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Of a series of newly synthesized derivatives of the pyrrolo[2,3-dlpyrimidine nucleosides tubercidin,
toyocamycin, and sangivamycin, the xylosyl analog of tubercidin, xylotubercidin, exhibited the greatest
potency and selectivity against herpes simplex virus type 2 (HSV-2) in vitro. At dosage regimens that were not
toxic for the host, xylotubercidin proved efficacious in various HSV-2 animal model infections. When applied
topically at 0.25, 0.5, or 1% in dimethyl sulfoxide or when administered systemically (intraperitoneally) at 12.5
or 25 mg/kg per day, xylotubercidin suppressed the development of herpetic skin lesions and the paralysis and
mortality associated therewith in hairless mice inoculated intracutaneously with HSV-2. In this model,
acyclovir was effective only if administered topically at 5 or 10% in dimethyl sulfoxide. When administered
intraperitoneally over a dosage range of 10 to 50 mg/kg per day, xylotubercidin achieved a significant reduction
in the mortality rate of mice infected intraperitoneally with HSV-2. Under the same conditions, acyclovir did
not offer any protection even when administered at doses up to 250 mg/kg per day. Xylotubercidin thus appears
to have considerable potential for both topical and systemic treatment of HSV-2 infections.

Acyclovir (Zovirax) is the only antiviral compound that
has been licensed for the treatment of genital herpes. The
compound has proven to be effective in the systemic and
topical treatment of herpes simplex virus (HSV) type 2
(HSV-2) infections in both mice (11, 25, 31, 38) and guinea
pigs (39, 43). Various clinical studies have demonstrated that
acyclovir, when given systemically (either intravenously or
perorally) or applied topically, is efficacious in the treatment
of primary genital herpes (4, 7, 8, 29, 30) and, to a lesser
extent, recurrent genital herpes (8, 30, 32, 33). Furthermore,
oral administration of acyclovir has been shown to markedly
reduce (but not completely abrogate) recurrences of genital
HSV infection (17, 42), when administered daily for an
extended time period (i.e., 4 months), and therefore,
acyclovir could be advocated for long-term use in the
prophylaxis of recurrent genital herpes.

Considering the possibility of breakthrough recurrences of
genital herpes, as well as the risk for long-term side effects
and, in particular, the emergence of drug-resistant virus
strains that might be associated with a prolonged course of
acyclovir treatment, it may be useful to have at hand
alternative therapeutic modalities for the treatment of
HSV-2 infections. These drugs should preferably act by a
different mechanism than acyclovir and hence be effective
against acyclovir-resistant HSV mutants which, as arising in
the clinic, are mostly of the thymidine kinase-deficient
(TK-) type (5, 9, 40, 44).
Candidate antiviral drugs that have proven to be effective

against HSV-2 infections in animal models and that therefore
seem worth pursuing for their potential in the treatment of
genital herpes and HSV-2 infections in general include
cyclaradine (43) as well as its predecessor vidarabine (34);
the 1-(2'-deoxy-2'-fluoro-p-D-arabinofuranosyl)pyrimidine
derivatives FMAU, FIAC, and FIAU (27, 28); 5-ethyl-2'-
deoxyuridine (EDU) (39); phosphonoformate (1, 23, 24, 28);
and 9-(1,3-dihydroxy-2-propoxymethyl)guanine (21), partic-
ularly when combined with interferon (18-20). Cyclaradine,
vidarabine, and phosphonoformate thereby offer the advan-
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tage that they should be effective against TK- HSV strains
as their antiviral activity is not dependent on phosphoryla-
tion by the viral thymidine kinase.

In this report we describe the potential of xylotubercidin,
the xylosyl derivative of tubercidin (7-deazaadenosine), for
the topical and systemic treatment of HSV-2 infections. In
contrast with its parent compound, tubercidin, which was
not selective in its antiviral activity, xylotubercidin inhibited
the replication of HSV-2 in vitro at concentrations well
below the cytotoxic concentrations; and these observations
extended to the in vivo situation in which xylotubercidin was
found to suppress the development of cutaneous HSV-2
lesions and mortality associated with HSV-2 infection when
administered topically or systemically to mice at doses
which were not toxic for the host.

MATERIALS AND METHODS
Test compounds. Tubercidin was purchased from The

Upjohn Co. (Kalamazoo, Mich.). Toyocamycin, sangiva-
mycin, and xylotubercidin (6, 35), and the arabinosyl (22),
2'-deoxyribosyl (37), 3'-deoxyribosyl (36), and 2'-deoxyxy-
losyl derivatives of tubercidin, toyocamycin, and sangiva-
mycin were obtained from M. J. Robins. The synthesis and
in vitro biological properties of the sugar-modified analog of
tubercidin, toyocamycin, and sangivamycin, which all are
pyrrolo[2,3-d]pyrimidine nucleosides, will be published else-
where. Acyclovir (acycloguanosine; Zovirax) was purchased
from Wellcome (Aalst, Belgium). The formulas of
tubercidin, toyocamycin, sangivamycin, and xylotubercidin
are presented in Fig. 1.

Viruses. The origin of the viruses was as follows: HSV
type 1 (HSV-1) (KOS), HSV-1 (F), HSV-1 (McIntyre), TK-
HSV-1 (B2006), HSV-2 (G), HSV-2 (196), HSV-2 (Lyons),
vaccinia virus, and vesicular stomatitis virus (14); coxsackie-
virus type B4, poliovirus type 1, Sindbis virus, and measles
virus, (15); reovirus type 1 (ATCC VR-230) and parain-
fluenza virus type 3 (ATCC VR-93) were obtained from the
American Type Culture Collection (Rockville, Md.). The
TK- HSV-1 [Cl (101)] strain was obtained from H. J. Field
(Cambridge, England). The TK- HSV-1 (VMW-1837) strain
was isolated from an immunosuppressed patient who had
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FIG. 1. Formulas of tubercidin, toyocamycin, sangivamycin,
and xylotubercidin.

been treated with acyclovir for an oral HSV-1 infection and
who had become resistant to acyclovir. The HSV-1 strain
isolated from this patient was resistant to acyclovir and
coresistant to several antiviral drugs including EDU. The
virus stocks were grown in primary rabbit kidney (PRK)
cells (HSV-1, HSV-2, and vesicular stomatitis virus), HeLa
cells (poliovirus), African green monkey kidney (Vero) cells
(coxsackievirus B4, measles virus, reovirus, and
parainfluenza virus), chick embryo cells (Sindbis virus), or
chorioallantoic membrane cells (vaccinia virus).

Mice. Either hairless (hrlhr) mice (age, 25 to 30 days;
weight, 18 to 20 g) or Naval Medical Research Institute
(NMRI) mice (age, 15 days; weight, 10-12 g) were used for
the in vivo experiments. The NMRI mice were randomly
bred; the hairless mice were bred by backcross and
intercross of the homozygous parents. All the mice were

obtained from the Animal Production Center (Proefdieren-
centrum) of the Katholieke Universiteit Leuven. They were

housed under conventional conditions in groups of five with
unrestricted access to food and drinking water. Female and
male mice were used at random in all experiments.

In vitro tests. The antiviral assays were based on inhibition
of virus-induced cytopathogenicity in PRK, HeLa, or Vero
cell cultures, following previously established procedures
(14, 15). The compounds were added immediately after the
1-h virus adsorption period. In tests that were run in parallel
with the antiviral assays, the compounds were examined for
their effects on the morphology of normal, uninfected cell
cultures, which had been in contact with the compounds for
the same time period as the virus-infected cells. A micro-
scopically detectable disruption of the normal cell morphol-
ogy was taken as the endpoint of cytotoxicity. Cytotoxicity
was also assessed by inhibition of cell proliferation; these
tests were carried out with murine leukemia L-1210 cells in

TABLE 1. Comparative cytotoxicity and antiviral activity of
different pyrrolopyrimidine nucleoside analogs in primary rabbit

kidney cell cultures

MICI/2 (pg/ml)a
Compound HSV-1 HSV-2 MTC (qg/ml)b

(KOS) (G)

Tubercidin 0.1 0.1 0.4
Toyocamycin .0.04 .0.04 0.04
Sangivamycin 0.07 0.07 1
Aratubercidin 125 40 >400
Aratoyocamycin 7 2 10
Arasangivamycin 4 1 40
Xylotubercidin 0.2 0.07 10
2'-Deoxytubercidin 50 40 >400
2'-Deoxytoyocamycin .1 0.3 4
2'-Deoxysangivamycin 2 1 10
3'-Deoxytubercidin 10o 10 10
3'-Deoxytoyocamycin .0.4 .0.4 1
3'-Deoxysangivamycin .10 10 10
2'-Deoxyxylotubercidin 70 70 >400
2'-Deoxyxylosangivamycin 70 70 >400

a MIC required to reduce virus-induced cytopathogenicity by 50o. Values
are means for at least three independent experiments.

b Minimum toxic concentration (MTC) required to cause a microscopically
detectable change in morphology of normal uninfected cells treated with the
compounds and run in parallel with the infected treated cells.

their exponential growth phase (13). Inhibition of DNA,
RNA, and protein synthesis was evaluated, as described
previously (13), by monitoring the incorporation of [methyl-
3H]thymidine, [5-3H]uridine, and [4,5-3H]leucine, respec-
tively.

In vivo tests. In vivo antiviral activity was explored in
hairless mice inoculated intracutaneously in the lumbosacral
area with HSV-2 (196) at 103 7 PFU/0.05 ml per mouse. For
topical use, the test compounds were formulated in dimethyl
sulfoxide (DMSO) at different concentrations (ranging from

TABLE 2. Antiviral activity spectrum of xylotubercidin
Virus Cell system MIC1,2 (14g/ml)'

HSV-1 (KOS) PRK 0.2
HSV-1 (F) PRK 0.2
HSV-1 (McIntyre) PRK 0.2
TK- HSV-1 (B2006) PRK 0.7
TK- HSV-1 [C1(101)] PRK 0.4
TK- HSV-1 [VMW-1837] PRK 0.7
HSV-2 (G) PRK 0.07
HSV-2 (196) PRK 0.1
HSV-2 (Lyons) PRK 0.07
Vaccinia PRK 0.3
Vesicular stomatitis PRK .10
(Cytotoxicity PRK job)

Vesicular stomatitis HeLa -4
Coxsackie B4 HeLa .4
Polio type 1 HeLa .4
(Cytotoxicity HeLa 4b)

Reo type 1 Vero .40
Parainfluenza type 3 Vero .40
Sindbis Vero .40
Coxsackie B-4 Vero .40
Measles Vero .40
(Cytotoxicity Vero 40b)

a See footnote a to Table 1.
b See footnote b to Table 1.
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TABLE 3. Effects of tubercidin, toyocamycin, sangivamycin, xylotubercidin, and acyclovir on the development of herpetic skin lesions,
paralysis of the hind legs, and mortality of hairless mice inoculated intracutaneously with HSV-2 (196)'

Compound Concn No. of No. of survivors on the following day after virus inoculation: %(%) mice 4 6 8 10 15 20 survivors

Tubercidin 0.25 10 10 (0/0)C 9 (0/0) 9 (0/1) 8 (0/0) 8 (0/0) 8 (0/0) 80
O.lb 10 10 (0/0) 10 (2/0) 7 (1/1) 5 (0/0) 5 (0/0) 5 (0/0) 50
0.05 10 10 (2/0) 10 (2/4) 4 (1/1) 3 (0/1) 2 (0/0) 2 (0/0) 20
0.025 10 10 (3/0) 10 (6/2) 4 (0/2) 2 (0/0) 1 (0/0) 1 (0/0) 10
0 10 10 (3/0) 9(4/3) 2 (0/2) 0 0 0 0

Toyocamycin 0.25b 10 5 (0/0) 5 (0/0) 4 (0/0) 2 (0/0) 0 0 0
0.lb 10 10 (0/0) 10 (0/0) 10 (0/0) 10 (0/0) 8 (0/0) 8 (0/0) 80
0.05b 10 10 (0/0) 10 (0/0) 10 (0/0) 9 (0/0) 9 (0/0) 9 (0/0) 90
0.025b 10 10 (0/0) 9 (2/1) 6 (1/2) 3 (0/0) 3 (0/0) 3 (0/0) 30
0 10 10(0/0) 7 (3/3) 1 (0/1) 0 0 0 0

Sangivamycin 0.25b 10 8 (0/0) 2 (0/0) 0 0 0 0 0
0.lb 10 10 (0/0) 10 (0/0) 9 (0/0) 9 (0/0) 9 (0/0) 9 (0/0) 90
0.05b 10 10 (0/0) 10 (1/0) 8 (1/0) 7 (0/0) 5 (0/0) 5 (0/0) 50
0.025b 10 10 (1/0) 10 (2/3) 6 (1/0) 3 (1/0) 2 (0/0) 2 (0/0) 20
0 10 10(3/0) 8(7/1) 0 0 0 0 0

Xylotubercidin 1 10 10 (0/0) 10 (0/0) 10 (0/0) 10 (0/0) 10 (0/0) 10 (0/0) 100
0.5 10 10 (0/0) 10 (0/0) 10 (0/0) 10 (0/0) 8 (0/0) 8 (0/0) 80
0.25 10 10 (0/0) 10 (0/0) 10 (1/0) 9 (0/0) 8 (0/0) 8 (0/0) 80
0.1 10 10 (0/0) 10 (3/0) 8 (3/3) 4 (1/1) 1 (0/0) 1 (0/0) 10
0 10 10(0/0) 6 (4/2) 1 (0/1) 0 0 0 0

Acyclovir 10 10 10 (0/0) 10 (0/0) 10 (0/0) 10 (1/0) 9 (0/0) 9 (0/0) 90
5 10 10 (0/0) 10 (0/0) 10 (0/2) 8 (1/0) 7 (0/1) 6 (0/0) 60
2.5 10 10 (0/0) 10 (4/0) 8 (3/3) 4 (1/2) 1 (0/0) 1 (0/0) 10
1 10 10 (0/0) 10 (3/2) 6 (3/2) 5 (0/4) 0 0 0
0 10 10(2/0) 9(3/6) 1 (0/1) 0 0 0 0

a Drugs were at concentrations ranging from 0.025 to 10%o in DMSO.
b Local toxicity (erythema, crust formation) was noted at this concentration; toyocamycin and sangivamycin also showed systemic toxicity (as reflected by the

0%6 survival rate) at a concentration of 0.25%.
Numbers in parentheses are number of mice with herpetic skin lesions only/number of mice with herpetic skin lesions plus paralysis.

0.025 to 10%; wt/vol) and applied topically four times a day
(at 9 a.m., 11 a.m., 2 p.m., and 4 p.m.) for 5 days, starting
immediately after virus infection. For systemic use, the test
compound was injected intraperitoneally twice a day at a
daily dose of 5, 12.5, 25, or 50 mg/kg for 5 days, starting
immediately after virus infection. For the hairless mice
inoculated intracutaneously with HSV-2, several parameters
of infection were followed: (i) herpetic skin lesions, present-
ing as epidermal ulcerations and considered as positive if
they were at least 0.5 cm long, (ii) paralysis of the hind legs
(inyarjably accompanied by herpetic skin lesions), and (iii)
the iumber of survivors (survival rate) at 1 through 20 days
postitfection.

In vivo antiviral activity was also determined in NMRI
mice iqoculated intraperitoneally with HSV-2 (196) at 100
times the 50% cell culture infective dose per 0.2 ml per
mouse and treated subsequently by the test compounds
given via the intraperitoneal route twice a day (at a daily
dose of 10, 25, 50, 100, or 250 mg/kg) for 5 days, starting
imnmediately after virus infection. The survival rate of the
mice was followed until day 20 postinfection.

Statistical significance of the differences in the final sur-
vival rates (20 days postinfection) was assessed by the x2 test
with the Yates correction for small numbers.

RESULTS

Of the various pyrrolopyrimidine nucleoside analogs that
were evaluated for their anti-HSV activity in vitro (Table 1),
xylotubercidin emerged as the most selective inhibitor of
both HSV-1 and HSV-2. It inhibited the cytopathic effect of
HSV-2 (G) at a concentration of 0.07 ,ug/ml; that is, about
150-fold lower than the concentration at which the com-

pound itself proved cytopathic, as based on either alteration
of cell morphology (Table 1) or inhibition of DNA, RNA, or
protein synthesis (E. De Clercq, J. Balzarini, D. Madej, F.
Hansske, and M. J. Robins, J. Med. Chem., in press). Other
pyrrolopyrimidine nucleosides, i.e., tubercidin, toyoca-
mycin, and sangivamycin, were equally or even more potent
than xylotubercidin as inhibitors of HSV-1 or HSV-2; but in
contrast with xylotubercidin, these other compounds
showed little, if any, selectivity as antiviral agents.
Xylotubercidin was also active against TK- HSV-1 strains
(Table 2). However, RNA viruses, i.e., vesicular stomatitis,
coxsackie, polio, reo, parainfluenza, Sindbis, and measles,
were not inhibited, unless xylotubercidin was used at con-
centrations that were toxic for the host cells.
When evaluated for its efficacy in the topical treatment of

an intracutaneous HSV-2 infection in hairless mice,
xylotubercidin suppressed the development of herpetic skin
lesions, paralysis of the legs, and mortality, when adminis-
tered at a concentration of 0.25, 0.5, or 1% in DMSO (Table
3). With these treatment regimens the final survival rate was
increased from 0 to 80, 80, and 100%, respectively. Evidence
of either local or systemic toxicity for the host was not
observed with xylotubercidin applied topically at 0.25, 0.5,
or 1%. Local toxicity (erythema, crust formation) and sys-
temic toxicity (about 40% mortality) became apparent, how-
ever, when xylotubercidin was used topically at 2.5% (data
not shown).

Tubercidin, toyocamycin, and sangivamycin also con-
ferred a protective effect against the different parameters of
intracutaneous HSV-2 infection in hairless mice (Table 3),
when applied at the appropriate concentrations (0.1 and
0.25% for tubercidin, 0.05 and 0.1% for toyocamycin and
sangivamycin); but at these concentrations, and for
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FIG. 2. Survival rate of hairless mice inoculated intracutane-
ously with HSV-2 (196) and treated intraperitoneally with placebo
(25 mice [0]) or xylotubercidin at 5 mg/kg per day (10 mice [0]),
12.5 mg/kg per day (15 mice [A]), or 25 mg/kg per day (15 mice [O]).

toyocamycin and sangivamycin even at lower concentra-
tions, the compounds provoked local erythema and crust
formation. This local toxicity was dose dependent, and thus
more pronounced with increasing concentrations of the
compound; and at 0.25%, toyocamycin and sangivamycin
were lethal for the mice (Table 3).

Acyclovir, which was included as the reference compound
in the experiments with intracutaneous HSV-2 infection in
hairless mice (Table 3), caused, in agreement with previous
results (11), a significant increase in the final survival rate,
i.e., from 0 to 60 and 90%, when applied topically at 5 or

10%, respectively. When used at 2.5 or 1%, acyclovir offered
only transient protection, without affecting the final mortal-
ity rate.
When xylotubercidin was administered intraperitoneally,

it again proved effective in protecting hairless mice against
an intracutaneous HSV-2 infection, as reflected by the
increase in the final survival rate from 4% (placebo) to 60%
(P < 0.001) and 73% (P < 0.001) following administration of
xylotubercidin at a daily dose of 12.5 and 25 mg/kg, respec-
tively (Fig. 2). At 5 mg/kg per day xylotubercidin only
conferred transient protection without a significant change in
the final mortality rate, whereas at 50 mg/kg per day it was
lethal for about 50% of the mice.
To establish whether xylotubercidin may also be effica-

cious against a systemic HSV-2 infection, it was adminis-
tered intraperitoneally to NMRI mice which had been in-
fected with HSV-2 (196) via the intraperitoneal route. Xylo-
tubercidin brought about a significant increase in the survival
rate when administered at a dose of 10, 25, or 50 mg/kg per
day (Fig. 3A). With these treatment regimens the final
survival rate was increased from 14 to 75, 80, and 60%,
respectively (all significant at P < 0.001). The mortality
(35%) observed on days 3 to 5 for the group treated with
xylotubercidin at 50 mg/kg per day can be attributed to
toxicity of the compound.
When acyclovir was evaluated under the same conditions

as xylotubercidin, it did not substantially alter the survival
rate of NMRI mice infected intraperitoneally with HSV-2
(Fig. 3B), even if acyclovir was administered at doses up to

250 mg/kg per day. Because acyclovir was lethal for about
half (or more) of the mice when administered intraperitone-
ally at a dose of 500 (or 1,000) mg/kg per day, it was not
evaluated against intraperitoneal HSV-2 infection at these
dosage regimens.

DISCUSSION

In previous attempts to decrease the cytotoxicity, increase
the antiviral activity of tubercidin, or both, a number of
C-5-substituted tubercidin analogs were synthesized and
examined in a broad variety of antiviral assay systems
(3). While substitution of the C-5 hydrogen of tubercidin by
a 1-hydroxyethyl, 1-methoxyethyl, or 2-buten-1-yl group
made the compounds more selective against reovirus type 1,
parainfluenza virus type 3, and coxsackievirus B4, for other
viruses, i.e., HSV-1 and HSV-2, the specificity index re-
mained essentially unchanged (3).

In our current attempts to improve the therapeutic ratio of
tubercidin, chemical modifications were introduced in the
sugar moiety, and among the various sugar-modified analogs
of tubercidin that were synthesized, xylotubercidin emerged

100

90*

80

70*

60'

_ 50

Qj 40'

QX 30

_ 20

10-
.

-6- 1 1
Ia

.-

VI)

4 6 8 10 12 14 16

T i m e (days) postinfection
FIG. 3. Survival rate of NMRI mice inoculated intraperitoneally

with HSV-2 (196) and treated intraperitoneally with placebo (50
mice [0]); xylotubercidin at 10 mg/kg per day (20 mice [0]), 25
mg/kg per day (20 mice [A]), or 50 mg/kg per day (20 mice [O]) (A);
or acyclovir at 50 mg/kg per day (20 mice [OI]), 100 mg/kg per day (30
mice [VI), or 250 mg/kg per day (30 mice [ O]) (B).

QJ

a,
L.

Q~)

ANTIMICROB. AGENTS CHEMOTHER.

Imp-%.,-

.41

L



EFFICACY OF XYLOTUBERCIDIN AGAINST HSV-2 723

as the most selective inhibitor of HSV-1 and HSV-2. As
compared with its parent compound, tubercidin, xylotu-
bercidin turned out to be equally potent, but significantly
less cytotoxic, thus achieving a specificity index of at least 2
orders ofmagnitude (Table 1). That xylotubercidin is at least
100-fold less cytotoxic or -static than tubercidin has been
confirmed in several cell systems, e.g., murine L-1210 leu-
kemia cells (De Clercq et al., in press) and a subline thereof,
L-1210/C2 (6). In the latter system, tubercidin brought about
a 50% reduction in cloning efficiency at a concentration of
about 0.05 jiM, whereas xylotubercidin could be estimated
to do so at a concentration of about S to 10 ,uM.
The in vitro results with xylotubercidin indicate that it is a

sufficiently selective anti-HSV agent that should be investi-
gated further for its efficacy against HSV infections in animal
models. Indeed, when administered at the appropriate dos-
age regimens (i.e., 0.25, 0.5, or 1%, topically, or 12.5 or 25
mg/kg per day, systemically), xylotubercidin clearly sup-

pressed the clinical manifestations of HSV-2 infection with-
out being toxic for the host (Table 3 and Fig. 2 and 3).
However, toxicity became apparent when xylotubercidin
was used topically at 2.5% (skin erythema, crust formation,
and about 40% mortality) or systemically (intraperitoneally)
at 50 mg/kg per day (35 to 50% mortality).
Thus, the concentration margin (or "window") at which

xylotubercidin exhibited a protective activity against HSV-2
infection may seem relatively small, but it should be recog-

nized that when acyclovir was compared with xylotubercidin
under the same experimental conditions, its activity window
for topical application was also narrow (only 5 to 10%), and
when acyclovir was used intraperitoneally (against
intraperitoneal HSV-2 infection) no activity window was

apparent, because acyclovir was not effective up to doses of
250 mg/kg per day and toxic (lethal) from a dose of 500 mg/kg
per day Uipward.

It should also be retognized that intracutaneous HSV-2
infection of hairless mice, as well as intraperitoneal HSV-2
infection of NMRI mice, represent rather stringent models
for establishing the efficacy of anti-HSV-2 agents. In the
latter model, acyclovir was found to be effective only when
given perorally at a dose greater than 500 mg/kg per day (41).
In the intracutaneous HSV-2 infection model in hairless
mice, only phosphonoacetate and acyclovir have previously
been found to be effective when used topically at 5 or 10%
(11). Various other antiviral drugs such as EDU and
arabinosylthymine, which are known to be active against
HSV-2 (14) and which have shown efficacy in a variety of
animal models (2, 10, 26), failed to suppress cutaneous
HSV-2 lesions in the hrlhr mouse model (11). Similarly,
arildone (Win 38020) did not show any effect on cutaneous
HSV-2 lesions in haitless mice when applied at 5% in DMSO
(data not shown), although the structurally related pyrazole
derivative Win 41258-3 has proven effective against vaginal
HSV-2 infections in mice and intradermal HSV-1 infections
in guinea pigs (31).
These considerations make the efficiency of xylotuber-

cidin in the treatment of local and systemic HSV-2 infections
all the rnore interesting. Xylotubercidin should be explored
fuither for its potential in the treatment of genital HSV-2
infections, i.e., both primary and recurrent genital herpes in
mice, guinea pigs, or both. In addition, xylotubercidin
should be explored for its effects on TK- HSV infections,
because its antiviral activity is not dependent on phosphor-
ylation by the viral thymidine kinase. An animal model
based on intracutarleous infection of nude (nulnu) mice with
TK- HSV-1 (VMW-1837) has been recently established in

our laboratory and should be useful in determining the
efficacy of xylotubercidin against TK- HSV infections in
vivo.
The mechanism of action of xylotubercidin and the basis

for its selectivity remain to be determined. Considering the
activity spectrum of xylotubercidin (Table 2) in comparison
with the activity spectrum of those adenosine analogs, i.e.,
carbocyclic 3-deazaadenosine (16) and neplanocin A (12),
that are assumed to be targeted at S-adenosylhomocysteine
hydrolase, a feedback inhibitor of transmethylation reac-
tions, it is obvious that xylotubercidin does not act via such
a mechanism. Where it precisely acts and whether it needs to
be phogphorylated (i.e., by adenosine kinase) to exert its
antiviral activity are interesting questions prompting further
research.
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