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Abstract

Purpose : Currently, there is no effective treat-
ment for adenoviral conjunctivitis. We evaluated the
antiviral inhibitory effect of four antiviral agents
against adenovirus (ADV) in vitro.

Methods : Viruses used for the experiment were
ADYV type 4 (ADV 4), type 8 (ADV 8) and type 37
(ADV 37). We examined four antiviral agents, i.e.,
cidofovir (HPMPC), zalcitabine (ddC), foscarnet (PF-
A), and acyclovir (ACV). 50% effective concentration
(ECx), 50% cytotoxic concentration (CCs) and selec-
tivity index (SI) of compounds were determined for
ADYV infection in HEp-2 cells using the 3-(4, 5-dime-
tylthiazol-2-yl)- 2, 5-diphenyltetrazolium bromide
(MTT) method.

Results : HPMPC and ddC showed an inhibitory
effect against all three ADVs. In particular, ddC show-
ed more potent and selective inhibition against ADV
than HPMPC. PFA and ACV were ineffective agai-
nst ADV.

Conclusions : HPMPC and ddC were inhibitory
against ADV 4, ADV 8 and ADV 37 replication in vi-
tro. The MTT method is rapid and simple for the
screening of antiviral agents. We think this method
is also very useful for the screening of anti- ADV
agents. (J Jpn Ophthalmol Soc 104 : 786791, 2000)

Key words : Adenovirus, Adenoviral conjunctivitis,
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(cidofovir, (S)-1-[3-hydroxy- (2- phosphonylmethoxy-
propyl) cystoine], HPMPC) i3, in vitro; in vivo T # |2
BUTOHEERRE MR TE D, ADV &%k
DEHIELE LT HARDMFESATWLEANTHL L
Zi1H5NTWA. T2, L ¥ ¥ ¥ ¥ (zalcitabine, 2, 3-di-
deoxycytidine, ddC) (2, # RKAERIEA 4R (acquired
immunodeficiency sybdrome, AIDS) @ if#EdE & L THI
5N T V5%, in vitro 1235 VT, ADV (244 5 i Ry
HRD R OHE" DD 5.
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B, ZHIZHL,3- (4,5-dimetylthiazol-2-yl) -2, 5-diphe-
nyltetrazolium bromide method (MTT )™ 7 12K
B 7z formazan (A EVED AL G ) QWG 2 Il 2
TAHI LIV IMHRIREHET DS DTH 5, #fk
A TR S H B A 1, FB 0 T o H A3
NEETH 5.

), F 4 1 HPMPC, ddC &, WA} 536 < 4 B 5 o
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carnet , phosphonoforsmic acid, PFA), 7 ¥ 7 0¥ L
(acycrovir, 9- (2-hydroxyethoxymethyl) guanine, AC-
VIZIMAZ7=7H4EE O 7 4 WV ZAED ADV IZXT 5%
in vitro TORFHIFIFIRICOWT, MTT ke 77 —72
WA EO M TH D 50% tissue culture infective dose
method (TCIDs) % W THH L= DT+ 5.
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¥ 7z, WAL IZ X 8% 7 ¥ MR IR Mg i 4 — Z7 )V mini-
mum essential medium (MEM) 55 #b ( F A B8 | HE Ry 35
HAZiE 2% 7 YRR A — 7 v MEM £ 4 % B v
2. ADV (& [F 37 5& GAE R 7877 2 & 535 & 7 B 88 4 e
B ADV 4,837 2 Wz, 26Dy £ )V AR,
HEp-2 #ll fi T /48 L 7= &, sl 4% @l % % 3 | 47\, 4T,
3,000 Wiz, 10 5 HE.L L, FO LEE 74 VAR E LT
iR L7z,
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v 7zdi £ v 23, HPMPC, ddC, PFA, ACV @ 4
Fi#iTd 5. HPMPCiGilead Scientifictk#» %, ddC, PFA
B LU ACV X SIGMA tt26 AFL 7=

25 =

96 WSV F 7 2 VT L— MIZHEIER L 72 HEp-
2 M o B RERS M 2 B2 L, 7 A L A KBEME @ well %
VEBLF 5 7200, HEFEEE 1T 100 ug/ml 7> 5 5 5 BEBe A R
L 72341100 ul & 100 TCIDs %7 4 W A 100 ul & £
Zho well lZMA 7. #H O 1HPUO X, %6 well D
a2 5 L7z, kA, 7 4 v A IR @ well % 1F
B4 2720, A 100wl & 7 4 v 2 OfCb ) 12 HEFERE
@D &H100ul% I %, 35T, 5% CO. FT7H MK L, TCIDs
EBIXUMTTETHEEROI Y A VAR E HEL
Y

1) TCIDs B

A NAEPETHBIZZL— 2D B L, well PO
HfZ 9 % ADV $¥4 @ cytopathic effect (CPE, #l
a2 VERh 4) 56 B % BLEE L 7z, BB 00 45 A P 12 6 well
3o\l L, CPE Btk @ well ¥ #] & % %75 L 7. CPE
HFEHL L Tz well D F £ % Ml 1, 35 O i EE % 5l (log,
FTARNZL T T 7%ME, T D 50% &~ THA O R
% 50% effective concentration (ECsy, 7 4 WV A D3 %
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x1 PT/0ANZ (ADV) (CHT 2EHOMEZR (MTT &)

ECso (pg/ml)

A

CCso (pg/ml)

ADV4 ADV8 ADV37
HPMPC 8.86 = 1.87* 7.50 3.5 4.61 = 1.92 184.8 £ 10.5
ddC 4.29 £1.13 4.00 = 1.62 3.82 = 1.49 381.9 £ 15.6
PFA > 100 > 100 > 100 > 500
ACV > 100 > 100 > 100 > 500

ECsn : 50% effective concentration, CCso :

50% cytotoxic concentration, HPMPC : (S)-

1-[3-hydroxy- (2-phosphonymethroxypopyl) cystoinel, cidofovir, ddC @ 2,3-
dideoxycytidine, zalcitabine, PFA : phosphonoforsmic acid, foscarnet, ACV : 9-(2-hy-

droxyethoxymethyl) guanine, acycrovir

P = R (R

%2 ADV IIxT % HPMPC, ddC @ selectivity index (SI)

) SI
HEF)
ADV4  ADVB  ADV37
HPMPC 208 24.6 40.0
ddC 89.0 95.4 99.9

50% 5 5 HEA L) & Uiz e ds, Wl 4 L A 12k
L5BIERL, £DFH%E ECs & L7,

2) MTT i

MTT Wt VoREROWH T, Ao I Fa 2 F
)T NIZOAAET AEEFIZ L o T formazan ~ & 21k
T5 (B 1) BERN D 7 4 v A B REPHH R) HE AV 3 5 1
BN DO BA % L, L72d> T, formazan R A% <
7207 A b A SRR AT U, AR A S SR
L T formazan EM it b A7 { %2 5. 2 F V), formazan J
et & AR B S BRI B

RO SR, 7L — PO % well (2 MTT i#(7.5 mg/
ml) % 20 ul 32 2, 35C, 5% CO. FC 3 W5 365 %
& formazan 2VIERE 244, K2, FO L 100 pl % B2
L,formazan Z M3 2 720000 (10% b ) b~
X AL Y 708 — W ASHER L 72 b 0) 100 ul % i
A, Bl 24 R E S 5. ol g, 7 L — b {15
SRR L, % well ®WEIGEE (optical density, OD) % 540
nm B L6900 nm O CHEMEL, 512, Z0WEE
AT 5. Formazan T2 A% W (2 B WG L |
A0, formazan RV EWHBIEIZ TS, 20
g 5 BE 7% D i A 5 ECw, 50% cytotoxic concentration
(CCso, fri E AN O HI R % 50% 0] 3 % S A HEE) | selec-
tivity index (SI, BIRFLEIEED) ko 72, & 8B, TCIDy ¥
& [ Bl Z il —v7 A )V AL Lo L, £ )% ECs, CCs
& L7 ECs Dl EIT RO & o 7z,

(OD+)v—(ODe)y
(ODt w— (ODc) v

Z 2T, (ODy)v, (OD)v, (ODe)w id F L F 4L ADV I
Bk LT HANC X 2 HHEEZ T TV DM, ADV e
AL BHEE SR TR willig, ADV &S

%100 (%)

LA DG LT TR VRIS & 2 G % R,
ZOXRTH0% 2R3 HWAORES EC & LTELZ.

m # R

1. MTTEICE B3 ADV EMOBIERE

HPMPC, ddC %, 3 fif{ 3 < T® ADV 22w T Hi 4
PP %h S % 7Rk L 72, ECy 1, HPMPC %% 4. 61~8. 86 ng/
ml, ddC 7% 3.82~4. 29 ug/ml T, ddC D A% X 0 K i
T AV ADRGEAHE L Twiz, Liza%- T, HPMPC
LI L,ddCIZF Vil 4 WV AR A D - 72 PFA,
ACV I, ECo 28 X T 100 pug/ml LA ETa ), ADV &
B fE N D B A7 A o 72 CCs (&, HPMPC %7 184. 8 pg/
ml, ddC 7% 381.9 pg/ml T, ddC @ /5 2345 Al B 12 %) §
B A A - 72 (£ 1) ST i, 3 M%< Td ADV T,
ddC 2 HPMPC & b & Bl Tdh - 7z, Z D45 H 13, ddC
A3 E D EIRWIZ ADV o’)ifllﬂillmﬁévb\ﬁ LGEHELTD
BERFBVEWS T EERT(E2).

2. MTT & & TCID,, IS & 3 EC, EO LS

TCIDxik 2 & % ECwid, HPMPCA32. 90~4. 45ug/ml,
ddC #%1.24~1.91 ug/ml TH Y, 3D ADV IZX ¥ 5
ECs @3l Tid TCIDs EEIC & ) MTT #:0#) 1/2 D
EAS%E & 1, & BE L TCIDs D )i h3E - T 72 PFA,
ACV @ ECq D iilZ TCIDn EIC Lo THITRTD Y 4
VAT 100 pg/ml BA L TH o7z, Lizdt - T, TCIDs
TI& MTT # & [A 812, HPMPC, ddC i3 ADV 2§ 5
BRI R B AT O, PFA, ACV 1& ADV o 3% 5t 11 il %h
R Z LR S Az (K 3).

v %

MTT i, PRI O A 7 ) —=» FE e LTHIM &
NTELDHIANAEORZTHREE L TIE, 1988
iE1ZPauwels 5 ' %% human immunodeficiency virus (HIV)
2V TH L2, £ O%, AL~ 7 £ LA (HS-
VIZ2OWTHHENRETH L L &h, £
DA NVAIZDWT HEF ST ADV 2V Tid
Kodama 5 "#7%, 1996 4E (2 ADV 11 B 22w T MTT i
BAHHTHLEME L TODE2ORTH L. 50, K4
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£3 MTTEE TCIDs I & 2 ADV (2349 % ECs DIHE

A

ECso ( Hg/ ml)

ADVA4 ADVS ADV37 1)

T i L8618V .50 + 3.5 .1+ 1,92 5. 96

HPMPC MT zﬁ‘_ 8.86 + 1.87 7.50 + 3.51 64.1 = 1.9 6.99
TCIDsy i 4.45 £ 2.01 2,95 = 1.45 2.90 £ 1.26  3.43

ddc MTT i 4.29 +1.13 4.00 = 1.62 3.82 £ 1.49  4.40
TCIDso #: 1.91 = 0.80 1.89 = 0.40 1.24 + 0.40 1.68

TCIDso :50% tissue culture infective dose method

NH:
OAN
0
I 0
HO— P|’
OH

HO

2 (S)-1-[3-hydroxy- (2- phosphonymethoxypro-
pyl)eystoine] (HPMPC) DFEE.

ADV 4,8,37 BIZxF LCH MTT 2 & A HEA T
HHIEEFMLI.

e &, Py AN AMDHER &AL CPE @ —
HMThotros— 272 BESE, 2075 — 7 B Eitll+
HIETECy 2Rk0DD 77— 2 BAHETiibhTuwie.
L L, 77— 2 AR RERMT, 75— 2
WETIZ2HEMBELDoTLEIEVIREYD S,
S EHOT T HERNT L0, WEE DT
WA 2T, 7= ¥ —EETRmEFE LT,
Fo MBI A D) ORE B L EET L. ),
MTT #1377 — 7 A ik & e, A5l 68 < 0
T TOHMME . FD720, IS B0 T Lo
EHWHETH L. F 72, el CUDLIE AN EST B 720105
B aHe e 2, WD BV MTT #1210, @ A
WHEEZR 7 4 WA ohdh Y, F - WGE Ol 2F B8
I EOR ARSI R B L HES LS. L
L, Mifi s, ZHoH 7 7 VAR E T fE & v 9 s
5MTT FEEMIC TS — 2 BAELI YV LEHTH
LHLEZL.GHMOERTIE T T — 7Aoot
5 TCIDy & MTT 102 X W $T ADV itk o L% 2
LAzt 25, EColICR R EN Do . TCIDn EkIC & B
ECw fliA MTT #:12 & % ECs fli & DKL 2 A3 A
WTHoA,BE0H ITWME FTOBETIZE MR
BV EZ MTT ETIREIRIZEBZBDT, 7 4
W A BRI R A, L 22 A% 5 T, ECo fiti% 55 <
LDTHAHHIEEZD,

DED X 51, MTT #:4 X O° TCID, #: 2 iV T 4

1P = B

NH:

HO

3 2, 3-dideoxycytidine (ddC) DS,

X ADV 4,8,37 BliICD> W THRE L7 & Z A, HPMPC,
ddC 2B T £ IV A OWEGEPPHIRI 23 L2 Wi # &
b, 3R MLiE R O W T, PR R I EDTT W 5.,
O IE, A OBRETIZHHICIZTE w285, ADV
AMIERETHLDICH L, ADVE, 37 RIE DR &
Wi oTWwa Ik, FREFNROIMGEROEZEDEN, 38
D ADV ~OEHF R 20w EhE L Hh
L. HUHSV #lD ACV, i 4 b A F T £ v A (CMV)
#lo PFA &, ML #2855 & OO ADV (253 2 Ko
PR R o 7.

HPMPC(H2)it, X7 LA ¥ F7+usThr i+
Y OFEARTDH BP0 CMV Al & L THCK TIRBEIZ K
i S THEH,CMV @ DNA R A5 —Bifth%
TAHILEBRMENTWSE ™, Zoil, HSV 7 ¥ @ DNA
TANAZLAEE TR TWE®, HPMPCOHIADVED
FIZ2WTIUL,in vitro IZBWTIEEEOREH M
N, BICHIE I TWb Invive IZ2BWT D,
ADV 5 il % j& e X & 72 7 4 FHERE 7V 12 HPMPC %
MRS 2 2 & T, #4588 0 ADV @ RSl 24 F L
REOWE " RHL.FO—HT, AT FELOH
HITYERES L7z & v ) B8R E 7 L TOWE™ %,
in vitro TR ZM D E L2 & C A0S HB L
P EOW|ELINTHLY, 5%, RO S D12H
) EEZIE RS RWEEZLNS,

ddC(®3) b %72, v F ¥V v FilifkTdh 5.ddC I3, %
WCHHIV Al oWl G REEREA L LT shTw
L4 LA L, ADV 22w T id, Mentel 5 %% in vi-
tro lIZBWT,ADV2, 3Oty A VAR R 2 HEH L T
WBDKRTH L. 5RO 4 DL TIE, ddC 12 HPMPC
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I L{LIRETOP Y 4V A%HRE R L, Ml b K
{ . in vitro IZBWT DAl L LTORENENFHI- 7.
70, HIV BERFICB 4 ddC @458 5o b i
’i’ﬁi'f‘ﬂhﬂ*m & o Zo RN T TE G)’rﬁn]"‘ﬁi ddC (2%

AL S A, 24 BERILANIZ (T & A EDSR 2 S HEE S
halw) G5 TORERLMETHEATY
5. 5%, 5t ADV & L TORRKRMEN~mG THIfF T &
LEAEEZD.

HPMPC,ddC & b IZBEMERAETH ), ThTh
CMV,HIV IZB T 557 A VAFEFHLN TS, 2
D EH S, ADV ISR 2 EENH O/E - 3, DNA
R 2AS5—FiFEoHETRRZVWIETFHENS DG
MiHMALDE ZAHEFIAHTH L. £ 72, HPMPC & ddC
D [H T ECs, CCo0 DI DA LT 2. 2 OB & W]
L TIERWAL ADV @ DNA R A5 —¥ 2358
Itk o<, HPMPC I3BEIZ—) YL Tw5 D

WZxL,ddC i3Ik Y EEL TH % 725, Ml T DAL
.-'QHU)E-L‘ cENITFHEENL. S SO EXEEN
LETHTHD. MFEANIPLIZFRIIZEH SN TWD
A, B oS 12 X ) HPMPC T B B e B 55, ddC
TR EERE S S hTWwa, L2 L, ADV il &
e SIRITICIR S A Z E T, EEAREEN RS
LLWVWOTIE VWA LERD.

e, ADV # B RIS Wl L Kh b ADV 4,8,37 8
DOFERE MR I DWW T 4 WV AR BT WE L 72, 51k
i, ADV O fth o 1 it B e B AR 75 Ak T o Bt AL 3T
HoHEEZDL, 7, MTT H:id s 22 fiff i 72 36 57) &
MRETH Y, 5, ADV ORI R OB IIZ, B
BWiZEISOLDEEZ L. INETADVISHT S
AN AR EERTEA LAY ORE I EERALNSD
L OO, EC5w i Ty - 72 0, 16 F AL~ Pk E
M EOBET, 2 THRIRFEICE 725D 4w,
4 #, HPMPC, ddC @ ADV # %o Ll L LT o
T WP NLEEZATH L.
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