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Summary 

A number of compounds have been tested for antiherpes activity. Actinobolin, 
amicetin, carrageenan, laspartomycin, megalomycin C, pleuromutilin, suramin and 
tetracenomycin C showed significant protection of HeLa cell monolayers infected 
with herpes simplex virus type 1. The action of these new antiherpes compounds was 
compared with those antiherpes agents that have been described previously. Actino- 
bolin, amicetin and tetracenomycin C were also active against viruses other than 
herpes simplex. 

herpesvirus; antiviral compounds;  antibiotics; viral inhibitors 

Introduction 

The development of new compounds with antiviral activity in the last few years has 
given rise to the so-called second generation of antiviral compounds [5,6]. In addition 
to a high antiviral potency, some of these new agents show little, if any, toxicity. Thus, 
acycloguanosine and bromovinyldeoxyuridine (BVdUrd) are among the antiherpes 
drugs with the highest activity to toxicity ratio [2,7]. Ribavirin is another promising, 
broad-spectrum antiviral agent with little toxicity for experimental animals [ 11]. The 
need for a continuing search of antiviral agents is evident considering the fact that 
herpes simplex type 1 (HSV-1) mutants might arise during acycloguanosine treatment 
[4,8,13]. Also the search for a compound with a wider antiviral spectrum should be 
pursued. 

In an attempt to identify new compounds with antiherpes activity we have tested a 
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number  of natural and synthetic compounds,  including antibiotics with a yet un- 
known mode of action [12,15]. The activity of previously described antiviral com- 
pounds is given for comparative purposes. 

Materials and Methods 

Cells and viruses 
HeLa cells were grown in Dulbecco's modified Eagle's medium (DMEM; Gibco) 

supplemented with 10%.newborn calf serum (Gibco). HSV-1 (KOS) was grown in 
Vero cells and titered by the standard plaque assay method in Vero cells. 

Measurement of protein synthesis 
0.5 ml of methionine-free medium and 0 11 laCi of[35S]methionine (The Radiochemi- 

cal Centre, Amersham, 1100 Ci /mmol)  were added to the cells for 1 h. The medium 
was then removed, and the cells were washed with PBS solution and precipitated with 
5% trichloroacetic acid. After 5 min, the trichloroacetic acid was removed and the cell 
monolayer washed 3 times with ethanol, dried under an infrared lamp and dissolved 
with 250 lal 0.1 N NaO H plus d% SDS. 125 lal were counted in an Intertechnique 
scintillation spect rometer .  

Estimation of the cytopathic effect 
HeLa cell monolayers were infected with HSV-1 (KOS) at 0.2-0.5 plaque-forming 

units (PFU) cell, in the presence of the indicated concentrations of the compound.  
After 48 h, the cytopathic effect was examined under a phase-contrast microscope. 

Results and Discussion 

Systems to evaluate the antiviral effects of compounds 
Several systems have been developed to assay antiviral activity [ 10]. These systems 

make use of whole animals, explanted organs or tissues, culture cells, cell-free systems 
and even purified enzymes [3,9]. The most obvious approach in the search for new 
antiviral agents starts with their analysis in cultured cells, followed by a further 
exploration of their efficacy in experimental animals, their activity spectrum and 
mechanism of action. 

We have used a cell culture system to detect new antiherpes compounds.  The system 
is based on the infection of HeLa cell monolayers with HSV-1 at a low multiplicity of 
infection (0.2-0.5 PFU/cell).  The test compound was added together with the virus 
and after 48 h of incubation the cytopathic effect was recorded upon examination with 
a phase-contrast microscope. The protein-synthesizing capacity of the cell monolayer 
was estimated by using a short pulse of [35S]methionine as indicated in Materials and 
Methods. 
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Fig. 1. Cytopathic effect (CPE) in HSV-l-infected HeLa cells, 48 h p.i. (A). - ,  + - ,  + + ,  + + +  represent CPE 
on a progressive scale, varying from no CPE (-) to maximum CPE (+q-+). Protein synthesis was measured 
as indicated in Materials and Methods,  in HSV- 1-infected cells (o) and uninfected control cells (e). BVDU, 
(E)-5-(2-Bromovinyl)-2'-deoxyuridine (bromovinyldeoxyuridine); IDU, 5-iodo-2'-deoxyuridine (idoxuri- 
dine). 

(_} 

÷ ÷ ÷  

Effect of known antiviral agents 
For comparative purposes we first analyzed the protective effects of several known 

antiviral agents on HeLa cells infected with HSV-I.  These included iododeoxyuridine 
(IDU), amantadine, bromovinyldeoxyuridine (BVDU), 2-deoxy-o-glucose, glycyrrhi- 
zic acid, phosphonoformate,  ribavirin, 5-trifluoromethyl-2'-deoxyuridine, acyclogua- 
nosine and vidarabine. The results are shown in Figs. 1 and 2. Some of these 
compounds showed a deleterious effect on uninfected control cells at the same 
concentrations that exhibited an antiviral effect. Thus, amantadine, 2-deoxy-o-glu- 
cose and vidarabine blocked translation in uninfected control cells at concentrations 
that protected the cell monolayer against HSV-1 infection. However, other com- 
pounds inhibited viral cytopathogenicity at concentrations which were not inhibitory 
to protein synthesis in uninfected cells. Table 1 presents the concentrations of these 
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Name TOX 50 (mM) CPE 50 (mM) 

Acycloguanosine 10 0.06 
Amantadine 0.5 0.2 
BVdUrd 0.4 0.001 
Cytarabine 20 5 
2-Deoxy-D-glucose 5 5 
Glycyrrhizic acid 8 1.5 
IDU 5 5 
Phosphonoformate 10 4 
Ribavirin 0.8 0.3 
Trifluorothymidine 0.7 0.05 
Vidarabine 5 5 

TOX 50, Concentration of the compound that caused a 50% inhibition of protein synthesis in uninfected 
HeLa cells after 48 h incubation. 
CPE 50, Concentration of the compound that conferred a 50% protection of the cytopathic effect induced 
by HSV-1 infection after 48 h incubation. 

c o m p o u n d s  that  confer red  a 50% pro tec t ion  of  the cy topa th ic  effect, as well as the 
concen t ra t ion  that  caused a 50% inhibi t ion  of  pro te in  synthesis  in uninfected cont ro l  
cells. BVdUrd  and  acyc loguanos ine  had  the highest  selectivity index. BVdUrd  showed 
act ivi ty  at 0.001 m M  and  acyc loguanos ine  was active at  a 60-fold higher  concent ra -  
tion. 

Screening of new compounds with antiherpes activity 
In an a t t empt  to f ind new c o m p o u n d s  with ant iherpes  act ivi ty we analyzed  a 

number  of  na tura l  substances  for  their  protect ive  effect of  HeLa  cell mono laye r s  
agains t  HSV-I  infection.  The toxic effects for  uninfected cont ro l  HeLa  cells were also 
recorded.  The c o m p o u n d s  that  d id  not  exhibit  p ro tec t ion  and  the concen t ra t ion  at  
which they were tested are listed in Table  2. Some c o m p o u n d s  previously  repor ted  to 
possess ant ivi ra l  act ivi ty,  such as fa t ty  acids,  sinefungin,  p ros tag land ins  and glucosa-  
mine,  did  not  show a signif icant  inhib i t ion  of  viral  cy topa th ic  effects in our  assay. 
Many  of  these agents  p roved  quite cy to toxic  but  none showed ant ivi ra l  act ivi ty  at 
non- toxic  concent ra t ions .  It is not  excluded that  some o f  the c o m p o u n d s  listed in 
Table 2 and devoid  of  s ignif icant  an t iherpes  act ivi ty  could  exhibit  an ant ivi ra l  effect if 
assayed in a different  system or  with a different  virus. 

The c o m p o u n d s  which we found  active against  HSV-I  in our  screening system are 
l isted in Table  3. Some of  them, such as aabomyc in ,  ac t inobol in ,  aquayamyc in ,  
formycin  A and P3355, showed pro tec t ion  at concent ra t ions  that  c lear ly b locked  
pro te in  synthesis  in uninfected cells. Others  showed a ra ther  interest ing selectivity 
since they were active at concen t ra t ions  that  were not  harmful  to the cont ro l  cells 
(Table  3). 

Figures  3 and  4 show the effect of  amicet in ,  mega lomycin  C, l a spar tomycin ,  
a t rop ine ,  ca r rageenan ,  t e t racenomycin ,  suramin,  and  9-methy ls t rep t imidone  on pro-  
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T A B L E  2 

C o m p o u n d s  which  p r o v e d  inact ive  a g a i n s t  H S V - I  in o u r  sc reen ing  sys tem 

N a m e  R a n g e  o f  T O X  50 

c o n c e n t r a t i o n s  tested 

A 19009 10 - 200 g g / m l  > 200 i.tg/ml 

A B  74 0.1 - 500 lag/ml  100 I.tg/ml 

Acecl id ine  10 - 400 lag/ml 300 - 400 g g / m l  

A c e t o m y c i n  10 - 200 lag/ml 10 - 20 g g / m l  

Acon i t i ne  5 - 100 lag/ml 25 g g / m l  

A c r o m y c i n  10 - 200 lag/ml < 2 0  lag/ml  

A c t i n o n i n  10 - 200 lag/ml - 

A d e n o m y c i n  10 - 200 g g / m l  > 200 g g / m l  

A d o n i t o l  10 - 200 g g / m l  > 200 lag/ml  

A D P - S  0.1 1 m M  > 1  m M  

Ajma l ine  10 - 200 g g / m l  - 

A l d g a m y c i n  10 - 200 p_g/ml > 200 lag/ml  
A l l o p u r i n o l  10 - 200 g g / m l  100 p.g/ml 

A l t h i o m y c i n  10 - 200 lag/ml 

D-Al t rose  10 - 200 g g / m l  > 200 lag/ml  

A m i c l e n o m y c i n  10 - 200 ~tg/ml 200 g g / m l  

4 - A m i n o - 4 - d e o x y t r e h a l o s e  10 - 400 lag/ml  > 400 g g / m l  

o - A m i n o p h e n y l  10 - 200 lag/ml > 200 g g / m l  

[3-D-glucuronide 

A m i p u r i m y c i n  0.1 100 lag/ml  1 lag/ml 

A m p h e t a m i n e  sulfa te  10 - 200 p.g/ml - 

A m p h o t e r i c i n  B 10 - 200 I.tg/ml 25 lag/ml 

A M P - S  0.1 1 m M  > 1  m M  

A n g o l a m y c i n  0.1 - 100 lag/ml 100 ~tg/ml 

A n g u i d i n e  10 - 200 g g / m l  < 1 0  g g / m l  

A n g u s t i m y c i n  A 5 - 200 t ig /ml  > 200 lag/ml  

A n h y d r o e r y t h r o m y c i n  A 10 - 100 l ig /ml  ~ 200 t i g /ml  

A n i s o m y c i n  10 - 200 tag/ml 

A n t i a m o e b i n  10 - 200 lag/ml 20 - 50 lag/ml 

A p r a m y c i n  10 - 200 g g / m l  > 200 lag/ml 

D-Arab i to l  10 - 200 lag/ml > 200 g g / m l  

A r a c h i d o n i c  ac id  10 - 200 lag/ml 50 - 100 ~tg/ml 

Areco l ine  10 - 200 p_g/ml 

A r g i n i n o s u c c i n i c  ac id  10 - 200 g g / m l  > 200 lag/ml 

DL-Arterenol  10 - 200 ~tg/ml 75 g g / m l  

A s p a r t o c i n  10 - 200 lag/ml 

A T P - S  0.01 - 1 m M  2>1 m M  

A u r e o f u n g i n  10 - 200 lag/ml < 1 0  p.g/ml 

A x e n o m y c i n  B 1 - 100 tag/ml > 100 lag/ml  
A x e n o m y c i n  D 0.1 - 200 g g / m l  0.5 lag/ml 

Bac iphe lac in  0.1 - 100 p_g/ml 2 g g / m l  

Bac i t r ac in  10 - 200 lag/mt - 
Berber ine  h y d r o c h l o r i d e  10 - 200 lag/ml  < 1 0  tag/ml 

B e r n i n a m y c i n  10 - 200 lag/ml 
Betulin 10 - 200 lag/ml 

Bicye lomycin  2 - 200 lag/ml > 200 g g / m l  
B leomyc in  A 2 0.1 - 200 lag/ml  > 200 lag/ml 
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N a m e  Range of T O X  50 

concen t ra t ions  tested 

Boldine 10 - 200 /.tg/ml 
Borneol  10 - 200 ~tg/ml 
Brucine sulfate 10 - 200 lag/ml 

BU-1709 Al 0.1 - 100 lag/ml 

BU-1709 A2 0.1 - 100 lag/ml 
BU-1709 El 0.1 - 100 lag/ml 
Caffeine 10 - 200 lag/ml 
Endo-3 -b romo-D-camphor  10 - 200 lag/ml 

Carboxymethy lce l lu lose  10 - 200 lag/ml 
Card io l ip in  8 - 160 ~tg/ml 

C a r m i n o m y c i n  1 - 200 I.tg/ml 

13-Carotene 10 - 200 p.g/ml 
Celest icet in 1 - 200 I.tg/ml 

a-Cel lu lose  10 - 200 p_g/ml 
Cellulose phospha te  10 - 200 ~tg/ml 

Ceramides  from cerebrosides  10 - 200 lag/ml 
Ceramides  from sph ingomyel in  10 - 200 lag/ml 

Chae toc in  10 - 200 ~tg/ml 
Cha lcomyc in  10 - 200 ~tg/ml 

Char t reus in  10 - 200 ~tg/ml 
Chit in  10 - 200 lag/ml 
Chlorogenic  acid 10 - 200 /ag/ml 

Chlo ro th r i c in  10 - 200 lag/ml 
Chloro te t racyc l ine  0.1 10 mM 
Choles terol  a rach ida te  10 - 200 lag/ml 

Choles terol  hemisucc ina te  10 - 200 lag/ml 
Choles terol  me thy lca rbona te  10 - 200 ~tg/ml 

Chond ro i t i n  sulfate type C 10 - 200 lag/ml 
Cinchonid ine  10 - 200 ~tg/ml 

C l indamyc in  1 - 100 ~tg/ml 
Cor t icos te rone  1 10 lag/ml 

Cor t i sone  1 10 lag/ml 
Cro ton ic  acid 10 - 200 ~tg/ml 
Cyanein  10 - 200 ~tg/ml 
Cyclande la te  10 - 400 p.g/ml 
Cycloheximide  10 - 200 lag/ml 
D A N  1701 10 - 200 lag/ml 
D a n o m y c i n  1 - 100 lag/ml 
Decoyinin  5 - 200 lag/ml 
Desdan ine  10 - 200 lag/ml 
Deoxye ry th romyc in  B 10 - 200 lag/ml 

Dex tomyc in  A 0.01 - 0.1 mM 
Digi tonin  0.1 - 2 ~ g / m l  
D i h y d r o x y a n t r a q u i n o n e  10 - 200 ~ g / m l  
D ihyd roe ry th romyc in  A 10 - 200 lag/ml 
1,3-Dipalmit in 10 - 200 lag/ml 
Diumyc in  A 0.1 -1000 lag/ml 

100 p_g/ml 
100 p.g/ml 

10 p~g/ml 

5 0 -  100 lag/ml 
5 0 -  100 lag/ml 

> 160 p.g/ml 

<1  ~ g / m l  
> 200 tag/ml 

50 p_g/ml 

> 200 lag/ml 

200 ~tg/ml 
200 }tg/ml 

> 200 I.tg/ml 

100 lag/ml 
0.1 mM 

150 lag/ml 
> 200 p g / m l  
> 200 t tg /ml  

> 100 ~ g / m l  

> 1 0  p.g/ml 

> 1 0  ~ g / m l  
> 200 lag/ml 

< 1 0  t tg /ml  
2 0 -  100 lag/ml 

100 lag/ml 

> 100 lag/ml 
200 ~ g / m l  

>0.1  mM 
O. 15 p g / m l  

5 0 -  100 lag/ml 
1000 I.tg/ml 
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F A B L E  2 

S o m p o u n d s  which  p roved  inact ive  aga in s t  H S V - I  in ou r  sc reen ing  sys tem 

q a m e  Range  o f  T O X  50 

c o n c e n t r a t i o n s  tested 

D i u m y c i n  B 0.1 - 1 0 0 0  lag/ml  > 1 0 0 0  lag/ml  

Doxycyc l ine  0.01 - 0.1 m M  > 0 . 1  m M  

E f r o t o m y c i n  5 - 200 lag/ml  20 p.g/ml 

Elaiofil in 10 - 200 lag/ml < 1 0  lag/ml  

E n d u r a c i d i n  10 - 200 lag/ml - 

En te roc in  2 - 100 lag/ml  > 100 lag/ml  

Ergos te ro l  10 - 200 lag/ml > 200 ~ g / m l  

E r g o t a m i n e  t a r t r a t e  10 - 200 lag/ml - 

Er i t rono l ide  B 10 - 200 I.tg/ml - 

E r y t h r o m y c i n  A 10 - 200 lag/ml  > 200 p.g/ml 

E r y t h r o m y c i n  B 10 - 200 I.tg/ml > 200 lag/ml  

Erucic  ac id  10 - 200 lag/ml 75 lag/ml  

13-Escin 10 - 200 lag/ml - 

Escul in 10 - 200 I.tg/ml - 

E v e r n i n o m y c i n  C 10 - 200 lag/ml 200 lag/ml  

F l a m m u l i n  5 - 200 p_g/ml 30 lag/ml  

F o r m y c i n s  5 - 200 lag/ml < 5  lag/ml  

F o r t i m y c i n  A 5 - 200 p.g/ml > 200 lag/ml  

F o s f o m y c i n  10 - 200 p.g/ml 200 lag/ml  

Fumag i l l i n  5 - 200 lag/ml 20 lag/ml 

Fun icu lo s in  0.1 - 200 lag/ml  0.5 p_g/ml 

Fus id ic  ac id  10 - 200 lag/ml 
G-52  1 - 200 lag/ml  > 200 lag/ml  

G-418  0.1 - 200 p g / m l  > 200 lag/ml  

Gang l i o s ide s  10 - 200 lag/ml > 200 lag/ml  

G a r d i m y c i n  5 - 200 lag/ml > 200 lag/ml 

G e l o n i n  0.1 - 10 tag/ml  0 . 5 -  1 lag/ml 

G o s s y p o l  0 .001 -  0. l m M  0.01 m M  

D - G l u c o s a m i n e  0.1 20 m M  5 m M  

o - G | u c u r o n i c  ac id  10 - 200 lag/ml 200 lag/ml 

Gr i seo fu lv in  10 - 200 ~ g / m l  75 lag/ml  

Gr i seov i r id in  10 - 200 lag/ml 
7 - M e t h y l g u a n o s i n e  50 taM- 5 m M  > 5  m M  
7m-GTP 50 laM- 5 m M  > 5  m M  

Herb ic id in  A 1 - 100 lag/ml 100 tag/ml 

H e x a m e t h y l e n e  t e t r a a m i n e  10 - 200 lag/ml 

H ik i z imyc in  10 - 200 lag/ml - 
H y d r a s t i n e  10 - 400 lag/ml 10 - 20 lag/ml 

8 - H y d r o x y q u i n o l i n e - g l u c u r o n i d e  10 - 200 lag/ml 

6 - H y d r o x y u r i d i n  e 10 - 200 lag/ml 200 lag/ml 

I son iaz id  10 - 200 lag/ml  

J I - 2 0 A  1 - 100 p.g/ml > 100 lag/ml 

J I -20B 1 - 100 ~tg/ml > 100 lag/ml 

J o s a m y c i n  10 - 200 p.g/ml - 

K i r r o m y c i n  10 - 100 lag/ml - 
K i t a s a m y c i n s  5 - 200 lag/ml 20 lag/ml  
L a r g o m y c i n  F-II  0.1 - 200 lag/ml 5 ~ g / m l  
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N a m e  R a n g e  o f  T O X  50 

c o n c e n t r a t i o n s  tes ted 

L i n c o m y c i n  I - 100 lag/ml  > 100 lag/ml  

Linoleic  ac id  10 - 200 I.tg/ml 100 - 200 lag/ml  

Linolenyl  a l coho l  10 - 200 lag/ml 25 lag/ml  

Linoleyl  a l coho l  10 - 200 I~g/ml 25 lag/ml  

L i v i d o m y c i n  A 10 - 200 p_g/ml 200 lag/ml  

L i v i d o m y c i n  B 10 - 200 lag/ml  200 ~tg/ml 

LL-BM-123ct  10 - 200 p.g/ml I00 lag/ml  

Ct -L-Lysophospha t idy lcho l ine  dodecy l  10 - 200 lag/ml  150 lag/ml  

M-4365  A~ 10 - 200 I lg /ml  - 

Melezi tose  10 - 200 I~g/ml - 

Met ixene  c h l o r o h y d r a t e  10 - 200 lag/ml - 

M e t r o n i d a z o l e  10 - 200 lag/ml  - 

6 - M F A  0.1 - 1 5 0 0  ~tg/ml 250 lag/ml  

Min imyc in  0.1 - 1 0 0 0  lag/ml  100 lag/ml  

Mitogi l l in  0.1 1 m M  1 m M  

M o n o o l e i n  10 - 200 lag/ml 75 I.tg/ml 

M o n o p a l m i t i n  10 - 200 lag/ml 150 lag/ml  

M y o m y c i n  I0 - 200 lag/ml  > 200 lag/ml  

N e b r a m y c i n  10 - 200 ~tg/ml > 200 p.g/ml 

N e g a m y c i n  0.1 - 200 lag/ml 20 lag/ml 

Neohespe r id ine  d i h y d r o c h a l c o n e  10 - 200 lag/ml 

N e o s p i r a m y c i n  10 - 200 lag/ml  - 

Nico t ine  10 - 200 p.g/ml - 

Nif i t r ic in  A 10 - 200 I~g/ml 20 lag/ml  

Nif i t r ic in  B 10 - 200 I~g/ml < 1 0  p.g/ml 

N i k k o m y c i n  10 - 200 p_g/ml > 200 lag/ml  
Nisapl in  10 - 200 i . u . /m l  - 

Nisin 10 - 200 lag/ml  > 200 lag/ml  
2 -Ni t ro imidazo l e  10 - 200 lag/ml - 

N o c a r d i c i n  2 - 100 lag/ml  > 100 lag/ml  

N o g a l a m y c i n  10 - 200 i.tg/ml < 1 0  lag/ml  

N o v o b i o c i n  10 - 200 lag/ml  10 I.tg/ml 

Nuc l eoc id in  10 - 100 tag/ml 75 lag/ml  

O l e a n d o m y c i n  10 - 200 lag/ml  200 lag/ml  

O u a b a i n  I - 200 lag/ml < 1  lag/ml 

O u d e n o n e  10 - 200 p_g/ml 200 lag/ml  

O x a m i c e t i n  0.1 - 500 p_g/ml 500 lag/ml  

O x y t e t r a c y c l i n e  0.1 - 10 m M  0.1 m M  

P a r o m o m y c i n  su l fa te  10 - 200 lag/ml  - 

Pen t azoc ine  10 - 200 lag/ml - 

a - L - P h o s p h a t i d y l c h o l i n e  d i l au roy l  10 - 200 lag/ml  > 200 p.g/ml 

c t - t . -Phospha t i dy l e thano l amine  lO - 200 p.g/ml > 200 lag/ml  

a - L - P h o s p h a t i d y l  L-serine 10 - 200 tag/ml > 200 lag/ml  

P h o s p h o  L-arginine  lO - 200 lag/ml > 200 lag/ml 

P i k r o m y c i n  0.25 - I00 lag/ml  l - lO ktg/ml 

P ipemid ic  ac id  lO - 200 lag/ml  200 lag/ml  

P i r ro ln i t r in  10 - 200 lag/ml  - 
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T A B L E  2 

C o m p o u n d s  which  p roved  inac t ive  aga in s t  HSV-I  in o u r  sc reen ing  sys tem 

N a m e  R a n g e  o f  T O X  50 

c o n c e n t r a t i o n s  tested 

P l a t e n o m y c i n  A~ 10 - 200 lag/ml  

P l a t o m y c i n  A 0.1 - 100 p.g/ml 

P l a t o m y c i n  B 0.1 - 100 Ixg/ml 

P o k e w e e d  an t iv i ra l  p ro t e in  0.1 - 100 lag/ml  

P o l y g a l a c t u r o n i c  ac id  10 - 200 lag/ml 

Po ly -L-g lu tamic  ac id  10 - 200 lag/ml 

Pol iox in  c o m p l e x  10 - 200 ~tg/ml 

P o l y m y x i n  B 10 - 200 lag/ml 

P o t a t o  s t a r ch  10 - 200 lag/ml 

P r o s t a g l a n d i n  A~ 0.5 - 4 I.tg/mt 

P r o s t a g l a n d i n  E~ 0.5 - 4 I.tg/mt 

P y r a z o f u r i n  1 - 200 ~tg/ml 

Qu in ine  h y d r o c h l o r i d e  10 - 200 p_g/ml 

Raf f inose  10 - 200 lag/ml 

Reserp ine  10 - 200 ~tg/ml 

Res t r i c toc in  0.1 1 m M  

Ret ina l  (trans) 10 - 200 lag/ml 

Ret inol  (trans) 10 - 200 lag/ml 

ct-Sarcin 5 - 100 lag/ml 

S a r k o m y c i n  10 - 200 lag/ml  

Se ldomyc in  F-I  0.1 - 100 p.g/ml 

Se ldomyc in  F-2  0.1 - 100 lag/ml  

S h o w d o m y c i n  10 - 200 lag/ml 

S ine fung in  10 - 200 lag/ml  

S iomyc in  A 10 - 200 p_g/ml 

S o d i u m  pa lmi t a t e  10 - 200 lag/ml 

S o r d a r i n  10 - 200 p.g/ml 

( - ) -Spa r t e ine  sulfate  10 - 200 I.tg/ml 

S p e c t i n o m y c i n  10 - 200 p.g/ml 

S p i r a m y c i n  II1 1 - 100 lag/ml 

S tef f imycin  B 10 - 200 lag/ml 

S t r ep tov i t ac in  A 10 - 200 lag/ml 

T a l a r o n  0.1 - 100 lag/ml  

T a u r o c h o l i c  acid  10 - 200 lag/ml 

Te lomyc in  10 - 200 lag/ml 

T e r m o r u b i n  10 - 200 lag/ml 

Te t racyc l ine  0.1 - 10 m M  

D-Tet ranol ine  10 - 200 lag/ml 

Thioci l l in  II 0.25 - 100 I.tg/ml 

Thioci l l in  III 0.1 - 100 p.g/ml 
Th iopep t i n  A~ 10 - 200 p_g/ml 

T h i o p e p t i n  B 10 - 200 I.tg/ml 

Th iop ro l i ne  10 - 200 lag/ml 

4 - T r e h a l o s a m i n e  10 - 200 p.g/ml 

T r i c h o m y c i n  10 - 200 p.g/ml 
T r i m e t h o p r i m  25 - 300 lag/ml 
T S K - V I  10 - 200 lag/ml 

> 100 ~ g / m l  

> 100 ~ g / m l  

50 ~ g / m l  

150 ~ g / m l  

> 4  ~ g / m l  

1.5 ~ g / m l  

100 ~ g / m l  

> 1  m M  

100 ~ g / m l  

100 ~ g / m l  

< 5  ~ g / m l  

> 100 ~ g / m l  

100 ~ g / m l  

100 ~ g / m l  

50 - 100 ~ g / m l  

200 ~ g / m l  

> 100 ~ g / m l  

5 ~ g / m l  

> 200 ~ g / m l  

100 - 200 ~ g / m l  

5 m M  

0.25 ~ g / m l  

0.25 ~ g / m l  

200 ~ g / m l  

200 ~ g / m l  

10 ~ g / m l  

50 - 100 ~ g / m l  
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Compounds which proved inactive against HSV-! in our screening system 
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Name Range of TOX 50 
concentrations tested 

Tsushimycin 10 - 200 /ag/ml - 
Turimycin h complex 10 - 200 lag/ml - 
Tuberactin 10 - 200 /ag/ml < 10 lag/ml 
Tubercidin 10 - 200 /ag/ml 200 /ag/ml 
Undecylenic acid 10 - 200 /ag/ml - 
Venturicidin 0.1 - 100 pg/ml 0.75/ag/ml 
Verdamycin 10 - 200 /ag/ml > 200 /ag/ml 
Vernamycin A 10 - 200 /ag/ml - 
Vincamine 10 - 200 /ag/ml > 200 /ag/ml 
Vindoline 10 - 200 /ag/ml - 
Virginiamycin 10 - 200 /ag/ml - 
Viridogrisein 10 - 200 /ag/ml - 
Xerosin 10 - 200 /ag/ml > 200 /ag/ml 
Ya-56-X 10 - 200 /ag/ml 200 /ag/ml 
Ya-56-Y 10 - 200 /ag/ml 200 /ag/ml 
Yohimbine hydrochloride 10 - 200 /ag/ml - 

TOX 50: Concentration of the compound that caused a 50% inhibition of protein synthesis in uninfected 
HeLa cells after 48 h incubation. 
Note: For details of the structural formulae and origin of the antibiotics listed, the reader is referred to Refs. 
12 and 15. 

TABLE 3 

Compounds which showed antiherpetic activity in our screening system 

Name TOX 50 CPE 50 

Aabomycin A <15 /aM 23 laM 
Actinobolin 167 /aM 67 /aM 
Amicetin 78 /aM 16 /aM 
Aquayamycin 43 /aM 51 /aM 
Atropine >1.3 mM 0.5 mM 
Bamicetin >331 laM 25 /aM 
Carrageenan >200 /ag/ml <10 /ag/ml 
Formycin A 54 /aM 217 /aM 
Laspartomycin >110 /aM 44 /aM 
Megalomycin C 100 /aM 70 /aM 
Pleuromutilin >530 /aM 40 /aM 
P3355 ~' 36 /aM 216 /aM 
Sodium alginate i~ >200 /ag/ml 75 /ag/ml 
9-Methyl-streptimid0ne 195 laM 49 /aM 
Suramin . >140 /aM 17 /aM 
Tetracenomycin C 212 /aM 32 /aM 
Trypan blue 15 /aM 

CPE 50 and TOX 50 are as described in the footnote to Table 1. 
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Fig. 3. Cytopathic effect in HSV-l-infected HeLa cells, 48 h p.i. Viral CPE and protein synthesis were 
determined as indicated in the legend to Fig. I. 

tein synthesis in uninfected control  cells and on the cytopathic effects o f  HSV-1 for 
Hela cells, following the assay methods described in Materials and Methods.  Again, 
for several compounds ,  i.e., amicetin, laspartomycin,  carrageenan and suramin, a 
reduction o f  viral cytopathogenici ty  is observed at concentrat ions not affecting 
cellular protein synthesis. 

Antiviral spectrum of  the new antiherpes agents 
Preliminary studies on the antiviral spectrum of  some of  the new antiherpes agents 

have begun. Table 4 illustrates that these compounds  acted on both D N A  and R N A  
viruses, including HSV-I ,  VSV (vesicular stomatitis virus), SFV (Semliki Forest 
virus), polio and E MC (encephalomyocardit is)  virus. Some compounds  were active 
against poliovirus but inactive against EMC virus and vice versa. More detailed 
studies on the antiviral spectrum of  these compounds  are being carried out at present. 
The molecular mechanism of action of  these compounds  is also subject to further 
study. 
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Fig. 4. C y t o p a t h i c  effect  in H S V - l - i n f e c t e d  H e L a  cells, 48 h p,i. Viral C P E  a n d  p ro t e in  synthes is  were  de te r -  

mined  as ind ica ted  in the legend to  Fig.  I. 

T A B L E  4 

Ant iv i r a l  s p e c t r u m  o f  some  c o m p o u n d s  

C o m p o u n d  H S V -  1 VSV S F V  pol io  E M C  

A c t i n o b o l i n  + + + + + 

Amice t in  + + + + + 

A t r o p i n e  + + + + - 

C a r r a g e e n a n  + + - + 
F o r m y c i n  A + + + - - 

L a s p a r t o m y c i n  + nd  + - nd  

M e g a l o m y c i n  C + + + - - 

P l eu romut i l i n  + + 
S u r a m i n  + + + - + 

T e t r a c e n o m y c i n  C + + + + + 

+ ,  an t iv i ra l  effect; - ,  n o  effect; rid, not  de t e rmined .  
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