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SUSCEPTIBILITY OF \JARicELLA-ZOSTER \11Rus To

THYMIDINE ANALOGUES

HARUHIKO AllACHIDA

Rusearch Laboratorics, Yamas, I Sho} Li Co. , Ltd
Araoich0 2 chome, Choshi-shi, Chiba, 288, Japan

(R".. it. "d Octobc" 28,1985)

UA. INAi^' 'I'cn strains of \, aricclla-znStci' virus (VZ\I) \\, CTC testcd for susccpti-
billty to 17 nuclcosidc analogues 11y a piaquc redL!ction assa}, using ITUman

cmbryonic lung fibroblast cclls. 'I'hc compounds employcd \\, CTe 5-substituted
at abinosyluracils and 2'-deuxyLiridincs, 2'-fluoro-arabinosylpyrimidincs (F-ataPyr)
and acyclovir. In tcriTTs of the 507, piaquc reduction dose (PD, ,), 4- to 40-fold
differcnce were found between thc 10 strains of \IZ\I in susceptibilities to cach
compound. \'ZV I\Ighly, susccptiblc to 5-halogenovinyl-arabinosyluracils\\, as

(XV-,", U* Ih. PD win"^ of thus. cornp. und, un"" Its^ than 0001 I, glml. \IZV
\\, as inucl\ more susceptible than her PCS simplex virus (HSV) type I to X\;-araUs,
but less susceptible than either I-Is\; type I or type 2 to 5-ethyl-2'-dcoxyuridine,
5-ethyl-arabinosyluracil and arcyclovir

BIKEN 10.11NAL \'o1.29. I-6, 1986

IN'TROl)UC'1'10N

\'at Icella-zostci' (VZV), 11k. ITU^pus
simplex virus (HSV), is capablc of inducing
virus specific thymidinc 1<1nasc (TK) (Cheng
ct a1. , 1979; Ogino ct a1. , 1977), \vhiclt seems
to resemble HSV-I indLiced '1'1< in substratc

^permcity (D, Chicq "t a1. , 1982). 'I'bus
\IZ\I \\, as expected to be susceptible to a series
of nucleoside analogues that are active against
HSV. Indeed, in \, it To inhibition of \!z\;
replication by a number of antiherpcs agents

VITLIS

A, Iailing address: Dr. H. A, Inchid", Researclt Lab. ,
Yamasti ShoILi Co. , Ltd. , Aruoich0 2 chome,
Choshi-shi, Chiba, 288, Japan

Niost of the data were presented at the 6th Inter-
national Congress of \!ito10gy, in Sendai, Japan, on
September I-7,1985

has been TCPortccl (Shigcta ct ill. , 1983), and
the susceptibilities of }Is\/ and \IZ\I to somc
compounds ITavc bccn compared directly
(a"inparka^ "t a1. , 1979; L, per or "I. , 1980)
In these studics, all thc compounds \\, ith
activity against HS\;-I \\, ere found to exhibit

\'ZV. \\!e also showcd inactivity against
preliminary studies that anti-herpes
agents Ilad significant anti-VZ\' activity
(Marhid, et a1. , 1982). In this w, "k, I ,x-
amincd the susceptibilities of ten strains of
VZ\' to a wide variety of thymidinc analogLics
including 5-substituted dcoxyuridincs and
arabinos}, IUTacils, 2'-fluoro-arabinosylpyrimi-
dines (F-araPyr) and acyclovir by a piaque
reduction assay, on human embryonic lung
fib"ohmst (HEL-F) wits, and f. und that \;ZV

virus



was inuclt more susceptible than HSV to 5-
halogenovinyl-arabinosyluracils (XV-araUs),
but less susceptible than the latter to acyclovir
and some thymidine analogues

itIATERIALS AND METHODS

I Cells

HEL-F cells, strain HATN 55, which were estab.

lished from human embryonic lung (Okumura at al. ,
1979) and kindly supplied by Dr. H. Okumura,
National Institute of Health of Japan, were Lised
The methods used for cultivation of the cells were

described previously (Machida at a1. , 1979). The
cells \\, ere Lised after 25 to 33 population doublings

2. Plyi, ses

VZ\! strains YS and Asahikawa \\, ETe 1<indly sup-
plied by Dr. T. Sakuma, Asahikawa A{edical Col-
lege, Asahikawa, Japan ; strains Oita and Kawaguchi
were kindly provided by Dr. IVl. TakahaslTi, Re-
search Institute for Microbial Diseases, Osaka
University, Osaka, Japan ; strains 1< anno, Hitai,
Ohtomo, CaQu and Batson were kindly supplied by
Dr. S. Shigeta, Fukushima Medical College, Fuku-
shima, Japan; and strain 1< 9 was obtained from
Dr. IVl. Takayama, National Institute of Health of
Japan. All these strains of VZV were fresh isolates
from patients and were passaged 6 to 20 times in
HEL-F cells, except strains Ohtomo, CaQu and
Batson (passage level, more than 100), and K 9
(passage level, 45 to 48)

assays \\, ith strains Oka and Kawaguchi, either a
cell-free or cell-associated virus preparation was
Ginpolyed, but no differences between the suscepti-
bilities of these preparations were observed

+. Coinpoi, "d$

The following compounds \\, ere employed to
determine the susceptibility of VZV: I-,-D-
at abinofLiranosyl-E-5-(2-bromovinyl)uracil (BV-
araU), I-, a-D-arabinofLiranosyl-E-5-(2-chiorovinyl)-
Liracil (CV-araU), I-, a-D-arabinofuranosyl-E-5-(2-
iodovinyl)uracil (IV-araU), BV-araU-5 '-monophos-
phate (BV-araUMP) (Manhida and S"kat", 1984) ;
I-, 3-D-arabinofLiranosy1-5 -vinyluracil (vinyl-araU), S-
hydroxy-2'-deoxyuridine (OH-dUrd), 5-methoxy-
carbonylmethy1-2'-deoxyuridine (MCM-dUrd), 5-
acetony1-2'-deoxyuridine (aceto-dura) (Sakata er al. ,
1980) ; I-,-D-arabinofLiranosy1-5-ethyl-at aru (ethyl-
araU) (A{arcl, Ida at a1. , 1979) ; arabinofuranosylthy-
mine (araT), 5 -10d0-2'-deoxyuridine (IDU) (coin-
mercial products from Yamasa Shoyu Co. ). E-5-
(2-bromoviny1)-2'-deoxyu"idine (BVDU), I-(2.
deoxy- 2 -Huoro-, - D -arabinofLiranosy1)-5-vin\, Iuracil
(FVAU) (synthesized by Dr. T. Iked" "rid Mr.
T. Yamaguchi, Yamasa Shoyu Co. ) ; 5-3thy1-2'-de-
oxyuridine (EDU), 1<indly supplied by Dr. K. K
Gauri, Unversitdt Hamburg, Hamburg ; I-(2-
deoxy-2-fluoro-,-D-arabinofuranosy1)-5-iodocytosine
(F1AC), I-(2-deoxy-2-fluor0-, 3-D-arabinofLiranosyl)-
5-methylu"acil (FMAU) (Lopez at a1. , 1980), kindly
supplied b}, Dr. I. I. Fox, SIoan-Kettering Institute,
New York ; and acyclovir, kindly supplied by Dr
W. G. Wilson, Nippon welcome Co. , Shinoo, Osaka,
Japan

3. Deleri, jinnt, 'o11 of SJIScept, '61hty

A PIaque redtiction assay was employ, ed for deter-
mination of the susceptibility of VZV to drugs
The assay was generally carried out as described
previously (Machida at a1. , 1982), except that the
infected cultures were stained with I 96 crystal
violet solution. The test compound was diluted in
serial half-log, , decrements. ConHuent mono-

layers of HEL-F cells obtained 4-5 days after seed-
ing were infected 50 to 100 piaque forming units of
VZV. After an adsorption period of I hour, the
diluted test compound \\, as added to the infected
cultures, and incubation was continued for 4-7 days
The number of piaques was counted microscopically
and the 5096 piaque reduction dose (PD, ,) for each
strain was obtained graphicalIy. UsLially, a cell-
associated VZV preparation was employed. For
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RESULTS

I. S"sceptzbilzty of ,Z,
As shown in Fig. I, BV-at aU markedIy

inhibited PIaque formation of all ten strains of
VZV; it caused complete inhibition at a con-
centration as low as 0.01 Itgjml, and had P05o
values of 00001 to 00007 Aglml. Shigeta et
a1. (1983) al^. f. und that th* FD, , relu. ^ of
BV-araU for 9 of 10 strains of \/ZV tested

were about 0001 Aglml. ACyclovir was much
less inhibitory, its average FD, , value for the
VZV strains being 0.5 11glml. This value is
similar to that reported by Crampacker et al



100

,..~

^ 15
^

^
e
e,

^

^

;;^
^; 50
^
^
EU

^.

^

^

co

' 25
^

==

VB-araU

I D~5

FIGuiti: I

10~'I O -z

Concentration of drug(, g Iml)

111hJbi!IONS by B P-,,,,, U '11/11 ,I^yc/o. 11 of PI, ,qi, ,10/11/'11io, I bJ, I, ,I $11'"ills of PZP

(1979) but solnc\\, hat lower than that reportcd
by Shiget" at a1. (1983). Th. FD, , unlues,
detcrmincd graphicalIy, of all the compounds
tcstecl for the ten strains of \IZ\; arc listed in

Table I. All the strains of \IZ\; werc highly
susceptible to not on IV BV-araU but also BV-
at aUA, IP and other XV-araUs, \\, hiclt had
average PD, , values of less than 0.001 11glml
VZ\; strains \\, CTC also susceptible to all the
othcr thymidinc analogucs tested cxcept etl\yl-
araU ; surprisingIy, most of the \IZ\; strains
were strongly resistant to ethyl-at aU, to which
HSV-I was very susceptible (it, Iachida ct al. ,
1979).

The variation in susceptibilities of different
strains of \IZ\/ to individual compounds was
relatively large. Strains YS, Oka and Asahi-
kawa were relatively less susceptible than the
other strains to most of the compounds tested,
whereas strains K 9, 0htomo and Batson
showed relatively high susceptibilities. T'he
former strains were freshly isolated and cor-
responded to clinical isolates, whereas the
latter strains \\, ere at high passage levels and
might correspond to laboratory strains. How-

I D ~' 10~3

acyclovir

cvcr, strains \'S, Oka and Asahil<awa showed
higher susccptiblitics, and strains K 9, 0htomo
and Batson showed lower susceptibilities to
IDU and aceto-dUrd. Thc ratio of thc

highest to the lowest FD values of these
compounds for VZ\/ strains ranged from 4 to
40, and were generally 5 to 20. These ratios
were higher than those observcd with }ISV-I
an, I HSV-2 (Mad^ich, 1986). \\, hire th.
strains varied in susceptibility, the leiativc
order of antiviral potcncics of the compounds
against each strain of \IZ\I was constant,
cxccpt in the cases of IDU and aceto-dUrd
mentioned above

10 ~ ' 100 10 '

2. COM1pttri'$011 0011/1 HSF

For comparison of the susceptibilitics of
VZ\; and HS\; to thymidine analogues, the
PDSo values of each compound for three
strains of HSV-I and HSV-2, and three iso-
lates typed as HSV-I on HEL-F cells were
determined. The method of determination

and virus strains employed \\, ere described
previously (A, Iachida and Sakata, 1984; ^Iachi-
da, 1986). The FD, , values for each strain

A'IACHiDA, H. 8113cep!161hty of ,ZP to Ihyii!,'at, Ie u, kilo"Iles 3



TABLE I. Swsceptt'61hl^^s of ,'Z1' 10 t/Iy, ,, Ith}re analogs

Compound

IDU

EDU

BVDU

aceto-dUrd

MCM-dUrd

OH-dUrd

araT

ethyl-araU

\. inyl-araU
BV-araU

CV-araU

IV-araU

BV-araUMP

F1AC

FMAU

FVAU

acyclovir

YS

O. 84

10.0

0010

40

16.2

2.3

O. 28

760

10

000063

000093

000071

000040

0045

00068

0027

1.12

Asahikawa

0.65

18.2

0019

40

10.2

40

0.19

140

0.45

000027

000079

000056

000043

00195

00214

0030

I. 78

it Geometric mean of 2-4 separate experimeriments

TABLE 2. Cm, ,p","\," of runept, 'b, fitter of HSV-/, HSV-2, HSF-/ ,\,/are, and ,'ZU to
Ihj, mrdz, re nito/ogi, es

Oka

0.27

22.9

0026

62

4.9

19.7

0.18

890

0.36

O 00037

O 00054

000028

000094

0051

O. 010

0017

I. 02

Compound

IDU

EDU

BVDU

aceto-dUrd

MCM-dUrd

OH-dUrd

araT

ethyl-araU

vinyl-araU
BV-araU

CV-araU

TV-araU

BV-araUMP

EIAC

FMAU

FVAU

acyclovir

Kawaguchi

0.32

3.8

00058

36

5.8

38

0.18

310

0079

0000/4

000030

000034

000047

0026

00049

0034

0.60

50%

HSV_I

0.42

O. 48

O. 014

3.33

8.0

22.7

0.19

1.42

0020

00094

0019

O. 010

00089

0012

00045

0014

0034

Average 50% PIaque reduction dose (/, g1ml)"

it Geometric mean FD, , \, alues for three strains of each HSV and ten strains of VZV

HSV-2

4.19

1.81

9.8

>1000
88.5

16.2

0.42

74

2.41

13.1

16.3

69

18.3

0017

0010

0423

0055

+

HSV-I isolate
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0.67

2.03

0024

3.45

14.7

13.4

0.14

0.73

O. 035

O. 012

O. 010

0010

0015

0023

0016

0015

0046

vzv

0.95

6.74

0008

18.7

2.66

15.0

0063

449

0128

000026

000043

000037

000042

0015

00049

O. 029

O. 50



Piaq ue reduction dose (/, ujml)"

K9

1.15

1.26

00058

3.2

1.58

I+. I

0030

631

0.24

0000/5

000021

000023

000024

00048

00025

0011

0.53

HITai

0.79

12.3

00065

21.9

1.35

19.5

0034

631

0071

000050

000062

0000+S

000063

00072

00025

O. 060

0.30

Kanno

2.37

24.0

0010

25.1

0.72

6.9

0038

7+O

0048

000034

000145

000056

000063

00132

00066

O. 049

0.29

Ohtomo

1.48

1.6

00024

16.6

O. +o

36

O. 017

72

0058

0000/4

0000/5

0000/3

000025

00078

00040

0031

0.17

werc presented previously (!\{achida, 6tlt Inter-
national Congress of \;ITology, Sendai, 1985)
in table 2, the susceptibilities of the strains to
nucleoside analogues ai'e compared in terms of
PD, , values. \IZ\I strains were much in orc
susceptible than I{SV-I to XV-araUs and
BY-araUA/IP, hilt they ITad the same sus-
ceptibility as HSV-I or only slightly more to
BVDU, NICA, I-dUrd, araT, F-araPyr and
IDU. They were less susceptible than HS\;-I
to EDU, ethyl-araU, vinyl-araU, aceto-dUrd
and acyclovir ; thc average PD, , value of
ethyl-araU for \'Z\I was more than 300-fold
that for HSV-I. HSV-2 is known to be

significaiTtly less susceptible than HSV-I to
certain rillcleoside analogues such as BVDU,
XV-araUs and ethyl-araU (DC Clercq 1984;
Allachida at a1. , 1979; 1981). Fui. thermore,
VZ\' was less susceptible than HSV-2 to
ethyl-araU and EDU as well as acyclovir

Batson

2.45

6.2

00015

5.4

4.3

76

0017

995

O. 035

000008

O. 00013

000036

000023

00158

00032

0020

O . 44

CaQu

1.65

3.3

O. 025

9.8

1.41

16.6

0,049

562

0059

000055

000055

000045

000042

0009i

00021

0042

O. 23

DISCUSSION

The development of a number of thymidinc
analogues that are activc against \IZV has bcen
expected, be callse \IZ\I as well as I-ISV is

capable of inducing virus specific '1'1< (Cheng
et a1. , 1979; Ogino et a1. , 1977). Herpes-
virus-Induced Tl< can phosphorylatc some
thymidine analogues to their nucleoside mono-
phosphate derivatives, whose triphosphate
derivatives competitiveIy inhibit viral DNA
synth. ^I, (D" Chi. q, 1984). Inch"d, \IZV
havc already been shown to be susceptible to
some thymidine analogues, to which HS\I is
also susceptible. Although I found differences
in the susceptibilities of different \IZ\; strains
tested, I also found some differences between

the susceptibilities of \IZ\I and HSV: I) \!ZV
was much more susceptible than HSV-I to
BY-araU and related compounds, and 10 \IZ\;
was markedIy less susceptible than HS\'-I to
acyclovir, EDU, aceto-dUrd, ethyl-araU, vinyl-

lvlACHiDA, H. Sirstep!,'hinty of PZP to lily"11'at, ,e n, ,amgifes .



araU and FVAU. Thus, VZV exhibited less
susceptibility than HSV-I to thymidine anal-
ogues having an ethyl or vinyl residue at the
C-5 position of the pyrimidine base. On the
other hand, interesting Iy, halogenation of the
vinyl residual at the C-5 position resulted in
increase in the antiviral potency against VZV,
altltough significant antiviral activity against
HSV-2 was lost by this chemical modification
of vinylu",. 11 (Manhid, at a1. , 1981)
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