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Abstract

Background: Despite limited information, topical drug combinations are being routinely used by equine veterinarians for the
treatment of equine keratitis in order to minimize the intensive labor and costs associated with such treatment with individual
drugs. Typical drug combination includes antimicrobials, atropine and antiproteases for the treatment of infection, uveitis and
keratomalacia respectively. The goal of this study was to evaluate the in vitro efficacy of an ophthalmic drug combination against
protease activity and common equine corneal pathogens.
Methods: Multiple representative isolates of three bacterial and two fungal corneal pathogens of horses were subjected to
minimum inhibitory concentration testing of a drug combination that consisted of equal volumes of natamycin, tobramycin,
and cefazolin. Proteinase inhibitory activity of the drug combination was assessed by use of a fluorescence microplate assay with
gelatin and collagen I as substrates. The Minimal inhibitory concentrations were compared between the drug combination and
each of its components; antiproteinase activity of the drug combination was compared with that of serum by use of paired t-tests
and a one-way analysis of variance, respectively.
Results: The drug combination did not inhibit the collagenase and protease activity compared to control (P>0.49). The three
bacterial pathogens were susceptible to both the drug mix and cefazolin alone. Although one of four isolates of S. aureus was
resistant to tobramycin alone, the rest of the isolates showed susceptibility to tobramycin. None of the bacterial isolates was
sensitive to natamycin alone. All fungal isolates were susceptible to the drug combination and natamycin alone, with the
exception of one Fusarium isolate which was susceptible to the drug combination but not to natamycin alone. None of the fungal
isolates was susceptible to cefazolin or tobramycin alone.
Conclusions: This drug combination effectively inhibited common corneal pathogens of horses in vitro, but was not effective
as an antiprotease treatment. Combining anitimicrobial drugs with serum, does not increase the antimicrobials potency, but
reduces the efficacy of the serum as an antiprotease agent.
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Introduction

tear film proteases. The antimicrobial component of the drug
Ulcerative keratitis is an important and eye threatening disease combination inhibited growth of bacteria and fungi, but the
in horses [1-6]. Infection and tear film hyperprotease activity level of antiprotease activity that drug combination was found
manifested as “melting cornea” or keratomalacia are important to be less than that of pure equine serum [2].
We hypothesized that the serum alone contributed to the
components of corneal ulceration in horses. Horses with severe
ulcerative keratitis often need aggressive topical antimicrobial antiprotease activity of the drug combination of Scotty et al.,
and antiprotease treatment as often as every 1-2 hours for [2]. In addition, we hypothesized that there is no difference
several weeks. The high frequency, single-drug application of between the antimicrobial properties of the drug combination
topical medications, is expensive and time intensive. Veter- with or without serum. The aim of this study was to evaluate
inarians are increasingly utilizing drug combinations for the the level of antiprotease activity of a drug combination that
treatment of equine keratitis. Typical drug combinations include contains no serum but only antimicrobial drugs. In addition,
antimicrobials, atropine and antiproteases for the treatment the antimicrobial efficacy of the drug combination without
of infection, uveitis and keratomalacia respectively. Such the equine serum was tested against most of the same isolates
combinations can potentially reduce the time and expenses used in previous study [2].
associate with delivery of multiple topical medications.
Scotty et al., [2] showed that an ophthalmic drug combination Materials and methods
consisting of equal volumes of natamycin 3.33%, cefazolin Antimicrobial drugs
5.5%, tobramycin 0.3% and equine serum had varied effects in The antimicrobial drugs natamycin, cefazolin and tobramycin
vitro against common equine corneal pathogens and equine were evaluated alone or in combination. The DC was produced
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(instead of DC) was used as a positive control (no protease
inhibition), and 1,10-phenanthroline was used as a negative
control (protease inhibition) sample. Mean ± SD fluorescein
excitation and emission were set at 485±20 and 528±20 nm,
respectively. All components were added to the wells at the
same time, t=0. The antiprotease activity was compared to
the positive control after subtracting the background MFI.
Background MFI was measured from wells containing the
DC (in the appropriate concentration), the substrate (gelatin
or collagen), and buffer instead of CHP. The negative control
served as a background of the positive control. Each DC
concentration test was performed in duplicates. All wells
content were re-suspended (due to precipitation of the
natamycin) by pipet, right before each reading of the plate.

Effect on antimicrobial growth

Figure 1. Both gelatinase (A) and collagenase (B) activity of
CHP were found to be linear and correlated directly to time
over the 5 hours of this study (R2=0.99 and 0.94, respectively).
None of the different DC concentrations inhibited the
gelatinase or collagenase activity compared to the positive
control (P>0.55 and P>0.3, respectively).

Common equine bacterial corneal pathogens were identified
by searching the University of Florida Veterinary Medical Center
database from 2000 through 2005 [2]. Three bacterial species
and two fungal species were subjected to in vitro MIC testing
of the three different antimicrobial drugs in accordance with
a standard protocol [7,8].
The drug combination had been prepared ≤ 24 hours
before MIC testing and stored at 4oc until used. Each MIC test
for this study was performed in triplicate by use of custom
designed platesb and the dilution of the DC that successfully
inhibited microbial growth was determined.

Statistical analyses

The antiprotease activity of the DC was compared with that of
the negative control and the positive control by use of paired
by mixing equal volumes of natamycin, cefazolin and tobra- t- test. Values of P<0.05 were considered statistically significant.
mycin utilizing starting concentrations of 3.33%, 5.5% and
0.3% respectively. The starting concentration of each drug was Results
the same as we utilize clinically when the drug is used alone. Antiprotease activity
Both gelatinase and collagenase activity of CHP were found
Antiprotease activity
to be linear and correlated directly to time over the 5 hours of
Both gelatinase and collagenase inhibitory activity of the DC this study (R2=0.99 and 0.94, respectively). None of the different
was quantified by use of a commercially available gelatinase- DC concentrations inhibited the gelatinase or collagenase
collagenase assaya conducted in accordance with manufacturer activity compared to the positive control (P>0.55 and P>0.3,
protocols. Briefly, solutions of fluorescein-quenched gelatin and respectively) (Figure 1).
collagen I were placed in microplate wells. Then, CHP which
has both collagenase and gelatinase activity, was then added Antimicrobial efficacy
to these wells at 0.2 U/mL for the gelatin assays (to induce The database search yielded 266 corneal bacterial isolates
gelatinase activity) and 1.0 U/mL for the collagen assays (to and 28 corneal fungal isolates as detailed by Scotty et al., [2].
induce collagenase activity) Four different DC concentrations Among the most common bacteria, beta-hemolytic Staphy(100%, 50%, 25% and 12.5%) were added to the microplate lococcus spp (7 isolates), α-hemolytic Streptococcus spp (3
wells in duplicates in order to test their antiprotease activity. isolates) and Staphylococcus aureus (4 isolates) were chosen
The various concentrations were prepared via dilution with due to availability of the original isolates. Aspergillus and
the reaction buffer provided in the assay kit immediately Fusarium spp were the 2 most common fungal isolates. Four
prior to incubation. Destruction of proteins, with consequent of the original Aspergillus isolates and and 6 of the original
release of fluorescein molecules, was quantified by measuring Fusarium isolates were available for this study.
the MFI at t=0, 1, 2, 3 and 5 hours post incubation in room
Growth of the three bacterial pathogens was inhibited
temperature using a microplate reader. Reaction buffer by both the drug combination mixture (dilution <0.00006X)
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Table 1. Bacterial isolates: MIC (µg/µL) of the individual
antimicrobial drugs and the dilution of DC of which bacterial
growth was inhibited is presented for each isolate. Asterisk (*)
indicates susceptibility.

serum from the DC in our study did not diminish this effect
compared to DC used in the study of Scotty et al., [2]. This was
expected since the antibacterial drugs in our combination were
diluted less than in the DC reported by Scotty et al., (3X vs. 4X).
MIC µg/µL
DC
In the current study, the DC as well as natamycin alone were
Organism Isolate
(Dilution) Tobramycin Cefazolin Natamycin
effective against the fungal isolates. Scotty et al., [2] showed
β staph
1
<0.00006X*
<0.25*
<1*
256
that the similar DC and serum mixture was significantly
β staph
2
<0.00006X*
<0.25*
<1*
256
more effective against fungal isolates than natamycin alone.
β staph
3
<0.00006X*
<0.25*
2*
256
That can possibly be explained by the properties of serum
β staph
4
<0.00006X*
<0.25*
<1*
256
as antimicrobial agent [9,10]. However, it is important to
β staph
5
<0.00006X*
<0.25*
<1*
256
remember that the MIC of the different components of the
β staph
6
<0.00006X*
<0.25*
<1*
>128
DC was back calculated by Scotty et al., [2]: the MIC of each
component medication was calculated by multiplying the
β staph
7
<0.00006X*
2*
4*
≥512
MIC of the drug combination by 0.25 since each component
α strep
1
<0.00006X*
8*
<1*
128
comprised 25% of the drug combination. This method does
α strep
2
<0.00006X*
0.5*
<1*
256
not consider drug interaction (and possible drug synergy)
α strep
3
<0.00006X*
0.5*
<1*
512
into account as a conflicting factor; hence it probably does
S. aureus
1
<0.00006X*
0.5*
<1*
>512
not represent a true MIC. Moreover, any statistics used to
S. aureus
2
<0.00006X*
<0.25*
<1*
>512
compare the DC MIC to its individual component is extremely
S. aureus
3
<0.00006X*
<0.25*
<1*
>512
problematic for the same reason. Therefore, we are suggesting
S. aureus
4
<0.00006X*
16
2*
>512
the DC and its individual components be compared in terms
of the susceptibility (reflected by inhibition of growth) or
resistance of the examined microorganism.
Table 2. Fungal isolates: MIC (µg/µL) of the individual
Both gelatinase and collagenase activity of CHP were found
antimicrobial drugs and the dilution of DC of which fungal
to
be
linear and correlated directly to time over the 5 hours
growth was inhibited is presented for each isolate. Asterisk (*)
of this study (R2=0.99 and 0.94, respectively), in agreement
indicates susceptibility.
with Scotty et al., [2]. None of the different DC concentrations
MIC µg/µL
DC
inhibited the gelatinase or collagenase activity compared to
Organism Isolate
(Dilution) Tobramycin Cefazolin Natamycin
the positive control (P>0.55 and P>0.3, respectively) (Figure 1).
Aspergillus
1
0.004X*
>128
>512
32*
It can be concluded that the antiprotease activity of the drug
Aspergillus
2
0.001X*
>128
>512
8*
combination in Scotty’s et al., [2] report is contributed by
Aspergillus
3
0.004X*
>128
>512
32*
the equine serum alone. A drug combination with serum
Aspergillus
4
0.004X*
>128
>512
32*
demonstrated reduced antiprotease activity compared to the
Fusarium
1
0.001X*
>128
>512
8*
pure serum. This reduced antiproteases activity is probably
Fusarium
2
0.001X*
>128
>512
4*
due to the dilution of serum (1:4) within the drug combination,
Fusarium
3
0.004X*
>128
>512
>512
raising concerns regarding the benefit of serum in drug
Fusarium
4
0.001X*
>128
>512
8*
combinations. In our view, serum should not be diluted for
Fusarium
5
0.001X*
>128
>512
4*
clinical use but should be administered by itself to achieve
Fusarium
6
0.001X*
>128
>512
8*
a full antiprotease effect.
Veterinarians often apply drug mixtures via automated
pumps set for administration of drugs for 24 hour periods
and cefazolin alone, but not to natamycin alone. While one (personal communication). A major concern when
of four isolates of S. aureus was resistant to tobramycin alone, administering ophthalmic suspensions such natamycin via
growth of the other three isolates was inhibited by it (Table 1). pumps is that they may result in precipitation of the active
Growth of both Aspergillus and Fusarium was inhibited by ingredient. During our study we found that the DC in our
both the DC (dilution ≤0.004X) and the natamycin alone, with study needed vigorous pipetation after 1 hour of incubation
the exception of one Fusarium isolate which was resistant to in order to resuspend the natamycin. Using the automated
natamycin but not to the DC (Table 2).
pumps without refrigeration can further reduce the efficacy
of drugs that need refrigeration such as natamycin, cefazolin
Discussion
and serum.
This study shows that a drug combination consisting of equal
Drug combinations have the potential of minimizing the
volumes of natamycin 3.33%, cefazolin 5.5% and tobramycin time, stress, and fatigue associated with topical treatment
0.3% effectively inhibits growth of common bacteria and regimens consisting of multiple drugs used separately for
fungus isolated from horses’ cornea, in vitro. The absence of horses with keratitis. Nevertheless factors such as refrigeration
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and sedimentation (if used in an automated pump) as well as
drug interaction, pH and long term stability may affect the
practicality of its use. Further research, including in vivo studies,
is necessary in order to learn the efficacy and properties of
drug combinations prior to utilizing them in the clinic.
List of abbreviations

CHP: Clostridium histolyticum proteinase
DC: Drug combination
MIC: Minimal inhibitory concentration
MFI: Mean fluorescence intensity
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