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Efficacy of antiviral agents in feline herpetic keratitis:

Results of an in vitro study
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Abstract

Purpase. To determine, by a plaque reduction assay, the i
vitro cfficacy of novel antiviral agents 1n the trcatiment of
fohine herpes virus | (FITV-1) keratitis in the domestic cat
(Felis felis).

Materials and methads. A standard plague reduction assay
was performed using a laboratory strain of FHV-1 and
embryo-derived feline kidney cells to determine the i vino
efficacy of the antiviral drugs penciclovir (PCV), bro-
movinyldcoxyuridine  (BVdU), and (5)-9-(3-hydroxy-2-
phosphonylmethoxypropyl) adenine (HPMPA) and to
compare these willi the drugs acyclovir (ACV) and tnifluo-
rothyimidine (TFT). Efficacy was assessed by determining the
dosc of drug at which 50% plague reduction was noted
(ED).

Results, HPMPA was found 1o have greatest antiviral activ-
ity (ED:, 0.07ug/ml). ACY was least active (ED., 24 ug/ml),
while TFT was active with an ED., of 3.7ug/ml. PCV and
BvdU had intermediate acuvity (ED.«, 1.6 and 1.7 ug/ml,
respectively).

Conclusions. This study suggests that the efficacy of
HPMPA, BVAEU, and penciciovir in cats with herpesviral ker-
atitis should be determined fn vive as their eflicacy in vitro
was substantially greater than that of acyclovir, alrcady
shown to have demonstrable but limited elimical antiviral
activity.
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acyclovit; antiviral

Introduction

The treatment of feline herpes virus {(FHV-1) keraols and
keratoconjunctivitis is complicated in the United Kingdom
by lack of elficacious licensed topical antiviral medications,
Idoxyuridine and viradarabine are widely used in the Umited
Srates bul are unavailable in the United Kwigdom. Topical tri-
fluorothymidine {TFT) is cffeetive but not available through
standard pharmaceutical wholesalers, Acyclovir {ACV) is a
widely available antiviral agent used for treatment of herpes
simplex virus (HSV) mfections in man including herpetic
discase of the ocular surface, but though 1t has some activ-
iy against FHV-1, this 1s only scen clinically with treatment
five times daily.' [n this study, we seck 1o investigate the
effecis of novel antiviral agents on replication of FHV-1 in
vitro and compare these with the aclivity of ACV and TFT
with the aim of developing drugs that will be efficacious in
the treatment of FHV-1 keratitis.

Feline herpesvirus is a pathogen causing significant mor-
bidity in the cat population, and ocular Iesions associated
with the virus play a significant parl in the pathology of viral
infeetion.” Ocnlar lesions associated with FHV-1 include
conjunctivitis, dendritic and geographic corncal ulceration,
and vascular keratitis together with the less familiar patholo-
eics of comeal sequestrum and cosinopbilic keratitis, also
reperted sometimes to be associated with FUIV-1 infection.
Treatment for ocular FHV-1 infection 1s problemalic in the
United Kingdom given the poor availability of antiviral
agents as noted above. The work of Nasisse and collcagues’
showed that, with regard 1o in vino efficacy of antiviral
agents studied, TFT had a much greater efficacy than

Received: November 25, 2003
Accepled: March 30, 2004

Correspondence: Dy, DL, Williams, Clin Vel Med, University

doctordlwilliamsgiaoi.com

DOL: 10.1080/027 1 3680490504849

of Cambndge. Madingley Road, Cambridge, UK. I-mail:

@ 2004 Taylor & Francis Lid.



216 D.L. Williams et al.

idoxyuridine, for which efficacy was greater than BVdU, and
that all these drugs had a much greater cflicacy than did ACV.
The authors concluded that ACY was of no value in feline
herpetic keratitis. Similar conclusions had been reached by
previous studies both in wino™ and i vive™ Yot we have
shown thal topical ACV docs have a sigmficant if Iimited
clfect on FIIV-1 lesions in the eye. In that study, we showed,
through in vive and i vigre investigation of antiviral etitcts
of ACV that the drug levels produced at the ocular surface
by topical applicatien of a 3% ointment were sutficient for
antiviral activity of the drug if used five times daily. More
rceently produced antiviral medications (penciclovir [PCV],
bromovinyldeoxyuridine [BVdU], and [§8]-9-[3-hvdroxy-2-
phosphonvlmethoxypropyl]  adenine  [HPMPA]) have a
greater efficacy against HSV than does ACV, and here we ask
whether that improved activity 1s also the case with FHV-1.

Materials and methods

Feline einbryo-derived cells were cultured to confluence in
24-well culture plates using Eagle’s mimmum essential
mediom (EMEM) supplemented with $% fetal calf serum
(FCS) and antibiotic and antifungal agents. To cach well an
overtay of EMEM supplemented with 1% FCS, antibiole
agents, antifungal agents, and carboxymethyleellulose as a
thickening agent was added together with the antiviral agent
to be studied at concentrations as decumented in Table 1.
Antiviral agents were imtially prepared by dilution of dry
powder in phosphate buftercd saline to a concentration of
Img/ml. Drug was subsequently serially diluted to give con-
cenlration ranges as delailed in table I. Plates were sceded
with a laboratory stramm of FHV-I (B927) at a viral lead suf-
ficient to provide approximately LOOPFU per well, as previ-
ously determined empirically. All plates were incubated far
30hr at 37°C, after which they were stained using crvstal
violel and the cytopathic cffccts observed using light
microscopy to identify plaques of cell death. Drug cfficacy

Tuble 1. Concentrations of drugs used, concentration at which
50% ol maximum plaque reduction was reached (ED.,), and con-
centration at which 90% of maximum plaque reduction was reached
(FDwaj

Drug Concentration range tested E [ EDxy
(ugml) {Lz'mi) (Hg/ml)
ACY 0.00F 50 24 50
TFT 0.001 30 57 16.8
PCY 0.001-10 1.6 7.8
BVdU 0.001 10 1.7 7.8
HPMPA 0.001 10 0.07 14

ACY, acvelovic, TFT, wifluarothymidine; PCV, penciclovir: BVdLUL
bromovinyldeoxyuridine: HPMPAL  (5)-9-(3-hvdroxy-2-phospho-
nylmethoxypropyl) adenine.

was determined by documenting the reduction in number of
viral plaques observed. All assays were repeated in triplicate
with dala evaluated being the mean + standard deviation of
these replicate experiments. Plaque reduction was ploted for
varying concentrations of the drugs and thus the ED., and
ED. , that is 1o say the drug concentrations at which plaque
numbers were reduced by 50% and 90%, respcctively, were
determined by graphical interpolation,

Results

Results of the plague reduction assay descoibed above are
shown graphically in Figure I, and ED:, and ED,, values
shown in Table 1. HPMPA was found to have most activity,
ACY was least active, and TET, PCV, and BVdU had inter-
mediate activity.

Discussion

L

De Clereq has nghtly stated that “antiviral chemotherapy
came of age with the advent in 1977 of acyclovir as the first
truly specific antiviral agent.”™ ACV and its structural analogs
PCV and ganciclovir have a broad spectrum of activity
agamst HISV-1 and 2 and, in the case of the latter drug,
cytomegalovirus also. Their viral specificity relies on the
requirement for phosphorylation of the prodrug by viral
thymidine kinase (TK). It is, however, here that ACV and its
analogs have their Achilles’ heel as far as action against other
herpesviruses is concerned. ACV 1s ntol as active against all
herpesviruses as it is against LHISVEL The i vifro results of
this study confinn those of previous workers™ * that ACV
has a poor activity against FIIV-1. Importantly however, the
in vitro results presented here show both an ED., and ED.,
substantially greater than thal anticipated at the ocular
surface during the tepical application of 3% acyctovir oint-
ment, that being 12mM. This finding explains the apparent
dixcrepancy belween previous reports from the United States
of the lack of efficacy of ACV and our report of its amelio-
rative elfects in herpetic keratitis.' For researchers in the
United States, with only the orally admimstered drug avail-
ablc in the USA, the systemic toxicity of ACY when given
at doses high cnough to reach clinically effective concentra-
lens at the ocular surface rendered acvelevir ineflective for
the treatment of ocular herpelic keratiuis i the cat. When
available as a topical ccular preparation. as in tbe United
Kingdom, ithe drug concentration at the ocular surface 1s effi-
cacious in its virustatic effect. Thus, the i vivre results pre-
sented here demonstrate thal ACV may indecd have some
cficacy when applied frequently. The question remains,
however, as to the reason for the apparent lack of efficacy of
ACV when compared to the other drugs studied here. Given
that ACV 1y a prodrug that requires phosphorylation before
it has antiviral efficacy, viruses resistant to ACV may lack a
functional viral TK or more likely have a viral TK with a
poor affimity for ACV. [t may, however, be a change in the
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viral DNA polymerase upon which the active compound acts
that accounts for resistance.” These two possibilities have
been found to account for resistance to ACV in clinical drug
resistance in FISV-1 (solates and thus could conceivably be
the reason for reduced efficacy of ACY in FUV-1." TK-
deficient mutant FHV-1 is altenuated in its clinical cflects™
and thus wild-type FHV-T 1s TK-competent. Given the wide
diveroence m gene sequence between FHV-T and other alpha
herpesviruses,'' it is perhaps net surprising that the FHV-1
TK should not show great affinity for or phesphorylating
activity against ACV. PCV has a similar activity spectrum
and mechanisms of action 10 ACY, hut its higher potency
might explain why in this study it overcomes the relative
ineffective TK activity of FHV-1 agamst ACV.

The wiral specificity off BVAU relies on the 2(£)-
bromoviny! group and, after phospherylation by viral TK. it
can act either as a competitive inhibitor of viral DNA poly-
merase or as an alternative substrale. BVdAU 15 effective
against HSV-1 bul not 1HISV-2, as the TK of the latter virus
1s unable to phosphorylate BVdU. It is, however. efficacious
in infections with swine herpesvirus type 1, bevine her-
pesvirus type 1, simian varieella virus, and herpesvirus
platyrrhinae but not equine herpesvirus type 1, again because
of 4 lack of phosphorylation of the drug.” The results of this
study sugpest that BVAU would be efficacious in FHV-1
infections, but il is here not possible to assess whether this
is because the FITV-1 TK is active against BVdU or whether,
as with PCV, itis likely to be the greater antiviral action that
overcomes the poor phospharylating effects of FHV-1 TK
against the drug.

HPMPA was produced as a hybrid molecule combining
the reactive features of an acyelic nucleoside analog such
as  (85)-9-(2.3-dihydroxypropylDadenine  first  produced in

Graphical representation ot plaque reduction daa for the five antiviral drugs tested i vinra (or eflicacy against feline herpesvirus.

Czechoslovakia in the 1970s' together with those of a phos-
phonate analog such as (phosphonylnethoxypropylladenine
(Fosgarnct)."* It has activity against a wide spectrum of DNA
viruses including the herpesviruses and docs not rely on viral
TK for activation. This may explain its activity against FI1V-
1 in the current study.

Conclusions

Our study thus shows that other antiviral agents hold much
premise for more effective tremtment of disease associaled
with ecular surface infection with FHV-1. LIEMPA is highly
effective against FHV-1, whercas BVAU and PCY, the latter
of which is available in the United Kingdom as a topical
treatment for dermatological use, have a less pronounced. but
still clinically relevant effect but nevertheless one substan-
tially greater than that of ACV. These results suggoest that
HPMPA, BVAU, and PCV should be considered for devel-
opment as ophthalmic agents for the treatment of feline her-
petic keratitis. We are currently developing a trial of PCV for
ocular herpetic discase in the cat.
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