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Antiherpetic Activities of Natural Hesperetin Alone and
in Combinations with Acyclovir and Vidarabine
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Abstract - To search for less toxic antiherpetic agents, the inhibitory effects of
natural hesperetin on the plaque formation of herpes simplex virus type 1 (HSV-
1) and type 2 (HSV-2) in Vero cells were examined by the plaque reduction
assay in vitro. Hesperetin inhibited plaque formations of HSV-1 and HSV-2 in a
dose dependent manner. It also exhibited more potent antiherpetic activity on
HSV-2 with selectivity index (SI) of 9.8 than on HSV-1 with SI of 8.4. The com-
bined antiherpetic effects of hesperetin with nucleoside antiherpetic agents,
acyclovir and vidarabine, were examined on the multiplication of these two
strains of herpesviruses in Vero cells by the combination assay. The results of
combination assay were evaluated by the combination index (CI) that was cal-
culated by the multiple drug effect analysis. The combinations of hesperetin
with acyclovir on HSV-1 and HSV-2 showed synergistic effects with CI values of
0.29~0.73 for 50%, 70%, 9% effective levels and those with vidarabine showed
partially synergistic or additive effects with CI values of 0.83~1.33.

Key words - Hesperetin: herpes simplex virus: plaque reduction assay: an-
tiherpetic activity: selectivity index (SI); combination index (CI); multiple drug
effect analysis.
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2HI0|M A&} - Hesperetin®] HSV-13 HSV-
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Hesperetin®] Vero A ¥l thdt CCyp 217.2 ug/

Table 1. Antiherpetic activity of hesperetin by plaque reduction assay

b
Samples Viruses CCyx” EC” (ug/mD SI°
ECEO EC70 ECQO

Hesperetin HSV-1 217.2 26.0 38.4 50.9 8.4
HSV-2 217.2 22.2 29.5 36.9 9.8
Control HSV-1 913.7 1.7 2.4 31 537.5
(Acyclovir) HSV-2 913.7 0.5 0.9 1.3 18274
Control HSV-1 117.6 6.2 8.6 11.0 19.0
(Vidarabine) HSV-2 117.6 5.5 8.6 11.6 21.4

*50% cytotoxic concentration (CCsy) is the concentration of the 50% cytotoxic effect.
"Effective concentration (EC) is the concentration of hesperetin required to reduce plaque formation

of virus by 50%, 70%, and 90%.
“Selectivity Index (SI) =CCs/ECx.



Vol. 30, No. 1, 1999

mlEX ¥y AEEAo] Hm HSV-1 % HSV-
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Fig. 1. Inhibitory effect of plaque formation of
herpes simplex virus type 1 in Vero cells by
hesperetin, acyclovir (A) and vidarabine (B)
alone, and their combination at a fixed ratio.
Results are expressed as percent with respect
to virus control (VC) group. Each value is the
meant+S.D. of quadruplicate determinations.

Table II. Median effective concentrations and CI values of combinations of hesperetin with acyclovir and
vidarabine on the plaque formation of herpes simplex virus type 1 in Vero cells

. Parameters® Cl at f(a) of:®
Materials
m  ECyp (ug/m)  r 0.50 0.70 0.90

Hesperetin 1.01 11.26 0.92

Acyclovir 1.39 1.39. 0.99

Vidarabine 1.25 4.82 0.94

Hesperetin/Acyclovir (20: 1) 1.79 541 0.86 0.64(0.73)  0.48(0.53) 0.31(0.33)
Hesperetin/Vidarabine (4:1) 1.03 8.21 0.91 0.92(1.12) 0.97(1.19)  1.06(1.33)

°m is the slope, ECy is the median effective concentration, and ris the correlation coefficient as deter-

mmed from the median-effect plot.

CK1, synergism: CI=1, additive effect: CI)1, antagonism. f(a) is a component of the median-effect
equation referring to the fraction of the system affected (e.g., 0.5 means the CI at a 50% reduction of

activity).
(numbers in parentheses) assumptions.

CI values were determined under both mutually exclusive and mutually nonexclusive



44
3.0
—_ (A) Acyclovir
o)
)
o 20428
£
[~
[<]
E=}
©
=
o 1.0
£
o
O
0.0
0.0 2 4 8 8 1.0
Affected fraction f(a)
20
(B) Vidarabine
&}
3
o
£
c
o
k=]
©
£
L
E
[+
(&
£}

0.0 2 4 ) 8 1.0

Affected fraction f(a)

Fig. 2. CI values for combinations of hesperetin
with acyclovir (A) and vidarabine (B) on herpes
simplex virus type 1 corresponding to affected
fraction f(a) ranging from 0.05 to 0.95. CI values
were calculated under both mutually exclusive
(®) and mutually nonexclusive (0) assump-
tions.
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Fig. 3. Inhibitory effect of plaque formation of
herpes simplex virus type 2 in Vero cells by
hesperetin, acyclovir (A) and vidarabine (B)
alone, and their combination at a fixed ratio.
Results are expressed as percent with respect
to virus control (VC) group. Each value is the
mean=S.D. of quadruplicate determinations.
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Table ITI. Median effective concentrations and CI values of combinations of hesperetin with acyclovir and
vidarabine on the plaque formation of herpes simplex virus type 2 in Vero cells

Parameters® Cl at f(a) of:®
Materials
m ECy (ug/ml) r 0.50 0.70 0.90

Hesperetin 1.55 15.58 0.75

Acyclovir 1.05 0.17 0.91

Vidarabine 0.81 1.68 0.77

Hesperetin/Acyclovir (20: 1) 0.82 0.86 0.98 0.29(0.31) 0.39(0.41)  0.62(0.70)
Hesperetin/Vidarabine (4:1) 1.09 5.42 0.73 0.92(1.10)  0.84(1.02) 0.83(0.99

°m is the slope, ECy is the median effective concentration. and ris the correlation coefficient as deter-

mined from the median-effect plot.

°CK1, synergism: Cl=1, additive effect: C)1, antagonism. f(a) is a component of the median-effect
equation referring to the fraction of the system affected (e.g., 0.5 means the CI at a 50% reduction of

activity).
(numbers in parentheses) assumptions.
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Fig. 4. CI values for combinations of hesperetin
with acyclovir (A) and vidarabine (B) on herpes
simplex virus type 2 corresponding to affected
fraction f(a) ranging from 0.05 to 0.95. CI values
were calculated under both mutually exclusive
(®) and mutually nonexclusive (0) assump-
tions.
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