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Abstract

   A  rnorphinane  alkaloid  FK  3000 (6,7-di-O-acetylsinococuline) from  the reot  tubers of Stephania cepharantha

showed  antiviral activity  against  acyclovir  (ACV)- and  phosphonoacetic acid  (PAA)-resistant herpes simplex  virus

type 1 (HSV-1), influenza virus,  measles  virus, artd poliovirus,

   The  anti-HSV  action  of  FK  3ooO was  assessed  in comparison  with'  that of  PAA  that inhibits the activity  of HSV

DNA  polymerase and  HSV  DNA  synthesis. FK  3ooO  inhibited the growth  of thymidine kinase-deficient and  ACV  and

PAA-resistant HSV-1  strains,  as well  as wild  type  HSV  strains  in Vero c.ells. This compound,  as  well  as  PAA,  inter-

fered with  the synthesis  of late viral  proteins but not  early  viral  proteins, The analysis of  HSV  DNA  synthesis  by slot

blot hybridization showed  that FK  3000 inhibited the viral  DNA  synthesis  in a  dose-dependent manner.  However, the

viral  RNA  was  partially synthesized  in the presence of  FK  3ooO (even at  a  dose that  HSV  DNA  synthesis  was  inhib-

ited) and  PAA,  indicating that  FK  3000, as  well  as  PAA,  allowed  early  yiral  RNA  synthesis  but not  viral DNA  syn-

thesis. Since partially purified HSV  DNA  polymerase activity was  not  inhibited by FK  3000, this compound  was

suggested  to inhibit HSV  DNA  synthesis  by a  mechanism  different from  that of  PAA.

   Key words  herpes simplex  virus,  Stephania cepharantha,  FK 3ooO, antiviral  activity.

   Abbreviations ACV,  acyclovir;  APr, acyclovir-  and  PAA-resistant; CCso, 50%  cytotoxic  concentration; DMSO,

dimethyl sulfoxide; DT'I], dithiothreitol; ECso, effective concentration  for 50%  plaque reduction;  HEL,  human ernbryonic

lung; HSV, herpes simplex  virus;  MEM,  minimum essential medium;  MDCK,  Madin-Darby canine  kidney; PAA,

phosphonoacetic acid;  PBS, phosphate-buffered saline;  PFU,  plaque-forming unit;  SDS,  sodium  dodecylsulfate; TK-,

thymidine kinase deficient.

Introduction

   Various anti-herpes  simplex  virus  (HSV) agents

have been developed and  used  for the treatment of  HSV

infection in humans,i'S) However, the appearance  of  drug-

resistant  HSV  strains  becarne evident  in immunosuppre-

ssed  patients, such  as organ  transplant recipients  and

patients with  AIDS.S'4) Thus, it is necessary  to develop

new  therapeutic agents  with  different mode  of  anti-HSV

action  from that of  known anti-HSV  agents,

   We  previously selected  a methanol  extract  of  the

root  tubers of  Stephania (S,) cqpharantha  HAyATA  with

antiviral activity against  HSV  type 1 (HSV-1) from 30

Chinese herbal medicines  and  isolated FK  3000 as  the

･most potent anti-HSV-1  compound  in the extract,'S) This

compound  was  effective  in delaying the development of

heretic skin  lesions in mice infected cutaneously  with

HSV-1  and  reducing  the mertality.'6) Its therapeutic effi-

cacy  was  revealed  in vivo.  FK  3000 also  showed  potent

antiviral activity against  thymidine kinase-deficient (TK')
HSV-1  that is resistant  to acyclovir  (ACV) and  wild

HSV  type  2 (HSV-2) strains, as well  as  wild  HSV-1  in

vitro.'6} The mode  of  anti-HSV  action  ef  FK  3000 was

suggested  to be different from that of  ACV.

   In this study,  we  have developed a  convenient  way
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to purify FK  3000 .from an  ethanol  extract  of  S.

cepharantha.  In order  to clarify the inhibitory stage  of

FK  3000 in a  replication  cycle  of  HSV,  we  characterized

its anti-HSV-1  action  in comparison  with  that of

phosphonoacetic acid  (PAA) that inhibits HSV  DNA

synthesis.  FK  3000  inhibited the growth of TK' and

ACV-  and  PAA-resistant (APb HSV-1  strain, as well  as

wild  type HSV-1  and  
-2

 strains. This compound,  as well

as PAA,  inhibited the synthesis of  HSV  DNA  and  late

viral  proteins, but not  the early  viral RNA  synthesis.

However, it showed  no  inhibitory effect  on  HSV-1  DNA

polymerase activity. Thus, FK  3000 may  be a promising
novel  anti-HSV  agent  that possesses different mode  of

anti-HSV  action  from that of  PAA,

Materials and  Methods

  ･ Vir"ses and  cells: HSV  strains used  were  a  wild

type  of  7401H  HSV-1,i7) TK-  B2006  HSV-1,i8} ACV  and

PAA-resistant (APr) HSV-1,i9) and  a wild  type of  HSV-2

(Ito-1262).i9･ 
20)

 A  poliovirus type  1 Sabin strain, measles

virus  Tanabe strain and  influenza virus  AIPR18/34

(HINI) were  also  used.i7･2i･22) These virus  stocks  were

prepared from infected-Madin-Darby canine  kidney

(MDCK)  er  Vero cells as  reported  previously.]923) MDCK

and  Vero cells were  grown in Eagle's minimum  essential

medium  (MEM) supplemented  with  5%  calf  serum  and

maintained  in MEM  supplemented  with  2%  calf  serum

after vims  infection. For preparation of  HSV-1  DNA

polymerase, human  embryonic  lung (HEL) cells were

grown and  maintained  in MEM  supplemented  with  10%

and  2%  feta1 bovine serum,  respectively.

    Lsolation of FK  3000 from roots  tubers  qf S.

cepharantha:  Chopped dry root  tubers of  S, cepharantha

(9.5 kg, Tochimoto Tenkaido Co., Osaka) were  extracted

with  ethanol  and  the  ethanol  extract  was  dried in vacuo

to give a residue  (100 g). The  residue  was  dissolved in

water,  adjusted to pH  1 with  1 N  HCI  and  extracted  with

CHCIi. The CHCI3-soluble fraction was  evaporated  in

vacuo  to give a residue,  which  was  again  dissolved in

water.  The aqueous  solution  was  basified to pH  11 with

NH40H  and  extracted  with  ether. After evaporation  of

ether, the dried material  (1.1 g) was  dissolved in a mixed

solvent  of  ethylacetate  and  hexane, and  crystallized.  The

crystalline  material  was  identified as FK  3000 by various

spectroscopic  means  including proton- and  carbon

nuclear  magnetic  resonance,  infrared spectrometry  and

mass  spectrometry,  and  the purity was  checked  by thin-

layer chromatography  and  high perfbrmance liquid chro-

matography  
'(HPLC)

 (purity, 99.9%). FK  3000 was

dissolved in dimethyl sulfbxide  (DMSO) to give a con-

centration  of  20 mg/ml  and  used  for its in vitro antiviral
experiment.  Also, a solution  of  50 mgtml  FK  3000 in

DMSO  was  prepared for HSV  DNA  polymerase assays,

    Plaque reduction  assay:  Duplicate cultures  of

MDCK  cells in 60-mm  plastic dishes were  infected with

100 plaque-foming  units  (PFU) of  influenza virus  for 1

h, The cells  were  overlaid  with  5 ml  of  nutrient  agar

(O.8%) medium  centaining  various  concentrations  of  FK

3000 and  then cultured  at  37eC for 2-3 days.]7) The cells

were  fixed and  stained,  and  the number  of  plaques was

counted  as described previously.]9) The effective  concen-

trations for 50 %  plaque reduction  (ECso) were  deter-

mined  from a curve  of  the plaque number  to the

concentration  of  FK  3000.

    Similarly, duplicate cultures  of  Vero cells in 60-mm

plastic dishes were  infected with  100 PFU  of  measles

virus  and  poliovirus for 1 h. The cells were  overlaid

with  5 ml  of  nutrient  methylcellulose  (O.8%) medium

containing  various  concentrations  of  FK  3000 and  then

cultured  at 37℃ for 2-5 days,22) The cells were  fixed and

stained,  and  the number  of  plaques was  counted  as de-

scribed  above.

    C),totoxicity assay:  Cytotoxicity of  FK  3000 was

examined  by a growth inhibition assay  of MDCK  cells or

Vero cells. The cells  were  seeded  at a concentration  of

5 x  10  ̀cellslwell  in 24-well plates and  grown at 37eC for

2 days, The culture  medium  was  replaced  by fresh me-

dium containing  FK  3000 at various  concentrations,  and

the subconfluent  cells were  further incubated fbr 2 days.

The cells in triplicate wells  for each  concentration  of  FK

3ooO were  treated  with  trypsin and  the nurnber  of  viable

cells was  measured  by a  trypan blue exclusion  test. The

50%  cytotoxic  concentration  (CCso) was  determined

graphically,i9)

    field reduction  assay:  Monolayers of  Vero  cells in

60 mm  plastic dishes were  infected with  a  wild  HSV-1,

APf HSV-1,  TK-  HSV-1 or  wild  HSV-2  strain at 4-6

PFU/cell for 1 h, The cells  were  washed  three  times  with

MEM  and  incubated in maintenance  medium  containing

various  concentrations  of  FK  3000 at 37eC for 24 h. The

cultures  were  frozen and  thawed, and  centrifuged  at
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3,OOO x  g for 15 friin, Virus titers in the supernatant  were

detemined by a plaque assay  with  Vero  cells,t9}

   Analysis of viral  protein synthesis; The  cells were

mock-infected  or infected with  HSV-2  and  incubated in

the presence of  various  concentrations  of  FK  3000 or

120ptgtml  PAA  at 37℃ for 7 h. HSV-infected and

mock-infected  cells were  labeled with  [iSS]methionine
and  [3'S]cysteine (43.5 TBqtmmol, NEN)  for 1 h post-

infection in the presence of  FK  3000 or PAA,  as  de-

scribed  above.  The labeled cells were  lysed and viral

proteins were  precipitated with  immunoglobulin for

human  use  (Miles Inc., USA).2t) The immunoprecipitates

were  subjected  to SDS-polyacrylamide gel electrophore-

sis followed by fluorography.20･23) The dried gels were

exposed  to X-ray films at -80℃ .

   Ana4ysis of virat  DAC4 synthesis:  Monolayers of

Vero  cells  in 60 mm  plastic dishes were  infected with

HSV-2  (6 PFU/cell) for 1 h and  incubated in mainte-

nance  medium  containing  various  concentrations  of  FK

3000 or 120"glml PAA  at 37℃ for 7 h. The cells were

lysed in the presence of  O,5%  sodium  dodecylsulfate

(SDS) and  100"gtml  of  proteinase K, and  then DNA

was  prepared from the lysates as described previously.20･23)
The DNA  was  blotted to nylon  filters (Hybond-N,
Amersham)  using  a  slot blot apparatus  (Bio-Rad) and

fixed by ultraviolet  (UV) irradiation, The filters were

prehybridized at  65℃ for 4 h and  then incubated with

denatured radioactive  probes at 65℃ overnight,  The ra-

dioactive probes were  synthesized'  frOm. DNA･  fragrnents

of  an  HSV-2  TK  gene with.a  random  primer D'NA label-

ing kit (Takara Biochemicals, Japan).20) The hybridized

filters were  washed,  dried and  exposed  to X-ray films at

.80eC.23)

   Analysis of viral  RNA  synthesis: Monolayers of

Vero cells in 60 mm  plastic dishes were  infected with

HSV-2  (6 PFU/cell) for 1 h and  then incubated in main-

tenance  medium  containing  various  concentrations  of  FK

3000 or  120"gtml PAA  at  37℃ for 7 h. The cells were

collected  with  a scraper  in cold  PBS, from which  total

RNA  was  prepared by using  an  SV  tota1 RNA  isolation

system  (Promega). The total RNA  was  blotted to nylon

filters, and  fixed by UV  irradiation, The filters were

prehybridized at 650C for 4 h and  incubated at 65℃

overnight  with  denatured radioactive  probes, which  had

been prepared from DNA  fragments of  a HSV-2  TK

gene with  a random  primer DNA  labeling kit,20) The

hybridized filters were  treated as described above.23)

   Preparation qfDNA  polymerase and  its enayme  ac-

tivity in the presence  qf  FK  3000: HSV-1  DNA

polymerase was  partially purified from wild  HSV-1-

infected HEL  cells by phosphocellulose and  DNA-

cellulose  column  chromatography  as described previ-
ously,22) A  reaction  mixture (25 "l) containing  50 mM

Tris-HCI (pH 8,O), 8 mM  MgC12, O.5 mM  dithiothreitol

(DT'r), 100 mM  ammonium  sulfate, 80uM  each  of

dATT', dGTP  and  dCTP, O.214 to 3,42 "M  of  [3H]dTTP
(2.04-2,85 TBqlmmol,  Moravek Biochemicals, inc.), 50

"g/ml  activated  calf  thymus DNA  (Sigma), 500  pglml
FK  3ooO or  10,4 ptgtml PAA  and  crude  enzyme,  was  in-
cubated  at  37℃  and  the acid-insoluble  radioactivity  was

measured  5, 10, 15 and  30 min after the incubation,22} In

this reaction,  1 %  DMSO  was  used  as a control.'

Results

Isolation ofan atkatoid  FK  3000 ,

   A  conventional  method  for the isolation of  a

morphinane  alkaloid  FK  3000 was  developed by using  a

differential extraction  technique with  organic solvents  at

different pH  fOllowed by crystallization  (Fig. 1). The

 Root tuber ot Stephania cepharantha  <9.5 kg)

              1
         EtOH  ext,  (100 g)
               1}acidifiedwithHCI

               2} extracted with CHC13

       "
    H20traction CHCI3fraction(15g)

                       1)evaporated

                       2) added  CHC13
                       3) extracted  with  H20

              n
            H20fraction CHC13fraction
1} basified with  NH40H  

'
2} extracted  with  ether

       mH20
 fraction  ether  fraction (5.27 g)

     crystallization

     (hexane and  EtOAc)
CH;OHO

AcO

IN･-

1:ltHOCH3

 OAcFK30co(,1.1

 g)

Fig. 1 Isolation of  FK  3000 from the root  tubers ef S. cepharantha
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crystalline  material  was  obtained  from the ethanol  ex-

tract in a  yield of  1,1 %  without  using  column  chroma-

tography and  identified as FK  3000  by  comparison  with

the spectroscopic  data with  those of  an  authentic  sample.

The  purity was  detemined to be 99,5% by HPLC.

Antiviral activity  oj' ICI( 3000 against  ir!fluenza' virus,

poliovirus and  measles  virus

    Since FK  30oo has been shown  to inhibit the prolifi

eration  of  HSV-1,iS) we  examined  antiviral  activity  of

this compound  by a  plaque reduction  assay  against  other

types of  viruses  such  as  influenza virus,  poliovirus and

measles  virus, which  have different replication  cycles

from that  of  HSV-1, The ECso values  of  FK  3000 were

1.22, 13,S and  13.9 ptgtml to influenza virus, poliovirus

and  measles  virus, respectively  (Table I). On  the other

hand, the CCso values  of  FK  3000 in the MDCK  and

Vero cells were  130 and  >300  #g/ml, respectively,  22 to

107-fold higher than the ECse values,  indicating that FK

3000 had appreciable  antiviral activity  against  all the vi-

ruses  examined.

Antivirat activity  of FK  3000 against  a  variety  oj' HSV

stralns

    Anti-HSV  activity Qf FK  3ooO was  examined

against  PAA-  and/or  ACV-resistant HSV  strains, as well

as  wild  HSV-1  and  HSV-2  strains, by a  yield reduction

assay  with  Vero cells.  The wild  HSV-1, APr HSV-1  and

TK-  HSV-1  strains were  similarly  susceptible  to FK

3000 (Fig. 2) and  their virus  yields were  reduced  about

50-fold in the presence of  20 "g/ml FK  3000, as com-

pared with  its absence.  The vims  yield of  the wild HSV-

2 strain was  reduced  1850-fold in the presence of  20

 ptglmi FK  30oo, as  compared  with  its absence,  This

compound  was  confTirmed to have potent antiviral activ-

ity against  AP' HSV-1, TK'  HSV-1, wild  HSV-2, and

HSV-1  strains.

Table I Antiyiral activity  of  FK  3000  from S. cepharantha

n{eza-ua-8!.!h:'>

llt7Tect of El( 3000 on  vitzit protein synthesis

    PAA  inhibits the synthesis  of  HSV  DNA  and  late

HSV  proteins but permits the synthesis  of  early  HSV

proteins befOre viral DNA  synthesis,2"'") The synthesis

of  wild  HSV-2  proteins was  examined  in the presence of

FK  3000 and  PAA  to compare  their effects on  protein
synthesis  (Fig. 3). in the presence of  120 pgtml PAA,

early  viral  proteins were  mainly  synthesized,  but the syn-

thesis of  late viral proteins was  reduced.  FK  30oo inhib-

ited dose-dependently the synthesis  of  viral proteins,
such  as 51.2, 80.3, 132.7 and  163 kl)a proteins, for wild

HSV-2. Especially, the pattern of  viral proteins synthe-

sized  at 10 ptgtml of  FK  3000 was  similar  tothat synthe-

sized  in the presence of  PAA  at 120 pglml, suggesting

that FK  3000, as well  as PAA,  selectively  inhibited the

synthesis  of  late HSV  proteins.
Ilffects qf FLK 3000 on  viral  DAb4 and  RNA  syntheses

    FK  3000 was  examined  for its inhibitory activity  in

viral DNA  synthesis  of  a wild  HSV-2  strain in Vero cells

by slot-blot hybridization. The compound  inhibited the

DNA  synthesis  in a  dose-dependent manner  (Fig. 4), In

the presence of  20 "glml FK  3000, the viral DNA  syn-

thesis was  strongly  suppressed,  and  the levels of  detected

DNA  were  simi1ar  to those in the presence of 120 "g/ml

PAA,

gA  sB

                      E
                      x
8765

ECsea) "glml  (CCso"gtml)

4

iITlI
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13.S ±  O.7 (>3oo)b)･
13.9 ± 1,8 (>3oo)b)

1.22 ± O.1 (130)c)
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The antiviral activity  of  FK  3000 was  detemined by a  plaque reduc-

tion assay.  The ECso vatues  were  graphically determined as  de-
scribed  in the text, a), mean  value  ±  S.D. of three independent
experiments;  b), A mean  value  determined by the two  independent

growth inhibitien assays  using  Vere  celis;  c),  A  mean  value  deter-     'mined
 by the two  independent growth inhibition assay  using  moCK

cells.
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Fig. 2. Inhibitien ef  the growth of  four HSV  strains by FK  3000
 FK  3000 was  examined  for its antiviral activity  against  wiLd  HSV-1
 (A), TK'HSV-1 as), APr HSV-1 (C) and  wild  HSV-2 (D) strains  in
 a  yield reduction  assay.  Vero  celts  were  infbcted with  the HSV

 strains and  incubated in the presence ef  varieus  conoentrations  of  FK

 3000 or 120"glml  PAA  as  described in the text. Virus titers in the
 culture  supematants  were  determined by a  plaque assay.  The titers

 represent  the average  values  with  standard  errors  for uipLicate sa[n-

 ples.
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 163kDa-.
132.7kDa-

SO.3kDa-

51.2kDa-

            :t

llg,i,Trg./;
 eA  -.  ...-

... ,'e  pt

 Marker<201kDaeo<t22kDa

<  85kDao

<41,8kDa

･i<31.8kDa

Fig. 3 Inhibition of protein synthesis  of a wild  HSV-2  strain by FK
 30oo

 FK  3ooO was  examined  for its effect en  viral protein synthesis  in
 Vero  cells  infected with  HSV-2.  Tlie cells  were  rnock-infected  (no
 infection)- or  infected with  HSY-2 and  incubated in the presence ef
 O, 5, le and  20 ptglml of  FK  3000 or  120 "glml of  PAA  at 37℃. Tlie
 infected and  rnock-infected  cells were  labe1ed with  []SS]methionine
 and  [3SS]cysteine for 7 h post infectien as  described in the text.

 ImmunopTecipitates frorn HSV-2-infected ceLls were  subjected  to

 SDS-polyacrylarnide get electrophoresis  fotlowed by fiuorography,

 Marker proteins (31.8, 41.8, 85, 122 and  201 kl])a) were  co-

 electrophoresed  in a gel. Arrows indicate late yira1 proteins (163,
 132.7, 80.3, and  Sl.2 kl)a) whose  productien was  reduced  in the

 presence of  FK  3000, as  well  as PAA. Circtes indicate early  viral

 proteins whose  production was  not  reduced  in the presence ef  FK

 3000, as  weL]  as  PAA.

   Similarly, the effect  of  FK  3000 on  viral  RNA  syn-

thesis was  investigated with  a wild  HSV-2  strain in Vero

cells by slot-blot  hybridization. The viral RNA  was

found to be synthesized in the presence of 20 and  40

ug/ml  FK  3000, but their levels were  simi1ar  to that in
the presence of 120 "gtml PAA,  where  HSV  DNA  syn-

thesis was  inhibited (Fig, 5), indicating that FK  3000 and

PAfeL partially inhibited the RNA  synthesis  of  wild  HSV-

2 in comparison  to the absence  of  them.

IZCfect of FK  3000 on  DAC4 polymeruse activity

   For the purpose of  investigating the inhibitory

mechanism  of  DNA  synthesis  rnediated  by FK  3000,
HSV-1  DNA  polyrnerase was  partially purified from
wild  HSV-1-infected HEL  cells and  the effects  of  FK

400 ng

1co  n9

25 ng6.25

 rig

 No  FK3ooo  FK3ooo  FK3ooe  piu
tntectLon O"g  20"g  40p.g 120pg

Fig. 4 Inhibition of  DNA  synthesis  of  HSV-2 by FK  3000

 The cells were  infected with  HSV-2  and  incubated in the presence of
 O, 20 and  4e "glml of  FK  30co arid 120 "glml  ef  PAA  for7 h. The

 celts were  lysed. ffom  which  DNA  was  prepared. Ihe DNA  was

 blotted to nylon  fi1ters at 6.25, 2S, 1oo and  400 ngtslot  and  fixed by
 UV  irradiation. The DNA  was  also prepared ffom mock-infected
 cells (no infection). The  filters were  hybridized with  denatured ra-
 dioactive probes, as described in the text. The  hybridized filters were

 wasbed  and  the dried filters were  expesed  to X-ray fi]ms at -80℃.

6pg].S"gO.4pgO.lpg

      FKan-  FKan  zzsoOO  PM  bo
Adsuption epg  abpg  to"g  1eepg  trtlactkn

Fig. 5 Inhibition of  RNA  synthesis of HSV-2 by FK  3000
 The cel]s were  infected with  HSV-2 and  incubated with  O, 20 and  40

 "gtmt  of  FK  3000 and  120"glml of  PAA  for7 h, RNA  was  pre-
 pared from the infected ceLls and  bletted to nylon  fiiters at O.1, O.4,
 1.5 and  6ptglslot. The RNA  was  also  preparerS ffom infected cell$

 immediately after vims  adsorption  for 1 h (adsorption) and  unin-

 tected celts as a control  (no infection). Ihe filters were  hybridized
 with  denatured radioactive  probes as  described in the text. The hy-

 bridized filters were  washed  and  the dried filters were  exposed  to X-
 ray  films at -80℃ .

3000 and  PAA  on  the polymerase activity were  com-

pared (Fig` 6), Both DNA  polymerase activities of  HSV-

1 and  HSV-2  have been shown  to be inhibited by
PAA,20) In this experiment,  we  used  panially purified
HSV-1  DNA  polymerase instead of  HSV-2  DNA

polymerase, because we  could  not  prepare HSV-2  DNA

polymerase with  high activity  from infected HEL  cells.

PAA  markedly  inhibited the activity  at a concentration  of

50"M  (10.4pgtml), but FK  3000 did not  inhibit the ac-
tivity at 500 ptg/ml.

Discussion

   FK  3000 has been isolated and  purified from an

ethanol  extract  of  S. cepharantha  by time-consuming

chromatographic  separation.tS}  However, in the present
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Fig. 6. Effect of  FK  3000 on  the activity  of  HSV  DNA  polymerase.
 EtTects of  FK  3000 (5oo "glml, open  square)  and  PAA  (120 uglrn1,
 open  uiangle) on  HSV  DNA  pelymerase activity were  examined  in
 the  reaction  mixture  as described in the text. The reaction  rnixture

 with  1 %  DMSO  (DMSO+) or  without  DMSO  (DMSO-) was  used

 as  negative  controls.2i)

     experiment,  we  adopted  more  convenient  procedures

     (differential extraction  method)  to purify FK  3000 with-

     out  any  chromatographic  fractionations, and  obtained

     pure FK  3000 with  an  amount  comparable  to that re-

     ported previously by a chromatographic  method,

         FK  3000 has anti-HSV  activity  in vitro  and  in

     vivo.]S･t6)  In the present study,  the compound  inhibited

     the growth of  wild  HSV-1, TK-  HSV-1, AP' HSV-1  and

     wild  HSV-2  strains  in the yield reduction  assay  (Fig, 2),

     In this assay,  we  used  FK  3000 at 10, 20 and  40ugtml,

     These concentrations  of  FK  3000 were  higher than its

     ECso values  (9,2pglml against  HSV-1  and  8.7 ug/ml

     against  HSV-2)  as described previously.'S] However,

     they were  much  less than the Cdso values  (7oopg/mliS)

      and  >300  ug/ml in Table  I) to Vero cells, indicating that

      FK  3ooO at 10, 
'20

 and  40 ptglml was  not  cytotoxic.

      Actually, viral RNA  was  synthesized  in the presence of

    -. FK  3000 at 20 and  40 "g/ml,  as well  as PAA  at 120

  
'
 
'''

 ptglml, that is not  cytotoxic  (Fig. 5). Thus, the anti-HSV

      activity'of  FK 3000 at 10, 20 and  40 ttgXml were  not  due

. tO ltS CYtOtOXICItY,

         FK  3000 exhibited  antiviral activity  against  a  TK-

      HSV-1  strain, as well  as wild  HSV-1  and  HSV-2

      strains.i7) We  confirmed  the antFHSV  activity of  FK

      3000 against  an  ACV-resistant HSV  strain, as shown  in

      Fig. 2. Furthermore, the growth of  AP'-HSV-1 strain was

      inhibited by FK  3000 (Fig. 2). The  APr HSV-1  and  TK-

      HSV-1  strains are  resistant  to ACV  and/or  PAA.  This

      indicates that FK  3000 has a mode  of  anti-HSV  action

different from that of  ACV  and  PAA.  FK  3000 also ex-

hibited antiviral activity  against  influenza vims,  measles

vims  and  polioyims (Table D, indicating that this com-

pound shows  the broad spectra  of  antiviral activity.

These viruses  are  RNA  viruses  and  have  different repli-

cation  cycles  from that of  HSV.  It would  be  interesting

tb clarify some  factor that is inhibited by FK  3000 and

relates  to the different virus  growth. FK-3000  inhibited

HSV  DNA  synthesis  but not  HSV  RNA  synthesis  (Figs.
4 and  5). The synthesis  of  late HSV  proteins was  inhib-

ited in the presence of  20 "glml FK  3000, as well  as 120

ptglml PAA,  where  the growth of  HSV  and  synthesis  of

HSV  DNA  were  almost completely  inhibited (Figs. 3

and  4). Since PAA  specifically  inhibits the synthesis of

HSV  DNA  but permits the syntheses  of  early  HSV  pro-
teins and  RNA,2`･2S) FK  3000 was  suggested  to have simi-

1ar anti-HSV  action  as  PAA,  Therefore, a  major  site of

its inhibitory action  may  be concluded  to be viral  DNA

synthesis,  However,  FK  3ooO did not  appreciably  inhibit

HSV  DNA  polymerase activity in contrast  with  PAA  (Fig.
6). Since Underwood  et aL  showqd  that cytomegalovi.rus

DNA  maturation  was  inhibited by a benzimidazole

ribonucleoside,2`) we  examined  HSV  DNA  maturatioh  in

the presence of  FK  3000 using  a  contour-clamped  homo-

geneous electric field (CHEF) gel electrophoresis,

However, FK  3000 did not  interfere with  the maturation

of  HSV  DNA  (data not  shown).  Since the process of

HSV  DNA  synthesis  involves many  factors, such  as

he)icase, primase, uracil-DNA  glycosylase, ribonucleotide

reductase  etc., which  are coded  in the HSV  genome,2S･26>
a funher study  is now  in progress in our  laboratories to

identify the inhibitory mechanism  of  FK  3000 in the

HSV  DNA  synthesis.  ,
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る HSV −1，　influenza　virus ，　measles Ψirus，　polio　 virus

に対 して も抗ウ イ ル ス 作用を有 して い た
。

こ の 抗 HSV

作 用を HSV 　DNA 　polymerase を阻害 す る こ と に よ り

HSV 　DNA 合成を阻害す る こ と が 知 られ て い る PAA と

の比較か ら検討 した。 HSV に 感染 した Vero 細胞に お

い て FK 　3000は，　 PAA と同様 に 後期 ウ イ ル ス 蛋白の 合

成 を阻害 したが初期ウ イ ル ス 蛋白に は影響 しなか っ た
。

Slot　b［ot　hybridization法 で HSV 　DNA 合成を調べ る

と，FK 　3000は 濃度依存的 に ウ イ ル ス DNA 合成を阻

害す る こ と が判明 した 。 しか し， ウ イ ル ス RNA 合成 は

HSV 　DNA 合成が 阻害さ れ る濃度で も FK 　3000および

PAA に よ っ て 部分的 に の み 阻害 さ れ た 。
こ の こ と は

PAA と同様 に FK　3000は ウ イ ル ス DNA 合成は 阻害す

る が初期ウ イ ル ス RNA の 合成 は 許容 す る こ と を示 して

い る。 FK 　3000は粗精製し た HSV −DNA 　polymerase活

性 を阻害 しな い こ とか ら，PAA と異な っ た機構で HSV

DNA 合成を阻害 して い る こ と が 示唆 さ れ た 。

＊〒930−0194　富山市杉谷 2630

富 山医科 薬科大学和漢薬研 究所　服部征雄
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