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Anti-herpes Virus Type 1 Activity of Oleanane-Type Triterpenoids"”
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The anti-herpes simplex virus type 1 (HSV-1) activity of 15 oleanan-type triterpenoides including gly-
cyrrhizin and its sapogenol was examined and their structure-activity relationships were discussed. Although
glycyrrhizin which exhibited in vivo efficacy against HSV-1 replication showed moderate in vitro anti-HSV-1 ac-
tivity, its sapogenol, glycyrrhetic acid, showed 10 times greater action than glycyrrhizin. Therefore, the in vivo
anti-HSV-1 activity of glycyrrhizin administered orally could be reasonably attributed to glycyrrhetic acid gener-
ated by hydrolysis by intestinal bacteria. Since the activity of soyasapogenol A was less than 1/20 of that of soya-
sapogenol B, the hydroxylation at C-21 seemed to reduce anti-HSV-1 activity. Since kudzusapogenol A, abrisa-
pogenols B and C lacked the activity, the C-29 hydroxy group would eliminate anti-HSV-1 activity. On the other
hand, since the methylesters of kudzusapogenol B and glycyrrhetic acid exhibited greater action, a methoxy car-

boxy group at C-20 might enhance activity.
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Some triterpenoidal saponins have been reported to show
anti-herpes simplex virus type 1 (HSV-1) activity.> ® In a
preceding paper® we reported the in vitro anti-HSV-1 activity
of some leguminous triterpenoidal saponins.

Very recently, Cinatl et al. reported that a leguminous
saponin, glycyrrhizin, inhibited replication of the severe
acute respiratory syndrome (SARS)-associated virus.® Gly-
cyrrhizin also showed potent increase in the survival rate
against murine HSV-1 encephalitis.” Further, Kurokawa et
al. proved that a triterpene sapogenol (non-saccharide part of
saponin) itself exhibited oral therapeutic anti-HSV-1 activity
in mice.? These reports have prompted us to examine the
anti-HSV-1 action of triterpenoidal sapogenols together with
glycyrrhizin and its sapogenol (glycyrrhetic acid).

Herein, we describe the anti-HSV-1 activity of 15
oleanane-type triterpenoids and discuss their structure—activ-
ity relationships.

MATERIALS AND METHODS

Materials Glycyrrhizin (1) and glycyrrhetic acid (2)
were purchased from Tokyo Chemical Ind. Co. (Tokyo,
Japan). Compound 3 was prepared in the usual manner.”
Compounds 4—15 were prepared as described in previous
papers.'®!) Fetal calf serum (FCS) was purchased from
Gibco BRL (Grand Island, NY, U.S.A.). Sulfonated y-globu-
lin (Venilon) was supplied by the Chemo-Sero Therapeutic
Institute.

Virus and Cells HSV-1 strain KOS and Vero cells were
provided by the Chemo-Sero-Therapeutic Institute.

Antiviral Assays The antiviral activity of test samples
on HSV-1 (KOS) was measured by the plaque reduction
assay.'” The detailed procedure was described in a previous
paper.'¥

Cytotoxic Assays
as described previously.

The anticellular activity was examined
13)
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RESULTS AND DISCUSSION

The results of anti-HSV-1 activity, cytotoxicity and a se-
lective index are listed in Table 1.
Glycyrrhizin (1) which exhibited in vivo efficacy” against
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Table 1. Anti-HSV-1 Activity, Cytotoxicity and Selectivity Index
Sample Anti-HSV-1 activity Cytotoxicity Selectivity index
(ICs05 pm) (CCsp; m) (CCsy/ICsy)
Glycyrrhizin (1) 225+24.1 >608 >2.7
Glycyrrhetic acid (2) 21.7%0.6 84.0£2.8 3.9
Glycyrrhetic acid methylester (3) 8.1+0.2 >207 >26
Soysapogenol A (4) 124+6.8 169+24 14
Kudzusapogenol A (5) >204 >1020 —
Kudzusapogenol B (6) 32,734 219+29 6.7
Kudzusapogenol B methylester (7) 12.9*0.8 290+49 22
Abrisapogenol C (8) >105 >2640 —
Abrisapogenol E (9) 11.5%+0.3 71.3%=13 6.2
Abrisapogenol B (10) >105 32088 —
Abrisapogenol D (11) >105 >2640 —
Kudzusapogenol C (12) 84.1£4.6 1570+264 19
Soyasapogenol C (13) 18.9+1.0 921+131 49
Oleanolic acid (14) 18.2x1.1 172+29 9.4
Hederagenin (15) 29.2+1.7 108+2.1 3.7
Soysapogenol B 5.6+0.6 11629 20.7
Soyasaponin IV >75.0 — —
Acyclovir (positive control) 1.1+0.09 >444 >400
The results are expressed as mean*S.E. (n=2).
HSV-1 replication showed moderate in vitro anti-HSV-1 ac- Enhance Gt

tivity. On the contrary, its sapogenol, glycyrrhetic acid (2),
showed greater action than 1. The potency was 10 times
higher. Further, the potency of its methylester (3) was about
three times greater than that of 2. The IC,, value (8.1 um) of
3 was equal to that of soyasapogenol B (5.6 um) which
showed the highest activity in the previous experiment.”

The activity of soyasapogenol A (4) was less than 1/20 of
that of soyasapogenol B. Since 4 was a hydroxy derivative of
3 at C-21, the hydroxylation at C-21 would reduce anti-HSV-
1 activity. Similarly, kudzusapogenol A (5), a hydroxy deriv-
ative of 4 at C-29, did not show any activity. On the other
hand, kudzusapogenol B (6) having an «a-carboxy group at
C-20 exhibited greater action than 4. Further, the potency of
its methylester (7) was about 2.5 times greater than that of 6.
Although the configurations for the carboxy groups of 3 and
7 were opposite, a methoxy carboxy group at C-20 might en-
hance activity.

Although the ICy, value (11.5 um) of abrisapogenol E (9)
having a hydroxy group at C-30 was about one-half of that of
soyasapogenol B, the hydroxy derivative (abrisapogenol B,
10) of soyasapogenol B at C-29 did not show any activity.
Since abrisapogenol C (8) also lacked the activity, the C-29
hydroxy group would eliminate anti-HSV-1 activity. Abrisa-
pogenol D (11) did not show any activity, indicating that not
only the hydroxylation at C-21 but also the dehydroxylation
at C-24 might reduce anti-HSV-1 activity, since the potency
of soyasapogenol B having a hydroxy group at C-24 was
about 7 times that of sophoradiol.”

The activity of kudzusapogenol C (12) was slightly more
effective than that of 4. Further, soyasapogenol C (13) having
a double bond at C-21 and C-22 instead of the hydroxy
groups, showed moderate activity. The potency of oleanolic
acid (14) and its hydroxy derivative (15) was almost compa-
rable with that of 13. Hence, the hydroxy groups at C-21 and
C-22 seemed to not contribute to anti-HSV-1 activity.

The obtained structure—anti-HSV-1 activity relationships
are summarized in Fig. 1.

Usually, when crude drugs comprising saponins are ad-
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Fig. 1. Structure Anti-HSV-1 Activity Relationships of Oleanane-Type
Triterpenoides

minstered orally, the saponins are metabolized into their sa-
pogenols by enteric bacteria. The sapogenols produced by
enteric bacteria are absorbed through the intestinal mem-
branes. Therefore, the in vivo anti-HSV-1 activity” of gly-
cyrrhizin (1) could be reasonably attributed to glycyrrhetic
acid (2) generated by hydrolysis by intestinal bacteria. So far,
soyasapogenol B was the most potent compound in the tested
compounds. Since soyasapogenol B is the main sapogenol of
soybean saponins, the antiviral activity of soyasapogenol B
may also contribute to the health-promoting effect of soy-
beans.
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