every hour. Saline; Gentamicin,
1 mg, 2.5 mg, 5 mg were perfused for 6 hours.

RESULTS

See Figure 1 where the results of the experiments are presented.
In the eyes receiving saline perfusion, 7.37 ± 0.4 log CFU were
recovered. With gentamicin perfusion, at concentrations of 1, 2.5 and
5 mg/ml, 6.64 ± 0.20, 5.64 ± 0.31, and 3.56 ± 0.50 log CFU were
recovered. Following six hours of treatment with topical fortified
gentamicin drops, 5.93 ± 0.34 log CFU were recovered. There was a
significant difference between the untreated eyes and those receiving
gentamicin at all concentrations studied via perfusion or via topical
drops. The Gentamicin perfusion, (5 mg/ml) was significantly
different than all the other treatment groups. Topical drops were
significantly different than lmg/ml gentamicin perfusion. Perfusion
with 2.5 mg/ml was different than 1 mg/ml perfusion.
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DISCUSSION

Dr. Hessburg, many years ago, described a continuous perfusion
technique whereby a tube was implanted through the lid and connected
to a continuous drip system. This system provided lavage and
effective treatment for Pseudomonas keratitis.1*"20 This technique,
however, has not become widely used due to the necessity for surgical
implantation of the tube. Other investigators have used novel methods
of attaching the tube to the skin surrounding the eye.21 The Morgan
Therapeutic Lens has been used for ocular lavage for many years.
However, its potential as an ocular drug delivery system has not been
fully investigated. It has the advantages of being comfortable due
to its smooth configuration, and well tolerated by the patients. It
can be attached to an electronic intravenous pump and therefore
facilitates nursing care. A small portable pump can also be attached
to the lens allowing the patient to be more mobile during treatment.

Our previous studies have shown the efficacy of using the Morgan
lens to deliver gentamicin to the cornea and aqueous humor. This is
the first study, to our knowledge, which investigates the therapeutic
efficacy of continuous flow gentamicin via the Morgan lens in the
treatment of experimental Pseudomonas keratitis. Our results show
that after a treatment period of six hours, the number of bacteria was

significantly reduced via the Morgan Therapeutic Lens as compared to
treatment with drops or the untreated control. The system offers the
advantage of providing continuous lavage, ie. removing the infected
debris from the corneal surface. The solution provides a continuous
diffusion gradient from outside towards in and may thus be more
effective in delivering the drug so that lower concentrations of the
drug may be used to reduce the endothelial toxicity caused by high
concentrations of antibiotics delivered either topically or

subconjunctivally.
In conclusion, the Morgan Therapeutic Lens is an effective means

of treating experimental Pseudomonas keratitis. Further studies are

underway to assess the toxicity of delivering antibiotics via this
route.
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