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Sensitivities to Other Antiviral Drugs and Thymidine Kinase Activity of
Aciclovir-resistant Herpes Simplex Virus Type 1

Keiko Nitta, Hiroshi Shiota, Takeshi Naito and Yasuo Mimura
Department of Ophthalmology, Tokushima University School of Medicine

Abstract

Sensitivity tests of various antiviral drugs on
aciclovir-resistant strains of herpes simplex virus
type 1 (HSV-1) were done in vitro. Activity of
thymidine kinase (TK) of the aciclovir-resistant
strains was also investigated. A strain of HSV-1
isolated from a patient with herpes labialis was
grown in Eagle’s minimum essential medium
containing 10~°M aciclovir (ACV) and passaged 20
times. Then ACV-resistant strains of HSV-1 were
obtained. Sensitivity tests of 5 anti-herpetic agents
{ACYV, ganciclovir, carbocyclic oxetanocin G, (S)-9-
(3-hydroxy-2-phosphonylmethoxypropyl)adenine

((S)-HPMPA), and adenine arabinoside (ara-A)}
were done on these ACV-resistant strains. The
ACV-resistant strains were resistant to ganciclovir
and carbocyclic oxetanocin G, but they were sensi-
tive to (S)-HPMPA and ara-A. These ACV-
resistant strains showed no detectable TK activity.
(J Jpn Ophthalmol Soc 98 : 513—519, 1994)
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77 e EABHERVBETHRIA TV 58w
oA nAFlo—2THH, 1985 F 8 Hic SfiA, F
10 A1z 3 % BECE 2\ %3 h, 2hic, 1988410 A
AR E LTRTEI R, FhESE, RREKROS
CEWTY AV ARPFEORRRLE LTLHEE, BT
BE5ommsrbFASh, KEEELMLELX HD TS,
LiL, FRECHESTT 7 r EATIHEEEE L RE
CEBTAZELHTEIRUDE, BAREUATIE,
acquired immunodeficiency sydrome (AIDS) “e4lfEH
BEEFIEEFREREDO L 51T, REBEIBETC
ETFLEBENLEMA~ALRZATfLADT Y7 EL
itk D BEOWMER L AT WBY, EHAETY,
BERRANZ 7 >~ 2 e EAfiE L E 2 bR D Bffi~1r 2D
A v ADEFINEE X, THi 1992 FiTid, # k=
FERXBILLE-TT7T 2 r EALTHELRV~ARAHA
fELD 2FEFDS T > 7 v EALETH BB~ <
AT A LADGEOBEN LS h, S, BErEE
WTH~ARAT A A ADEAMEOMBETETETE
HireoTBbDEELLNRD,

K@i, Bffi~r 2o rrl1Bor7rrrseren
MR % in vitro B WTIER L, £O 7 > 7 » EAfH
BHRIC S LT Y 1 A AR ED X 5 eBREH T

TR EER L, Mo s hEECBET AR
fFireR iz, b, BAElE 72 0 EAfitEbkRD
FIovEF-EEERIEL, 77 e EARE
BEFEOBHETICES Z LR L .

I % 5% 7 &

L. #

D vArz  BRSEGKTHDEM~L AT M1
# 1% (herpes simplex virus type 1, HSV-1) @~ A
FHEFEHALL, CO=AFKIAB~LSADEBEEMN
LOBELIv AL AT, BEBEEE 2 r T LEBE
FAWTHSV-1THaBZ LE2BERLIE,

2) #ifa : WHERRIER LY 1 A~ 2 F|ORREHRABRIC
L. VERO fifaz v, 3 o v+ —¥iEgHlEr
LM fifas AHu-7o, BE#ER L Eagle © minimum essen-
tial medium (MEM) Eiuc L-7 4% 1 v 0.3g/1, #
falRIm®E (FCS) 1% #hnz Tl LM MilansiE
wlt, X 5T 5-bromo-deoxyuridine (BUdR) 25 pg/ml
ANz i, EEEEEES v — VX Nunc 8o & 0%
1,

D A AARF 72 e En(9-(2-hydroxyethox-
ymethyl)guanine, aciclovir, ACV), # v 27 = £ (9-
(1,3-dihydroxy-2-propoxymethyl)guanine, DHPG,
ganciclovir), A L £ A 2 ) » 7FF £ 2 7 v GO

0} 0
| \> “N s IN\>
mwgw N
Ho—l/J HO*( HO
Lou
ACV DHPG 0. 8XT=G
NH,
I;IH, NZ I N\>
; N L
e, x
| HO &
CH,-CH -CH0H
O - CHa- POM: OH
OH
(S)-HPMPA ara-A
E1 #7414 LRE O HEES.

ACYV : aciclovir, DHPG : 9-(1, 3-dihydroxy-2-propoxymethyl) guanine, C, OXT-G : carbocyclic oxetanocin
G, (S)-HPMPA : (S)-9-(3-hydroxy-2-phosphonylmethoxypropyl) adenine, ara-A : adenine arabinoside
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(3,4-bis(hydroxymethyD cyclobutyl]guanine, carbocy-
clic oxetanocin G, C. OXT-G), (S)-9-(3-hydroxy-2-
phosphonyl-methoxypropyl) adenine ((S)-HPMPA),
7T =veT7 7 ¥ /¥ (9--D-arabinofuranosyladenine,
ara-A)D S EEAFEH LA, 7ok, C.OXT-G!E, 1990
FIBEBEVNEREELRCH L ARSI 1 2
AT, ZoEELs 7= (guanine) 41 27 = 7%
v (cyclobutane) B E T A2 REBEB= 27 v 4+ [
(carbocyclic nucleoside) »—fETH % (1),

2. MM N REOBZHRBOFE

HSV-1 14257 1 4+ 2K 0 ED, iR BIEL, =
NEb > TREZHOIREL L, 3 VERO fifas ¥ /@
BEL, TIZ~HSVIIZERL, 37C, 5% CO,n&H
TTo A AREEIR, 1RHEE, Hfivar25%
BEARLTEHT50.5% A F1r2rr—2 « MEM
HEWCTHE VERO Mifg % #\ >, 37°C, 5% CO, incuba-
tor THEE LT, 750 20D AEL B T TREEL
BT EERBT, PBS (—) CHIRERAYESRL, *
LT, 102% ha=Vv e VREAALF Uy b IETE
In T30 SRBEEEE L. Ly A A AFERESH Lis i
BRO> v+ —VvTEbhE 75 v 7 BEHIFEL, “he
MEOMEE L, oA 2AKEBREERLTEELT
WHBBREOY r—VTIEL AR TS » 2 BERBIEL,
FERECES O THBOMENL D ERET T T v 2 BRI
FIRCCBDETRT 7 v 7 HRIGIRLEL LT,
AR 7 7 7 OB BEII Y A L AR OBRER L b,
MR 7 7 » 2 ORI A & > TSR 21 X,
b7 7 o 7 HERMEIRN50% Lieb & 2 ADH
VAN AKIORELRD, Zhi EDgfEi & L1,

3. ACV i#tE HSV-1 # 4R 5 3E

HSV-1 =~ A # e AEBROBFEKE L, ACV % 3X
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107°M, 1X10-°M, 3x10-"M, 1x10-"M, 1x10~*M i
BFEFRL T L&Ak T ACV @ ED fE % JlE L 7=,
wiz, FAbREY ACV 1X10°M 44 MEM #: %
20fCREREEEL, B hi-HSV-1ict 3+ 5 ACV D
EDsfExRIE L1z, & DER B4R & 8L, ACV ok
LCMtEEER LT B 2 ERHERALE, 0%, -0
ACViittkx 2 e —=v 7L, 4O 1 1L 2R E
BmLl7, 2L, hb4#ic No. 1, No. 2, No. 3,
No. 4 L F/ES R, chbdkTTmonTH 4
ACV @ EDsfEZBIE L, 4Fkv-Thi s ACV it
HHET ERBHR L, SbIcm AL E 2 ATl
MEERB LR BDIT, 5, 10, 15f£H ® HSV-
Lizx35 ACV @ EDgfE%R R 87z,

4, HSV-1 267 5407 1 L 2 H 0 B2 4K ER

HSV-1 DB 4#k & ACV it 4 Bk, &35 #icxt3
5 ACV Ao EZEH Y 1 1+ AFN D EDy X KD 5 &
LWL T, BREMOEYT 7,

5. Fi2*F—+ (thymidine kinase, TK) ;&M
A E N

LM #ifa% BUdR OFF4E F CHER % L =%, HSV-1
FPAERE L ACV Mtk 4 B2 LM MifaicissE L7, 37°C,
5% CO, D&M T T 20 By o B5 36, #Mfa% 0.02M ¢
VA —EREEH (pH7.8) B L, HEHCHEL
7o, £LT8,000xg, 20 R LU EERERD, Lowry
ARELETEAEEY T, EAEE (1.7 mg/ml) %
—EBIC L bE 40 pl &, *H-7 1 o vEEORIGHE 120
wl % JTCCRIG &=, 3k E L TREEHNIZ 20 ul o
H b L, DEAE paper @B#& €, =% /) —ATEKRK
JGDF 3 2 v bk & BOHRERIE 21T - 1=,

1X10°8 3x10°¢% 1x10°7

3x10°7 1x10°® 3x10°°®

ACVRE (M)

2 HSV-1EF4£#kCHT 2 ACV RE MR,
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1 HSV-1B4K(T LK) SHT 5 ACY OHR

ACV tEE  ¥H7 528 77 » 7 BEHDIHEIR
0 M 628.0 0.0%

1 x10-*M 639.0 -1.8%

1 x10-"M 401.0 36.1%

3 x10°M 153.0 75.6%

1 %10-°M 10.3 98.4%

3 X10-°M 0.3 100.0%

#£2 & HSV-1 =237 2 BFH D ED; @

_— HSV-1 ACV it t4: B
HEK No.1 No.2 No.3 No.4
ACV 1.5 530 780 560 370
DHPG 1.5 270 160 450 380
R 85 3.7 89 140 160 100
(S)-HPMPA 80 90 32 120 46
Ara-A 150 550 300 760 420
(AT 0 X107"MD
%3 H-F3I2rEM (c.p.m./10 xl)
ACV Tt ¥k
I HSV-1
LM #ifa
By HEK No.1 No.2 No.3 No.d
04 1,905 1,776 1,571 1,354 1,532 1,379
204 1,713 7.279 1,477 1,719 1,431 1,222
0% 1,442 14,183 1,463 1,721 1,407 1,516
605 2,162 20,199 1,258 1,819 1,940 1,79
III % =

1. HSV-1 4% (w2 5%) o7 5 ACV OREH

ACV f#BECS VTR Eh T 7 2 &, £h
HHEHINE STy 2RISR YE L ICRL, &
Ne7 5 o 7 THRMEIRE ACV RE D HREZ MR Y
B2 e, Zhib HSV-1 B4#k(= 2
AHE) =335 ACV @ EDgfE1% 1.5X100™M THh 5 =
Lot

2. ACV Mtk ERLiEB

HSV-1 ##kftLC5, 10, 15, 20 ftBwicxt3 2% ACV
DORE M A TITRE R, EDsfEX 5 LA 8.0X107"M,
10 f¢ B #35.2x10°"M, 15 {8 B #3 1.5x1075M, 20 {4 H 2
2.6X10°M iz b, TR 15 fRE CHEB I h T o
EDEA LA,

3., HSV-1 o+ a3y 1 L AHIDEZHE

HSV-1 o B4 bk & ACV itk 4 BRic ki + 2 & v
14 N AFIOBEZEU XTSI REYR 2R L, MET
5L, FAEMKCH L ACV ICiZIEEET 5 R 2R THE
#ix DHPG, C.OXT-GThh, ZhbFEHIT ACV
MRt L, DHPG 249 200 %, C. OXT-G (349 30 {0
HERERLECHY, TRMMEER LI, 075, (S)-
HPMPA & ara-A X548k, ACV iEfRicxt3 % EDs

w

(0T X1 7QL/ "u'd 0) FHoE G-

20

10

0 20 40
L €9

3 Fiorix+—+ (TK) EHRIER
BdL LM MR, 2o Bask B=/ ik No.
1, B=14 itk No. 2, GWHA itk No. 3, &
Pufy iR No. 4

60

BEOEECERYRDILr -1,

4, HSV-1 o TK ESAE

TK EHRE K EYR 3, M3 wRL, & 2R
X 5z, HSV-1 B MR iR o/ & & b TK &
FRLTKBHETHD Z Edbhate, ThIKHLT
ACV T 4 BT XTic kW TREICHB E LT
LM #ifa & 2 EF U oeiEtEEx =L, TKgEETH
B EAVHERL T,

IV % %

4, LBOFLE T ACV DIFREEF %A TH
&, ACVIZ, ¥ T¥HSVHERDF s ovFIF—&
(thymidine kinase, TK) 12X - THRHIC) vE(LS
hT—) vt L e, RicfadkROBERCL - T
) vEEAESR, FLTZEY Bk HSV © DNA
A1 45—+ (DNA polymerase) =X 5 DNA & @
BickWIFAx o772y vV vBEFIoVE)
VD DNA ~DOE D AR K EHAET 51079, 2ok
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S5ICLT, ACV I HSV e LTy A v AER 2 FE
T %7, HSV 23 ACV Ottt % %81 51213, HSV @
TK o ZL9-195 5%, DNA £V 25— OEALD
2ENE L BB SEOE 4D ACV it
WL, 4BkED TKEME Ko fodic ACV itk %
EELILELONS,

DHPG &, ACV 7 dfiox 2z v s F7+r 7 L[FH
BRI HSVHERD TKick »T— V) vEbE h, %k\T
MRBEROBRT=Y) Bk E© ) vEML S hTES
{fkL, HSVO DNA £V # 5 —¥E#PHET 2 = &
IZX - THSVoE#ZHTS L vbh T 52020, 4
Bl O« OEBREERTH, HSV-1 0 BFFER I3 2 Kag
HX ACV LRAZTH-7oz 13, RAUIEBREBFCES
ST EFRRLTWB, &6 DHPG 12, #ilalkso TK
CLoTRHIBEAL Y YL RIS ) hddo b
7+, BEDHPG v A v AH%ED TK 27 fous¥ A
b A B oA 2 (cytomegalovirus, CMV)® DNA &
i L CTEEMNBEFERO A Z EAREIh T
5220 - pERIE, DHPGrext$+ 5 HSV-1k X O
HSV-2 o313 ACV & 2iFRA%TH 54, ACV it
MfRicxt L <z, DHPG X ACV L b 3 BhicPREES
RN L bR TW5, L, SEH«OfFR LI
ACV Tit##kizBi L T2, DHPG @ No. 2 izxt1 % &
A ACV ORZFH O S EHRLTIRWB 0D, fil
DIHEECTRIREALZRALRT, ¥/, No. 1
~No. 4 £ TD 4 kD ACV it Mk zxt 4 % DHPG @
REMRHTHD &, MUEEREITOZERRbhich - T,

KT, LWy A4 2FTHBCOXTG B
ACV &L DHPG Iz bis\viiw A A AEEHF L Tuw
5, ZLTC, ze—=v7E8hfcT~To ACV itttk
3, B4R HE L, DHPG, C.O0XT-G 0RSEM1E
TL, ZO2FCH L CHEEXBBLT5, 20X
51z, ACV, DHPG, C.OXT-G @ 3 #lit, & EEERI
7z HSV-1 BPAE#R & itk icx L CIRE L & 5 7ot
YA NVABRER L, Thib, C. OXT-G DAk
FIIBERLHCIR I AT, TK 2385 LT\
DT EMTREERS, Lk, C. OXT-GiIin vitro ® L
_“ADLIELT, RRAE~LVRALE F OFE~L <
A &S in vivo DU BThHH HSV R A4
THZENFEH IR TE I, SHOERNMEB IS,

(S)-HPMPA %, V vBE 2 2 L4 F 7+ r 20k
BIRDHT LI > THIREBXYER NS LFE
FTHH®(K 1), ACV D X 5 MmN © v v Bk
EhTERLT A YA AL RFITHSV D+ 3 o v
F—ERIERR (TK#R) et LCESTcH D, Fio ACV
PALFERIC—Y) vBEL T, ThEBELTbZhbD
— V) YRR IHRELY BRTE VDT, fivIrz
EFRZRIETZ ENRTERVZEME (S)-HPMPA 2%
RN, (S)-HPMPA i2fifao@#Eic L h—y v
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By, ST ) vEM b~ LB I KBS, FLTH
¥ B 5 72(S)-HPMPA = v vE(b#HS, w4 L 2D
DNA £V 2 7 - €& HRMNCEEL TR Y 1 L 2R
¥REETHLEVBRTWAEY, okl (8)-
HPMPA . HSV-1, HSV-2, HSV-1 TK#, VZV,
CMV, vaccinia virus \I2#i7 A A Z{EAYH LT3 &
VWb T\ 52,

SEOEETIE, (S)-HPMPA © HSV-1 B4 #ric i
T2REE M ACV, DHPG, C.OXT-G icH#g+ 2 L%
EH DD, HSV-1 B4k & ACV itEkoM Tz &
AEEDRWTSIEEHERRL TR Y, T, ACVit
MHkizx3 % (S)-HPMPA ORSEFHIIMOH Y 4 L 2
ik s SVCREZEHE R LTV 5,

Ara-A IilBEED 7 F /v vF F—¥ i L o T—
VBRI h, kT VB, =) vEM b & T -
TDNA £V 27 —EH[EETEH, HEao DNA £V
27— 10 fE0iEE -, HSV, VZV @ DNA # 1 #
7 HEBREMCHET S Lk s TH Y A4 A AER
FRET D, Lizho T, ara-A 13y 1 4 ARt
M T =) vEMb A IES R, ara-A (3flaD
DNA &Ric b W E® RT3, Ara-A 220X 5 e/
BEEETAD, TKHRIZLEL & VbR T 23080,
SEOH DB TIZ, HSV-1 H4EKicx T % ara-A
DREZ ML ACV ORKSEM: - B+ 5 & EDglc BT
100 fEoERHZBR-A, HSV-1 F48 L ACV itttk
DETIE2L 23k, ZThEToHEDL—HKL T
e

HoEEs»Th, BAE AIDS EE B nEmes b
HEMBLE-TWB, FLT, $8B T3 THREHE
ETElo3xBiRBCH2EHEIHEIML, HSV © ACV
bk LN 22 LN TR S,

1989 1T JL B3Nz X - T, ACV ittE#E Iz L C tri-
fluorothymidine (TFT) 3@\ RSFH 2R LTz & s
NigdhTEH, SEOERERLLD, BRCH VT
ACV it digEbhiciga, ACV & B fEREF OELT
oK A, RicHFRBFEHE Y 1 2% (il
z ¥ (S)-HPMPA, ara-A, TFT) & FE L TEEYT
TOTWKOPREF LWL DEEL B,

iz sichich, ACV 0455 %% 13- Wellcome #,
DHPG 4 5% %t Syntex #, (S)-HPMPA #4551 <
T &-7 Prof. DeClercq, C.OXT-G #4545 LT FX»1cff
BCEAFIEFTANGERB#HE b0 LM #ilax 55
LTTFEsBIERAER EdlFERICERKL £,
T, FICVES—LOFESERECHEHEEY o EEL
TeMRE T A L AEBREONEELERE, U —BEE
R LET,
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