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Evaluation of Anti-Herpes Simplex Virus Type 1 Activity of Acyclovir by
Using Mouse Intracerebral Infection Model

Chong-Kyo Lee and Hae Soo Kim

Pharmaceutical Screening Center, Korea Research Institute of Chemical Technology,
Taejon 305-600, Korea

To establish in vivo antiviral evaluation system by using murine herpesvirus intracerebral
infection model, 5-6 female BALB/c mice per group aged 5 weeks were inoculated i.c. into
cerebrum with different inocular HSV-1 F. Signs of clinical disease noted everyday for one
month. Observed were body weight decrease, neurological signs and death caused by
encephalitis. Mice discontinued body weight decrease were recovered from the disease, and
keratitis was often observed during recovery. The groups inoculated with higher than 1,000 PFU
showed 100% mortaltiy and LDs, was <100 PFU/mouse. To study the effect of virus inoculum
sizes on antiviral effect of acyclovir (ACV), mice inoculated with different inocula were
administered i.p. with different doses of ACV immediately after infection, and twice a day for
5 days. The higher inculum size, the less protective. EDsy of ACV was >25, >25, 18.4 and 8.0
mg/kg b.id. in the group infected with 1,000,000, 100,000, 10,000 and 1,000 PFU/mouse,
respectively. LDsy of ACV was 62.5 mg/kg b.i.d. Therapeutic index of ACV was <2.5, <2.5, 3.0
and 7.0 in the groups with inocula 1,000,000, 100,000, 10,000 and 1,000 PFU/mouse,
respectively. Inoculum size 1,000 PFU/mouse showing 100% mortaltiy and 5-6 days mean time
to death, 5 days drug administration and 14 days observation will be future exeperimental
conditions.
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&9 F99 ABAES herpes| B4 At =
Z719] herpesX] BAEL R AnAZ AT o]
250 1, vidarabine, acyclovir (ACV), penciclovir
(PCV), valacyclovir (ACVE] 4 THF o4 FXA),
famciclovir (PCVe] Z 15 & FE4) Fo] Hx
A AAFEAA A ML=t [5] AB3A A
o) AFH o2 olFfA 1 9l¥E herpes simplex
virus type 1 (HSV-1)3} type 2, varicella-zoster virus,
cytomegalovirus ©]£]ol] Epstein-Barr virus, human
herpesvirus (HHV) type 6%} type 73} type 8, 2.5 8
7FA] HHVZY @34 =), ddg AMES &
Eelt} ol & 5 FA7) %] Bxen, A
FEo] o, utojg 2 G QA3 A
Hol FA7F S ge=dl, ol & A& sts A8
obz] {lth. HSV-12 Yd&F 9o &3] et
Teza 5o ARAS o Aew
HA qovt g Fo] XEAA A g g
71% Fo}h HSV-12 A Eu A Aol A 24 2
Ho] golste] B AU EC] MEEo gl
.3 HSV Mg 5 ERd e oy 714 BEE
o] & theFt A So] By o] gulo)
2R 8A LS A FEEERLS FEo]
=i ok [6~8]. ul¢2ANAG R F oro-
facial herpes 299l I HE7FL o] &3 zosteri-
model [9,10], herpes encenphalitis 2.9 ¢l H]7}+7+
g [11~13), B2 [14], A=A ZEH [15] So)
A=), gy S HSV-10] Al A AW-&
Frdste AAAQA FEHE oA, EHA A
BEENRE A4S F A A UG B AP
T ZEFERY S o] &8 B9 FAH Y
FHe 5502 w2 t=HEH (mouse intra-
cerebral infection)8 & 98 APFxALHY A <
EHY e st EEFEQ ACVE o
|3l niolalx HFF wlE A ZA 2L 3
BEEAHRE ZAIEA] A 2 hepesX]| B4 /o] &
48 F UAEF A7) o] & Rustux ot
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1. 5jo|3{A 4l MEZ

HSV-1 strain F (HSV-1 F)& n}$- A7 o] o] &
oo, vpo] 2 FA o}t d71 A o= Vero
(African Green monkey kidney)*] ¥ 2 o]-&3lt}, A
Z o] Al ol = 5%9] fetal bovine serum (FBS),
nlolg] &~ F4 o &= 2% FBS7) A 718 Dulbecco's
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Modified Eagle (DME)H| A & o] &3t} nio] g X
2L gxPae) BEYTIF AR 37T
o o] ATk

2 NEES

gZstd T4 APEEHol Y& Charles
RiverA} 2 2-E] SPF (specific pathogen free) 4 5
o} BALB/c A}-9-2 4AE FYdt, £ 5~6
nheld ERStD 5L F2 - dF AMSA
A &A7] g& Ag o] &3t

3. Alg=3

AR A o2 RY 7| FW¢E acyclovirFAHA
(228998 243 st2vl$ BE Y phospha-
ted buffered saline (PBS)cl] 50 mg/mlz 91 &
AN @Fzo] uhel PBSE 3 X3t} Ao o] &
st

4. dio|gia AV EH

vlojE{ A o7} plquedd ¥ I} cytopathic effect
(CPEAAY S o] &3t A3 =dl, DMEM2%
FBSo| A3 AM 9 uto]2 =& VeroAl 2o HF
A7 3 39 7F v 3k o}-2 48 well platet= crystal
violetZ QA 3t plaquesE Al 1L, 96 well plate=
MTTZH A& o] &3 CPERAMH o T ZAlsle
vlo] 8 A 712 232} plaque forming unit (PFU)}
CCIDsp (50% cell culture inhibitory dose)ZA] F A
At [16].

5. 01RAL| o=zt

Ao X dFUt RS 5 3 9] BALBL
ot 9] vy o] DME/2% FBSZ 34 ¢ ulo]a] 2
4 50 i A Y FALh 74 AT L 5~6v1e
2 o] Fo e wto|2{2 4l DME2% FBS7}
HFE mock-FAZFE EFE ] YAk AEH
HAEE o g dEet i v JFE 4
31 FAFANE BFRT FEFAE AP, &
A, AGFA FolUt

6. 2f=2&F0{ 21}

kB AT ARG Y] Astd F
Z Sute]e) wheAE vlolEl A2 i Hg Al
Z] o)) PBSY) Z+ X2 34 ¥ ACVE 200 pl
N BREAZ Ao 313 FHY 54 §
ol gttt ACVe] H&-§ ZALE 93] mock-7Hd
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Fig. 1. Body weight changes of each individual
HSV-1-infected mouse Virus inoculum size: 100 PFU/
mouse.

100
— 80
&
g a0
[}
= 20

0 R
1,000,000 100,000 10,000 1,000 100

2 7y
S 6}
= I
2 5
5 4r
2 3t
£ 2y
§ 1
s 0

1,000,000 100,000 10,000

100

inouclum sizes (PFU/mouse)

Fig. 2. Effect of different virus inocula on the
mortality and the mean time to death of HSV-1-in-
fected mice.
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Fig. 3. Effect of different virus inocula on the mo-
rtality of HSV-1-infected mice ¢, 0; O, 1,000,000;
A, 100,000; A, 10,000; @, 1,000; 0O, 100 PFU.

7+ Fol vlEte WAool Z7) o R
AAL A3 =21 4L A3l vy 2 HFF
o W A S ZAS T 100% AT ES
B EME FEYIA T A} 20E 2=
Ao] BAo|gth AFS AN AU ALE 5
z3 9] o7 BALB/cE DME/2% FBSd| 7t #1&
2 3]4 % ulolg} A HSV-1 F 50 WlE F9 5~69}
g4 didol A3 FAEIA HEHA M, DME2%
FBSZ Ut 7+ A1 7] mockT = A& EFA|Z )
2} 7o) B AZFE 183+0.6 golAUth MY A
o R el 37 24 2 AFAHE @3 A
g} dukA o = nlol#] A6 AHHE mlg2E of
28 Z2A71 9 mockeH g8l A i &
A ol 450 Y711 PFF)A S Ugt T =
A, &7 utole 2 HEFo| ot 2
A @A A gEe 3 ol F M =
Ae 29 F 10do|dth AFgae HEe &
ForRE B JFEA ofF A& A
ZZ7tst A AMozRE EHUG. 19
Y, s 230 dugZArt 27 = g (2
FH 7 e3h. AFE vl AE T Y5IF Aol
2 100 PFU/u}-$-2 (o] F PFUZ EAT 9 AF
W2 gl o 24 Fig. 19] XA 80t} uleld & A
F %o w2 APFEL 1,000 PFU o) 3] 5%
oA 100%Z Ve on, 100 PFUZE 6ntg] &
4u}g} 7} Fol 67%E EFA ) (Fig. 2). vho] & 2~
HEeFol Zy1gol Wt AE vS2Ee 3
FAELDo] G253t (Fig. 2, Fig. 3). 2l



1,000,000 PFU

Mice survived

0 2 4 6 8 10 12 14 16 18 20

10,000 PFU

Mice survived

0 2 4 6 8 10 12 14 16 18 20

Days post infection

100,000 PFU

0 2 4 6 8 10 12 14 16 18 20

1,000 PFU

0 2 4 6 8 10 12 14 16 18 20
Days post infection

Fig. 4, Effect of different virus inocula and ACV doses on the survival of HSV-1-infected mice ¢, ACV 0;

0, 5; X, 10; A, 25 mg/kg, b.id.

0E FFYELLS G 2o 1,000,000-1.8,
100,000-2.8, 10,000-3.4, 1,000-5.2, 100-6.0 (PFU-2).
MockT 3} 100 PFUZS] A& nfeAZe 309
o]% Agel B¢ o 7x] doldsitt A¥ A
2 4&3 HSV-1 F9| LDs (50% lethal dose):=
<100 PFU/mle) R} T}

2. HSV Clj | 2+ 1} acyclovir x| 2 & 1}

upol2 2o G whEAS HF B A
A5 53E H71817] 98, DMER%E 349
HSV-1 F 50 pl& n}-9-2o A3 23 PBSE 3
A€ ACY 200 pl B2 S A Z3 A 813 T3
A 55Ut FAZYTY FAFL 0, 5, 10, 25 mgke,
b.id. (bis in die, twice a day) (°]F b.id. A E)o]
At ©7 sutEl Y dFL 7 AHSAldA F38
5 F39 43 BALB/cE o] &3 o, 7z} £o]

T AZL 188205 golUth MY ZAjA R} 3
A AsE 3P kg oz wtolgxo) 3t
FE vk HEV|HE vtolH A FEFT <
EFoZd mep @tx e /Mg #ele 2 o)
E F M =AE #2d F 11¢0ldnt. Htolg 2
HEFT ACVEE S FBHAE Table 10] E
At e, 9tE o g ACVREA #o] F7tes
£ dax A 7. 2y, btold = A%
o] F71gel wel ACVRER o] e R
FRAELE A2 (Fig 4). AFFe] 1,000,000
PFUS] 74 ACV H 1 T FQ 25 mgkgt9
HaEAEL] 2492 ¥ FA L 1693} &
Agith, 100,000 PFU o}Atol A= 5Uzte] ACV
Foq7t F2H7] Hol 2F F9l2n, 1,000 PFU
NA FodFo] @& ACVEHAT} 71 FHSA
BFAHUTD. 2 ACV HF 29 LDs= ACV 0



Table 1. Summary of effect of different virus inoculua and ACV doses on HSV-1 infection of mice

' HSV-1(F)
Acyclovir Inoculum (PFU/mouse) LDs,
(mg/kg, b.id.") (PFU/mouse)
0 1,000 10,000 100,000 1,000,000
Dead/total 0/s 5/5 5/5 5/5 5/5
O Mean days” na” 6.6 6.2 2.4 16 <1,000
Dead/total 9 4/5 5/5 4/5 5/5
5 Mean days nt 73 7.0 5.0 2.6 <1,000
Dead/total 2/5 4/5 5/5 5/5
10 Mean days nt 9.0 6.3 5.2 32 2,081
Dead/total 0/5 3/5 2/5 5/5 5/5
25 Mean days na 7.0 75 5.0 2.4 3,162
Dead/total 2/5
50 Mean days 4.0 nt nt nt nt na
Dead/total 5/5
100 Mean days 16 nt nt nt nt na
EDsy (mg/kg, b.id) 56.1 8.0 18.4 >25.0 >25.0
Therapeutic index na 7.0 3.0 <25 <25
;) b.id.: bis in die, twice a day
) Mean time to death of mice that died
na: not applicable
nd: not tested
EDsy and 1.Dsy were calculated by using Reed and Muench calculation method [17]
6 && 7|Eo R e, Zh upolg 2 HFFANA
2} ACVeFE 9] A} X Q) EDsy (50% effective dose)yv=
° 1,000,000 PFU2¢} 79 >25 mgkg (1,000,000->
- 4 252 EA]), 100,000->25, 10,000-18.4, 1,000-8.0%
£ A AEFO| FNGFF FEN PERE S 4
a3 AR
Q
£, ACVE F28 2AE 95t Hlo| B2 AT
3 e W o2 DMER% FBSE 7% 5utel4
tr ) o] 50 pl F=ALet 2 ACVE T g1t} (Table 1,
o Fig. 5). ACV 100 mgkgZol A= Bo 3}51} o]
0 2 4 6 8 10 12 14 16 18 20 g F5hy 2y Sfler, 53 mgﬁkgv__LQ]HE-
= L iF [=] Q
Days post infection 2[]}'3] 7]’ '-"Tsdttﬂ “’g ﬁ'*ﬁ% é’\: 44 o] Sd‘:}' 25
mgkgo] BEEE 100502 T2 3 1
Fig. 5. Effect of different ACV doses on the mor- otEl 2l = 7L A 5L T3 ) = = 5 =
tality of mock-infected mice ®, ACV 0; A, 25; @, ¥ AT A&7t %%%(’d'—b} T:q A F ?‘
50; o, 100 mgkg, b.id. Bt (B3 Baddh AR ES s &

ACVe] B89 LDs= 56.1 mgkgo)tt.

o] & 7152 & 453 therapeutic index (LDso/

mg/kgel 7% <1,000 PFU/mouse (0-<1,0002.2 ¥ EDs)= Bhol2 2 3 %5 1,000,000, 100,000, 10,000,

Al), 5-<1,000, 10-2,081, 25-3,1628%] ACVEo] 1,000 PFU €22 2} 7} <2.5, <2.5, 3.0, 7.0&2
o] FVIEFE ntS 28 Fol7] AT wpelgH 2 2 F7Hoh

ZFol B ¥o] 27U ZdE rhexe] A&
-67 -
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al
AW rRdo] Fg HSV-1 AL FERIDE F
9] &l nhg-2 =AY & Ao wloj A
HAE3NE 488 5% & glS A== HdA
o] 7, Apgell Al HSV-10] 7+ 8= AHA A
v o ol gl kA o] gloh. 12} v} hairless v}
T2t old o] HEE A 559 €& 7ol
o 3lm g Folx ©E Zol FHE BES o)
3}+= zosterimodelo] U ZFF A} vl 7} 8E = H)
A3A e vste] HFo] WY, nlojH A
FAEAA Aol A3 nlol 2 FYs] A7
o 4% nlolyr2E AWL Fusly /&
At AE & = dvhe A o] glth gulo)
H2A 9 in vivoFHF 7FA] nfsfof & He @
AAN [18], vle) A2 EF AH 2 v ¢ Fa38
. ole HFFo] YR Eow, ofE Fo o
W2 Fgate]l g A £t Qed, ¥ 474
HA N E o)A FFS 100,000 PFU o] 42 o] &
39S AL AFA de ACVRI R AT RAL
gt A& ¢ 5 AU FE o] YE e
BEole FE AL 2o]2 Q13 AR H
W3stE Q13 controlt S A 9] A FaA
7} At} HSV 5EAEA 7153 90% o)< A}
TES JeEd § de ZEFE AEEEd, 4
A TZAEEES] U FE Aede EFE
stet sk oh. & @27 HSV-1 F 1,000 PFU ©]
&l HEFoA 100% AL EE VeERIA T F
% Sl uEt B AE2AdxE 249 e,
ol AF o] UF Eo} 8o AgERE T
3&r] A FFEEC] Foivd JHeAde] ot
3t} wheba A3 2 A 13k AdeM A}
& 100%, BaWEY 529, 28 AFANA A
£ 100%, =& 60¥¢2 HdFE 1,000 PFUS &
% FEHM AHo o]l &3z AR, o
€ IDsn®] 108) o]/4t9] goln, & A3 &
£33 9+ zosterimodel®] 1/500, ¥) 7} 7+ 2dl o)
1/1,0008} <Fol} (A3 Huheh. 2+ A3 =4
A vh¢-29] Aol wel e o g, 71 £ A
= 1Yo e, Y F 14YojA Y=g npg-
2.9} gl Eo] Ao ALY do 2o 47
e 1492 AR w92 dEgg vl
2 REFF 1,000 PFU ZolHe) ACVA R A
EDs; 8.0 mg/kg®t H2-82] %9 LDso 56.1 mg/kggk
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o 2 HE A& 3% therapeutic index 7.0= VeroA| 3L
AN CPEX#'Y .2 A& selectivity index
>125 [ECso (50% effective concentration) 0.8 pg/mi,
CCso (50% cytotoxic concentration)E >100 pg/ml] &
o} 178 o] A e ko = in viro2FE 9} in vive
ofashe) Aol g FelFn Uk FoE,
in vivost £ 718 9eke] 589 Aggolt 3
AZaE BEFE B B b, FPA H
oeazel doe F Ut FEAW 2%
Al wlol2 2 AR B FEAG AR 5
& g FaBse FHYE 7130, FE
o AREHES dZ3ed F9E FFE &
3 5o 2etd A7k A 7H™ in viros} in
vivozte] FEZAFA S| e FE FHo| F3}
o} sl

&
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Phes UHAGASY S Aste] HSV- FE
Aeirix WEFeE 27 s~evhelH 5 Fael

BALB/c 971 9] dio 23 FAMSt & 23t &
Aot SAE AFH4, A, Aoz AT
Aol it} A F3tae] AEFo] P LZHE
B AEon, 38 Fo 215 ARIFAHL
F2= A} 1,000 PFU 9 774A] 100% AH3&
£ JERY o H, LDsp¥ <100 PFUY T} vtol g 2~
HE o] 7R+ ACVY X g Ed i 9T
< Z2ARN7] At o8 JMA] AFFOE Ui
ZEE k2ol A A8 7FA] R e ACVE
315 TRy 5Y7 B FAEIn @93 X8R
g FEAPS AFHo] E545 ACVEEE F
o] APt NEAHRE Ve A HQ EDss=
100,000 PFU ©]4F9] 7% >25 mgkg, 10,000 PFU=
18.4 mg/kg, 1,000 PFUE 8.0 mgkgolgict. 234
A # 9] LDsp= 56.1 mgkg® Z A therapeutic index
= o] A~ A £ 1,000,000, 100,000, 10,000,
1,000 PFU &2 2 7} 7} 2.5, <2.5, 3.0, 7.0 &2
2 E380 A7 A94ES Fadte &5 oFE
H7IE 93 A4E2H o2 HSV-1 F AFFLS
1,000 PFU/R}E], FEFo3713F 59, #&7|3 14
2 A3

ZAtel 2

£ dde BAEXRe RAYGRI|=ATN
walgde] d3to @ 19979 % 29 AL Sl HMP-
97-D-5-0031 A-F#A|e] X Qe o] FAHA7]
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