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Efficacy of Acyclovir on Virus Replication in Infected Tissues and
Virus Reactivation from Explanted Tissues in Mouse Encephalitis
Model of Herpes Simplex Virus Type 1

Chong-Kyo Lee*, Jee Hyun Kim, Pan Kee Bae, Mi Kyung Pi
and Hae Soo Kim

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

To investigate viral pathogenesis and in vivo efficacy of acyclovir (ACV) in mouse HSV-1
encephalitis models, female BALB/c mice aged 5 weeks were inoculated with strain F either
intranasally (IN) or intracerebrally (IC). ACV-treatment by intraperitorneal injection with 0, 5, 10
and 25 mg/kg b.id. for 6 days was commenced 1 h after infection. Body weight and signs of
clinical disease were noted daily up to 2 weeks. EDsq of ACV in IN infection was <5 mg/kg and
14.1 mg/kg in IC infection. Tissues of central nervous system were collected from 2 mice per
group everyday up to 5 day p.i. and the virus titers were measured. In IN infection model, high
titers in eyes and trigeminal nerves were observed. ACV-treatment showed significant reduction
of the titers in all the isolated. In IC infection model, cerebrum, cerebellum and brain stem
showed high virus titers. ACV-treatment showed less significant reduction of virus titers than
that in IN infection model. Reactivation of explanted trigeminal nerves from mice 30 day p.i.

was monitored. In all of ACV treated mice reactivation was observed, i.e. even the highest dose
of ACV did not inhibit the establishment of viral latency.

Key Words: Herpes simplex virus type 1, Mouse encephalitis, Intranasal infection, Intracerebral
infection, Acyclovir
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©]Z 3 %: HSV-1 Mouse Encephalitis Model

ol 2 gA JfEe] F8 EF ulolzg A F9
3huteltt [2,3). HSV-19] 23ty 57 Z &3
8.3 42 neurovirulence®t FE7td 8|1 A
o1zt & Ut [19,21,23,24,26,28]. who] g~
7t AR A AR ZFAE F dn FERG
317] W Rell B2 A7} o] FojA 1 glon, vt
olg| 29 FEAG |} MBS = FBo) of
2] W] A &) g Eo Futol 24 )
L5 g A F2F R F9 U
Ha ok HSV-1& Al v kA Ao A 224 2
2 o] fojate] B-e AP P Eo] Ads o gl
< ¥ ol wex, 7IYgs Ex 59 o
7Y FEL o] £3 U AE RS0 Y
Hol o] € wolzia AEdEE2Rdo Fio)
Hx 3lt} [12,13,27].

Herpes 7%t A47], &+, A9 2 AzxA g R
9 ol sl o] Z hepes HFGED L FFdH
FEo| HQol 3 A7) W 2o AbtE A
FEE D3] HFE 5= ke A-e] Ut v
7, O, 7, Aoy Bo, Ay 2g) 5o HE
ol o] &G ¥ ARG L TE B AAHE
A FAE vty art FHANAFAR AJH =
FH ot FAXGE oy [4,11,15], A=
A& HSV-10] A oA 2gste 2] 3
YA RZE oMYA, vlo]H2F o A F
4317 W&l blood-brain barrier®] £33 o] ¥
8810 FF2AAANM Y vpo)g A Z4 0] YR
Aoy 2o nlolgir2s gL §58 4
Athe Aol A} [1,18). utd oz APYFE
23 o] &3t Puloleix FE HrE A
T 433, velgi 284, A Y}H B4y
< o) &3ted, 94 4% ALEF
3t g AW FHE 2ALE vlolg A8 A
< ZA49E TE AN 2F A9 vlolglx dr}
£ 335t vlolyx FA L FBo] AR o
= A= AdPertE A&, 22y Ey
EAE BalME 8o FadxF o &2 ol
Bx F%ertE AR £ QU Qukd oz 33
ol o] &5 & vold A FF FF, L%, HAE
59, 29Rd, 589 9 L Aay 2R
Al Z A7 E Boir)7t 2 £33 8 o o
A BFt Aoyt BB} [14]. HEAQ herpes
A EA F 42 acyclovir (ACV)= A FEA=R
4] ACV triphosphate7} &Hufo] 2] ~ 848 Vel
€ %Eolth [6,7]. XA 3709 QAA] 7} 2}

#H 2 Ajste] €43} Edo] =6, HSV-1 thy-
midine kinase (TK)oll 2J3to] 3 W Q4477 4
TE 3 O ojFole AEY EAE o) AL
717} A2 F7tE o] @483 0] gt upEkA
H A A ol 8438 EAo] Fy] o ¥
4T FojEde AHol UAW, TKEA o]
ol A A%+ GEE Uehd F glvte &4
o] on, AAZ 7} F2% ACV YA7|Ae
2 ¢3A Ao [89,22] ACVZF FEAE S A
€ F3AT ZEdE 239 vlolgjx AGA
o3 A L FAANGE FAA e ofF B2
=297} o] RojX a gl}.

E AP E vl2 HgRd oA ] ulo)
2 o] Helgy A7 ACV in vivo &FF
7te 5327, 5 $% 9 BALBc ¢A nl¢-2E
S ¥ dHFEH o2 vto]H 28 Z
A7 T 93F A3 vpojex F4 ZW
MM FEZ ALY T, ACY 7 FE7Y
< AR AN E FERAGLY HANE S
A &3t ABAGol FEHEAE Vero| X E o]
3t ZzALEI7] o o] & EndtnAt )

HE W
1. 8t0[3{A % M=

HSV-1 strain F (ATCC VR-733)& o 8} w}-$-
2 ZHge o83l o, vlolg A Faol} ot
Z7 ol Vero (African Green monkey kidney)*| 3
£ American type culture collection®.Z ¥ uj
3o} o] &3} [17]. M E 2] A thuj %ol &= Dulbe-
cco's Modified Eagle (DME)H}A] (Gibco)ell 5%2)
fetal bovine serum (FBS) (Gibco)E, Hlold] &~ F
Aol 2% FBSE A7teiA A8 &A=
+ 40 pg/ml gentamycin (Gibco)Z 3 7} t}. vlo]
o FEoe AAALd nEdh 4944
o 370 o] AL},

2 AHEE

¥=3std T4 4oy d& Charles
RiverAL 2 H-E] 4 37 9] specific pathogen free (SPF)
BALB/c 47 vl-$-2F8 FY3t #7 5~6 v
4 BRY 08, 7Y L - G AR
H HgA7 & A gl o] B3t
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3. Acyclovir

AR AFo 2y 7128k acyclovirEAHA]

(2 2H®)E 243} vl X3 phospha-

ted buffered saline (PBS)ol| 50 mg/ml2 =9] 3 A]

HE ol ue} PBSE 3)418le] AP o] &3}
4. 8loj A A7IEH

uhol 22 FF Ao} A7 plaque?] A L o
&3] 2=, DME2% FBSo| A< 549
Hto] 8] A5 48 well plated)] WjFH Verod| E ol A
FAZ F 3 A3t v ohe crystal violetE QG
A 5tod plaque 428 Al 3, who]2} A Q712 plaque
forming unit (PFU)Z A F At} HSV-10)] 7+9 R
TEY AN wtelgix FAPEE 2A}E)
Aok, A E IS A2ER2REH 2AEL A5
of 70T BESACL g7ty Ad AR
o3 ol = DME/2% FBS Wi ¥} 0.5 mlE, Un] R
2HEdE 03 mg Hrtstd BQsict 44
T o5, 35AE vte)y A FFYoz
Sta wigF oz 10 W) A& 3 A3 48-well
platecl ¥} FH Verod] Lo} 2+ A7) 3 3 Y3t w)
&gt T3 crystal violet2 @43t 3 plaque=E A
o whol & 2 A7} (PFU/ZA)E BA .

5. 0beAc] 2t

F LT ARG AN 4% 5 $% ] SPF ¢
Z BALB/c v}-9- 252 2t A7l dlgl22 u}
AY w29 o) 50 pl vpolP A FFAL F
HAIA ¥ ZAZEAR T (H 2% 10° PFU/mouse).
WG 2 vlolgl2d 50 W Aty FA}
39 (3% % 10° PFU/mouse). 2t A @ FL 5~6
Pl & o] FojH Eul, wtel# A th4le] DMER%
FBSE HET mock FETE FHHAUY. A%
AARH G T 2 5 vl vperg HEL =
B3 FESAE BRAG. AASAE AL,

T A%, HGFA Sl

6. %t250] 21}

Eo ANRA BUE Frer] et 22
5~6 shelel PRe2E W EE aHEY A1)
A ZRE ACVE AF 1g 3 10 pe) oz A
kel S 5 0 5 Ay RATAREA, §

< 0, 5, 10, 25 mg/kg b.id (bis in die, twice a day)
(°l%’— bid AHHh &F 09 2 9o = PBSE

Tt ACVE] #2348 ZALE 98] mock 7Y
A% FBE TARG. 1Y AR P
AFE A ol 2~ Aoz A% Al
2 0% A2 Te FES FEQ 50% effec-
tive dose (EDsg)Z Reed and Muench Al4h3 o 2
A2 201 2HGHERH S A= 2IA
T 2 6Y 59 4 4379 “]"cr’-i‘:% "y 2
U}'E]ETE] FFANAA B 2AEE FE3}o
A Zu FAA NN EAE wj7lx] 70T HE
A ;
7. Htoj A 0| XHE A AlE [29]

wolel 2 74 30 o Fol AZE hEAE o
Fabe] 29 AN A& A E3te] DME2% FBS
of T3 37T CO; vjgr]olA 5 A7t wiFatsd
t}. 2% o] DME2% FBS ¥ oFe] 300 pl2 Q&
T Bt 29 942 48 well plate] u) &
H VeroA| X o duplicate2 ZGA 711, 2 F B
i FnjF o2 ulo]d] 2d) 2% HIE%EV?‘;’?J'
& Basm2A ole 2 342 Gk

my

o}
1. Acyclovire| el AHX g o}

ACVE] 33 ZANGEE AMgo R, A3t
4, ERgY] Wisht 7o dF A% 59 249
o v Ao HFF 10° PFUC]) 52 n}
olgix FF F U 50 plE /HEA vhH" 5 F
7ol 97 BALB/cY H] 7ol Holm=a] FIAR
o =g el 7§ DME2% FBSo| 3] 3}o]
HE o] 10° PFU7L HE 2 50 plE oo A3
FAHITH 2d A ACV B3 EAE A Fshd
BHF 2 WA 12 A2 HFH 0.2 6 Y3 B9 R
DME/2% FBSE % G A7) mockZ & A @] X
A AT AFEo 2 vAAAL] BF 7750t
24 BEAF 18714 g iG] A S 22
6 vle], BFAZE 194+15 go] nj$22 BAS
I 2AAEE AT kA Fog FAYT v
d BEAH A SH L AFHRES2F F
¢ BT YRty oz nlolgixd 7Add v}
S FEdRdd gaglol ol FA47t e
mockw ¥ @] HF3HA9 @7 drofe) W3l
9 Foll 5ol A 2 FFo| e et F
FAUth AFHA2 AEC] Ao =R FEY
© AFZA o|F A&EAHQA A FF7Me} A 3
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Table 1. Antiviral efficacy of acyclovir on the mortality of the mice infected with HSV-1 intranasally or

intracerebrally
Virus Route of Acyclovir Mice Mortality Mean survival EDsp or LDsg
administration (mg/kg, b.id.) survived (%) days of dead mice (mg/kg, b.id)
0 0/5 100 7.6
5 5/5 0 -
Intranasal 10 5/5 0 - <
25 5/5 0 -
HSV-1 (F)
0 0/6 100 6.3
5 1/6 83 8.2
Intracerebral 10 2%6 67 78 14.1
25 4/6 33 7.0
0 5/5 0 -
5 nt nt nt
Intranasal 10 ot ot ot >25
25 5/5 0 -
Mock
0 5/5 0 -
5 nt nt nt
Intracerebral 10 ot ot at >25
25 5/5 0 -

nt: not tested

EDs, and LDs, were calculated by using Reed and Muench method [17]

EHAch v ZAAde] A FE v TR A
49 F3~4 ARH AFHa0 BEHI A
zZtato] & w7bx] A on, R ¥
3t 2 Fo g3l #2E t2 Hgol 938 3
T3S Yehlithrl 5 i, 7HE g
49 6d I/ A G F 1199 &
o, L nlL2Ee HHd YE2LL 7.6 Yol
AT ACV Eo & A RALE AT 234
299 ZdE ¥ 30 7HA BT 100% BFEES
veldlen, 4282 E EDst= <5 mgkgdt}
(Table 1). A B AFZ4 SHAME &3]
SRS TR, 5 mgkgel B+ 5 vl F
4 w2)7}, 10 mghkge] F -1 vlel7t A 504 2
A E vEbdl o, 25 mgkge] 7 $-ol= 5 vl
‘B5 AF JdepdA Ziah (AR A A 4. o
HAAAS A FE v RN E 7Y 5
olE AFH BFIAN N&HQ A FLa7 B
HYa, €22 W7 T2E oL HQe) 9
g P Folde vehitirt 25 St} (Table 1).
ZAHEETNAN 71 B e 7Y ol F 4
on, FRAFAHNE 6 Lol 4 k)7t 7 Lol 2 v}
27t Zo] BF A=Y 63 9L JE T 4
T30 Y7AA ZAME ACV £ F 2} 6 vlE] oA

A Z vpg-20l £ 5 mgkegollA 5 wle], 10 mg/
kgoll 4] 4 m}e], 25 mgkgollA] 2 vle] & &FFo] 5
7V wet Frletdth ey £ vheAE
o B HEYL T §Fo] ol et 2
38 FolAw Ao] #AHIAUT (ACV O, 5, 10,
25 mghkg #2o.2 247} 63, 82,78, 7.0 Q). AE
£2 A3 ACVS EDso= 14.1 mgkgitt. A
TR 1 §FNAN Za v FATH 2o
gF ol & HRH ASHL7E #EHJLH,
AE w929 AS AFo] HEHAH FL&
2o AL X E&HQ A0 BFEHAG (4
AA A ). Rl W3zt Fol Hxn &7
A gAY, 25 mgkge] Bfol W 3
Eo] #AEYD 51} 10 mgkge] - 3 &o] ¢
92 ¢ F JAk BAEAA . vl7doiyd oy
A7t € mockZtE T2 3¢ ACV H| FofFo|}
25 mgkg &FoNA AFHA 59 owFd F2-&
T @AHA &gtk

2. Acyclovirz} ZtE = 2Ll Blo|2{A &40 of
e 51

w29 A2 A vl & F4 4 v =
ACVY] k& E Hrhstr] fietd ¥ Ag Ee
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Table 2. Virus titers of the various tissues isolated from the mice infected with HSV-1 intranasally

(PFUltissue)
Day post infection
Tissues isolated
0 1 2 3 4 5

Cerebrum 0 30 0 0 150 45
Cerebellum 0 5 0 50 1,400
Brain stem 0 0 15 210 43,500 50,000
Spinal cords 0 0 0 10 7,000 10,000
Trigeminal nerves 0 5 6,000 100,000 60,000 39,000
Eyes 0 0 0 31,000 180,000 600,000
Olfactory bulbs 0 0 600 30 3,400 22,000

A)

Mice survivec
SO = N W e oo,

Days post infection

Mice survive
O = N W s OO

0 2 4 6 8 10 12 14
Days post infection

Figure 1. Effect of acyclovir (ACV) doses on the
survival of HSV-1-infected mice.
a) Intranasal infection, b) intracerebral infection O,
ACV 0; =, 5; A, 10; &, 25 mg/kg, b.id.

=2 vh4-28 ZEAFRH £30,5, 10,
25 mghkg= BAFAE AR 35 T 6 A

B, AEAFRE 6 43 4 £99
ukE] QoA g, &¥, W3, HE, AR,
(EEAS £8A), 7, 2F 289 H5 52
Aot 70T 2t wld & vlaly 6 &
E AzE ZASL @ 22 A 2 22
Ui o2, &t 26| £33 2F 59 ntolg| 2 7}
2 e 2o AT A 2 Wl A
R AY A7t 24 4P AR 22 & Bk
ol 2 EFAe VED A% JNY g
VeroM| Z o 4| plaque® 0 & 27 9] upo]gj 2
H7tE =AY 4 vpe2e] AYAY P=7)
FUatA AT, v 3 ACV v R4 7o

T+ o) EAFEH 4AANAT W L TR
dlojgj A F2lo] FAHO 4 U T 5 UA FH
27t A9, £ H4olA 3 Y FHE F4
o] AlztH o 4~5 LA Hao] GL U 4
AU Th (Table 2). W= &} &M 4 41 7
A = R} vholg A F2lo] §d3) dojue =
A& AR} w HA 5LE L F INE
d,5 Y F FolX 16X 10° PFU7 B35
o Ao} TR FUAAE, e} 4
NE Re 47he e ACY RaiFe B¢
39 F2E vl art 2487 ARE, 2
LF M9 FEE FIrF FPekA EYA o
U 26F A snE e 2HdN, £
@ 5 mgkgd M= FR A7} vt #EEA
o W AR F vlel 3 @ nie) nhgag
2A violgl 297}t WEE Figure 2] EAIH
o AR, = R AFdMY] FEE 25 mgkg

o | -
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Figure 2. Effect of acyclovir (ACV) doses on virus titers of various tissues isolated from the mice infected
with HSV-1 intranasally (IN) or intracerebrally (IC). #, ACV 0; O, 5; A, 10; O, 25 mg/kg, b.id.
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Table 3. Virus titers of the various tissues isolated from the mice infected with HSV-1 intracerebrally

Tissues isolated

Day post infection

0 1 2 3 4
Cerebrum 0 550 3,850 60,000 120,000
Cerebellum S 11,000 7,500 18,000 6,000
Brain stem 0 2,250 3,300 4,350 21,000
Spinal cords 0 35 700 145 10
Trigeminal nerves 0 360 5,500 100 95
Eyes 0 3,550 3,200 30 85
Olfactory bulbs 0 85 1,250 2,700 3,450

Table 4. Reactivation of virus from explanted trige-
minal nerves isolated from the mice infected with
HSV-1 intranasally or intracerebrally

Reactivation

Acyclovir

(mg/kg, b.id) Intranasal Intracerebral
Numbers %  Numbers %

0 16/16* 100"  7/10° 100*

5/5 100 i1 100

10 5/5 100 2/2 100

25 5/5 100 4/4 100

*Accumulated data from several separate experiments

g M 53] FRAT =g ACV MR
AT 5 AE 5L Ae BF F307] A&
4 AT 2A L A2 5 AU AL A
@ % re 3 @ 9 ApaEe) 2 vt
olgl2 97} MBS Table 39 EA P&, 7Y
A& A2 2HdME vtel2j 29 F2o] A
FUHA Grivt 3F Al ZE 2F A vt
o) 27t AU W, &4, H3e| M T4
°] &5t 4 AR A7t A% St
A #3112 X 10° PFUZF #EH o, &
T AN T Grte #AE gk 2~3 Y
7AA F7keer #ade AE & F At
T A%, Ak " E 5 Fo e whel3 27t 3
FHA ATt BAAA ). v FATE £
dtef ACV Rz 3 WY SRS 7 ule] F @
melg el 2 sielg 2 Q7 WSS Figure
20 AT} FEo] T Zo Ao npolH ~

Ad7be gy A blol# & F2 o] &g
ZH oM B FATH F3 I Afo|7} glglen,
AR A A T outolH & vt vlmy
e zAA A £3Q ACV 25 mg/kgol A 7
HlmA F3i3 45 E Vel S & 5 du

3. Acyclovirz} X{g Aol ofX|l= &2t

ulol# &~ FFgozRy Aolde nfyreg
7Y 30 & Fo /99 AANALT AEHAS.
A 29 %3-S DME2% FBSY 4] 211 37T CO:
Wi F7 A v Fsle], HEZEE vtol# 27} A
43 =8 fFeddt EFs5 4 F 23E
EA3tS VeroM ol FEA71 3, WY dAwj A
FHE B3l nielz]x gl 9§ CPE % &
ZALY T ACVIL B g w28 & ol de
-2 5 S ZA Y E4E A E2F B0
VeroA| X2 $AAA 9 dX¥E CPEE Vel o
279E 10 mghkg ACV T T2 & vl &
A, B8 A4l o]F Fo CPEZl &2
91 3 dA = 100% CPEZF #3591t} (Table
N 8 7A7AE e gEAEE rh2E F ACY
Ul Ry BF 974, A8AsE ¥4 =
AbelA] Z@A| o MER $3" o] A¥A
2 g9, A E ACV B R 2o A
A& 16 vhg] = 16 vl (100%), A= 74g 4 Y]
Fo T AGG-L 10 niE] F 7 viE (10%)R 2
W, ACV Foj 9] A}g} o] Veror X of 7+
2 ¢ 3EE CPE/F #2931 3 45 o & 100%
CPEZ} #&HA o224 ¥ e dxz4
A w20 ACV 3% 2 ERFAZE H3
o] 839 25 mgkgrtA] whola 298 FEZY
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drfelvt Zade A8 ARt ALS ¢+ 9
At

[t

il

HSV-1& vp-g- 26 A7) oS 9434 w3}
o} A AAz AEdE FEAWANA Q] niolg
2 F2E BAFTG WAL AF8 D, ACY
9] AR AIE A= Ao A7 EH 0|t
vtE o 2 7kl o) o] 4= vlo)a A FFY 7,
HES FFHY, A9Rd, FE29 F=9 93
2 28 59 a9 wel el Ae] By rlA
o & zel7t & § don, FBEA A7 A
3 B4 £F 2 £ 5o BEkA %R
A= & &olrt @ 71 Ak g FF/2] HSV-
TE FYEd F H4=2dE Ay, o
€ AR JFHLE 79" FETL 100% APY
€2 o] F & glo] FaAHII} Rosl, T4
A ARQstd HES deg|y] W&o blo]
22 F4E A7 v E §o3ly] W Eo)
th w42 HIdnd S 9 gy JSPE
Folld £ dFdME ngadds giytay
< ol gy, FF F/l o] 49 4 9go) &
AHAG. v AAF L v zd & FEFoag
100% ¥ & 4% & ln v E A Aok g}
€ 93] gloy, £ A7 AN B uie} o)
A Aol vy vz, B FaI ZA)
&3 nielgl A F2) ZRcAM F o Filo) #
8 & A= AAHe] ik w37 dagle) ¥
S HZTHOZ 100% HH L 2 F+ U 0Oy
ZEHL B9 FEE Fylo] B o
Ha, vlo]l A HEFe) 23V 9 & AS
B7Hg ¢ gioke 9] e 18], ol B
A7 AT} E X3} EAAGEE Hgrd
Z hielid [15,16], ¥ |Fo] o] 89 F 3=
ZAAZ A vb$2 AFo vt FIEA
A |7t vrlel AbgelAM wAsH. F,
10 g P ke] AAF vh-g-2o] A2 100% A}vio)
#2H1 2AFE BE A deEA ¢S
A7t Bt (BAAA ). w2 2 A A
itk 2 A3AMg o] d2RAA WS, AEE k¢
289 AF 2L FA vzt 24 o) A=
B, 67z el AS gHgdnc Ade] A
go] F U ol EF T A Ay go] BRHUYE
o, vZAEde] A 39EHU 2E51# 4

AEgM Y 4T b TFABAZ Adste
dl AJZte] A, qH o] A S vl F
2]o] Q5= 7]3to] 37 Hol x| &&= A
o2 Mol wlelgj2st FFH AFRE FHE
ARAPE S ¢ & AXT AAZ 3 o
2t vpolgl & F2o] B} 843 dojiube 23
o] &< A, HFTAAANA /7L =
Z5o] niojg 2o 93 WA FAH FH
HAH7] QEL RHojth A=A v ARde 3
S OxAdg3 28 BE 49 4d FHY Fol
430 J¥A oz #FHI AFeD, ol i &
Z7 9] Hlolgi 29 Jrte ol S IAUE F
ARt g 38 7o 5 By #F
A ¥ AA 2 F 2F oA 9] vlo]Fg A o
e ¥R @stor], avnt34d o|F RHe &
&= Zo] BAHAT

ACVE BT FF&c] vl$ 1 EF5=EE
L. FX3HA 37l W Ee] B $F H &
Ho] kil & JgE £} [5,10,25]. EAFA
¥ BALB/c v§-20l X 8] ACVE] 83 Hu 5%
© 1 A2t ¢t =28 - F33] 74d] A
2Zt3te] 4 A|7F 39 A9 AEHA v (BF
A A Qb3 £ AFelA sHed FE3] 12 A
AR FEZ FARAT, vlol2 28 AT
F e FTEE ASFHE §X% F (1,
I violg A F2jo] A1RE B9 I G
EE JUehiZldl e O & AR FA3STY F
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