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SUMMARY

The effect of five propolis flavonoids on the infectivity and replication of some herpesvi-

rus, adenovirus, coronavirus and rotavirus strains has been studied. Experiments were
performed in vitre in cell cultures using the viral plaque reduction technique. The cyto-
toxicity of flavonoids, including chrysine, kaempferol, acacetin, palangin and quercetin,
was evaluated on uninfected monolayers to determine their effect on cell growth and via-
bility.

Chrysine and kaempferol caused a concentration-dependent reduction of intracellular re-
plication of herpes-virus strains when monolayers were infected and subsequently cultured

1n a drug-containing medium. However, virus infectivity was not significantly affected..

Acacetin and galangin had no effect on either the infectivity or replication of any of the
viruses studied. Quercetin reduced infectivity and intracellular replication, but only at the
highest concentrations tested. .

KEY WORDS Flavonoids, antiviral activity,
virucidal activity.

INTRODUCTION

Flavonoids are a group of substances
that are widely distributed throughout
the vegetable kingdom: they have been
the subject of study because of their
biochemical and pharmacologic pro-
perties (Havsteen, 1983; Farkas et al,
1986). These natural substances have
anti-inflammatory (Gabor, 1979), anti-
carcinogenic (Kuhnan, 1976) and anti-

“dllergic (Middleton et al, 1981) “dcti-

vity.

Other authors have also studied the
mutagenic properties of some flavo-
noids and have defined the structural
characteristics of the molecule that are
essential for the activity ,described
(MacGregor et al, 1978),

Furthermore, some flavonoids’ inhibi-
tion of viral replication is of particular
interest (Van den Berghe et al, 1986;

'Kiaul ef al, 1985; " Mucsi-et al; 1985).

Some 3-methoxyflavons have been
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shown to be active both in vitro and
in vivo in terms of the replication of
picornaviruses.

Studies conducted on the mechanism
‘of action demonstrated that these fla-
vonoids specifically inhibit one step of
viral replication between uncoating
and the start of RNA synthesis (Ishit-
suka et al, 1982).

Some flavonoids, such as gquercetin
and quercetrin, have an additive or
synergic effect, respectively, on herpes
simplex virus type 1 and pseudo-rabie
virus when administrated together with
J-ethyl-2-deoxyuridine (Mucsi e? al.
1984).

These natural substances also increase
the intracellular level of cyclic AMP
(cAMP), and this effect seems to be
closely connected with antiviral acti-
vity. Indeed, flavonoids have been de-
scribed as powerful inhibitors of celiu-
lar cAMP phosphodiesterase, an en-
zyme responsabile for the breakdown
of cAMP (Mucsi et al, 1985). It has
also been demonstrated that the anti-
viral activity of flavonoids, with a free
hydroxyl group in position 3, is in-
creased by ascorbate which prevents
oxidative degradation in aqueous solu-
tion.

Many flavonoids are present in propo-
lis in the form of glycosides (Farkas et
al, 1986). However, various extrac-
tions carried out for analytical and
preparative purposes produce their
corresponding aglycons instead. There-
fore, the data currently available do
not provide a clear, cognitive picture
of the glycoside/aglycon ratio present
in propolis, or better still in the va-
rious grades of propolis, which tand to
be characterized as a function of their
origin.

A “bouleau” type raw material, whose
declared origin was Georgia, was used
for extraction of the flavonoids consi-
dered in this study (chrysine, kaempfe-
rol, acacetin, galangin and quercetin).
As these natural substances have been

demonstrated to be extremely impor-
tant, potential antiviral agents, we de-
cided to evaluate the activity of five
flavonoids extracted from propolis on
some DNA and RNA viruses.

MATERIALS AND METHODS

Viruses and cells :

Type 2 (MS-2 strain) and type 1 (McIntyre
strain) human herpes simplex viruses
(HSV} and the type I TK™ mutant (CGU-2
strain) were propagated on VERO cells,
The titers of the stocks obtained were
5x10° plague-forming units (p.f.u.) per mil-
liliter of HSV-2 and 1x106 of HSV-1 and
TK

Bovine herpes virus BHV-1 was cultured
on embryonic bovine lung fibroblasts and
titrated at 2x105 p.f.u. per milliliter. Hu-
man adenovirus (Ad-2) was grown on
Hep-2 cells; the stock obtained had a titer
of 1x106 p.fu. per milliliter.

Human coronavirus OC43 and bovine
NCDCV were suitable for growth on
embryonic bovine lung fibroblasts. Stock
with titers of 2x105 and 1x107 p.fu. per
milliliter were vsed for OC43 and NCDCYV,

-tespectively, The SA-11 monkey rotavirus

strain was grown on MA-104 cells as de-

scribed elsewhere (Ferrari et al., 1986). The

stock used in this study was titrated at
2x10* pfu. per milliliter. :
Cell cultures were grown in Eagle’s Mini-
mum Essential Medium supplemented with
10% fetal bovine serum (E. MEM 10%
FBS), 50 ug of streptomycin per ml and
1% glutamine. The maintenance medium
varied only in terms of F]?S concentration
(2%). .

A plaque test was used to titrate the viru-
ses in confluent monolayers of cells grown
in 96-well tissue culture microplates.

Flavonoid extraction

The method adopted was that used by A.
Bilyk and G.M. Sapers for analytical pur-
poses (Bilyk et al. 1985). Preparative
HPLC was used to isolate and purify the
flavonoids (acacetin, kaempferol, chrysize,
quercetin and galangin), both under the
conditions identified by the authors cited
above and under those suggested by I
McMurrough, G.P. Henningan and M.J.
Loughrey. ’ '
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Flavonoid toxicity
Flavonoid toxicity was studied on uninfec-

ted cell growth and cell cultures by evalua- -

ting both the inhibition of cell growth and
cell viability by the Trypan- blue exclusion
method as previously described (Dubovi et

~al;~1981). Approximately 105 cell' of each

culture used in this study were inoculated
into a 25 cm? cell-culture flask and incuba-
ted for 24 hrs at 37°C 5% CO,. After
incubation, the growth medium was repla-
ced with a new medium containing various
concentrations of each flavonoid (from 1
to 100 pg/mi).

Control cells were treated with a medium
that did not.contain test compounds. The
monolayers were trypsinized 0, 24, 48 and
72 hrs after the addition of the flavo-
noids, and the number of whole cells and
viable cells. was calculated. -

The dose of compound that inhibited the
growth of 50% of the cells, with respect to
the controls, after 72 hrs of treatment
was considered to have a cytotoxic activity

.of 50%.

Plaque reduction assay
Approximately 10? p.fu, of each virus was

_ inoculated onto confluent monolayers of

cells grown on 96-well microplates (102
p-f.u.: well). After an absorption period of
approximately 1 h at 37°C 5% CO,, the
monolayers were washed with Hank’s ba-
lanced salt solution (HBSS), and control
maintenance medium (E. MEM 29; FBS)
and the same medium containing various
concentrations of the test compounds (100
Ml/well) were added to the wells.

Each flavonoid was tested at concentra-
tions that varied from a cytotoxic dose of
50% to 0.05 pg/ml. At least four wells we-
t& used for each concentration of the te-
sted compounds and as controls.
After 24 hrs (for HSV-2, HSV-1, TK
and coronaviruses} and 48 hrs (for ade-
noviruses and rotaviruses) of incubation at
37°C 5% CO: (33°C for coronaviruses), the
medium was removed, and the cells were
fixed for 10 min with absolute ethanol
For each well, the number of plaque of in-
fections was determined by the indirect
immunoperoxidase technique. The flavo-
noids’ antiviral activity was expressed as
IDso, which was the minimum concentra-
tion of compound that reduced the number
of plaques due to infection by 50% with
respect to the controls.

Plaque assay

Plaque assays to determine the titration of
the viruses were performed as described
above for the plaque reduction assays, ex-
cept that in this case serial dilutions of the
virus were inoculated into each well, and
after 1 h incubation, the number of infec-
tion plaques was determined using the indi-
rect immunoperoxidase technigque.

Immunoperoxidase staining technique

The immunoperoxidase technique was per-
formed as previously described (Gerna et
al., 1980), We used both commercially avai-
lable and positive sera with high antibody
titers (hyperimmune), which had previously
been tested with the same technigue, for
the viruses studied. Briefly, we used anti-
HSV-2 or HSV-1 rabbit I1gG (DAKO) for
HSV-2, HSV-1 and TK; hyperimmune
bovine serum and anti-bovine Ig(G peroxi-
dase conjugated (DAKOQO) fer BHV-I;
hyperimmune human sera and anti-human
IgG peroxidase conjugated {Kpl) for Ad-2
and rotaviruses, and hyperimmune bovine

-sera and anti-bovine IgG peroxidase con-

jugated (DAKO)} for coronaviruses.

Direct virucidal activity assay

In order to evaluate possible virucidal acti-
vity, equal volumes (0.1 ml) of each virus
stock and E. MEM 2¢; FBS containing
various flavonoid concentrations (from 0
to a 50% cytotoxic dose) were mixed to-
gether and incubated for 1 h at 37°C. The
viral suspensions were subsequently diluted
and titrated by plaque assays. The lowest
dilution tested had a flavonoid concentra-
tioh of 0.01 ug/ml

RESULTS

The effect of propolis flavonoids on
virus replication

In these experiments, confluent mono-
layers of cell cultures were infected,
and the inoculum removed with two
HBSS washings 1 h after absorp-
tion at 37°C 59 CO; (or 33°C for co-
ronaviruses). The monolayers were-
then treated with maintenance medium
containing various concentrations of
the flavonoids to be tested. '
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FIiGure | - The structure of propolis flavonoids
analyzed for antiviral activity.

After the time necessary for a comple-
te viral replication cycle, the monola-
yers were fixed, and the plaques of
infection determined uvsing the indirect
immunoperoxidase technigue,

Two of the flavonoids studied, chrysi-
‘ne and kaempferol, proved to be
highly active in inhibiting the replica-
tion of herpes-viruses HSV-2, HSV-I,
TK™ HSV and BHV-1. The effect of
chyrisne on herpes-virus, adenovirus,

- coronavirus and rotavirus replication

is shown in Figure 2; the IDsp is ap-
proximately 0.15 ug/ml for BHV-1;
0.2 yug/ml for HSV-2; 0.5 ug/ml for
HSV-1, and 0.8 ug/ml for TK™ HSV-
1. In comparison with the other viru-
ses studied, chrysine inhibited replica-

- tion -at- significantly higher concentra- - - .

tions: the IDs¢ for adenovirus-2 is 10
pg/ml. At the same concentration, re-
plication was reduced by approxima-
tely 4505 for NCDCV, 30% for OC43
and 259% for the rotavirus SA-Il.
In the case of kaempferol, the most
sensitive viruses were herpes: the IDsg
was approximately 3.5 pg/ml for
BHV-1; 1 pg/ml for HSV-2, and ap-
proximately 2 pg/ml for HSV-1 and
TK HSV-1. At kaempferol concentra-
tions of 10 tg/mi, the reduction in re-
plication of the other viruses studied
was approximately §5% for NCDCV,
500, for OC43 and adenovirus-2, and.
35% for rotavirus SA-11.

The flavonoids acacetin and galangin
were not active in the viruses studied
here, even at concentrations of 20 and
15 pp/ml respectively (cytotoxic dose)
50% of herpes-virus replication while
its activity is not significant in the ot-
her viruses.

004
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FiGURE 2 - The effect of chrysine on the replica-
tion of herpesviruses. Tissue culture cells were
exposed to viruwses for 1 h at 37°C and then
overlayed with medium containing various con-
centrations of chrysine,
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Flavonoid toxicity

- The-effect - of - propolis flavonoids on
the replication and viability of unifec-
ted cell cuitures was also studied. VE-
RO, PFB and MA 104 cells were
used. After 24 hrs of incubation at
37°C 5% CO,, cell cultures obtained
through incculation of approximately
"~ 5x105 cells into 25 cm? flasks were
treated with various concentrations of
each flavonoid. The total number of
cells and viable cells in each culture
was determined after 0, 24, 48, and 72
hrs, using the Trypan blue technique.
Toxic effects, in relation to dose, were
observed for each flavonoid tested.
Table 1 lists the 50% cytotoxic dose
for each substance in relation to the
type of cell culture used. Results con-
cerning cell viability also indicate that
this parameter is not significantly alte-
red. Indeed, over 959 of the cells were
 still viable after flavonoid treatment
with a 500 cytotoxic dose.

Virucidal activity

We evaluated the effect of flavonoids
on the direct inhibition of viral infec-
tivity, In these experiments, various
flavonoid concentrations {from 0 to
50% cytotoxic dose) were mixed with
the viral stock and incubated for one
hour at 37°C. Serial dilutions of each
mixture were then inoculated into con-
fluent monolayers of cells cultivated in
96-well microplates. At concentration
of 10 pg/ml, chrysine reduced the in-
fectivity of HSV-2, HSV-1 and TK'-
HSV-1 by approximately 45% and it
had a negligible effect on BHV-1. In
addition, at concentrations equal to or
less than 5 pg/ml, chrysine did not si-
gnificantly alter viral infectivity.
Results obtained with quercetin are
substantially in agreement with data
published elsewhere (Kaul er al, 1985).
At a concentration of 60 Ug/ml, quer-
cetin reduced the infectivity of HSV-2,
HSV-1 and TK-HSV-1 by approxima-
tely 65%, BHV-1, Ad-2, OC43 and
NCDCV by approximately 509, and

Antiviral effects of propolis flavonoids

rotavirus SA-11 by approximately
70%. Starting at concentration of 20
Hg/ml, quercetin did not affect viral
infectivity at all.

Results obtained with kaempferol, ga-
langin and acacetin show that these
substances do not produce significant
alterations in viral infectivity at 50%
cytotoxic concentrations (30, 15 and
20 pg/ml, respectively).

DISCUSSION

The results obtained confirm previous
observations (Kaul et g4, 1985; Van
der Berghe er af, 1986), indicating
that some flavonoids inhibit the repli-
cation of certain viruses,

The substances that we . studied were
mainly flavonoids extracted from pro-
polis. While there is no data in the li-
terature about the possible antiviral
activity of chrysine, acacetin and ga-
langin, various studies have been con-
ducted on the inhibitory effects of
quercetin (Kaul er al, 1985; Mucsi et
al, 1985; Mucsi, 1984; Vrijsen et al,
1988), and some data are available on
kaempferol (Van den Berghe et al,
[986). Our results obtained on the ac-
tivity of quercetin were completely in
line with those obtained by other aut-
hors (Kaul et al., 1985). On the other
hand, there are descrepancies between
our results on kaempferol and those
presented in an earlier work (Van den
Berghe e al, 1986). As in the case of
quercetin, differences can be explained
by the fact that kaempferol may un-
dergo oxidative degradation in aqueous
solution, since it has a free hydroxyl
group in p051t10n 3 (Vrijsen et aI
1988).

This structural characteristic has also
been considered essential for flavo-
noids’ mutagenic activity. Furthermo-
re, kaempferol, quercetin and galangin
appear to have mutagenic activity in
Salmonella thyphimurium (MacGre-
gor er al, 1978) which clearly preclu-
des their possible therapeutic application.
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- TABLE 1

The ej_’fect of a 50% cytotaxic dose of Propolis flavonoids on three di _ﬁkrent cell
cultures after 72 hours of treatment

CYTOTOXIC DOSE 504%*

Flavonoids VERO PFB MA-104
Chrysine 10 i0 - 10
Kaempferol 20 30 20
Acaceztin 20 15 20
Galangin 15 15 10
Quercetin 40 60 40

* A 50% cytotoxic dose in expressed as ug/ml.

Acacetin and galangin did not reduce
the intracellular replication of the vi-
ruses studied, while chrysine proved to
be effective in herpes-viruses (HSV
strains and BHV-1), Indeed, the IDs
determined by plaque reduction assays
varied from (.15 to 0.8 ug/ml, depen-
ding on the type of herpes-virus. The
50% cytotoxic dose (the dose of sub-
stance that inhibits 50% of cell growth
after 72 hrs of treatment) was 10
g/ ml.

Furthermore, chrysine has not virucidal
effect except at cytotoxic concentra-
tions. At a concentration of 10 pg/ml,
the infectivity of the herpes-viruses is
reduced by 5095, while at lower con-
centrations (5 ug/ml} the effect is ne-
gligible. Therefore, this flavonoid does
not interact with the virus in an extra-
cellular environment,

With reference to the studies on muta-
genicity mentioned above, a few com-
ments may be made about chrysine’s
chemical structure. This molecule does
not have the structural characteristics
considered to be essential for mutage-
nicity.

According to J.T. MacGregor (Mac-
Gregor et al, 1978), the following
structural characteristics are essential

212 DeBiacGi, M., TaTeo, F., PAcani,

in order for a flavonoid to exhibit mu-
tagenic activity: 1) a free hydroxyl in
pasition 3; 2) a double bond in posi-
tion 2-3; 3) a ketone group in position
4; 4} a structure that allows the proton
in the hydroxyl group in position 3 to
tautomerize into ketone in position 2.
Chrysine does not have a hydroxyl
group in position 3, and tautomeriza-
tion into ketone in that position is not
possible.

On the basis of the results ubtamed
chrysine’s activity on herpes-viruses
multiplication should be investigated
further, especially in terms of the me-
chanism of action and evaluation of
the specificity of antiviral activity. The
data contained in the literature about
antiviral activities of flavonoids are
encouraging in this sense.

For example, the synthetic flavonoid
4,6-dichloroflavan inhibits the RNA
synthesis of rhinoviruses (Bauer et al.,
1981), and the compound 4,5-
dihydroxi-3,3’,-7-trimethoxyflavon
shows virus-specific antiviral activity
towards rhinoviruses and coxsackievi-
ruses (Ishitsuka .er al, 1982). These da-
ta clearly show that some flavenoids
specifically interfere with the intracel-
lular cycle of viral multiplication.

L., LumNi, M., and Romero, E.
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