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Summary 

The antiviral activity of five diterpenoids isolated from Scoparia dulcis L., Scro- 
phulariaceae, was examined in vitro against herpes simplex virus type 1. Among 
these compounds, only scopadulcic acid B was found to inhibit the viral replication 
with the in vitro therapeutic index of 16.7. The action of scopadulcic acid B was 
not due to a direct virucidal effect or inhibition of virus attachment to host cells. 
Single-cycle replication experiments indicated that the compound interfered with 
considerably early events of virus growth. 

The influence of scopadulcic acid B on the course of the primary corneal herpes 
simplex virus infection was investigated by means of a hamster test model. When 
the treatment was initiated immediately after virus inoculation, scopadulcic acid 
B, when applied orally or intraperitoneally, effectively prolonged both the ap- 
pearance of herpetic lesions and the survival time at the dose of 100 and 200 mg/kg 
per day. 
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Introduction 

Many selective antiviral agents, especially nucleoside analogues such as vidar- 
abine, acyclovir and bromovinyl deoxyuridine (Coen et al., 1986), have been de- 
veloped to enable the chemotherapy of human herpes simplex virus infection. The 
fact that herpes simplex virus type 1 (HSV-1) mutants, which acquire resistance to 
acyclovir, have arisen during the drug treatment (Darby et al., 1981; Field, 1982) 
is one of the reasons of a continuing search for new antiviral compounds. 

Five new diterpenoids were recently isolated as constituents of a Paraguayan 
medicinal plant, Scoparia dulcis L. (Hayashi et al., 1987a,b; Kawasaki et al., 1987). 
We have examined the inhibitory effects of these compounds on replication of HSV- 
1 in HeLa cell cultures. Furthermore, the in vivo antiviral activity of scopadulcic 
acid B, the most effective compound of the five diterpenoids, against experimental 
HSV-1 infection in hamsters was determined. 

Materials and Methods 

Compounds 
The diterpenoids tested were isolated from a Paraguayan crude drug 'Typychfi 

kuratfi' (whole plant of Scoparia dulcis L., Scrophulariaceae) (Hayashi et al., 
1987a,b; Kawasaki et al., 1987). Chemical structures of the compounds are shown 
in Fig. 1. Stock solutions (10 mg/ml) for testing in vitro were prepared in dimeth- 
ylsulfoxide and stored at 4°C. 

Cell culture 
HeLa 229 cell monolayers were cultured in Eagle's minimal essential medium 

(MEM) containing 5% fetal calf serum (FCS) for use in growth of virus or plaque 
assay. 

Virus 
Stock suspensions of the HF strain of HSV-1 were prepared from infected HeLa 

cells. 

Assay for antiviral activity in cell culture 
Monolayers of HeLa 229 cells in 24-well culture plates were washed and in- 

fected using HSV-1 with an m.o.i, of 0.5, adsorbed for 1.5 h at room temperature, 
and refed with maintenance medium (MEM plus 2% FCS) containing various 
amounts of the compound. Cultures were incubated at 34°C for 24 h in 5% CO2, 
harvested and disrupted by three cycles of freezing and thawing. 

Virus yields were determined by plaque assay. Each compound was assayed at 
least twice. The EDs0 was determined as the least drug concentration which re- 
duced plaque numbers by 50% in the treated cultures compared to untreated in- 
fected cultures. In one series of experiments the cells were pretreated with varying 
concentrations of scopadulcic acid B for 3 or 24 h at 37°C prior to virus infection. 
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Fig. 1. Chemical structures of diterpenoids. 

In other experiments, the virus was treated with varying concentrations of the 
compound for 3 h at 4°C prior to the virus being added to the cell monolayers. 

Cytotoxicity assay 
For growth inhibition studies, 5 x 10 4 cells in 0.5 ml MEM supplemented with 

5% FCS were seeded into each well of 24-well plates, cultured for 24 h at 37°C, 
and allowed to grow for additional 24 h in the presence of increasing amounts of 
the compound. After the medium was removed, cell monolayers were detached 
with 0.05% trypsin and the viable cells were calculated by the trypan blue-exclu- 
sion method. The inhibition data were plotted as dose-effect curves (not shown) 
from which the 50% inhibitory doses (IDs0) were obtained. The IDs0 are the av- 
erage of three assays with four concentrations within inhibitory range of the com- 
pounds (duplicate cultures). 

DNA-DNA hybridization 
E. coli HB101 cells were transformed with HSV-1 (strain F) DNA BamHI Q 

fragment cloned in pBR 322. They were then cultured on a larger scale for puri- 
fication of plasmid DNA (Maniatis et al., 1982). The recombinant DNA molecules 
were labeled with biotin-dUTP (BRL, Maryland, U.S.A.) by nick translation 
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(Rigby et al., 1977) using commercially available reagents (Nick Translation Kit, 
No. 8160SP, BRL, Maryland, U.S.A.). 

The procedures for hybridization and detection of viral DNA used in this study 
were described previously (Nago et al., 1988). Briefly, HeLa cells infected with 
HSV-1 were suspended in Tris buffer (pH 7.5) containing 0.6% Nonidet P-40. After 
centrifugation, the supernatant was incubated with proteinase K (0.1 mg/ml) and 
denatured by boiling in 0.3 M NaOH. The specimens were applied to nitrocellu- 
lose filter fixed to HYBRI-SLOT TM manifold (BRL, Maryland, U.S.A.). The fil- 
ter was prehybridized for at least 2 h at 42°C in prehybridization solution. The so- 
lution was then replaced with hybridization solution containing biotin-labeled probe. 
Hybridization was carried out at 42°C for 16-20 h. A series of slots containing 
known amounts of the plasmid DNA was prepared on each filter as a control. The 
detection of viral DNA by means of a streptavidin/alkali phosphate kit (Blu GENE, 
No. 8279SA, BRL, Maryland, U.S.A.) was performed under instructions pro- 
vided by the manufacturer. The evaluation could be done by determining the peak 
height with a densitometer (Clini Scan TM, Helena Laboratories, Texas, U.S.A.). 

Animals 
Four-week-old female golden hamsters (55-60 g) obtained from Shizuoka Lab- 

oratory Animal Center (Shizuoka, Japan) were used. 

Preparation of drug for animal treatment 
For intraperitoneal applications, scopadulcic acid B was suspended in sterile sa- 

line. For oral dosage, the drug was suspended in sterile distilled water. Placebo 
treatment was saline or water. 

Inoculation of animals and evaluation of HSV-1 infection 
For infection, 10 ~1 of virus suspension in MEM containing 3 × 104 to 5 × 104 

plaque-forming units (PFU) was placed on the right eyes of hamsters. For each 
animal 45 linear corneal scarifications and a further 45, perpendicular to the first, 
were made with twenty 23-gauge needles. The development and severity of the fa- 
cial lesions and survival times were recorded every day. The scores of the lesions 
are as follows: 0, no lesion; 1, slight and local erosion; 2, mild erosion; 3, mod- 
erate erosion; and 4, severe erosion. The average lesion score was calculated as 
the mean severity for all animals in a treatment group. 

Results 

Anti-HeLa cell growth and anti-HSV-1 activity of diterpenoids 
Table 1 summarizes the 50% inhibitory doses for cell growth (IDs0) and the 50% 

effective doses for virus replication (EDs0) determined for five diterpenoids, sco- 
paric acid A, B and C, and, scopadulcic acid A and B. The chemical structures of 
these compounds are shown in Fig. 1. All of them showed relatively higher cyto- 
toxicity. Especially, scopadulcic acid B was a potent inhibitor with IDs0 of 0.2 
txg/ml. 



TABLE 1 

IDso and EDso of compounds for cell growth and virus replication a 
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Compound Cytotoxicity Antiviral In vitro 
(IDs0-+ SD) b activity therapeutic index 

(ED5o-+ SD) ~ (IDso/EDso) 

~g/ml 

Scoparic acid A 1.80-+0.17 1.26-+0.10 1,4 
Scoparic acid B 0.94-+0.11 1.12-+0.14 0,8 
Scoparic acid C 1.10-+0.12 3.20-+0.24 0,3 
Scopadulcic acid A 0.78-+0.13 0.95-+0.11 0.8 
Scopadulcic acid B 0.20-+0.03 0.012-+0.002 16.7 

a HeLa 229 cells were employed for both cytotoxicity and plaque assays. 
b Dose necessary to inhibit 50% of the growth of HeLa 229 cells. 
c Dose necessary to inhibit 50% of the plaque-forming units. 

In  vitro the rapeu t ic  indexes (IDs0/EDs0) were calculated for the compounds  
against  HSV-1.  The  values  for scoparic acid A,  B and  C, and scopadulcic acid A 
are ranged  f rom 1.4 to 0.3 when  examined  unde r  the condi t ions  m e n t i o n e d  in Ma- 
terials and Methods .  Only  scopadulcic acid B, which had an in vitro therapeut ic  
index of 16.7, showed higher  selective toxicity. 

Inhibition of HSV-1 replication by scopadulcic acid B 
The changes  in a m o u n t s  of in t racel lu lar  viruses,  viruses released into cul ture 

m e d i u m  and in t race l lu lar  viral D N A  were de t e rmined  when HeLa  cells were in- 
fected with HSV-1 and  incuba t ed  in the presence  of various concent ra t ions  of sco- 
padulcic  acid B. The  results indicate  that those three yields are reduced with the 
i nc remen t  of the c o m p o u n d  added.  The  EDs0 for viral D N A  synthesis,  and virus 

TABLE 2 

Effect of pretreatment of cells with scopadulcic acid B on viral replication 

Concentration Time of Changes in 
in medium pretreatment virus yield a 
(~g/ml) (h) 

0.01 0 42 
0.01 3 47 
0.01 24 32 
0.05 0 15 
0.05 3 21 
0.05 24 28 
0.1 0 8 
0.1 3 12 
0.1 24 12 

Cells used were HeLa 229 cells. 
" Percentage PFU change in plaque number when compared to cultures without drug. Cultures were 
inoculated in triplicate with an m,o.i, of 0.5. Untreated controls gave an average yield of 75 × 10 6 

PFU/well. 
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yield in cells or culture medium were 0.041, 0.024 and 0.009 ~g/ml, respectively. 
Thus, virus release appeared  to be most affected by scopadulcic acid B. 

Table 2 shows the effect of the pre t rea tment  of host cells on the replication of 
HSV-1. The cells were pre t rea ted  for 3 h or 24 h at 37°C with varying concentra- 
tions of scopadulcic acid B, then infected with virus followed by incubation with 
medium supplemented with the drug. When the infected cells were continued to 
be cultured with the same concentrations as those of pret reatment ,  we observed 
no appreciable effect on virus yield at each concentration compared  with the cells 
without pre t rea tment .  Following adsorption to cells, unadsorbed viruses were as- 
sayed. There  was no difference in unadsorbed virus number  between pretreated 
cells and untreated ones (data not shown). 

In order to determine the direct virucidal activity of scopadulcic acid B, the stock 
solution was diluted in M E M  to provide final concentrations ranging f rom 0.5 to 
50 txg/ml. Virus was added to the solution and incubated for 3 h at 4 ° C, then as- 
sayed in H e L a  cells. No significant virucidal action of the solution against HSV-1 
was observed (data not shown). 

The effect of t ime of addition of scopadulcic acid B on the reduction of virus 
yield was examined. The drug was effective when added immediately after virus 
adsorption or 0.5 h later. The drug was less effective when it was added after 1 h 
or 2 h, but when added after 3 h its effect was not seen. These results suggest that 
scopadulcic acid B must interfere with an earlier event of HSV-1 replication. 
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Fig. 2. Reversibility of effect of scopadulcic acid B. HeLa  cells were treated with various concentra- 
tions of  drug for 24 h (hatched bar),  then  released into drug-free medium and incubated for an addi- 
tional 6 h (open bar). Virus yield was de termined by plaque assay. The plaque number  for control cul- 

tures was 82 × 106 PFU/well, 



351 

To assess whether the inhibitory effect of scopadulcic acid B was reversible, HeLa 
cells were treated with the compound at varying concentrations for 24 h and then 
placed in drug-free medium to be incubated for an additional 24 h. Fig. 2 shows 
that the inhibitory effect of scopadulcic acid B at 0.02 and 0.05 ~g/ml was readily 
reversed upon removal of the compound. At the concentration of 0.2 Ixg/ml, how- 
ever, the effect appeared not to be reversed. The growth of host cells was signif- 
icantly inhibited at this concentration (approximately 20% of untreated control). 
Therefore ,  the effect at 0.2 I~g of scopadulcic acid B/ml should be considered to 
reflect the cytotoxicity against HeLa  cells. 

Therapeutic efficacy of scopadulcic acid B against experimental HSV-1 corneal in- 
fection of hamsters 

Initially, the efficacy of scopadulcic acid B at a dose of 20 mg or 200 mg/kg per 
day against experimental  infection with HSV-1 was evaluated. As shown in Fig. 3, 
two daily i.p. doses of 10 mg or 100 mg/kg of the drug continuing for 7 days were 
effective in delaying the appearance of the primary facial erosions compared with 
saline-treated control group where the lesions were seen in two of five animals at 
day 3 and 4 days after infection all animals showed moderate or severe lesions. 
Drug treatment  with 20 mg/kg per day (group I) decreased significantly the aver- 
age lesion score at 4th day (P<0.01, Student's t-test). Also, at the dose of 200 mg/kg 
per day (group II), significant reduction in the average lesion score was recorded 
on days 4, 5 and 6 at the level of 0.01, 0.01 and 0.05, respectively. In this exper- 
iment, while all hamsters in control group died by day 8, all animals in group I 
died by day 10 and three of five animals in group II by day 12. The remaining two 
animals in group 11 survived. 

Table 3 summarizes the therapeutic efficacy of scopadulcic acid B when admin- 
istered orally two times per day beginning immediately after viral infection for 7 

4,0 CONTROL (SAL I N E ~.....~ 11o 

- 3 , 0  

c ~  

1 2 3 4 5 6 7 8 9 

DAYS AFTER IN~ECTION 

Fig. 3. Effect of scopadulcic acid B on the development of facial lesions after corneal inoculation of 
HSV-1 into golden hamsters. Treatment was started just after inoculation and consisted of 2 daily ap- 

plications (i.p.) of 0.5 ml of drug. 
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T A B L E  3 

Effect of scopadulcic acid B on experimental  HSV-1 corneal infection 

Trea tment  Dose  Dura t ion  of Survivors Mean  lag phase Mean survival Time interval 
group (mg/kg/day) t rea tment  /total of hamster  that  t ime of hamsters  of death 

(days) developed facial that died (days (days) 
lesion (days +- -+ S.D.)  
S.D.) 

H~O 0 7 0/5 4.0 -+ 0.71 7,6 + 0.55 7 - 8 
Scopadulcic 20 7 0/5 5.4 +- 1.34 8,2 -+ 0.84 7 - 9 

acid B 
Scopadulcic 100 7 2/5 5.2 +- 3.29 9.3 -+ 1.53 8 - 1 1  

acid B 
H20  0 5 0/9 3.4 + 0.88 6.7 +- 0.71 6 - 8 
Scopadulcic 100 5 2/9 4.6 +- 0.50" 8.4 +- 1.51 b 7 - 1 0  

acid B 

Hamsters  were infected with 3 x 10 4 PFU of HSV-1 HF strain and treated perorally two times per day. 
" Statistically different from the H20- t rea ted  animals (P<0.01;  Student 's  t-test). 
b Statistically different f rom the H20- t rea ted  animals (P<0.05) .  

or 5 days. The efficacy was assessed in terms of the time required for appearing 
herpetic lesions and survival times. 

When hamsters were treated for 7 days using oral doses of 20 mg or 100 mg/kg 
per day, the appearance of the primary lesions in all animals took longer time in 
both scopadulcic acid B-treated groups compared with placebo (water)-treated 
control group where all animals showed the lesions by 5th day of infection. The 
mean survival times of the hamsters were found to be prolonged by the drug. 

A similar experiment was performed using oral doses of 100 mg/kg per day for 
5 days. In this experiment, significant delay on both the appearance of primary 
lesions (P<0.01) and death (P<0.05) was achieved (Table 3). 

Golden hamsters treated for 5 or 7 days using intraperitoneal or oral doses of 
100-200 mg scopadulcic acid B/kg per day did not show evidence of toxicity (change 
in activity or appetite) over the survival period. The primary lesions of the sur- 
vived animals began to be cured since two weeks after viral inoculation. 

Discussion 

In the antiviral research, several assay systems have been developed (Grunert, 
1979). These systems make use of animals, culture cells and purified virus-specific 
enzymes (Chandra et al., 1979; Goswami et al., 1982; McKenna et al., 1987). In 
this paper, we employed plaque assay and nucleic acid hybridization (Nago et al., 
1988) for in vitro assay, and experimental corneal infection in hamsters for in vivo 
assay. 

Five diterpenoids were tested for antiherpes activity. While scoparic acids A, B 
and C are different in the structures of the side chain, all of them have similar bio- 
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logical effects in terms of cytotoxicity against H e L a  cells and anti-HSV-1 activity. 
Thus, the differences are not likely to affect at least both bioassay systems. On the 
other hand, 50% inhibitory concentrations for cellular growth and virus replica- 
tion were approximate ly  4- and 80-fold lower for scopadulcic acid B than those for 
scopadulcic acid A. It  might be interesting to elucidate the structure-activity re- 
lationship of these compounds.  

In order  to understand the mechanism of inhibition, the effect of scopadulcic 
acid B was studied under  various in vitro experimental  conditions. The antiviral 
effect of the compound  is suggested not to be attributed to a direct inactivation of 
the viral particles or inhibition of at tachment.  The compound was found to inhibit 
the growth of HSV-1 when added within 1 h post-infection. This means that the 
compound might act at much earlier events such as fusion of the viral envelope 
with the plasma m em brane  (Morgan et al., 1968), transport  of the capsids through 
the nuclear pores and release of the D N A  into the nucleus (Batterson et al., 1983). 

The accurate step(s) of viral replication in vitro which are blocked by scopa- 
dulcic acid B are yet unknown. However ,  since this compound has chemical struc- 
ture similar to aphidicolin, a tetracyclic diterpenoid, which is known as a specific 
inhibitor of D N A  polymerase  ( Ikegami et al., 1978; Ohashi et al., 1978; Pedrali- 
Noy and Spadari,  1979), it is interesting to study the effect of the compound on 
D N A  polymerases  derived f rom viruses and cells. 

The influence of scopadulcic acid B on the course of the corneal HSV-1 infec- 
tion was investigated by means of a golden hamster test model. Since Alenius (1980) 
reported that max imum tissue virus titers are reached 48 h after inoculation, the 
effectiveness of medicat ion exceeding 48 h is not expected. Thus, we administered 
the drug immediate ly  after viral inoculation. 

Scopadulcic acid B was able to delay the appearance of primary disease signif- 
icantly when applied orally or intraperitoneally, and prolonged the survival time 
of animals with the survival rates of ca. 20--40%. 

We have demonst ra ted  using in vitro and in vivo assay systems that scopadulcic 
acid B can be counted one of the promising antiviral chemicals derived from plants. 
It is important  to understand the mechanism of the antiviral activity and evaluate 
the utility of the drug. 
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