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Propolis is a bee product widely used in folk medicine and possessing many pharmacological properties. In this
study we aimed to investigate: i) the antiviral activities of Hatay propolis samples against HSV-1 and HSV-2 in
HEp-2 cell line, and ii) the presence of the synergistic effects of propolis with acyclovir against these viruses.
All experiments were carried out in HEp-2 cell cultures. Proliferation assays were performed in 24-well flat bottom microplates. We inoculated 1x105 cells per ml and RPMI 1640 medium with 10% fetal calf serum into each
well. Studies to determine cytotoxic effect were performed. To investigate the presence of antiviral activity of
propolis samples, different concentrations of propolis (3200, 1600, 800, 400, 200, 100, 75, 50, and 25 μg/mL)
were added into the culture medium. The amplifications of HSV-1 and HSV-2 DNA were performed by realtime PCR method. Acyclovir (Sigma, USA) was chosen as a positive control. Cell morphology was evaluated by
scanning electron microscopy (SEM).
The replication of HSV-1 and HSV-2 was significantly suppressed in the presence of 25, 50, and 100 μg/mL of
Hatay propolis. We found that propolis began to inhibit HSV-1 replication after 24 h of incubation and propolis activity against HSV-2 was found to start at 48 h following incubation. The activity of propolis against both
HSV-1 and HSV-2 was confirmed by a significant decrease in the number of viral copies.
We determined that Hatay propolis samples have important antiviral effects compared with acyclovir. In particular, the synergy produced by antiviral activity of propolis and acyclovir combined had a stronger effect against
HSV-1 and HSV-2 than acyclovir alone.
Antiviral Agents • DNA Replication • Herpesvirus 1, Human • Herpesvirus 2, Human • Propolis
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Background
Natural herbal products have been used in folk medicine for
centuries and have been an active source for modern drug production. Natural products have become more valuable than synthetic products due to their lower cytotoxicity [1]. Thousands
of studies on herbal extract activities are carried out in relation
with drug production in many countries of the world. Today,
the number and variety of available drugs used for the treatment of viral infections is limited compared with antibacterial drugs. New antiviral drug research is rapidly growing due
to increasing resistance to current antiviral medications. Most
antiviral drug research has focused on natural products [2].
One of these natural products on which intensive drug studies have been carried out is propolis. Propolis is a bee product widely used in folk medicine for many years. It has been
reported in numerous studies that propolis has many pharmacological properties and biological activities, such as antiinflammatory, antibacterial, antifungal, antioxidant, anticancer, and antiviral effects [3–10].
The pharmacological properties of propolis are related to its
chemical composition, which is highly complex and varies from
region to region. Phenolics are well known propolis compounds
with numerous pharmacological properties, such as antiviral,
antibacterial, and antifungal effects. Hatay propolis is reported
to be rich in phenolic compounds such as caffeic acid phenethyl ester (CAPE), galangin, chrysin, dimethoxycinnamic acid, and
caffeic acid [3,11]. Propolis consists of complex chemical compounds, the most important group being phenolic acid components, which play a role in antiviral activity. It has been reported that constituents such as caffeic acid, p-coumaric acid,
benzoic acid, galangin, pinocembrin, and chrysin may be effective against Herpes Simplex Virus in cell culture [12,13].
Herpes simplex virus (HSV) type 1 usually causes orofacial infections, while HSV type 2 causes genital infections. Recently,
HSV-1 and HSV-2 have been reported to cause oral and genital lesions due to autoinoculation. These viruses can spread
easily and quickly through interpersonal contact and lead to
diseases ranging from superficial infections to life-threatening
ones. These virus infections can lead to mortality among immunocompromised patients and stillbirths or congenital malformations [14–18].
Herpes simplex virus infections are one of the most common
viral infections all over the world and progress as acute or recurrent herpes infections. Herpes simplex viruses may cause
a wide range of infections, ranging from moderate ones to
serious life-threatening infections especially among immunesuppressed patients [19–24]. Due to recent advances in medicine, prolongation of life in immune-suppressed patients
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has led to significant increases in the incidence of viral infection. The most potent antiviral drug currently used in treating
herpes viruses is acyclovir, which is a nucleoside derivative.
Because frequent use of acyclovir leads to the emergence of
resistant virus associated with prolonged survival in immunosuppressed patients, acyclovir-resistant herpes virus infection
has become common in recent years. Therefore, research on
new active substances for the treatment of herpes viruses is
growing rapidly [25–28].
We aimed to investigate the effect of antiviral activities of propolis samples (70% ethanol extract of propolis) gathered from
Hatay region (southern Turkey) against HSV-1 and HSV-2 in the
HEp-2 cell line. We also investigated the synergistic effects of
Hatay propolis combined with acyclovir against these viruses.

Material and Methods
Cell culture and viruses
The HEp-2 cell line was obtained from Ankara Refik Saydam
Public Hygiene Institute. The cultivation of cells was carried out
in RPMI-1640 medium with 10% fetal calf serum. Penicillin (100
IU/ml) and streptomycin (100 g/ml) were added to the medium before use. HSV-1 and HSV-2 virus strains were obtained
from Ankara University, Department of Virology, Veterinary
Medicine Faculty. We performed experiments using 1, 10, and
100×TCID50 (Tissue Culture of Infectious Dose) concentrations
of the viruses. Incubation of the cultures was performed in 5%
carbon dioxide atmosphere at 37°C.
Standard drugs
Acyclovir (Sigma, USA) was selected as a standard drug. It was
dissolved in bi-distillated water before use (1 mg/ml). Various
concentrations of propolis, ranging from 0.5 to 512 μg ml–1,
were used in the experiments.
Preparation of propolis extractions
Propolis samples were collected from the south of Turkey (Hatay
region). Propolis samples were frozen at –24°C and a grinder was used to break them into small pieces (Delonghi Kg49,
Hampshire, UK). Two grams of propolis were shaken with 20 ml
70% ethanol/water (v/v) using a shaker for 1 h, followed by ultra-sonication (Bandelin Sonorex RK100, Berlin, Germany) for 30
min. The mixture was filtered using filter papers (Watman No:
1, Buckinghamshire, UK) to remove wax and bee parts. Finally,
the filtrate was placed into glass tubes (tared tubes) and evaporated using a vacuum centrifuge (Jouan, RC 10-10). The tared
tubes were weighed after evaporation of propolis solution to
determine the amount of the dry propolis extract (DPE), which
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was stored at –24ºC until HPLC-DAD (High-Performance Liquid
Chromatography-Diode Array Detector) analysis.

3.50E+06
3.00E+06

HPLC-DAD analysis

Negative control

Viable cell count/ml

2.50E+06

DPE was dissolved at a 1/10 ratio in methanol, filtered through
a polyvinyl difluoride (PVDF) syringe filter (Millipore Millex-HV,
0.45 µm), and 5 μL was injected into the HPLC (Shimadzu, Kyoto,
Japan) system equipped with an auto-sampler (SIL 20 AC), pump
(LC-20AD), diode array detector (SPD-M20A) with 270 nm, and
separation using an Intersil ODS column (4.6×150 mm ID) with
5-μm particle size. The column was eluted using a linear gradient as follows: mobile phase A (0.1% formic acid in water) and
mobile phase B (acetonitrile) with a flow rate of 1.2 mL/min.
Cell culture

DMSO

2.00E+06
1.50E+06
1.00E+06
5.00E+05
0.00E+00

Acyclovir
0

24 hours

48 hours
72 hours
Incubation time

96 hours

Figure 1. The effects on cell viability of DMSO and acyclovir
compared with the control group.

Cell cultures used in the current study were cultured in RPMI
1640 medium containing 10% fetal calf serum, 10 mM of HEPES,
4 mM of glutamine, and 100 IU/ml penicillin/streptomycin. All
cultures were incubated at 37°C in a 5% CO2 atmosphere for
up to 5 days. Initial density of cells in the cultures was adjusted to 1×105 cells/mL. Cells were incubated to allow the surface
coating of the culture dishes for up to 1 week. If there were any
changes in pH of the medium, the medium was changed. Cells
in the culture dishes were removed through trypsinization solution and then the cells in a 50-ml centrifuge tube were centrifuged for 15 min at 1500 rpm. The cell number and viability of the cells were determined under an inverted microscope
by trypan blue exclusion with a hemocytometer.
Proliferation assays were performed in 24-well flat-bottom
microplates. We inoculated 1×105 cells per ml and RPMI 1640
medium with 10% fetal calf serum into each well. We used
dimethyl sulfoxide (DMSO) (Sigma, USA) to dissolve propolis
samples. To determine the non-toxic concentration of DMSO in
the cells, HEp-2 cells were inoculated in microplates at a density of approximately 1×105 cells/ml. Different concentrations
of DMSO (8%, 4%, 2%, 1%, and 0.5%) were added into the
wells of the microplates. After 48 h of incubation, cell counts
were performed through using trypan blue exclusion assay
for the control group (without DMSO). The dilution of DMSO,
which was not significantly different from that in the control
group, was determined as the solvent concentration (Figure 1).
Activity studies
Preparation of cell culture
Primarily, non-toxic concentrations of propolis samples were
determined in the study. Antiviral activity studies were performed with these predetermined non-toxic concentrations.
Studies to determine cytotoxic effect were performed by MTT
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(3- (4.5-Dimethylthiazol-2-yl) -2.5-diphenyltetrazolium bromide) method. To investigate the presence of antiviral activity of propolis samples, cell cultures were prepared to contain
1x105 cells per ml. For cell adhesion, following 6-h incubation,
those amounts containing different concentrations of propolis
(3200; 1600; 800; 400; 200; 100; 75; 50 and 25 μg/mL) were
added into the culture medium.
As the control group, the cultures containing DMSO with the
same amount of solvent were cultivated at the same time as
the experiment group. Cultures not including propolis were selected as a negative control and different concentrations (0.05,
0.1, 0.5, 1, 5, 10, 25, 50, and 100 nm) of acyclovir (Sigma, USA)
were used as a positive control. All experiments were performed 2 times in 3 copies.
After incubation, the cells were removed from culture dishes
with 0.25% of trypsinization solution and placed into centrifuge tubes. Cells were collected by centrifuging for 10 min at
1500 rpm in a refrigerated centrifuge (at +4°C) and determination of cell viability was done.
Cytotoxicity assay
Determination of cell viability with trypan blue
The cells were inoculated into culture dishes at a concentration of 1×105 cells/ml. The cells in medium containing different concentrations of propolis samples and cells of the control group without propolis were incubated for 24 h under
the same conditions. Then, cells were removed by trypsinization solution, collected into centrifuge tubes, and centrifuged.
After centrifugation, cell viability was determined by mixing
the cell suspension 1:1 with trypan blue exclusion (Sigma)
with 0.9% NaCl solution.
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MTT assay 3- (4.5-Dimethylthiazol-2-yl)
-2.5-diphenyltetrazolium bromide

Preparation of cells for SEM

Viable cells cultured by MTT method can be determined colorimetrically and quantitatively. This method is based on the
principle that active mitochondria cleave the MTT tetrazolium
ring [29]. The 3- (4.5-dimethyltriazole-2-yl) -2.5-diphenyltetrazolium bromide (MTT) method first described by Mosmann [30]
is a practical method commonly used to determine cell viability. MTT is a substance that actively absorbs to cells; it is colored by a reaction due to mitochondria and is reduced to insoluble formazan. MTT reduction into formazan of cells is used
as a measure of cell viability, and viable cell count has a correlation with intensity of the dye obtained in the MTT assay.
We evaluated effects on cell proliferation by MTT cell proliferation method in cell cultures treated with propolis samples
in different concentrations (3200, 1600, 800, 400, 200, 100,
75, 50, and 25 mg/ml).
With MTT method, after adding propolis samples to the cultures, the cells were incubated in a 5% carbon dioxide incubator at 37°C for 96 h. Then, 10 ml of MTT was added to each well
and plates were incubated under the same conditions for 4 h.
Absorbance measurements were made at 570 nm. Proliferation
rate was expressed as the ratio of cells in the wells treated
with propolis samples to that in the control group. IC50 values
were calculated using SPSS (SPSS, Inc., Chicago).
Viral quantification by real-time PCR
Viral DNA isolation was performed according to the commercial
test procedure using the MagNA Pure extraction kit from Roche.
The following primer sequences for HSV-1 and HSV-2 were
selected.
Gene

HSV-1
HSV-2

Oligonucleotide sequence (5’-3’)
TGGGACACATGCCTTCTTGG
ACCCTTAGTCAGACTCTGTTACTTACCC
CTACGACGCGTACCGGTC CGATG
GTGGTGCACGAACAGCGTGGTGA

Size of
amplified
products (bp)
147
637

The amplifications of HSV-1 and HSV-2 DNA were performed
by using LightCycler (Roche Molecular Biochemicals) by realtime PCR method according to the study of Kaneko et al. The
study of PCR was carried out as described by Readand et al.
so that the total volume could be 20 µl [31].

The morphology and structure of the HEp-2 cells infected with
virus suspension containing 100 TCID50 and those treated for
72 h with the selected propolis concentrations (100; 75; 50
and 25 μg/mL) were analyzed by scanning electron microscopy (SEM) using a JEOL JSM 5510 LV [32]. On the 3rd, 5th, and
7th day after inoculation, infected HEp-2 cells were collected
by centrifugation and washed in warm (37ºC) phosphate-buffered saline (NaCl, 8 g/L; KCl, 0.2 g/L; Na2HPO4, 1.15 g/L; KH2PO4,
0.2 g/L; CaCl2, 0.1 g/L; and MgCl, 0.1 g/L). All the processes in
electron microscopy were performed according to the method described by McFall et al. [33].
Evaluation of drug synergy
To evaluate the occurrence of synergistic effects of propolis and
acyclovir on HSV-1 and -2, infections were evaluated. Propolis
and acyclovir effects were evaluated alone and in combination. The synergistic effect of propolis and acyclovir was calculated using a combination index (CI) as described by Chou
et al. in 2006 [34].

Results
Component analysis of propolis
We identified and quantified the composition of propolis
(Table 1). We determined that propolis samples showed cytotoxic effects on cells at levels of 200 µg/mL. Therefore, antiviral activity investigations of propolis were performed by selecting the 100 µg/ml /ml concentration of propolis (Figure 2).
Effect of propolis on viral replication
Effects of propolis were studied against both HSV-1 and HSV2 at the concentrations of 25, 50, 100, 200, and 400 µg/ml.
Because propolis at 200 and 400 µg/ml concentrations showed
toxic effects on HEp-2 cells, antiviral activity studies were carried out on the concentrations that did not produce any cytopathological effects. We determined that propolis did not show
any toxic effects at concentrations of 100, 50, and 25 µg/ml
on HEp-2 cells. Morphological determination of non-toxic concentrations of propolis on cells was made by examining them
microscopically through an inverted microscope for 96 h. Cell
viability was determined with trypan blue method and toxicity tests were performed by MTT assay.
Microscopic examinations did not show any cytopathological
changes, such as aggregation, nuclear enlargement, or cell
rounding, at propolis concentrations of £100 µg/ml.
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Table 1. The analysed of propolis components.

4.50E+07

Content % (µg/g)

Gallic acid

8.5

Protocatheuic acid

42.5

(±)-Catechin

80.7

Caffeic acid

5756.8

Syringic acid

84.7

Epigallokatechin

72 h

4.00E+07
3.50E+07
Viable cell count/ml

Phenolic compounds

5.00E+07

3.00E+07
96 h

2.50E+07
2.00E+07
1.50E+07
1.00E+07

48 h

200.8

5.00E+06

P-coumaric acid

1207.3

0.00E+00

Trans ferulic acid

1792.9

24 h
0h
800 1600 Control
cells

Benzoic acid

3588.9

M-coumaric acid
Trans isoferulic acid

35.2
3391.9

Viteksin

ND

Ellagic asid

ND

Rutin

ND

Methyl syringate

ND

Naringin

ND

3-4 dimethoxycinnamic acid

6646.0

Quercetin

ND

Myricetin

538.3

Rosomarinic acid

ND

Trans-Cinnamic acid

2665.7

Daidzein

462.8

Luteolin

2164.4

Pinobanksin

6043.5

(±)-Naringenin

563.6

Apigenin

3270.9

Kaempherol

2767.6

Isorhamnetin

ND

Chrysin

22480.0

Pinocembrin

8265.1

Galangin

28772.8

Caffeic acid phenethyl ester (CAPE)

20072.9

Emodin

ND

Trans-Chalcon

ND

25

50

75

100 200
µg/ml

400

Figure 2. The effects of Hatay propolis on cell viability of HEp-2
cell culture as compared to the cell control.

In the experiments, the activity of propolis against both HSV-1
and HSV-2 was investigated in comparison with acyclovir on
3 different titrations of virus (1, 10, and 100 TCID50). No cytopathological changes were observed in cell cultures that contained 100 µg/ml of acyclovir and propolis, while all cell cultures
without acyclovir or propolis were determined to demonstrate
++++CPE presence. CPE level was detected as ++ in cultures
that contained 50 µg/ml of propolis, whereas it was +++ CPE
in cultures containing 25 µg/ml of propolis (Figures 3, 4).
The effects of viral replications of propolis against HSV-1 and
HSV-2 were evaluated in comparison with the control group.
Cytopathologic changes, such as aggregation, rounding of the
cells, and nuclear enlargement, were detected in the cell control group culture (acyclovir- and propolis-free), while in cultures containing propolis, viral replications of both HSV-1 and
HSV-2 were inhibited and pathological changes in cells related to viral growth did not occur. We also observed that cells
in these cultures had morphologically typical form and coated the surface of the cell culture dishes. However, we found
that in comparison with the control cells, there was no significant difference in terms of cell viability.
To evaluate the effects of propolis on the viral replication using the 100TCID50 dilution from the virus stocks, mRNA levels of HEp-2 cells were compared with acyclovir. Comparing
the effects of propolis with acyclovir, we found that propolis
showed activity similar to that of acyclovir. Both acyclovir and
propolis began to inhibit HSV-1 replication after 24 h of incubation. The effect of propolis was found to increase, like acyclovir, in direct proportion with incubation time. Compared with
the control group, the number of viral DNA copies was significantly reduced after 24 h (Figure 5).

ND – not determined.
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3.50E+08

140

70

3.00E+08

120

60

100

50

80

40

60

30

40

20

20

Propolis

0

1 TCID50

Acyclovir
10 TCID50
100 TCID50
Herpes Simplex virus type-1

Virtal copies/ml

2.00E+08
1.50E+08
1.00E+08

10

5.00E+07

0

0.00E+00

Figure 3. MIC values of Hatay propolis and acyclovir against
some HSV-1.

96 hours

25
20

150

15

100

10

Propolis
Acyclovir
1 TCID50

10 TCID50
100 TCID50
Herpes Simplex virus type-1

2.50E+08
Virtal copies/ml

30
200

100 TCID50

3.00E+08
Acycloric MIC values (µg/ml)

Propolis MIC values (µg/ml)

Propolis

3.50E+08
35

250

0

0

Acyclovir
24 hours 48 hours
72 hours
Incubation time

Figure 5. The effects of Hatay propolis on HSV-1 replication as
compared to acyclovir.
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2.00E+08
1.50E+08
1.00E+08

5

5.00E+07

0

0.00E+00

Acyclovir
–5.00E+07

0

24 hours

48 hours
72 hours
Incubation time

Propolis
96 hours

Figure 4. The effects of Hatay propolis against to the replication
of HSV-2.

Figure 6. The effects of Hatay propolis on HSV-2 replication as
compared to acyclovir.

In contrast to HSV-1, propolis activity against HSV-2 started at
48 h after incubation. The activity of propolis against HSV-2 was
confirmed by a significant decrease in the number of viral copies (Figure 6). We found a statistically significantly difference in
synergistic effects of Hatay propolis and acyclovir on HSV-1 and
HSV-2 replication as compared to acyclovir alone (Figures 7, 8).

Discussion

Results of scanning electron microscopy (SEM)
Many atypical structures on the surfaces of HEp-2 cells infected with HSV-1 and 2 were found in the evaluations carried out
by electron microscopy examinations. We found no disruption
of membrane integrity of HEp-2 cells, and they were in the
typical form in infected cells treated with propolis (Figure 9).
Compared to the control group, there was no significant difference between the cells treated with propolis and the control group cells (Figure 10).

This work is licensed under a Creative Commons
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Herpes simplex viruses cause a very extensive spectrum of infection in humans, ranging from simple skin lesions to meningitis [35,36] and can cause significant morbidity and mortality.
Although HSV-1 and HSV-2 usually cause orofacial infections
and genital infections, respectively, both HSV-1 and HSV-2 can
be isolated to be orofacial or genital infections. Orofacial infections can be closely connected with oral health, especially at
young ages [37]. Although there are antiviral drugs available
for the treatment of infections, herpes viruses can lead to very
serious infections, especially in immunocompromised patients.
It is also reported that there is serious viral resistance to existing antiviral drugs [38,39]. Increasing drug resistance in these
infections stimulates the search for drugs that are more potent
and easily accessible. Lately, antiviral drug research has concentrated on natural products because of their low toxicity [40].
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7.00E+07
6.00E+07
Propolis
Acyclovir
Propolis+Acyclovir

Virtal copies/ml

5.00E+07

A

4.00E+07
3.00E+07
2.00E+07
1.00E+07
0.00E+00

0

24 hours

48 hours
72 hours
Incubation time

B

96 hours

Figure 9. HSV-infected cells were treated with Hatay propolis.
Propolis was shown to inhibit HSV replication. (A) HSV1-infected cells, (B) HSV-2-infected cells. There are no
atypical forms on the HEp-2 cell surface.

Figure 7. The synergistic effects of Hatay propolis and acyclovir
on HSV-1 replication as compared to acyclovir.

6.00E+07
5.00E+07
Propolis
Acyclovir
Propolis+Acyclovir

Virtal copies/ml

4.00E+07

A

3.00E+07
2.00E+07
1.00E+07
0.00E+00
0

24 hours

48 hours
72 hours
Incubation time

96 hours

B

Figure 8. The synergistic effects of Hatay propolis and acyclovir
on HSV-2 replication as compared to acyclovir.

Figure 10. (A) HSV-infected HEp-2 cells. HEp-2 cells were
infected by HSV-1. (B) The virus disrupted membrane
integrity on the surface of HEp-2 cells.

Plants or herbal products have long been used in treatment
of many diseases in folk medicine. New drug research, especially a limited number of antiviral drug studies, are ongoing
around the world. Compared with antibacterial or antimicrobial drugs, the use of antivirals is very limited. In recent years,
drug resistance against available antiviral agents is seen as a
significant problem [38,39].

allergic reactions may arise from the allergy to honey or allergens in flowers from which the bees made the honey [42–44].

Propolis is a plant-derived bee product that is used in folk medicine to treat various diseases. Propolis has many pharmacological properties, such as antimicrobial, anti-inflammatory,
and antioxidant effects [41]. Propolis is a non-toxic natural
product and in previous studies was reported to produce very
few adverse effects in people and animals, with the exception
of allergy and contact dermatitis. These allergic reactions are
mild and not life-threatening. It has been reported that these

This work is licensed under a Creative Commons
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Propolis is a bee product. Because component ingredients of
propolis are associated with plant flora, richness in propolis components is directly related to plant flora and the season during which it was collected [10]. Therefore, component
structures of propolis can vary from country to country, from
region to region, and from city to city in the same region. In
this study, we aimed to determine the antiviral efficacy against
HSV-1 and HSV-2 of propolis collected from Hatay province in
southern Turkey. We determined that propolis has extremely
high efficacy against these 2 virus types. Hatay propolis samples had important levels of antiviral efficacy compared with
acyclovir. Acyclovir is a guanosine nucleoside analog that strongly prevents DNA replication of Herpes Simplex Virus [45]. The
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antiviral efficacy created by propolis in synergy with acyclovir
produced higher efficacy than acyclovir alone. In particular, the
synergy produced by antiviral activity of propolis and acyclovir
together had a stronger effect against HSV-1 and HSV-2 than
acyclovir alone. We believe that some components of propolis that affect cell division may increase the effect of acyclovir. Hence, a strong synergy between propolis and acyclovir
against herpes virus can be created.
In these experiments, synergistic effects of propolis with acyclovir against HSV-1 were found to be higher than effects
against HSV-2. We believe that some minor structural differences between HSV-1 and HSV-2 may lead to different antiviral effects against these 2 virus types. It has been reported
that there are 4 different transcript patterns (UL4, UL29, UL30,
and UL31) between HSV-1 and HSV-2. The UL29 protein has
been reported to play an important role in virus replication in
culture. The possible reasons for the difference in kinetics of
inhibition of HSV-1 versus HSV-2 may be the transcript differences between these viruses [46,47].
The mechanism by which the antiviral activity of propolis occurs is very complicated and has been reported to be associated

with some of the major components of propolis. The possible
mechanism of synergism between acyclovir and propolis may
be attributed to some of the components of propolis. In the
literature, ethanol extract of propolis has been shown to interfere in the growth of microorganisms by inhibiting protein
synthesis [48]. In addition, some components of propolis have
been reported to inhibit the enzymatic activity of pathogenic microorganisms [49]. In our study, a significant synergy between acyclovir and Hatay propolis was determined against
both HSV-1 and HSV-2.

Conclusions
In this study, Hatay propolis has been shown to be quite effective against the replication of HSV-1 and HSV-2. We believe
that Hatay propolis may be a potential drug for the treatment
of Herpes Simplex Virus infections, but this needs further study.
We found that Hatay propolis increased the activity/action of
acyclovir. Although further studies are needed in this regards,
the findings obtained from this study are quite striking. It is
necessary to further explore the efficacy of Hatay propolis by
conducting detailed and broad studies of propolis components.
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