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Abstract

The purpose of this study is to examine the influence of Azone upon the skin target site free drug conce@tatiod (
its correlation with the in vivo antiviral efficacies of cidofovir (HPMPC) and acyclovir (ACV) against HSV-1 infections.
Formulations of HPMPC and ACV with or without Azone were used. The in vitro skin flux experiments were performed and the
C* values were calculated. For the in vivo efficacy studies, hairless mice cutaneously infected with HSV-1 were used and three
different treatment protocols were carried out. The protocols were chosen based upon when therapy is initiated and terminated
in such a way to assess the efficacy of the test drug to cure and/or prevent HSV-1 infections. A finite dose of the formulation was
topically applied twice a day for the predetermined time course for each protocol and the lesions were scored on the fifth day.
For ACV formulation with Azone, th€* values and hence the in vivo efficacy were much higher than those for that without
Azone. In protocol #1, however, early treatment did not increase the in vivo efficacy of ACV when compared with the standard
treatment protocol #3. In protocol #2 where the treatment was terminated on the day of virus inoculation, the efficacies for both
ACV formulations were completely absent. Although the estim@teehalues for HPMPC formulations with and without Azone
were comparable, formulation with Azone was much more effective than that without Azone in all treatment protocols. HPMPC
formulations with Azone at similar flux values were much more effective in “treating and preventing” HSV-1 infections than
those without Azone. For ACV formulations, in contrast, addition of Azone has failed to show any effect on the preventive in
vivo antiviral efficacy and the enhancement of ACV in vivo antiviral efficacy was merely the skin permeation enhancement effect
of Azone.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction the topical efficacy for HPMPC is likely to be a
function of C* at a fixed treatment protocaol (i.e., the
Over the past several years, the relationship be- in vivo antiviral efficacy of HPMPC is not a single
tween the in vivo topical efficacy of some antiviral function of C*) (Afouna et al., 1999 The relatively
agents and skin target site free drug concentration straightforward behavior exhibited in case of ACV
(C*) has been assessedfguna et al., 1998 Re- is thought to be the consequence of its relatively
cently, it was found that the topical effectiveness of rapid local pharmacokinetics at the cellular level.
acyclovir (ACV, Fig. 19 formulations was essen- HPMPC exhibits rather slow kinetics where the active
tially the same when the therapy was initiated as metabolites remain intracellularly for longer period
early as 6 days prior to cutaneous herpes simplex of time (Hitchcock, 1996; Cundy et al., 1985In
virus type-1 (HSV-1) inoculation or later using hair- another but a related study with bromovinyldeoxyuri-
less mice Afouna et al., 1999 Similar results were  dine (BVDU), we found that formulations with 5%
obtained when the treatment with ACV in a trans- Azone were much more effective in vivo than those
dermal delivery system was initiated on the day of without Azone at similar flux valuesAfouna et al.,
HSV-1 virus inoculation (0-day), 1 or 2 days later 1998. Further, varying the Azone concentration
using the same virus strain and the same animal did not affect the BVDU permeability parameters
model (ee et al., 1992 The efficacy of ACV was (Afouna, 200). One of the goals of our research is
lost when the treatment was terminated on the day of to investigate the treatment and/or preventive therapy
the virus inoculation, whereas the efficacy of cido- protocols of antiviral agents against HSV-1 infections

fovir ((9-1-(3-hydroxy-2-phosphonylmethoxypropyl)-
cytosine (HPMPCFig. 1b) as a new class of antiviral

with or without skin permeation enhancers. To this
end, we have evaluated the applicability of tG&

agents, was found to be strongly dependent on how concept using a variety of antiviral formulations and

early the therapy was initiated. Unlike ACV, a rela-
tively high in vivo efficacy was observed with HPMPC

employing different treatment protocols, while us-
ing ACV as a control. The specific objectives of the

even when the treatment was terminated on the day of current study are: (i) to examine the hypothesis that

virus inoculation Afouna et al., 1999 These results
suggested that the in vivo topical efficacy for ACV is
a single-valued function of* (Afouna et al., 1998,
1999; Lee et al., 1992; Mehta et al., 199Whereas
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Fig. 1. (a) Chemical structure of acyclovir; 9-[(2-hydroxyethoxy)-

methyl]guanine; and (b) chemical structure of cidofovir;
((9-1-(3-hydroxy-2-phosphonylmethoxypropyl)cytosine.

Azone “penetration enhancer” would remarkably in-
crease the time-dependent in vivo efficacy of HPMPC
against HSV-1 and hence shorten the course needed
for maximum in vivo antiviral efficacy in treatment
and/or prevention of such infections; (i) to exam-
ine the effect of Azone upon th€* estimates for
HPMPC; and (iii) to assess the relationship between
the in vitro C* estimates and the in vivo antiviral
efficacy for HPMPC using a set of formulations con-
taining different drug concentrations with 5% Azone
and compare that with our previous studies with
HPMPC formulations without AzoneAfouna et al.,
1998.

2. Materials and methods
2.1. Animal

Female hairless mice strain SKH/HR1 (Charles
River, Bloomington, MA), 6—8 weeks old with aver-

age body weight of 22—-27 g, were used throughout
this study.
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Table 1

Composition of formulation and medd* estimates from the in vivo—in vitro experiments for HPMPC and ACV

HPMPC formulation3 ACV formulations!

Code HPMPC Vehicle MeanC* +S.D. n Code ACV Vehicle MeanC* +S.D. n
(%) (rg/mi) (%) (rg/mi)

H1 0.5 95% DMSO 1.2 0.04 6 Al 0.1 95% DMSO 0.12 0.01 9

H2° 0.1 95% DMSO+ 5% Azone 0.26 0.06 3 A2 0.1 95% DMSO 0.21 0.01 6

+ 5% Azone

H3 0.25 95% DMSO+ 5% Azone 0.73 0.16 3

H4> 05 95% DMSO+ 5% Azone 1.02 0.41 6

H5° 1 95% DMSO+ 5% Azone 2.43 0.35 3

HE° 5 95% DMSO+ 5% Azone 4.31 0.70 3

a All formulations contained 1% hydroxypropylcellulose as a thickening agent.
b A set of HPMPC formulations with Azone were used to asses correlatiof*ofvith the in vivo antiviral efficacy employing the
standard treatment protocol (see text for details).

2.2. Virus HPMPC concentrations were analyzed in accordance
with the previously reported reversed-phase HPLC
Samples from the same batch of herpes simplex methods Afouna et al., 1999; Lee et al., 1992; Afouna
virus type-1, strain E-377, with a final titer of 4 et al., 1998; Mehta et al., 1997
10’ PFU/mI, were used for inoculation. Samples were  The cumulative amount of the test drug transported
stored at—70°C in aliquots until used. The prepara- into the receiver chamber was plotted as a function
tion and assay methods of the virus have been previ- of time, and the instantaneous flu®) (vas estimated

ously reportedKern et al., 1973 from the slope of the line connecting the two consecu-
tive points. The instantaneo@s estimates were then
2.3. Drug formulations calculated using the following equation:
J
The compositions of the formulations used in this C* = 75 (1)

study are shown ifTable 1 All HPMPC and ACV
formulations contained 95% DMSO as a vehicle with whereJ is the skin flux andPp is the in vivo dermis
or without 5% Azone. Also, 1% hydroxypropylcellu-  permeability coefficient of the drug. The details of the
lose (Sigma Chemical Co., St. Louis, MO) was used derivation of this equation have been previously re-
as a thickening agent in all formulations. ACV was ported and &p value of 14 x 10~2 cm/s was obtained
obtained as a free acid from Thera Tech, Inc. (Salt for ACV (Lee et al., 1992; Patel et al., 1996; Imanidis
Lake City, UT), and HPMPC was a generous gift etal., 1994. Since the molecular sizes of HPMPC and
from Gilead Sciences, Inc. (Foster City, CA). Azone ACYV are sufficiently close, it is reasonable to use the
was kindly supplied by Whiteby Inc., Richmond, VA  in vivo Pp value of ACV for HPMPC (for the present
and DMSO was purchased from Baker Chemical Co. purpose) Afouna et al., 1999
(Phillipsburg, NJ).
2.5. In vivo antiviral efficacy studies
2.4. In vitro flux measurement and @redictions
The in vivo antiviral efficacy was evaluated using

For the in vitro determination of HPMPC and ACV  a group of 8-10 hairless mice per experiment, and
fluxes andC* predictions, a combined in vivo—in vitro  an average of two to six experiments were performed
experimental procedure reported earlieeg et al., for each drug formulation. In each experiment, a
1992; Patel et al., 1996vas adopted and performed group of animals treated with a placebo formulation
at least in triplicate for each formulation. ACV and similar to the test formulation without the drug was
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included as a negative control. For the purpose of 100 -
these experiments, the animals were dressed in a Vel- 90 4
cro jacket to protect the topically applied dose from

being licked off by the mice and/or scratched/rubbed S 80 1
off when the mouse comes to the cage walls. The de- fb 70 -
ta}ils of dressirjg the animals in the Yelcro jaqket and § 60 4
virus inoculation have been described earlieeg £

et al., 1992; Mehta et al., 1997Hairless mice that < 504
were cutaneously infected with HSV-1 were used % 40 -
and three general therapeutic protocols were carried g 50
out. In all the protocols, a finite dose of g0 of a3

the test antiviral formulation was topically applied 20 1
twice a day. In protocol #1, the treatment was started 10 A
at days 4, 3, 2 and 1 before virus inoculation4 0

-3, —2 and —1 days, respectively) and the treat-
ment was continued until the fourth day after virus
inoculation ¢4 day). In protocol #2, the treatment
was initiated at days 4, 3, 2 and 1 before virus in- Fig. 2. Representative profiles of the mean cumulative amounts
oculation and was terminated on the day of virus of HPMPC in the receiver chamber as a function of time for
inoculation. In protocol #3, which is a standard treat- formulations H1 without Azone®) and H4 with Azone Q).

ment protocol for cutaneous HSV-1 infection, the

treatment was started a day after the virus inocu-

lation and was continued until the fourth day after 3. Resultsand discussion

virus inoculation. The day of virus inoculation was

always considered as day 0. For all protocols, the 3.1. In vitro flux determination and*Cestimates
lesions were scored on day 5 as previously described

45 50 55 60 65
Time (h)

(Gonsho et al., 1990and the antiviral efficacies Fig. 2shows representative profiles of the mean cu-
were calculated using the equations reported earlier mulative amounts of HPMPC delivered across hair-
(Lee et al., 199p less mice skin into the receiver chambers of Franz

During the treatment protocols, the dosing was per- diffusion cells as a function of time for formulations
formed over 4-9 days, and hence the animal was H1 (without Azone) and H4 (with 5% Azoneig. 3
dressed with a Velcro jacket for that period of time. represents the temporal pattern ©f estimates for
This raises the question of the possible effect of stress the same formulations calculated according:tp (1)
induced due to prolonged dressing of the mice in Vel- using the instantaneous fluxes of HPMPC estimated
cro jackets on the efficacy data. To assess this, an ex-from the slopes of the lines connecting two consecu-
periment was performed in which the animals were tive points for both formulations. It must be noted that
dressed in Velcro jackets on dayt and the treatment  despite the presence of 5% Azone in formulation H4,
with HPMPC formulation H4 (0.5% HPMPC with 5% its flux profile and temporal pattern &* estimates
Azone) was initiated on day1. The results of thisex-  were comparable to that of formulation H1 without
periment were compared with the results obtained with Azone.
that of standard protocol (where the dressing in the In our previous study involving a series of in vivo—in
jacket and the treatment were performed over 4 days). vitro experiments conducted over a period of 5 days,
The results of these two experiments were compara- it was shown that the in vitro HPMPC flux data, and
ble indicating that prolonged dressing in the Velcro hence the correspondii@j values for HPMPC formu-
jacket had no effect on the efficacy data (not shown). lations without Azone, remained relatively unchanged
The same conclusion was drawn from separate exper-over the entire treatment periodfpuna et al., 1999
iments with ACV formulation A2 (0.1% ACV and 5%  Similar results (meat:- 25%) were also obtained for
Azone). HPMPC formulations with Azone (data not shown).



M.l. Afouna et al./International Journal of Pharmaceutics 253 (2003) 159-168

10.00 5

1.005

0.10 5

Mean C* Estimates (ug/ml)

0.01 4

0.00 T T T T T d
45 50 55 60

Mean Time (h)

Fig. 3. The temporal pattern of the me@nhvalues for formulations
H1 (without Azone) @) and H4 (with Azone) ©) calculated
according toEq. (1) using instantaneous HPMPC fluxes obtained
from in vivo—in vitro experiments. (See text for details.)

Accordingly, it deemed reasonable to use the in vitro
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Fig. 4. The in vivo antiviral topical efficacy of 0.1% ACV formu-
lations without Azone Al (M) and with Azone A2 ) following
treatment protocol #1 (when therapy was initiated-dt, —3, —2
and—1 day before virus inoculation). The in vivo antiviral topical
efficacy of 0.1% ACV formulations without Azone AL[J) and
with Azone A2 E) following treatment protocol #3 (when ther-
apy was initiated+1 day after virus inoculation (standard treat-
ment protocol for cutaneous HSV-1 infectiong§pata presented

flux values measured after 2 days of pretreatment asfrom our previous study for comparison.

representative for the in vivo flux values over the en-
tire period of the in vivo efficacy experiment. Sim-
ilarly, for a wide variety of ACV formulations with
or without Azone, measuring the in vitro flux values
after 2 days of in vivo pretreatment was believed to
be an appropriate measure of the in vivo flux values
over the entire treatment periodfpouna et al., 1998;
Mehta et al., 199 The mean values of the estimated
C* from the in vivo—in vitro experiments for HPMPC
and ACV test formulations are shown Table 1

3.2. In vivo antiviral efficacy

3.2.1. ACV formulations

The observed in vivo topical efficacies for ACV for-
mulations A1 and A2 in treatment protocols #1 and
#3 are shown irFig. 4. Each data point represents
the mean observed in vivo topical antiviral efficacy
for each formulation{ = 2-5). The in vivo topical
antiviral efficacy for each formulation with or with-
out Azone remained essentially unchanged in proto-

of ACV against cutaneous HSV-1 infections. In treat-
ment protocol #2 the efficacies for both ACV formula-
tions were completely absent. These results are consis-
tent with the earlier findings of Afouna et al. and Lee
et al. where topical efficacies for ACV formulations
without Azone were found to be independent of when
the therapy was initiated (as early as 6 days before or
as late as 2 days after virus inoculatioAjguna et al.,
1999; Lee et al., 1992Therefore, the topical efficacy
of ACV formulations was found to be a single-valued
function of C* and was explained on the basis of rel-
atively rapid pharmacokinetics of ACV at the cellular
level.

The increase in the in vivo antiviral efficacy of ACV
formulation in presence of Azone can simply be at-
tributed to its penetration enhancement effect. While
it is apparent that Azone increases the in vivo antiviral
efficacy of ACV formulation, it did not have any ef-
fect on the efficacy beyond enhancing the skin perme-

cols #1 and #3, suggesting that starting treatment early ation rates. This result is consistent with our previous

with formulations Al or A2 did not alter the efficacy

finding that Azone as a penetration enhancer did not
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alter or shift the sigmoidal dose—response relationship
curve of ACV established earliet_¢e et al., 1992;
Afouna et al., 1998; Mehta et al., 1997; Imanidis et al.,
19949).

Cell culture studies have shown that ACWid. 19
is converted to its mono-, di-, and triphosphorylated
forms (ACVp, ACVpp, and ACVppp, respectively) in
cells infected with HSV-1Kyfe et al., 1978 The ini-
tial phosphorylation of ACV to ACVp is catalyzed
by the virally-induced thymidine kinase. Subsequent
phosphorylations to ACVpp and ACVppp (which is
the active metabolite that serves as a selective inhibitor
of viral DNA polymerase), is carried out by endoge-
nous cellular enzymes. In the uninfected cells, phos-
phorylations of ACV occur to a small exteriEirman
et al., 198). The intracellular concentration of the
active species for ACV can be regarded as a func-
tion of: (i) C*; (ii) the rate of cellular uptake of the
drug; (iii) the rate of conversion of the drug to the
active metabolite; and (iv) the rate of elimination of

the active species. Since, the uninfected cells lack the

virally-induced thymidine kinase enzyme that is re-
sponsible for conversion of ACV to ACVp (a precur-
sor for the active species), the rate of formation of
ACVppp in the uninfected cells is expected to be or-
ders of magnitude smaller than that in the infected cells
(Furman et al., 1981 Therefore, when the treatment
with ACV formulations (with and without Azone) is
started before virus inoculation, the rate of conversion
of the drug to the active metabolite ACVppp (step iii)
is very slow. Additionally, in cell culture studies, the
levels of ACVppp declined rapidly after the removal
of the drug from the medium. The initial half-life of
the triphosphate was 1.2h in the absence of ACV
in the medium with the levels reaching a plateau af-
ter 6 h Furman et al., 1981 suggesting that the rate
of elimination of active species (step iv) is relatively
rapid for ACV. The net effect of these findings is that
the intracellular concentrations of ACVppp are negli-
gible at the onset of infection. The results of proto-
col #3, in which no protective effect was seen with
the pretreatment of ACV formulations with and with-

M.I. Afouna et al./International Journal of Pharmaceutics 253 (2003) 159-168
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Fig. 5. Topical {(J) and systemic @) in vivo antiviral efficacies
of HPMPC formulation containing Azone H4 following treatment
protocol #1. Topical lfl) and systemicEE) in vivo antiviral ef-
ficacies for the same formulation following treatment protocol

3.2.2. HPMPC formulations

Although the permeation rates and the estim&éd
values for the two HPMPC formulations (H4 and H1)
with and without Azone were approximately the same
(1.2 and 1.02Figs. 2 and 3 surprisingly, the in vivo
topical and systemic antiviral efficacies for HPMPC
formulation H4 in all protocolsKigs. 5 and §were
much greater than that of a similar formulation con-
taining no Azone reported earliekfouna et al., 1999
Fig. 5shows the observed in vivo topical and systemic
efficacies for HPMPC formulation H4 in treatment
protocols #1 and #3. The observed in vivo efficacy for
formulation H4 (0.5% HPMPC with 5% Azone) is rel-
atively high when compared with that of our previous
report using a similar HPMPC formulation but without
Azone @Afouna et al., 1999 In addition, Azone has
dramatically shortened the pretreatment period needed
for the absolute (100%) topical and systemic efficacies
from —6 days of pretreatment with HPMPC formu-
lation without Azone reported earlieAfouna et al.,
1999 to —2 days of pretreatment with the similar for-

out Azone, are consistent with these findings. In the mulation containing 5% Azone. Further, in this study
case of infected cells, however, all the above steps arewith HPMPC formulation with Azone, the absolute
fairly rapid for ACV, resulting in a rapid attainment (100%) topical efficacy and about 60% systemic ef-
of steady-state. Consequently, the intracellular level of ficacy were obtained in the standard treatment proto-
the active species as well as the in vivo efficacy appear col, while only 17% topical efficacy and 0% systemic
to be a single-valued function of th& estimates. efficacy were obtained in our earlier repo&f¢una
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100 - and acts as a source (depot) for the active metabolite
90 | (Ho et al., 1992; Cihlar et al., 1992; Aduma et al.,
] 1995; DeClercq and Holy, 1991Therefore, there are
80 notable differences between HPMPC and ACV with
70: respect to mechanism of action, pharmacokinetics,
| and drug disposition parameters. Since the rate of
60 formation of HPMPCpp does not depend upon the
50 1 virus-encoded thymidine kinase enzyme as in case of
] ACV, no difference in the rate of conversion into ac-
-4 -3 2 -1

Efficacy (%)

40 - tive metabolite (step iii) is expected to exist between
uninfected and infected cells. Moreover, in cell cul-
ture studies, the levels of HPMPCpp remained high
for long time after the removal of the drug from the
medium. The initial half-life of the triphosphate was
17 h while that for the HPMPCp-choline adduct was
quite longer (>48 h)PeClercq, 1993; Furman et al.,
1979; St. Clair et al., 1980; Larsson et al., 1983
Day HPMPC therapy initiated Therefore, the rate of elimination of active species
(step iv) is relatively slow for HPMPC. The net out-
come of such slow pharmacokinetic disposition of
HPMPC is the attainment of sufficiently high intracel-
lular concentration of HPMPCpp (active metabolite)
et al., 1999 with similar HPMPC formulation without ~ before infection sets in. This can explain the results
Azone employing the same treatment protocol. obtained with protocol #2, where a protective effect
Fig. 6shows the in vivo antiviral efficacy for formu-  was obtained with the pretreatment of HPMPC for-
lation H4 in protocol #2. It is obvious that the absolute mulations with and without Azone. In case of formu-
(100%) topical efficacy was obtained when the treat- lation H4 with Azone, however, the in vivo efficacies
ment started 4 and 3 days prior to virus infection, while are much greater than that without Azone reported
~70 and 40% topical efficacy were obtained when the earlier under similar treatment protocolé&fguna
treatment started just 2 and 1 day before infection, re- et al., 1999. It is possible that Azone might affect
spectively. These results are relatively higher than that one or more of the intrinsically slow steps mentioned
obtained earlier Afouna et al., 199Ppwith a similar earlier (i.e. the extracellular drug concentrati@i),
formulation without Azone under similar experimen- cellular uptake of the drug, conversion of drug to ac-
tal conditions, where only about 33 and 25% topical tive metabolite, and/or drug elimination rate). Thus,
efficacies were observed when the treatment started 4the effect of Azone may be more than mere pen-
and 2 days before virus inoculation, respectively. In etration enhancement because of possible interplay
addition, no efficacy was observed when the pretreat- between Azone and one or more of the above steps,
ment period was further reduced from 2 days. resulting in faster HPMPC steady-state and higher
HPMPC is a phosphonated nucleotide analogue intracellular level of the active species as well as the
(Fig. 1b, much like ACVp. However, in uninfected in vivo efficacy.
cells, unlike ACV, HPMPC is further phosphory-
lated by normal host enzymes to its mono- and 3.2.3. Correlation between HPMPC*@stimates
di-phosphates (HPMPCp and HPMPCpp, respec- and the in vivo efficacy
tively). HPMPCpp is the active metabolite of HPMPC In a separate series of experiments, the relation-
which acts as selective inhibitor of viral DNA poly- ship between th&C* estimates and the observed in
merase. Furthermore, the HPMPCp-choline adduct vivo antiviral efficacy for HPMPC formulations con-
(with an exceptionally long half-life) is another in- taining different drug concentrations (0.1-5%) with
tracellular moiety identified in cell culture studies 5% Azone (H2-H6) was assessed. In these experi-

30 A
20 A

10 4

Fig. 6. The topical efficacy@) of HPMPC in formulation H4
(with Azone) in treatment protocol #2.
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Fig. 7. Correlation between the me&h estimates and the in vivo
topical antiviral efficacy for HPMPC topical formulations in the
standard treatment protocol #3: formulations H2—H6 containing
different drug concentrations (0.1-5%) with 5% Azone [closed
symbols @)], and set of formulations of similar compositions
containing 0.5-10% HPMPC without Azone [open symbdlsl)]
*data presented from our previous report for comparison.
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In the cell culture studies, the HPMPC concentra-
tion required for killing 50% (EGp) of the HSV-1
virus, strain E-377 (the same virus type and strain
used in this study), was Op8y/ml (personal commu-
nication), which is relatively higher but fairly close
to the Cz,, (extracellular drug concentration for 50%
in vivo topical antiviral efficacy) predicted from the
dose—response relationship curve for HPMPC formu-
lations with Azone £0.525u.g/ml) and much smaller
than that predicted from similar curve for HPMPC for-
mulations without Azone~2.13ug/ml) as shown in
Fig. 7. It has been reported that for ACV, the estimated
and predicted values @fZ, from ACV dose-response
relationship curve established earlier using formula-
tions of different compositions, and the value ofd4gC
were comparableLge et al., 1992; Imanidis et al.,
1994. In such cases, excipients in topical formula-
tions may affect the topical bioefficacy of ACV, but
they do not have any discernible effect upon the in-
trinsic in vivo potency of the drug.

The current results raise two basic questions for the
second time (3). First, what role does Azone play in en-
hancing the efficacy of HPMPC formulations beyond
enhancing the flux? Secondly, what factors prevented

ments, the standard treatment protocol for cutaneousAzone from playing the same role with ACV formu-

HSV-1 infections was employed. The observed in
vivo topical antiviral profiles of HPMPC formulations
with and without Azone are depicted Fig. 7. The
dose—response relationship of HPMPC formulations
with 5% Azone followed a straight line and shifted
left in relation to the dose—response relationship ob-
tained previously for HPMPC formulations contain-
ing different drug concentrations (0.5-10%) without
Azone under similar experimental protoc@founa

et al., 1999. In these studies, increasing the HPMPC
concentration resulted in an increase in the in vitro
flux andC* values, which in turn increased topical in
vivo efficacy. In order to obtain the comparable topi-
cal efficacy, therefore, a much higher flux is required
for a HPMPC formulation without Azone compared
to that for a formulation with Azone. Likewise, at
similar flux values, the topical efficacies of HPMPC
formulations with Azone are much greater than those
of formulations without Azone. This finding further
substantiates our previous finding with BVDU where
it was pointed out that at similar flux value, BVDU
formulations with Azone were much more effective
than those without AzoneéAfouna et al., 1998

lations? It may be difficult to address both these ques-
tions with a single theory. It is unlikely that Azone has
an intrinsic antiviral effectl(eonard et al., 198&ince
placebo formulations with Azone showed no efficacy.
It may be possible that an interplay between Azone
and one or more of the clearly identified differences
between HPMPC and ACV including: (a) the mech-
anisms of action; (b) membrane permeabilities; (c)
phosphorylation kinetics; (d) rates of cellular uptake;
and (e) drug disposition parameters can lead to such
differential effects of Azone upon HPMPC and ACV.
Such scenarios for example, may allow faster rate of
conversion of HPMPC into the active metabolite and
the HPMPC—choline adduct and/or faster HPMPC cel-
lular uptake, which in turn may account for the higher
in vivo efficacy seen in the presence of Azone. How-
ever, the role of the percutaneous enhancers is gener-
ally regarded as limited to enhancing the skin perme-
ation rate of the drug. Therefore, topical formulations
of similar flux values are expected to have compara-
ble in vivo efficacies irrespective of their composition.
The current example is in contrast with this theory
since the excipients could affect the in vivo efficacy
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by altering the intrinsic potency of the drug rather than

simply increasing the skin permeation rates. Such find-
ings should focus our attention in the future on the

mechanistic understanding of the excipients’ and skin
penetration enhancers’ roles upon the bioefficacy of a
topical formulation.

4, Conclusion

In summary, HPMPC formulations with Azone
at similar flux values were much more effective
in “treating and preventing” of HSV-1 infections
than those without Azone. The extracellular free
HPMPC concentrationG*), was a function (but not
a single-valued function) of the observed in vivo
efficacy. Moreover, the course of treatment with for-
mulations exhibiting such higher efficacy is expected
to be remarkably shorter than that with formulations
without Azone. For ACV formulations, in contrast,
addition of Azone has failed to show any effect on the
preventive in vivo antiviral efficacy and the enhance-
ment seen in the in vivo antiviral efficacy of ACV in
treatment of HSV-1 infections, was merely the skin
permeation enhancement effect of Azone.
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