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Recent pandemics caused by virus like influenzavirus (HLN1, H5N1) reaffirm the importance of studies aiming at
obtaining new virucidal and/or antiviral substances, once its prolonged use can lead to resistance to the active
principles. Green propolis, which has several scientifically proven bioactive properties, was evaluated in this study
as an ethanol extract regarding its virucidal capacity against avipoxvirus (APV) inoculated in chorioallantoic
membrane of chicken embryos (CAM). Eggs inoculated with virus and 2400 pg/dose of propolis, previously incubated
for four hours, presented reduction in the pox lesions number (p<0.05) in relation to the positive control, besides
reduction in the number of intracytoplasmatic inclusion bodies and in the vacuolar degeneration score of epithelial
cells from mesoderm CAM. After eight hours of incubation with the virus, the same concentration of propolis
completely inactivated APV (p<0.0001) and in concentrations ten times lower (240 g/dose) significantly reduced the
pox lesion numbers and the histopathology findings (p<0.05) . This product from bees presented virucidal activity
depending on the dose and the incubation time with the virus before the inoculation. Although further research is
needed, the activity of green propolis against APV can represent a new approach to virucidal or antiviral drugs
development.
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INTRODUCTION

Vaccination remarkable success, reducing the incidence
or even allowing the eradication of several diseases,
represents one of the greatest achievements of modern
human and veterinarian medicine (Amanna and Slifka,
2009). However, an efficient vaccine may not be available
for several months after the outbreak of a pandemic,
highlighting the importance of using virucidal or antiviral
drugs as tools for prevention and treatment of
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this kind of infection (Arino et al., 2009).

The use of virucidal or antiviral drugs are not
completely innocuous (van Boven et al.,, 2008) and, in
large scale, has the potential of inducing new resistant
viral strains to appear (McCaw et al., 2008; Handel et al.,
2009), reducing the efficacy of this medicines and
jeopardizing their use for epidemic or pandemic control.
According to Mahy and Kangro (1996), virucidal agents
inactivate virus due to their physicochemical
characteristics. These agents are usually more effective
in viruses that are outside of their host cells.

During the last years a reduced number of virucidal drugs
has been approved, despite the significant effort



that has been put into the development of efficient
therapies against infections caused by viruses (Graci and
Cameron, 2008). In addition, some viruses like RNAs
have extremely high mutation levels, contributing even
more to a fast appearance of resistant viral strains,
highlighting the need for new research searching for
alternative  substances that can destroy these
microorganisms. Therefore, natural and phytotherapic
compounds have raised the interest in searching for new
pharmaceuticals. Propolis, a resinous substance
produced by honey bees from exudates collected from
different parts of plants (Fischer and Vidor, 2008),
presents a several biological activities (Fischer et al.,
2007a, b; Vatansever et al., 2010; Gregoris and
Stevanato, 2010), even though many of its action
mechanisms are unknown. Propolis pharmacological
activity against several viral infections has been
evaluated in studies with influenza virus (Serkedjieva et
al., 1992), HIV (Ito et al., 2001), adenovirus (Amoros et
al.,, 1992), and herpes simplex viruses (Schnitzler et al.,
2010; Nolkemper et al.,, 2010). The wide spectrum of
propolis biological activities together with the need for
new virucidal substances, renew the interest for this bee
product regarding its antimicrobial potential (Nolkemper
et al., 2010).

Poxviruses, from Poxviridae family, are double
stranded DNA viruses which infect humans as well as
animals. Avipoxvirus (APV), when inoculated in the
chorioallantoic membrane (CAM) of embryonated chicken
eggs, causes a whitish color lesion called pox lesion,
which is essentially an area of inflammatory response
from the invasion of the virus in the membrane epithelial
cells (Mahy and Kangro, 1996) . Therefore, CAM of
chicken embryos is an excellent material to study the
development of a large number of different viruses like
APV, what makes it a reliable and useful biological model
as well as accepted by the antivivisectionists (Nébrega et
al., 2008). This study aims at evaluating in vitro virucidal
activity of green propolis ethanol extract against APV,
after incubation for different periods and inoculated in the
CAM of chicken embryonated eggs.

MATERIALS AND METHODS

The experiments were carried out in the Virology and Immunology
Laboratory of Veterinary Faculty of Federal University of Pelotas
(UFPel — Brazil) in collaboration with the Regional Laboratory of
Diagnosis of the Veterinary Faculty of UFPel and were approved by
the Ethical Committee in Animal Experimentation from UFPel
(process 7962).

Green propolis ethanol extract

The ethanolic extract utilized was identical to that previously
described (Fischer et al., 2007a). After evaporation of the solvent,
the resulting dried matter was dissolved in phosphate solution (pH
6.2), in a final concentration of 240 mg/ml. During the experiment
the solution was kept under refrigeration at 4°C. The chemical

composition of the green propolis extract was determined by high
performance liquid chromatography (HPLC), according to Fischer et
al. (2007b).

Virus

A vaccine sample of APV (strong strain, pigeon virus), produced in
embryonated chicken eggs, was kindly supplied by Laboratério Bio-
Vet S/A (Vargem Grande Paulista, SP — Brasil). The lyophilized
virus was reconstituted in 1 ml of diluent according to the supplier

instructions, at the moment of its use. The initial titre was 1 x 105
pfu/egg ml.

Embryonated eggs

To determine the cytotoxic effect of the ethanol extract of green
propolis, as well as the definition of the APV dilution to be used in
the experiments, it was used has one hundred embryonated eggs
incubated for nine, from heavy 62 week-old hens, not vaccinated for
APV. The embryonated eggs supplied by Conjunto Agrotécnico
Visconde da Graca (CAVG — UFPel - Brazil), were kept in an
incubator at 37°C, with humidity controlled at 60%. The experiments
were approved by the Ethics Committee for Animal Experimentation
(CEEAJ/UFPel).

Propolis cytotoxicity tests and determination of APV infecting
dose

Tests were performed with the aim of evaluate the green propolis
ethanolic extract toxicity to the embryo and to the CAM of the
embryonated chicken eggs. In order to do that, different propolis
concentrations were tested: 2400, 240 and 24 pg/dose. These
doses were based on studies about antiviral activity previously
performed by our group (G. Fischer, Federal University of Pelotas,
Brazil, personal communication). CAM inoculation was carried out
as previously described (Lierz et al., 2007). After opening the egg
shell and displacement of the membrane, the propolis test
concentrations were inoculated in triplicate in a volume of 100 l/egg.
After incubation for 5 days at 37°C, the eggs were opened for
evaluation of possible lesions to the CAM and to the chicken
embryo.

In order to determine the APV concentration to be used in the
evaluation of the propolis virucidal activity, the vaccine sample was
reconstituted according to the manufacturer's recommendations
and tested in the dilutions 1:100 (1 x 10° pfu/egg ml), 1:1000 (1 x

10° pfu/egg ml) and 1:2000 (0.3 x 10° pfu/egg ml), in triplicate.
Thus, it was determined a viral concentration in which the embryo
did not suffer hemorrhage or death, but which allowed the
observation of the pox lesions in the CAM. APV dilutions were
inoculated in embryonated eggs following the method previously
described (Lierz et al., 2007).

In vitro virucidal activity of the green propolis ethanol extract

APV sample in the concentration 1 x 10° pfu/egg ml was incubated
with propolis extract at the following concentrations: T1 = 2 400
pg/dose, T2 = 240 ug/dose, T3 = 24 pg/dose and T4 = 0 pg/dose
(negative control), for zero, four and eight hours, at 22°C. Then,
each treatment was inoculated on the CAM of six eggs, in a final
volume of 200 pl (100 pl of APV + 100 pl of propolis in the
treatments 1, 2 and 3 or 100 pl of APV + 100 pl PBS in treatment
4). The eggs were incubated at 37°C for five days and then opened
for CAM evaluation. The virucidal activity was determined
macroscopically through the observation of pox lesions on th
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Figure 1. Mean + standard deviation of pox lesions in chorioallantoic membrane (CAM) of embryonated
chicken eggs (Log1o) after inoculation with avipoxvirus (APV) associated to 2400 pg/dose, 240 pg/dose, 24
pg/dose or 0 pg/dose of Green propolis ethanolic extract, after zero, four or eight hours of incubation of the
virus and propolis at 22°C. Different letters in the same period of incubation represent statistical difference

(p<0.05) by Tukey test.

membrane and by the histopathology analysis of the lesions.

Histopathology

A CAM of each treatment and in different periods of incubation,
randomly chosen, was fixed in 10% formol for further inclusion in
paraffin wax. Using a microtome, 5 m thin cuts were obtained,
which were placed on glass slides and stained by hematoxylin and
eosin (Allen, 1994). Under optical microscope visualization,
epithelial hyperplasia, vacuolar degeneration, inclusion corpuscles,
inflammation and congestion/edema were analyzed and classified
by lesion scores as: severe lesions (+++), moderate lesions (++),
mild lesions (+) and absence of lesions (-).

Statistical analysis

The number of pox lesions was converted into Logio. Variance
analysis was performed by General Linear Models procedure using
the statistics package SAS 8.0 (SAS, 2001). Variables that
presented statistical differences to F test were submitted to Tukey’s
test (p<0.05), in order to identify differences among the means of
the treatments.

RESULTS

Propolis cytotoxicity and determination of the APV
infecting dose

Macroscopic alterations in the CAM or damage to the
embryos were not observed in any propolis concentration
tested. Therefore, it was decided to use the tested
concentrations to evaluate the virucidal capacity of the
green propolis ethanolic extract.

The 1 x 10° pfu/egg ml APV concentration was the one
that allowed better visualization of the pox lesions on the
CAM, therefore it was selected for the subsequent
evaluations. The eggs inoculated with 1 x 10° pfu/egg ml
of the virus presented a much higher number of pox
lesions, making impossible their counting and correct
characterization. In the 03 x 10° pfu/egg ml
concentration, the number of pox lesions was low or
nonexistent, making its use to evaluate the virucidal
capacity of green propolis ethanol extract impossible.

Virucidal activity of green propolis ethanol extract

No statistical difference was observed among the
treatments (p>0.05) when APV and green propolis
ethanol extract were associated and immediately
inoculated on CAM (no incubation), as it can be observed
in Figure 1. However, a reduction in the number of pox
lesions on CAMs inoculated with the virus associated to
2400 pg/dose of propolis extract (Figure 1), was
observed.

When APV and propolis were incubated for four hours
at 22°C before being inoculated in embryonated eggs, the
use of 2400 pg/dose of green propolis ethanolic extract
presented significant reduction on the number of lesions
(p<0.05), as shown in Figure 1. The number of lesions
dropped from 0.888 (logip) in the control treatment in
which the virus was inoculated without propolis, to 0.527

(log1p). In addition, even though statistical difference was
not observed, the use of 240 g/dose of propolis allowed a
reduction in the number of



Figure 2. CAM of embryonated chicken eggs fixed in formaldehyde 10%, inoculated with APV and
different concentrations of green propolis ethanolic extract, after eight hours of incubation: (a) 0
g/dose of propolis; (b) 2400 pg/dose of propolis; (c) 240 g/dose of propolis; (d) 24 g/dose of propolis.
= pox lesions on chorioallantoic membrane.

pox lesions to 0.827 (logip). After eight hours of
incubation of APV with propolis, its virucidal effect
became more evident (Figures 1 and 2). While in the
control treatment (Figure 2a) it was observed 0.938
(log10) pox lesions, the use of higher concentration of
propolis (2400 pg/dose) inactivated completely the virus
(Figure 2b), once pox lesions on CAM of inoculated eggs
were not observed (p<0.0001). Besides, there was a
reduction (p<0.05) in the number of lesions between the
control treatment and T2 (APV incubated with 240
pug/dose of propolis extract), which presented 0.640

(log10) pox lesions.

Histopathology

The negative control CAM, without virus, did not present
any histological alteration characteristic of APV
proliferation (Figure 3a), whereas in the positive control it
was observed proliferation of CAM epithelial cells with

vacuolar degeneration and presence of viral eosinophilic
inclusion bodies in the cytoplasm of epithelial cells
(Figure 3b). As seen in Table 1, the lesions have higher
scores when the virus and propolis were associated and
immediately inoculated on CAM (without incubation).
Regardless the propolis concentration used, histological
lesions observed on CAM were similar. Using 2400
pg/dose of propolis extract, it was observed an
accentuated proliferation of epithelial cells in the
ectoderm and endoderm of the CAM, with vacuolar
degeneration and viral eosinophylic inclusion bodies in
the cytoplasm of epithelial cells (Figure 4a). In the
mesoderm it was observed a diffused and pronounced
inflammatory infiltrate, constituted of heterophyllous and
some lymphocytes, besides edema, congestion and
heterophyllous in the blood vessels. With 240 or 24
png/dose of propolis extract, multifocal and moderate
lesions were observed.

After four hours of incubation of APV with green
propolis extract, the histological lesions observed were



Figure 3. CAM of embryonated chicken eggs stained with hematoxylin eosin, observed under 40x optical
microscope: (a) negative control; (b) positive control. = eosinophilic intracytoplasmic inclusion bodies of
epithelial cells from mesoderm; = vacuolar degeneration of epithelial cells from mesoderm.

similar to those observed without incubation, but with
lower scores (Table 1). The use of 2400 pg/dose of
propolis allowed a reduction in score of the inflammatory
process and the presence of eosinophylic inclusion

bodies in the cytoplasm of epithelial cell, from severe to
mild lesions (Figure 4b). In the 240 ug/dose there was a
reduction in the score of congestion, edema and
inflammation to mild lesion in comparison with the



Table 1. Characterization of histological lesions in the CAM of embryonated chicken eggs after inoculation of avipoxvirus
associated to different concentrations of green propolis ethanol extract, in three periods of incubation.

Treatment Epitelial

Vacuolar

Inclusion

Hours (ug/dose) hyperplasia degeneration bodies Inflamation Congestion / edema
2400 D +++ +++ +++ +++
0 240 +++ ++b +++ +++ +++ Haemorrhage
24 ++ ++ ++ +++ +++
0 +++ +++ +++ +++ +++
2400 ++ ++ + + ++
4 240 ++ ++ ++ + + Haemorrhage
24 + + + ++ ++
0 +++ +++ +++ +++ +++
2400 -d +
240 +
8
24 +
0 +++ +++ +++ +++ +++

a . b . [ . d .
severe lesions; - moderate lesions; ~ mild lesions; ~ absence of lesions.

treatment without propolis (T4), whereas when the 24
pg/dose was used, the lesions were classified as mild in
the parameters epithelial hyperplasia, vacuolar
degeneration and in number of intracytoplasmic inclusion
bodies (Table 1) . When the APV and the different
concentrations of green propolis ethanol extract were
incubated at 22°C for eight hours before being inoculated
on CAM of embryonated chicken eggs, there was a big
reduction in the lesion scores. In all treatments it was
observed focal and discrete epithelial hyperplasia,
hydropic degeneration and discrete inflammatory reaction
in the mesoderm. Rare inclusion bodies in the cytoplasm
of epithelial cells were observed with the use of 240 and
24 gl/dose, while the use of 2400 pg/dose inhibited
completely the formation of inclusion bodies characteristic
of APV (Figure 4c).

DISCUSSION

The use of virucidalor antiviral drugs has been proposed
as a strategy to avoid the risk of pandemia, like the recent
one caused by the influenza A-H1N1 virus (Handel et al.,
2009) . However, the indiscriminate and extended use of
these substances can cause toxicity problems and
resistance to drugs, resulting reduction in its effectivity
against the pathogen (Handel et al., 2009; van Rompay,
2010). Therefore, the success in the prevention and
treatment of many diseases caused by viruses is
intimately related to the development of new drugs, or
even the improvement of the existing ones (Freestone,
1985). A very important source of new chemical
compounds is the abundant number of molecules found

in natural products, which have demonstrated virucidal
properties.

In this study, the in vitro virucidal activity of green
propolis was evaluated when an ethanolic extract was
incubated with APV and then inoculated on CAM of
chicken embryos. It was not observed virucidal activity
when the different concentrations of propolis evaluated
were added to the virus and immediately inoculated to
CAM without incubation. According to Mahy and Kangro
(1996) and Huleihel and Isanu (2002), virucidal agents
inactivate viruses due to their physical and chemical
characteristics and are usually more effective when the
virus is out of its host cells. In this case, as the virus and
propolis extracts were immediately inoculated after their
association, there was not enough time for the propolis
compounds to act on the virions, allowing infection of the
CAM ectoderm epithelial cells and, consequently, the
lesions observed in the histopathological analysis.

Virucidal activity of green propolis was clearly observed
when APV and propolis were incubated for four hours at
22°C before inoculation on embryonated eggs. The effect
was even more evident with the highest concentration
propolis and the eight hour incubation period, when
complete virus inactivation was observed, as shown in
Figure 2b. Besides, there was a statistically significant
reduction (p<0.05) in the number of lesions between
positive control treatment and T2, in which APV was
incubated with 240 pg/dose of propolis extract. These
data corroborate with the ones obtained by Amoros et al.
(1992), who detected virucidal activity of a French
propolis sample against herpes simplex virus type 2
(HSV- 2) and the vesicular stomatitis virus. According to
these researchers, inactivation of viruses was dependent
on the incubation time and concentration of the propolis



Figure 4. CAM of embryonated chicken eggs stained with
hematoxylin eosin, observed under optical microscope: (a) APV +
2400 pg/dose, without incubation, 40x; (b) APV + 2400 pg/dose
of propolis, 4 h incubation, 40x; (c) APV + 2400 pg/dose of
propolis, 8 h incubatiion, 20x. = eosinophilic intracytoplasmic
inclusion bodies of epithelial cells from mesoderm; = vacuolar
degeneration of epithelial cells from mesoderm.

used. More recently, Schnitzler et al. (2010), using
aqueous and ethanolic extracts of a Czech propolis
sample detected virucidal activity against herpes simplex
viruses. Both propolis extracts exhibited high anti- HSV-1
activity when the viruses were pretreated with these
extracts prior to infection. In a study performed by our
group (Fischer et al., 2007b), aiming at characterizing the
immunomodulator effect of the same green propolis
ethanol extract used in the present study, a
chromatographic analysis high performance liquid
chromatography (HPLC) showed high levels of phenolic
compounds and cinnamic acid and its derivative.
Flavonoids corresponded to 22.37% of the dry extract
(Fischer et al., 2007b). It is likely that the virucidal activity
of propolis are not caused only by a single chemical
compound, but by a synergic action between the several
constituents (Nolkemper et al., 2010). The virucidal
activity observed in the present study is probably related
to the high levels of phenolic compounds and flavonoids
found in the green propolis extract used. Similar result
was obtained by Nolkemper et al. (2010) who found
strong virucidal activity against herpes simplex virus type
2 (HSV-2) using aqueous and ethanol extracts from a
Czech propolis sample, rich in phenolic compounds and
flavonoids.

The virucidal activity of green propolis ethanolic extract
was also observed in the histopathological evaluation.
Without a period of incubation of the APV and the extract
before inoculation, there was no virucidal effect.
However, after four hours of incubation, the virucidal
effect became evident. The use of 2400 pg/dose of
ethanol extract allowed a reduction in the scores of
inflammation and inclusion bodies, presenting only mild
lesions, while the control treatment had severe lesions for
all the parameters analyzed. The use of lower propolis
concentration (24 pg/dose) allowed a reduction in the
scores of epithelial hyperplasia, vacuolar degeneration
and inclusion corpuscle. The inflammatory process, the
formation of intracytoplasmic eosinophilic inclusion
bodies, as well as the proliferation of ectoderm and
endoderm epithelial cells are histopathological lesions
characteristic from APV. The reduction in the scores of
these lesions demonstrates clearly the virucidal activity of
the green propolis used.

The full virucidal action of the green propolis ethanol
extract was observed after eight hours of incubation with
APV. Besides avoiding the appearance of pox lesions
characteristic of the virus, the use of 2400 pg/dose of
propolis resulted in the absence of inclusion bodies
(Figure 4c), pathognomonic of the virus. Moreover, the
scores of all analyzed parameters (Table 1) were
reduced.

In this study, a green propolis ethanol extract showed
virucidal effect against APV when inoculated on CAM of
chicken embryos. This effect was dependent on the
concentration of propolis used, as well as the incubation
time of the virus and the ethanol extract. The complete



inhibition of the virus was obtained with eight hours of
APV incubation with 2400 ug/dose of propolis, expressed
by the absence of pox lesions and intracytoplasmic
inclusion bodies.

ACKNOWLEGEMENTS

The authors would like to thank Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
for financial support and Laboratério Bio-Vet S/A —
Vargem Grande Paulista, SP — Brasil, for supplying the
commercial vaccine against avipoxvirus.

REFERENCES

Allen TC (1994). Hematoxilin and eosin. In: Prophet EB, Mills B,
Arrington JB, Sobin LH (eds) Laboratory Methods in Histotechnology,
Armed Forces Institute of Pathology, Washington, pp. 53-57.

Amanna 1J, Slitka MK (2009). Wanted, dead or alive: New viral
vaccines. Antiviral Res., 84: 119-130.

Amoros M, Sauvager F, Girre L, Cormier M (1992). In vitro antiviral
activity of propolis. Apidologie, 23: 231-240.

Arino J, Bowman CS, Moghadas S (2009). Antiviral resistance during
pandemic influenza: implications for stockpiling and drug use. BMC
Infect. Dis., 9: 8.

Fischer G, Conceicao FR, Leite FPL, Dummer LA, Vargas LD, Hibner
SO, Dellagostin OA, Paulino N, Paulino AS, Vidor T (2007).
Immunomodulation produced by a green propolis extract on humoral
and cellular responses of mice immunized with SuHV-1. Vaccine, 25:
1250-1256.

Fischer G, Cleff MB, Dummer LA, Paulino N, Paulino AS, Vilela CO,
Campos FS, Storch T, Vargas GD, Hibner SO, Vidor T (2007).
Adjuvant effect of green propolis on humoral immune response of
bovines immunized with bovine herpesvirus type 5. Veterinary
Immunology and Immunopathology, Amsterdam, 116: 79-84.

Fischer G, Vidor T (2008). Propolis as an immune system modulator
substance. In: Orsolic N, Basic I. (eds) Scientific Evidence of the Use
of Propolis in Ethnomedicine, Transworld Research Network, Kerala,
pp. 133-148.

Freestone DS (1985). The need for new antiviral agents. Antiviral Res.,
5:307-324.

Graci JD, Cameron CE (2008). Therapeutically targeting RNA viruses
via lethal mutagenesis. Future Virol., 3: 553-566.

Gregoris E, Stevanato R (2010). Correlations between polyphenolic
composition and antioxidant activity of Venetian propolis. Food
Chem. Toxicol., 48: 76-82.

Handel A, Longini IM, Antia R (2009). Antiviral resistance and the
control of pandemic influenza: The roles of stochasticity, evolution
and model details. J. Theor. Biol., 256: 117-125.

Ito J, Chang FR, Wang HK, Park YK, lkegaki M, Kilgore N, Lee KH
(2001). Anti-AIDS agents. 48. Anti-HIV activity of moronic acid
derivatives and the new mellifore-related triterpenoid isolated from
Brazilian propolis. J. Nat. Prod., 64: 1278-1281.

Lierz M, Bergmann V, Isa G, Czerny CP, Lueschow D, Mwanzia J,
Prusas C, Hafez HH (2007). Avipoxvirus Infection in a Collection of
Captive Stone Curlews (Burhinusoedicnemus), J. Avian Med.
Surgery, 21(1): 50-55.

Mahy BWJ, Kangro HO (1996). Virology Methods Manual. Academic
Press, London., p. 374.

McCaw JM, Wood JG, McCaw CT, McVernon J (2008). Impact of
Emerging Antiviral Drug Resistance on Influenza Containment and
Spread: Influence of Subclinical Infection and Strategic Use of a
Stockpile Containing One or Two Drugs. PLoS ONE, 3: e2362.

Nobrega AM, Alves EM, Presgrave RF, Delgado IF (2008). Avaliacéo
da irritabilidade ocular induzida por ingredientes de cosméticos
através do teste de Draize e dos Métodos HET-CAM e RBC.
Universitas: Ciéncias da Salde, 6: 103-120.

Nolkemper S, Reichling J, Sensch KH, Schnitzler P (2010). Mechanism
of herpes simplex virus type 2 suppression by propolis extracts.
Phytomedicine, 17: 132-138.

SAS Institute (2001). SAS User’s guide: Statisics. Version 8.0 Edition.
Cary, NC.

Schnitzler P, Neuner A, Nolkemper S, Zundel C, Nowack H, Sensch KH
(2010). Antiviral activity and mode of action of propolis extracts and
selected compounds. Phytother. Res., 24: S20-S28.

Serkedjieva J, Manolova N, Bankova V (1992). Anti-influenza virus
effect of some propolis constituents and their analogues (esters of
substituted cinnamic acids). J. Nat. Prod., 55: 294-297.

van Boven M, Klinkenberg D, Pen |, Weissing FJ, Heesterbeek H
(2008). Self-Interest versus Group-Interest in Antiviral Control. PLoS
ONE, 3: 1-9.

van Rompay KKA (2010). Evaluation of antiretrovirals in animal models
of HIV infection. Antiviral Res., 85: 159-75.

Vatansever HS, Sorkun SK, Gurhan ID, Kurt FO, Turkoz E, Gencay O,
Salih B (2010). Propolis from Turkey induces apoptosis through
activating caspases in human breast carcinoma cell lines. Acta
Histochem., 112: 546-556.



