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Abstract

Acyclovir and less frequently, vidarabine are (or have been) used in the treatment of varicella-zoster virus (VZV) infection and are
administered either intravenously (vidarabine) or orally (acyclovir, up to five times per day). The pharmacological bases of the administration
interval were modeled in vitro in this study. Incubation of VZV-infected cultures with acyclovir or vidarabine for 24, 48, 72 and 96 h showed
similar duration-dependent anti-viral activities as assessed by a plaque-reduction assay. Treatment with vidarabine for only 8 h/day for 4 days
(intermittent treatment) showed anti-VZV activity equivalent to that of continuous treatment for 4 days in terms of the inhibitory dose that
reduced plaque formation by 50% @4} In contrast, intermittent treatment with acyclovir exhibited a 7.9 times highgnue than that of
continuous treatment. The mode of inhibition of expression of most of viral protein was similar in both drugs, but the degree of inhibition was
different for each protein. Thus, vidarabine with a limited period of treatment showed anti-VZV activity comparable to continuous treatment
with acyclovir, indicating the longer duration of anti-viral activity of vidarabine.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction erate acyclovir-resistant viruses in immunocompetent hosts.
However, acyclovir-resistant mutants have been isolated in
Acyclovir and vidarabine [arabinosyl adenine (ara-A)] immunocompromised patients upon prolonged acyclovir
has been used in the treatment of varicella-zoster virus (VZV) treatment. Currently TK-negative mutants have been rarely
infection. Acyclovir is an anti-viral nucleoside analogue that observed in herpes simplex virus (HSV)- and VZV-infected
exhibits anti-viral activity through phosphorylation by thymi-  patients. The other mechanism of resistance involves DNA
dine kinase (TK) and inhibition of viral DNA synthesis by polymerase mutantsCpen and Schaffer, 1980; Collins et
competitive inhibition with guanosine triphosphate and chain al., 1989; Field et al., 1980; Furman et al., 1981; Kamiyama
termination after incorporation of acyclovir triphosphate (as et al., 2001; Knopf et al., 1981; Shiraki et al., 1990
the monophosphate) into DNA{ron and Elion, 1980; Elion Vidarabine inhibits viral DNA synthesis at concentra-
et al., 1977. Moreover, the effect of incorporation of acy- tions below those required to inhibit host cell DNA syn-
clovir monophosphate into the growing DNA results in a thesis Shipman et al., 19%6and may have multiple sites
blockage similar to suicide substrate inhibitidde@ardonand  of action within an infected cell. It is phosphorylated to its
Spector, 198p Conventional acyclovir treatment rarely gen- active triphosphate form by cellular kinases rather than by a
virus-induced thymidine kinas&¢hwartz etal., 1984Thus,
* Corresponding author. Tel.: +81 76 434 7255; fax: +81 76 434 5020, Vidarabine is capable of inhibiting TK-deficient mutants of
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Darby, 1986; Shiraki et al., 1990Further, we have reported 2.3. Compounds
that acyclovir-resistant DNA polymerase mutants of VZV
show two patterns of susceptibility to vidarabine; one group  Acyclovir was purchased from Sigma, MO, and vidara-
of acyclovir-resistant DNA polymerase mutants is more sen- bine was provided by Mochida Pharmaceutical Co., Japan.
sitive to vidarabine than the parent wild-type virus and the The drugs were dissolved in dimethylsulfoxide at 10 mg/ml
other group showed two or three times higher 50% inhibitory and used in a plague-reduction assay.
concentration (Igp) values than the parent wild-type virus
(Kamiyama et al., 2001 This study clearly showed that vi- 2.4. Plaque-reduction assay
darabine acts on viral DNA polymerase and that both types
of acyclovir-resistant DNA polymerase mutants are sensi- The anti-VZV activity of acyclovir and vidarabine was
tive to vidarabine. Thus, vidarabine is useful for all types examined by the plaque-reduction ass&hifaki et al.,
of acyclovir-resistant mutants with TK mutations and DNA 1982, 199). All assays were carried out in confluent
polymerase alterations. HEL cell monolayers in 60-mm plastic dishes. The cells
The clinical efficacy of acyclovir and vidarabine has were infected with 100 plaque-forming units/0.2 ml of cell-
been directly compared in immunocompromised patients free VZV for 1h. Thereafter, the cells were exposed to
with varicella-zoster virus infection. Past studies have re- various concentrations of the anti-viral compounds (0.5,
ported that acyclovir is equal to or more effective than vi- 1, 2, 5, 10, 20, 50 and 1Q0y/ml) in MEM supple-
darabine, and that vidarabine shows greater toxicity than mented with 2% FBS, and incubated at°&7 as indicated
acyclovir Shepp et al., 1986; Whitley et al., 199How- below.
ever, vidarabine may still be an important drug because The first part of the experiment was designed to compare
acyclovir-resistant mutants show clinical sensitivity to vi- the anti-VZV efficacy of continuous and intermittent treat-
darabine Reusser et al., 199@s expected from the sen- ment with acyclovir and vidarabine. Infected cultures were
sitivity in vitro. Acyclovir and vidarabine are intravenously treated with acyclovir or vidarabine continuously for 4 days
administered three times a day and once a day, respectivelyto determine the conventional 4g Other infected cultures
There are some studies demonstrating pharmacologic bawere incubated in parallel, first for 8 h with the drug and
sis for administration interval in HSV-infected cellSefe then, 16 h without the drug every 4 days. After the drug-
Hodge, 1993; Schwartz et al., 1984ut this is not clear in  containing medium was removed, the cultures were washed
VZV-infected cells. by the drug-free medium once, and then was added new drug-
In this study, we investigated the anti-VZV activity and ef- free medium and the cells were incubated again. After 4 days,
fects of acyclovir or vidarabine on viral replication and viral the cells were fixed with 5% neutral formalin and stained with
protein synthesis and observed that intermittent vidarabine 0.03% methylene blue. Four independent experiments were
blocked VZV replication almost as efficiently as continu- performed. The number of plaques was counted under a dis-
ous vidarabine or acyclovir. Thus, these results contribute secting microscope, and theg§value was determined by
to the pharmacological bases for the clinical use of these interpolation from linear regression of a semi-log plot (nine
drugs. data points).
The second part of the experiment was designed to com-
pare the duration of treatment necessary to exhibit anti-vVzVv

2. Materials and methods activity. The infected cells were incubated with the drug for
first 12, 24, 48 and 96 h and thereafter incubated without any
2.1. Virus drug for 84, 72, 36 and 0 h until fixation and staining. All

cultures were incubated for a total of 96 h.

Wild- type VZV Oka strain was propagated in human em-
bryonic lung (HEL) cells and cell-free virus prepared as de- 2.5. Effects of acyclovir and vidarabine on viral protein
scribed previously §hiraki et al., 1982, 1990; Shiraki and synthesis
Hyman, 1987. Briefly, infected cells were harvested and sus-
pendedin SPGC medium [phosphate-buffered saline contain- The effects of acyclovir and vidarabine on viral protein
ing 0.1% sodium glutamate, 5% sucrose, 10% fetal bovine synthesis were examined in HEL cells infected with the
serum (FBS)] and then sonicated, followed by centrifugation. VZV Oka strain Shiraki et al., 1982; Shiraki and Hyman,
The supernatant was frozen-a85°C as the cell-free virus  1987. The first part of the labeling experiment was de-

stock until use. signed to investigate the time-course profile of inhibition
of viral protein synthesis by the drugs. HEL cells were in-
2.2. Cells fected with VZV (Oka strain). When the cytopathic effect

appeared (72 h after infection), p@/ml acyclovir or vidara-
HEL cells were grown and maintained in Eagle’s mini- bine was added to each medium, and the cells were further in-
mum essential medium (MEM) supplemented with 10 or 2% cubated at 37C. Then, VZV-infected cells were labeled with
heat-inactivated FBS. [3°S] methionine and cysteine (37 Tbg/mmol, Amersham
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Biosciences, Piscataway, NJ) for 5-8, 21-24 and 45-48 hTable 1
in the presence of acyclovir or vidarabine after starting drug Comparison of continuous and intermittent treatment with acyclovir and

treatment.

The second part of the labeling experiment was designed
to compare the dose-dependent efficacy of the drugs on

viral protein synthesis. VZV-infected HEL cells exhibit-
ing cytopathic effects were treated with medium contain-
ing various concentrations of acyclovir (5-10§/ml) or
vidarabine (10-30Q.g/ml), and incubated at 3. VZV-
infected cells were labeled witf9S] methionine and cys-
teine (37 Tbg/mmol, Amersham Biosciences) for 21-24h
after addition of acyclovir or vidarabine. The labeled cells
were lysed, and viral proteins were immunoprecipitated
with immunoglobulin for human use (Miles Inc., Elkart,
IN) (Kurokawa et al., 19956 The immunoprecipitates were

subjected to SDS—polyacrylamide gel electrophoresis fol-

lowed by fluorographyKurokawa et al., 1990, 1995; Shiraki
et al.,, 1982; Shiraki and Hyman, 1987Protein bands
on the exposed films were scanned with a Bio-Rad Im-
age Analysis System with a Fluo™$ Multiimager and
quantitatively analyzed by the Macintosh software Multi-
Analyst 1.0.

3. Results

3.1. Comparison of continuous and intermittent
treatment

Table 1compares the 16 values of continuous and in-
termittent treatment with acyclovir and vidarabine on anti-
VZV activity as assessed by the plaque-reduction assay. In

termittent treatment with vidarabine was almost equivalent to

continuous treatment, and the inhibitorysfGvere 2.5 and
1.6pg/ml, respectively. In contrast, the 4gof intermittent

vidarabine in terms of anti-VZV activity
ICs0 (ng/ml) £ S.D.

Acyclovir, p<0.05

1.8 0.1 1.6+ 04
144+ 1.0 25+ 1.2

The anti-VZV activities of acyclovir and vidarabine in the plaque-reduction
assay were compared by two different treatments. The infected cells were
treated with drugs at concentrations of 0, 0.5, 1, 2, 5, 10, 20, 50 andd/6t
continuously for 4 days (continuous) or for only 8 h/day for 4 days (intermit-
tent). The number of plagues was counted under a dissecting microscope,
and 1G5 values were calculated. Student’s t-test was used in the statistical
analysisp values indicate the comparison between continuous and intermit-
tent treatment.

Vidarabinep=0.19

Continuous
Intermittent

3.2. Effect of treatment period on plague reduction

The results of treatment with acyclovir or vidarabine for
12, 24, 48, and 96 h are shownHig. 1 Both acyclovir and
vidarabine showed similar duration-dependent anti-viral ac-
tivity. The IC5q value curves of each treatment are shown in
Fig. 2 The 1G5 values of acyclovir were higher in treatment
for 12 and 24 h than those of vidarabine. On the other hand,
the 1Gsp of acyclovir and vidarabine were almost equivalent
with the 48- and 96-h treatment periods. There was a large
difference in IGg between acyclovir treatment for 24 and
48 h. The IGg of acyclovir treatment for 24 h was 7.1 times
higher than that for 48 h, while the ¢gof vidarabine at 24 h
was 2.8 times higher than that at 48 h. Thus, vidarabine treat-
ment for a short period showed stronger anti-viral activity
than acyclovir treatment.

~3.3. Inhibitory effect of drug on viral protein synthesis

Synthesis of VZV proteins was compared in the pres-
ence of acyclovir and vidarabine with various treatment pe-

treatment and continuous treatment with acyclovir were 14 riods (Fig. 3a). The intensity of most of viral protein bands

and 1.8.g/ml, respectively, and thus, the dgof intermit-
tent treatment with acyclovir was 7.9 times larger than that
of continuous treatment.

100
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50 \ ; \
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100

acyclovir concentration ( pug/ml)

Fig. 1. Comparison of time-dependent anti-VZV activities of acyclovir and

became weaker time-dependently following treatment with
both acyclovir and vidarabine. Major protein bands on au-
toradiograms (175, 155, 130, 118, and 100kDa proteins)

vidarabine concentration (pg/ml)

vidarabine. The infected cells were first treated with the drug ahttameentr

of 0, 0.5, 1, 2, 5, 10, 20, 50 and 10@/ml for 12, 24, 48 or 96 h and thereafter incubated without any drug. All cultures were fixed after total 96 h (4 days)

incubation.
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60 The inhibition patterns of protein synthesis were similar
—O— acyclovir B acyclovir in cells treated with acyclovir and vidarabine, as shown in
- ® - vidarabine W vidarabine Fig. 3. The degree of each viral protein inhibition was equal
under the condition of the long-term (24 h) treatment time in
this setting.

IC;, (ug/ml)
&

4. Discussion

10 L
0 - . Placebo-controlled trials have shown that vidarabine and
& Ny ?h & o ‘ \@0" & acyclovir are beneficial in the treatment of varicella-zoster
36 . . . P . . -
(36h) & \g»‘@ virus infections in immunocompromised patienWHitley

treatment period ; . A -
et al.,, 1976, 1982 and herpes simplex virus infections

Fig. 2. Comparison of I values upon treatment with acyclovir and vi-  in immunocompromised patientd\Vhitley et al., 198%
darabine for different time periods. Thed&)Nas determined graphically Subsequent trials, however, demonstrated that acyclovir is
from the results of the plaque-reduction assay showralsle 1andFig. 1 more effective and/or less toxic for these Conditidn&](tley

The 1Gsp value of intermittent acyclovir treatment (total treatment time, . .
8 h/dayx 4 days =32 h) was almost comparable to 36 h acyclovir treatment etal, 1992' Intravenous acydOVIr has been considered most

as shown in the graph. effective in preventing visceral complications of varicella-
zoster virus infection in immunocompromised patients with

Table 2 S , _ , _ disseminated cutaneous zoster. The most common adverse
\(llig;gg:]s:n of inhibition of main VZV proteins treated with acyclovir and effects of intravenous vidarabine have been gastrointestinal

_ . . (nausea, vomiting and diarrhea) and neurologic (tremors,
VZV protein (kDA) Acyclovir Vidarabine  haresthesia, ataxia and seizureBpgs and Balakrishnan,
175 25 5.0 1976; Sacks et al., 1979
igg ié g:g The mechanism of vidarabine is not well understood. The
118 50 55 mechanisms proposed to explain the inhibition of viral repli-
100 257 9.0 cation by vidarabine include: (a) selective inhibition of the vi-

Percent intensity of the bandsFig. 4was determined from the intensities ~ Fal DNA polymerase by vidarabine triphosphate due to com-
of the bands in the absence of acyclovir and vidarabine as a standard, angoetitive inhibition with the normal substrate, deoxyadeno-

the |Gso values {rg/ml) of main VZV proteins were calculated. sine triphosphateMuller et al., 1977l (b) inhibition of
virus-induced ribonucleotide reductase by either vidarabine
were analyzed quantitatively by an Image Analysis System triphosphate or vidarabine diphosphate, which reduces the
for the amounts of proteins synthesiz&dg. 3b shows the  deoxyadenosine triphosphate pool and ultimately inhibits
percent density of each protein band for untreated cells andDNA synthesis Cohen, 1972; Langelier and Buttin, 1981
drug-treated cells. Synthesis of most of viral protein was in- (c) selective incorporation of vidarabine monophosphate into
hibited time-dependently by acyclovir. The 175kDa protein viral DNA causing a decrease in the rate of primer elongation
was inhibited most strongly among the five viral proteins, and and chain termination. This latter mechanism was suggested
the 100 kDa protein was inhibited most weakly in acyclovir- by several investigatord/uller et al., 1977} but others ob-
treated cultures. The same tendency toward inhibition of vi- served random incorporation of vidarabine monophosphate
ral protein synthesis was observed in vidarabine-treated cells.into internal linkages of both viral and cellular DNAR€lling
Synthesis of VZV proteins was barely detected incells treated et al., 198). We have shown that the efficacy of vidara-

with vidarabine for 48 h. bine is modified by mutation of the viral DNA polymerase,

and this indicates that vidarabine is acting directly on viral
3.4. Effect of drug concentration on viral protein DNA polymerase, resulting in inhibition of VZV replication
synthesis (Kamiyama et al., 2001

In the present study, we characterized the differences in
Synthesis of VZV proteins was compared using various the anti-VZV activities of acyclovir and vidarabine treat-
drug concentrations, as showrHiy. 4. The pattern of protein  ment in vitro. Intermittent treatment with acyclovir gave a
synthesis was similar in cultures treated with both acyclovir 7.9 times higher Igp than continuous treatment, while in-
and vidarabine. The I§g values are presentedTable 2 The termittent treatment with vidarabine gave andGimilar to
synthesis of each protein was inhibited dose-dependently upcontinuous treatment, indicating that the anti-viral state in-
to 10pg/ml of acyclovir and vidarabine, and the pattern was duced by vidarabine continued for a longer time than that in-
not influenced by drug concentrations of 3¢ml and more duced by acyclovir. Although the half-life of phosphorylated
of both drugs. This indicated that the inhibitory activity of vidarabine is not known in VZV-infected cells, it is known in
acyclovir and vidarabine was saturated by treatment for 48 h, HSV-1-infected cells. It is reported that the half-life of ara-
even at low concentrations. ATP in uninfected cells was 3.2 h compared to 9.3 h in virus-
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Fig. 3. Effects of acyclovir and vidarabine on VZV protein synthesis with various treatment times: (a) VZV-infected cells were treated withr acyclovi
vidarabine for 8, 24, or 48 h as described in the text. Molecular weight markers used were myosirg-t@®dctosidase, 123.8 k; bovine serum albumin, 98 k;
glutamate dehydrogenase, 68.2 k; ovalbumin, 47.6 k; carbonic anhydrase, 38.5 k; myoglobin, 28.9 k. (b) Quantitative analysis of the intefigipesteinV
bands. Percent intensity of the bands was determined from the intensities of the bands in the absence of acyclovir and vidarabine as a standard.

infected cells $chwartz et al., 1984 Both these times are  of treatmentFig. 2), and this was the accumulated period of
considerably longer than the 0.8 h for phosphorylated acy- 8 h treatment period for 4 days. These results suggested that
clovir in VZV-infected cells and could explain the differ- acyclovir needs to be present continuously for more than 48 h
ences between vidarabine and acyclovir noted in our studyto exert full anti-VZV activity.

(Vere Hodge and Cheng, 1993Therefore, it is suggested Immunoprecipitation showed that inhibitory patterns of
that continuous treatment with acyclovir is needed to exhibit the viral proteins by vidarabine were almost equal to that
full anti-VZV activity, while vidarabine treatmentonce aday by acyclovir. This result suggested that the mechanism of
is equivalent to continuous treatment with acyclovir or vi- vidarabine is almost the same as that of acyclovir, which
darabine. The time-dependent anti-viral activity of vidara- means inhibition of viral DNA polymerase and consequently
bine was similar to that of acyclovir in the plaque-reduction cessation of viral DNA synthesis.

assay. However, only acyclovir showed a large difference in  In this study, vidarabine showed anti-VZV activity with a
ICs0 between the 24- and 48-h treatment periods. Thg IC limited treatment period in 1 day similar to continuous treat-
of intermittent treatment with acyclovir corresponded to 36 h ment with acyclovir, supporting the current treatment regi-



54 N. Miwa et al. / Antiviral Research 65 (2005) 49-55

=
2 en
D S acyclovir vidarabine 5
Z
g = o o B
= = o O O O O O O n O O
5 €V — A — —@A MmN~ =& B
175% : : - =199.0
155%
130» =-123.8
118»
100» - 98.0
- (8.2
= 47.6
- 38.5
= 28.9

Fig. 4. Effects of acyclovir and vidarabine on VZV protein synthesis at various concentrations. VZV-infected cells were treated for 24 h witin acyclov

at concentrations of 5, 10, 30, 50 and 1a9ml or vidarabine at concentrations of 10, 30, 50, 75, 100 and.80@l. Molecular weight markers used

were myosin, 199 kB-galactosidase, 123.8 k; bovine serum albumin, 98 k; glutamate dehydrogenase, 68.2 k; ovalbumin, 47.6 k; carbonic anhydrase, 38.5k;
myoglobin, 28.9 k.

mens of acyclovir and vidarabine. A previous study suggestedtion, Culture, Sports, Science and Technology of Japan and
that acyclovir and vidarabine were similarly active against Mochida Pharmaceutical Co., Japan.

VZV infection but that acyclovir had fewer adverse side

effects (Vhitley et al., 1991 However, acyclovir-resistant

mutants are sensitive to vidarabin8hfraki et al., 1990; References

Kamiyama et al., 200land acyclovir-resistant VZV infec-

tions have been Successfu"ytreated W|th Vidarahﬂw@ser Biron, K.K.,' Elion, G.B,, .1980.. In vitro susceptibility of varicella-
et al., 1998. We have shown comparable anti-VZV activity ZZ?ter virus to acyclovir. Antimicrob. Agents Chemother. 18, 443—
for vidarabine and acyclovir and a longer duration of vidara- Coen, D.M., Schaffer, P.A., 1980. Two distinct loci confer resistance to
bine activity. This supports the hypothesis that the current  acycloguanosine in herpes simplex virus type 1. Proc. Natl. Acad.
clinical protocol of once-a-day vidarabine treatment may ex-  Sci. U.S.A. 77, 2265-2269.

hibit its full anti-VZV activity for the treatment of VZV in- Cohen, GH 1972._ Ribonucleo_tide redu_ctase activity of synchronized KB
fection. Most clinicians would favor the use of foscarnet or __Cells infected with herpes simplex virus. J. Virol. 9, 408-418.

. . . . . Collins, P., Larder, B.A., Oliver, N.M., Kemp, S., Smith, |.W., Darby,
cidofovir in the therapy of VZV-resistant viruses because vi- G., 1989. Characterization of a DNA polymerase mutant of herpes
darabine is much more toxic and is no longer available as  simplex virus form a severely immunocompromised patient receiving
the intravenous form in most parts of the world. However, acyclovir. J. Gen. Virol. 70, 375-382.

vidarabine can still be considered as a useful and effectiveElion, G.B., Furman, PA, Fyfe, JA., de Miranda, P, Beauchamp,

: ; L., Schaeffer, H.J., 1977. The selectivity of action of an antiher-
drug for the treatment of VZV infections. petic agent, 9-(2-hydroxyethoxymethyl)guanine. Proc. Natl. Acad. Sci.

U.S.A. 74, 5716-5720.
Field, H.J., Darby, G., Wildy, P., 1980. Isolation and characterization of
Acknowledgements acyclovir-resistant mutants of herpes simplex virus. J. Gen. Virol. 49,
115-124.
. . . Furman, P.A., Coen, D.M., St. Clair, M.H., Schaffer, P.A., 1981.
_\Ne thank Ms. Katherine Ono for Edltmg the_mar_1uscr|pt. Acyclovir-resistant mutants of herpes simplex virus type 1 express
This work was partly supported by a Grant-in-Aid (nos. altered DNA polymerase or reduced acyclovir phosphorylating activ-
135508094 and 14657074) from the Ministry of Educa- ities. J. Virol. 40, 936-941.



N. Miwa et al. / Antiviral Research 65 (2005) 49-55 55

Kamiyama, T., Kurokawa, M., Shiraki, K., 2001. Characterization of the Shepp, D.H., Dandliker, P.S., Meyers, J.D., 1986. Treatment of varicella-
DNA polymerase gene of varicella-zoster viruses resistant to acyclovir. zoster virus infection in severely immunocompromised patients: a ran-
J. Gen. Virol. 82, 2761-2765. domized comparison of acyclovir and vidarabine. N. Engl. J. Med.
Knopf, K.W., Kaufman, E.R., Crumpacker, C., 1981. Physical mapping 314, 208-212.
of drug resistance mutations defines an active center of the herpesShipman Jr., C., Smith, S., Carlson, R.H., Drach, J.C., 1976. Antiviral

simplex DNA polymerase enzyme. J. Virol. 39, 746-757. activity of arabinosyladenine and arabinosylhypoxanthine in herpes
Kurokawa, M., Sato, H., Ohyama, H., Hozumi, T., Namba, T., Kawana, simplex virus-infected KB cells: selective inhibition of viral deoxyri-

T., Shiraki, K., 1995. Effects of traditional herb medicines against bonucleic acid synthesis in synchronized suspension cultures. Antimi-

herpes simplex virus (HSV) type 2 and acyclovir-resistant HSV type crob. Agents Chemother. 9, 120-127.

1 in vitro and in vivo. J. Trad. Med. 12, 187-194. Shiraki, K., Hyman, R.W., 1987. The immediate early proteins of varicella
Kurokawa, M., Ochiai, H., Nakajima, K., Niwayama, S., 1990. Inhibitory zoster virus. Virology 156, 423-426.

effect of protein kinase C inhibitor on the replication of influenza Shiraki, K., Namazue, J., Okuno, T., Yamanishi, K., Takahashi, M., 1990.

type A virus. J. Gen. Virol. 71, 2149-2155. Novel sensitivity of acyclovir-resistant varicella-zoster virus to anti-
Langelier, Y., Buttin, G., 1981. Characterization of ribonucleotide reduc- herpetic drugs. Antiviral Chem. Chemother. 1, 373-376.

tase induction in BHK-21/C13 Syrian hamster cell line upon infection Shiraki, K., Okuno, T., Yamanishi, K., Takahashi, M., 1982. Polypeptides

by herpes simplex virus (HSV). J. Gen. Virol. 57, 21-31. of varicella-zoster virus (VZV) and immunological relationship of

Larder, B.A., Darby, G., 1986. Susceptibility to other antiherpes drugs of VZV and herpes simplex virus (HSV). J. Gen. Virol. 61, 255-269.
pathogenic variants of herpes simplex virus selected for resistance to Vere Hodge, R.A., 1993. Famciclovir and penciclovir: the mode of action

acyclovir. Antimicrob. Agents Chemother. 29, 894-898. of famiciclovir including its conversion to penciclovir. Antiviral Chem.
Muller, W.E.G., Zahn, R.K., Beyer, R., Falke, D., 1977a.39 Chemother. 4, 67-84.
arabinofuranosyladenine as a tool to study herpes simplex virus DNA Vere Hodge, R.A., Cheng, Y.C., 1993. The mode of action of penciclovir.
replication in vitro. Virology 76, 787-796. Antiviral Chem. Chemother. 4 (Suppl. 1), 13-24.
Muller, W.E.G., Zahn, R.K., Bittlingmaier, K., Falke, D., 1977b. Inhibition ~ Whitley, R.J., Arvin, A., Prober, C., Burchett, S., Corey, L., Powell,
of herpesvirus DNA synthesis by @b-arabinofuranosyladenine in D., Plotkin, S., Starr, S., Alford, C., Conner, J., The National Insti-
cellular and cell-free systems. Ann. N.Y. Acad. Sci. 284, 34-48. tute of Allergy and Infectious Diseases Collaborative Antiviral Study

Pelling, J.C., Drach, J.C., Shipman Jr., C., 1981. Internucleoside incorpo- Group, 1991. A controlled trial comparing vidarabine with acyclovir
ration of arabinosyl-adenine into herpes simplex virus and mammalian in neonatal herpes simplex virus infection. N. Engl. J. Med. 324, 444—

cell DNA. Virology 109, 323-335. 449.

Reardon, J.E., Spector, T., 1989. Herpes simplex virus type 1 DNA poly- Whitley, R.J., Ch'ien, L.T., Dolin, R., Galasso, G.J., Alford Jr., C.A.,
merase: mechanism of inhibition by acyclovir triphosphate. J. Biol. The Collaborative Study Group, 1976. Adenine arabinoside therapy
Chem. 264, 7405-7411. of herpes zoster in the immunosuppressed. N. Engl. J. Med. 294,

Reusser, P., Cordonnier, C., Einsele, H., Engelhard, D., Link, D., Lo- 1193-1199.
casciulli, A., Ljungman, P., 1996. European survey of herpesvirus Whitley, R.J., Soong, S.J., Dolin, R., Betts, R., Linnemann Jr., C., Alford

resistance to antiviral drugs in bone marrow transplant recipients. Jr., C.A., 1982. Early vidarabine therapy to control the complications

Infectious diseases working party of the European group for blood of herpes zoster in immunosuppressed patients. N. Engl. J. Med. 307,

and marrow transplantation (EBMT). Bone Marrow Transplant 17, 971-975.

813-817. Whitley, R.J., Levin, M., Barton, N., Hershey, B.J., Davis, G., Keeney,
Ross, A.H., Balakrishnan, C., 1976. Toxicity of adenine arabinoside in R.E., Whelchel, J., Diethelm, A.G., Kartus, P., Soong, S.J., 1984.

humans. J. Infect. Dis. 133, A192-A198. Infections caused by herpes simplex virus in the immunocompromised
Sacks, S.L., Smith, J.L., Pollard, R.B., Sawhney, V., Mahol, A.S., Gre- host: natural history and topical acyclovir therapy. J. Infect. Dis. 150,

gory, P., Merigan, T.C., Robinson, W.S., 1979. Toxicity of vidarabine. 323-329.

JAMA 241, 28-29. Whitley, R.J., Gnann Jr., J.W., Hinthorn, D., Liu, C., Pollard, R.B., Hay-

Schwartz, P.M., Novack, J., Shipman Jr., C., Drach, J.C., 1984. den, F., Mertz, G.J.,, Oxman, M., Soong, S.J., 1992. Disseminated
Metabolism of arabinosyladenine in herpes simplex virus-infected and herpes zoster in the immunocompromised host: a comparative trial of
uninfected cells. Biochem. Pharmacol. 33, 2431-2438. acyclovir and vidarabine. J. Infect. Dis. 165, 450-455.



	Comparative efficacy of acyclovir and vidarabine on the replication of varicella-zoster virus
	Introduction
	Materials and methods
	Virus
	Cells
	Compounds
	Plaque-reduction assay
	Effects of acyclovir and vidarabine on viral protein synthesis

	Results
	Comparison of continuous and intermittent treatment
	Effect of treatment period on plaque reduction
	Inhibitory effect of drug on viral protein synthesis
	Effect of drug concentration on viral protein synthesis

	Discussion
	Acknowledgements
	References


