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Propolis has been highlighted for its antioxidant, anti-inflammatory and antiviral properties. The purpose of this study was to investigate if
brown Brazilian hydroalcoholic propolis extract (HPE) protects against vaginal lesions caused by herpes simplex virus type 2 (HSV-2) in
female BALB/c mice. The treatment was divided in 5 days of pre-treatment with HPE [50mg�kg–1, once a day, intragastric (i.g.)], HSV-2
infection [10 ml of a solution 1� 102 plaque-forming unit (PFU�ml–1 HSV-2), intravaginal inoculation at day 6] and post-treatment
with HPE (50mg�kg–1) for 5 days more. At day 11, the animals were killed, and the in vivo analysis (score of lesions) and ex vivo analysis
[haematological and histological evaluation; superoxide dismutase (SOD), catalase (CAT) and myeloperoxidase (MPO) activities; reactive
species (RS), tyrosine nitration levels, non-protein thiols (NPSH) and ascorbic acid (AA) levels] were carried out. HPE treatment reduced
extravaginal lesions and the histological damage caused by HSV-2 infection in vaginal tissues of animals. HPE was able to decrease RS, tyro-
sine nitration, AA levels and MPO activity. Also, it protected against the inhibition of CAT activity in vaginal tissues of mice. HPE promoted
protective effect on HSV-2 infected animals by acting on inflammatory and oxidative processes, and this effect probably is caused by its anti-
oxidant and anti-inflammatory properties. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION

Propolis is a natural bee product originated from various
plant sources. It has been used in folk medicine for a long
time.1 The raw propolis mainly consists of resins (40–
55%), bee waxes and fatty acids (20–35%), essential oils
(about 10%), pollen (about 5%), minerals, vitamins and
some other components such as polyphenols (flavonoids,
phenolic acids and their esters), terpenoids, steroids and
amino acids. The chemical components of propolis are
quantitatively and qualitatively variable, depending on the
geographical region, vegetation, collection time and type
of bees.2,3 The color is dependent on its origin and may vary
from dark brown to red brown, passing through a green
color, and odor could vary from one sample to another;
others may not present it.3

It is well known that propolis has a large spectrum of bio-
logical properties such as antioxidant,4,5 antibacterial,6 antiin-
flammatory,7 neuroprotective,8 anticancer 9 and antiviral.10

The antiviral activity is especially against influenza,11 human
immunodeficiency virus,12 adenovirus,13 respiratory tract
infections,14 herpes simplex virus type 1 (HSV-1) and type 2
(HSV-2).15

Herpes simplex virus type 2 is a sexually transmitted
pathogen infecting human genital tract mucosa and is the
most common cause of genital ulcer disease in humans.
HSV-2 infects the genital epithelium and can, following va-
ginal replication, be transmitted to the nervous system via
uptake and retrograde transport in sensory neurons. The
virus may establish latency in lumbosacral nerves and can
therefore give rise to lifelong infection.16 The symptoms of
initial genital HSV-2 infection are poorly characterized;
patients usually present signals several days after the infec-
tion. Herpetic lesions are characterized by erythematous
papules, ulcers typically superficial with an erythematous
outline and a greyish base, which are intensely painful,
mainly during primary infection.17

Some studies have demonstrated that both herpes virus
(HSV-1 and HSV-2) induce production of proinflammatory
mediators, recruitment and activation of phagocytic macro-
phages and neutrophils, and induction of rapid and robust
production of reactive oxygen species (ROS), which
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facilitate damage to the invading pathogens. These factors
also can cause irreparable harm through bystander damage
to crucial host cells.18 Indeed, studies have reported an in-
crease in inflammatory mediators and ROS formation during
HSV-1 brain infection and their association with tissue dam-
age and neurotoxicity associated with herpes encephalitis.19

Based on the considerations mentioned, the aim of the
present study was to investigate the antioxidant and anti-
inflammatory effects of brown Brazilian hydroalcoholic
propolis extract (HPE) against acute vaginal lesions caused
by HSV-2 in female mice.

MATERIALS AND METHODS

Chemicals

The reagents thiobarbituric acid (TBA), dichloroflouresceine
diacetate (DCFH-DA), N,N,N’,N’-tetramethylbenzidine, hexa-
decyltrimethylammonium bromide, p-dimethylaminobenzal-
dehyde, epinephrine, dinitrophenyl hydrazine, Ellman’s
reagent (DTNB), 3-nitrotyrosine (3-NT) and tyrosine were
purchased from Sigma (St. Louis, MO). All other chemi-
cals were obtained of analytical grade or from standard
commercial suppliers.HPE was prepared in our laboratory
according to the methodology below described.

HPE preparation

The propolis produced by Apis mellifera L. bees was collected
in mid-January to February at Santa Flora City (RS-Brazil),
and then, 300 g were subjected to hot extraction by Soxhlet
apparatus using about 1000ml of 70% ethanol. Afterward, it
was concentrated in rotary evaporator at low pressure, obtain-
ing the dry extract. HPE was diluted in a hydroalcoholic solu-
tion (95:5) to be given to the animals (50mg�kg–1). The dose
of 50mg�kg–1 was chosen based on previous study 20 and on
a pilot study carried out in our laboratory.

Determination of total phenolic and flavonoid contents

The determination of phenolic compounds was based on the
Folin–Ciocateau using gallic acid as standard.21 HPE sam-
ple (200 ml, diluted 1:10) was added in test tubes containing
1000 ml of folin and 800 ml of 7�5% calcium carbonate; the
same procedure was performed for the standard. Readings
were taken after 2 h in the dark on a spectrophotometer
UV/VIS using a wavelength of 765 nm. Total phenolic con-
tent was expressed as mg of gallic acid per g of HPE.
To determine flavonoid content, quercetin was used as

standard. HPE samples were diluted 1:10 in water. An ali-
quot of the sample (0�5ml) was transferred to a test tube
and was added 4�3ml of 80% ethanol, 0�1ml of aluminum
nitrate at 10% and 0�1ml of potassium acetate 1mol�l–1.
After 40min of rest under the light, readings were made
on a spectrophotometer UV/VIS using a wavelength of
415 nm. Blank tubes without the addition of aluminum ni-
trate were used in the same conditions. Total flavonoids con-
tent was expressed as mg of quercetin per g of HPE.22

Animals

Female adult BALB/c mice (20–25 g) from our own breed-
ing colony were used. The animals were kept on a separate
animal room, on a 12-h light/dark cycle, at a room
temperature of 22� 2 �C, with free access to food (Guabi,
RS, Brazil) and water. The animals were used according to
the guidelines of the Committee on Care and Use of Experi-
mental Animal Resources, the Federal University of Santa
Maria, Brazil. All efforts were made to minimize animal suf-
fering, to reduce the number of animals used.

Virus production and titration

The HSV-2 strain 333 was produced in African green monkey
kidney (Vero) host cells. The cells were grown in 1XDulbecco’s
modified Eagle’s minimal essential medium (DMEM)
supplemented with 10% fetal bovine serum in incubator with
5% CO2 and temperature of 37 �C. The cells at the stage of
monolayer were infected with HSV-2 (0.01 PFU per 100
cells) for a period of 3 h in DMEM without serum, after the
medium was replaced by DMEM 1X with 10% fetal calf
serum and culture incubated at sterilizer. After 72 h, the virus
was extracted by freezing and thawing immediately. The viral
extract was aliquoted and stored in a freezer at �80 �C. For
titration, duplicate 200-ml aliquots of dilutions of each sample
were plated onVero cells grown to confluence in 24-well plates
at 37 �C in 5% CO2 for 1 h 30min. Medium was aspirated, and
50ml of 2x DMEM plus 1% low-melting point agarose was
added to each well. Titers were calculated as log10 PFU�ml–1.23

In vivo experiments

Virus infection. Mice were anaesthetized with ketamine
(150mg�kg–1) and xylazine (10mg�kg–1) injected intraperi-
toneally (i.p.) and inoculated intravaginally by scratching
small areas of the skin with the needle of a syringe contain-
ing 1� 102 PFU�ml–1 of HSV-2 in a 10-ml volume. The
dose between 2� 102 and 3� 102 PFU�ml–1 is normally
used to induce lesions with HSV-2 333.24 However, a
standardization of the dose was necessary because we
needed that the infected mice were alive, even with lesions,
for longs periods to conduct the analyses. We tested 1� 102,
2�102, 3� 102 and 1� 103, and the lowest dose produced
better results for our mouse model.

Experimental protocol. The animals were divided into four
groups: group I, control (n=4); group II, HSV-2-infected mice
(n=8); group III, HPE (50mg�kg–1)-treated mice (n=5) and
group IV, HPE (50mg�kg–1)-treated and HSV-2-infected mice
(n=5). Five days prior to infection with HSV-2, all groups
were pre-treated per oral route by gavage once a day. Groups
I and II received hydroalcoholic solution (10ml�kg–1), groups
III and IV received HPE (50mg�kg–1). At day 5, mice of
groups II and IV were submitted to HSV-2 infection according
to the above-mentioned item. Groups I and III were submitted
to the same procedure but were not infected with HSV-2. All
groups were submitted to vehicle or HPE (50mg�kg–1) treat-
ment for more than 5 days after HSV-2 infection.
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At day 11, extravaginal lesions were recorded for each
animal and scored according to a six-point scale as follows:
0—no sign of infection, 1—slight genital erythema and
edema, 2—moderate genital inflammation, 3—severe exu-
dative genital lesions, 4—hind limb paralysis and 5—death.25

Three mice of HSV-2 group died between the fourth and
fifth day after HSV-2 infection and have not been
included in ex vivo experiments. Afterwards, all mice were
anesthetized for blood collection by heart puncture for
haematological analysis. Then, they were killed by cervical
dislocation, and the vaginal tissues were removed for ex vivo
experiments (histopathology and biochemical analysis).

Ex vivo experiments

Tissue preparation (S1). Vaginal tissue was immediately
homogenized in cold 50mmol�l–1 of Tris–HCl, pH 7�4 (1/10,
w/v). The low-speed supernatant (S1) was used to determine
reactive species (RS), 3-nitrotyrosine (3-NT), non-protein
thiols (NPSH) and ascorbic acid (AA) levels; superoxide dis-
mutase (SOD) and catalase (CAT) activities.

RS levels. To estimate the level of tissue homogenate RS
production, an aliquot of S1 (10 ml) was incubated with
10 ml of 2′,7′-dichlorofluorescein diacetate (DCHF-DA;1
mmol�l–1). The RS levels were determined by a spectro-
fluorimetric method. The oxidation of DCHF-DA to fluores-
cent dichlorofluorescein (DCF) is measured for the detection
of intracellular RS. The DCF fluorescence intensity emis-
sion was recorded at 520 nm (with 480-nm excitation)
30min after the addition of DCHF-DA to the medium. RS
levels were expressed as units of fluorescence (UF).26

Tyrosine nitration levels. Determination of 3-nitrotyrosine
(3-NT) and tyrosine was performed by High-performance
liquid chromatography coupled to ultraviolet (HPLC-UV)
detection method.27 Briefly, S1 aliquots of each sample were
hydrolysed in HCl (12N; 1:1 v/v) at 60 �C for 24 h. Digested
samples were filtered through a membrane (0.45-mm pore
size) MilliporeW before injection on to the HPLC instrument.
Samples were analysed on a ShimadzuW HPLC apparatus.
The analytical column was a 5-mm-pore size Spherisorb
ODS-2C18 reverse-phase column (4.6� 250mm). The mo-
bile phase was 50mmol�l–1 of sodium acetate, 50mmol�l–1
of sodium citrate and 8% (v/v) methanol, pH 3�1 (corrected
with HCl 12N). HPLC analysis was performed under
isocratic conditions at a flow rate of 1ml�min–1 and UV de-
tector set at 274 nm. Tyrosine nitration levels were expressed
as 3-NT (mmol�l–1)/tyrosine (mmol�l–1).

NPSH levels. To determine NPSH, S1 was mixed (1:1)
with 10% trichloroacetic acid. After the centrifugation,
the protein pellet was discarded, and free SH groups were
determined in the clear supernatant. An aliquot of super-
natant was added in 1mol�l–1 of potassium phosphate buf-
fer, pH 7�4, and 10mmol�l–1 of DTNB.28 The color
reaction was measured at 412 nm. NPSH levels were
expressed as mmol g-1 tissue.

AA levels. S1 was precipitated in 10 volumes of a cold 4%
trichloroacetic acid solution.29 An aliquot of its supernatant
at a final volume of 1ml of the solution was incubated for
3 h at 38 �C, then 1ml of H2SO4 65% (v/v) was added to
the medium. The reaction product was determined using a
color reagent containing 4.5mg�ml–1 of dinitrophenyl hy-
drazine and CuSO4 (0�075mg�ml–1) at 520 nm. The content
of AA is related to tissue amount (mmol AA/g wet tissue).

SOD activity

Superoxide dismutase activity was assayed spectrophoto-
metrically and based on the capacity of SOD to inhibit au-
toxidation of epinephrine to adrenochrome. Enzymatic
reaction was initiated by adding an S1 aliquot (150 ml) of
the homogenized tissue and the substrate (epinephrine) to
a concentration of 4mmol�l–1 in a medium containing
50mmol�l–1 of bicarbonate buffer, pH 10�3. The color reac-
tion was measured at 480 nm. One unit of enzyme was
defined as the amount of enzyme required to inhibit the rate
of epinephrine autoxidation by 50% at 26 �C.30

CAT activity. Catalase activity was assayed spectrophoto-
metrically, which involves monitoring the disappearance of
H2O2 in the homogenate at 240 nm. Enzymatic reaction was
initiated by adding an aliquot of 20ml of S1 and the substrate
(H2O2) to a concentration of 0.3mmol�l–1 in a medium con-
taining 50mmol�l–1 of phosphate buffer, pH 7�0. The enzy-
matic activity was expressed in Units (one Unit decomposes
1mmol of H2O2 per min at pH 7 at 25 �C)/mg protein.31

Myeloperoxidase activity

The vaginal tissues were homogenized in potassium phos-
phate buffer (20mmol�l–1, pH 7�4) containing ethylenedi-
aminetetraacetic acid (0.1mmol�l–1). After the homogenization,
the samples were centrifuged at 2000 g at 4 �C for 10min
to yield a low-speed supernatant fraction (S2). Then, the S2
fraction was centrifuged again at 20 000 g at 4 �C for 15min
to yield a final pellet that was resuspended in potassium
phosphate buffer (50mmol�l–1, pH 6�0) containing hexadecyl
trimethyl ammonium bromide (0.5%). The samples were
finally frozen and thawed three times for the posterior enzy-
matic myeloperoxidase (MPO) assay. Besides, aliquots of
vaginal tissue preparations were frozen (�20 �C) for 1-week
posterior analysis.32

For the MPO activity measurement, an aliquot of S2
(20ml) was added to a medium containing potassium phos-
phate buffer (50mmol�l–1; pH 6�0), hexadecyl trimethyl ammo-
nium bromide (0�5%) and N,N,N’,N’-tetramethylbenzidine
(1�5mmol�l–1). The kinetic analysis of MPO was started
after H2O2 (0�01%) addition, and the color reaction was
measured at 655 nm at 37 �C. Results are expressed as
mmol MPO/mg of protein.

Haematological parameters. Haematological parameters
(total leukocytes, neutrophils and lymphocytes) were deter-
mined in MICROS 60 (HORIBA ABX Diagnostics)
equipment.
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Histopathology. Three mice per group were subjected to a
detailed necropsy evaluation. Small pieces of vaginal tissue
from individual mice were fixed in 10% buffered formalin so-
lution for 24 h after they were dehydrated in ethanol, cleared
in xylene and embedded in paraffin. Serial sections of 4mm in
thickness were cut and stained with haematoxylin and eosin,
and evaluated under light microscopy. The sections were ana-
lysed by a histologist who was not aware of sample assign-
ment to experimental groups. Only qualitative histology was
performed. The morphological changes in the layers of the
epidermis and the loose and dense connective tissue in the
dermis were observed. The histological features in injury of
skin were as follows: granulation tissue, vascular congestion,
haemorrhage and neutrophil leukocyte infiltration. Decidual
morphology was assessed using light microscopy.

Protein quantification. Protein concentration was measured
using bovine serum albumin as the standard.33

Statistical analysis

Statistical analysis of data was performed using a two-way
analysis of variance (ANOVA), followed by post hoc com-
parisons using the Newman–Keuls multiple range test when
appropriate. Main effects are presented only when the sec-
ond-order interaction was not significant. Experiments were
expressed as means� standard error of the mean. Differ-
ences between groups were considered statistically signifi-
cant when P< 0�05.

RESULTS

Determination of total phenols and flavonoids contents

The total phenolic and flavonoid contents presented in the
HPE samples used in our study were 130mg of gallic acid
equivalent per g of HPE and 12�4mg of quercetin equivalent
per g of HPE, respectively.

Extravaginal lesions

Two-way ANOVA showed a significant main effect of
HSV-2 infection (F(1, 18) = 22�12; P< 0�0002) in vaginal tis-
sues of mice. Post hoc comparisons showed that HSV-2 sig-
nificantly increased the lesions of score means. Treatment
with HPE protected against the increase in the lesion score
means induced by HSV-2 infection. Animals of control
and HPE groups did not present infection. Three mice of
HSV-2 group died between the fourth and fifth day after
HSV-2 infection and have not been included in ex vivo
experiments (Table 1).

RS levels

Two-way ANOVA of RS levels revealed a significant HSV-
2�HSV-2 +HPE interaction (F(1, 13) = 5�07; P< 0�0422).
Post hoc comparisons showed that HSV-2 significantly
increased RS levels in vaginal tissues of mice when com-
pared with the control group. Treatment with HPE protected

against the increase of RS levels in vaginal tissues caused by
HSV-2 in mice. RS levels were not altered in uninfected
mice treated with HPE (Figure 1).

Tyrosine nitration levels

Two-way ANOVA of tyrosine nitration levels showed a sig-
nificant HSV-2�HSV-2 +HPE interaction (F(1, 13) = 20�80;
P< 0�0070). Post hoc comparisons showed that HSV-2 sig-
nificantly increased tyrosine nitration levels in vaginal tis-
sues of mice when compared with the control group.
Treatment with HPE significantly protected against the in-
crease of tyrosine nitration levels in vaginal tissues of mice
caused by HSV-2 infection. HPE administration in unin-
fected mice caused a decrease of tyrosine nitration levels
per se (Figure 2).

NPSH levels

Non-protein thiol levels were not altered in vaginal tissues
of mice from all groups tested (data not shown).

Table 1. Effect of treatment with hydroalcoholic propolis extract on
extravaginal lesions caused by herpes simplex virus type 2 in female mice

Groups Score means*

Control NS
HPE NS
HSV-2 3�25� 0�559*
HSV-2 +HPE 1�4� 0�509
Data are reported as mean� standard error of the mean (n = 4–8) and were
analysed using two-way analysis of variance, followed by Newman–Keuls
test when appropriated. *Denotes P< 0�05 as compared with the control
group. ‘NS’, animals which did not present infection.
HPE, hydroalcoholic propolis extract; HSV-2, herpes simplex virus type 2.
*Score means of extravaginal lesions observed at day 11 of experiment.
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Figure 1. Effect of treatment with hydroalcoholic propolis extract (HPE)
at the dose of 50mg�kg–1 on reactive species (RS) levels in vaginal tissues
of female mice infected with herpes simplex virus type 2 (HSV-2). Data are
reported as mean� standard error of the mean (SEM) (n= 4–5) and were
analysed using two-way analysis of variance (ANOVA) followed by
Newman–Keuls test when appropriate. Results are expressed as UF.
*Denotes P< 0�05 as compared with all other groups. Abbreviations:
Control, control group; HSV-2, HSV-2-infected group; HPE, HPE-treated
group; HSV-2 +HPE, HSV-2-infected and HPE-treated group
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AA levels

Two-way ANOVA of AA levels revealed a significant
HSV-2�HSV-2+HPE interaction (F(1, 15) = 5�49;P< 0�0333).
Post hoc comparisons showed that HSV-2 significantly
increased AA levels in vaginal tissues of mice when compared
with the control group. Treatment with HPE protected against
the increase of AA levels in vaginal tissues caused by HSV-2
in mice (Figure 3).

SOD activity

Superoxide dismutase activity was not altered in vaginal
tissues of mice from all groups tested (data not shown).

CAT activity

Two-way ANOVA showed a significant main effect of
HSV-2 infection (F(1, 15) = 16�70; P< 0�001) and HPE treat-
ment (F(1, 15) = 5�51; P< 0�0330) on CAT activity. Post hoc
comparisons revealed that the HSV-2 infected group had an
inhibition of CAT activity. HPE treatment was effective in
protecting against the inhibition of CAT activity induced
by HSV-2 infection to control levels (Figure 4).

MPO activity

Two-wayANOVAofMPO activity yielded a significant HSV-
2�HSV-2+HPE interaction (F(1, 15) = 18�21; P< 0�0007).
Post hoc comparisons showed that HSV-2 significantly
increased MPO activity in vaginal tissues of mice when
compared with the control group. Treatment with HPE
protected against the increase of MPO activity in vaginal
tissues caused by HSV-2 in mice. HPE administration in
uninfected mice did not show effect per se (Figure 5).

Haematological parameters

Two-way ANOVA of total leukocytes [white blood cell
(WBC)] showed a significant main effect of HSV-2 infection
(F(1, 13) = 9�32; P< 0�0092) and HPE treatment (F(1, 13)
= 7�11; P< 0�0193). Post hoc comparisons showed that
HSV-2 significantly increased WBC levels in blood samples
of mice when compared with the control group. Treatment
with HPE protected against the increase ofWBC in blood sam-
ples caused by HSV-2 infection in mice (Figure 6A). HPE
treatment in uninfected mice did not demonstrate effect per se.

Two-way ANOVA of neutrophils yielded a significant
HSV-2�HSV-2+HPE interaction (F(1, 13) = 6�19;P< 0�0272).
Post hoc comparisons showed that HSV-2 significantly
increased neutrophils in blood samples of mice when com-
pared with the control group. Treatment with HPE protected
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Figure 2. Effect of treatment with HPE at the dose of 50mg�kg–1 on tyro-
sine nitration levels in vaginal tissues of female mice infected with HSV-2.
Data are reported as mean�SEM (n= 4–5) and were analysed using two-
way ANOVA, followed by Newman–Keuls test when appropriate. Results
are expressed as 3-nitrotyrosine (mmol�l–1)/tyrosine (mmol�l–1) (3-NT/T).
*Denotes P< 0�05 as compared with all other groups. #Denotes P< 0.05
as compared with the control group
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Figure 3. Effect of treatment with HPE at the dose of 50mg�kg–1 on as-
corbic acid (AA) levels in vaginal tissues of female mice infected with
HSV-2. Data are reported as mean�SEM (n= 4–5) and were analysed
using two-way ANOVA, followed by Newman–Keuls test when appropri-
ate. Results are expressed as mmol of AA per g of wet tissue. *Denotes
P< 0�05 as compared with all other groups
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Figure 4. Effect of treatment with HPE at the dose of 50mg�kg–1 on cata-
lase activity in vaginal tissues of female mice infected with HSV-2. Data are
reported as mean�SEM (n= 4–5) and were analysed using two-way
ANOVA, followed by Newman–Keuls test when appropriate. Results are
expressed as U�mg–1 of protein. *Denotes P< 0�05 as compared with all
other groups
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against the increase of neutrophils in blood samples caused by
HSV-2 infection in mice (Figure 6B).
Lymphocytes were not altered in blood samples in all

groups tested (data not shown).

Histopathology

In the control group, the histological evaluation showed a
complete epithelialization in the epidermis. Note the loose
and dense connective tissue of the dermis of normal aspect
with the presence of cutaneous annexes as sebaceous glands
(Figures 7A and 7B). The HSV-2-infected mice showed in-
tense dense and loose connective tissue disorganization with
marked leukocyte infiltration in the epidermis and dermis.
The absence of all layers of the epidermis compared with
the control was observed (Figures 7C and 7D). The treatment
with HPE reduced inflammation in both epidermis and der-
mis of animals infected with HSV-2 (Figures 7E and 7F).
The analysis demonstrated the presence of normal epitheliali-
zation without morphological alterations in the dermis. The
histopathologic data of mice from HPE-treated group were
similar to that of the control group (data not shown).

DISCUSSION

Propolis is an advantageous compound and its constituents,
mainly phenols and flavonoids, have been responsible for
several biological properties as anti-inflammatory and anti-
oxidant.3 In this study, we report, for the first time, the pro-
tective effect of HPE treatment against acute vaginal lesions
induced by HSV-2 in female mice. It was observed that HPE
treatment reduced extravaginal lesions and tissue damage of
infected mice. We demonstrated that pro-inflammatory
(total leukocytes, neutrophils and MPO activity) and oxida-
tive stress (RS, tyrosine nitration, AA levels, MPO and CAT
activity) markers are involved in HSV-2 tissue damage and
that HPE protective effect is related to anti-inflammatory
and antioxidant processes.
Animals infected with HSV-2 had an increase in the ap-

pearance of visual signals in vaginal area such as swelling,
edema and inflammation. Additionally, 3 of 8 animals of
HSV-2 group were found dead before the end of treatment.
In fact, lesions in genital area are common in HSV-2 be-
cause the virus produces local replication infecting cell to
cell. Primary infections by HSV are usually intense due
to the lack of specific immunity. HSV obtains access to
the nervous system and follows a retrograde movement
along neuronal axons establishing latent infection in the
lumbosacral sensory ganglia.34 Therefore, may appear
lesions, inflammatory ulcerations and death.35 Our histo-
logical findings also are in accordance with the reports
above because we observed intense dense and loose con-
nective tissue disorganization with a marked leukocyte
infiltration in the epidermis and dermis of HSV-2 infected
mice.
The important point of this work is that HPE treatment

was effective in attenuating the extravaginal lesions, pre-
venting lesion progress and prolonging the life of the
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loperoxidase activity in vaginal tissues of female mice infected with HSV-2.
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Figure 6. Effect of treatment with HPE at the dose of 50mg�kg–1 on total
leukocytes (white blood cell) (6A) and neutrophils (6B) in blood samples of
female mice infected with HSV-2. Data are reported as mean�SEM
(n = 4–5) and were analysed using two-way ANOVA followed by New-
man–Keuls test when appropriate. Results are expressed as mm3 of WBC
per 103 (6A) and mm3 of neutrophils per 103 (6B). *Denotes P< 0�05 as
compared with all other groups
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animals. Furthermore, it was able to reduce inflammation in
both epidermis and dermis and to maintain a normal epithe-
lialization without morphological alterations in the dermis,
which is indicative of a decrease in viral infection. Concern-
ing other biological properties of propolis, its extracts
clearly have viricidal action. Amoros et al. (1992) investi-
gated the in vitro effect of propolis on several DNA and
RNA viruses including HSV 1 (an acyclovir resistant mu-
tant), HSV 2, adenovirus type 2, vesicular stomatitis virus
and poliovirus type 2.

The main bioactive compounds of propolis are phenolic
compounds, especially flavonoids and phenolic acids.36,37

For centuries, preparations containing these compounds as
the principal physiologically active constituents have been
used to treat human diseases.3 The chemical composition
of HPE used in our study presented a great amount of total
phenols (130mg�g–1) and flavonoid (12�4mg�g–1) contents.
These contents are similar to those observed by other
authors in HPE samples derived from the southeastern re-
gion of Brazil and in methanolic extracts of propolis from
Argentina.38,39 These works also displayed the antioxidant
and antibacterial activities of respective samples.

Our study demonstrated that HSV-2 infection increased
total leukocytes and neutrophils in the bloodstream of mice.

These, in turn, are related with inflammatory process in the
vaginal tissue caused by herpetic lesions. It was well charac-
terized by an increase in MPO activity and neutrophil infil-
tration in the vaginal tissue. The results showed that HPE
treatment attenuated virus infection through reduction of
total leukocytes and neutrophils in the bloodstream. How-
ever, lymphocytes were not altered. Our experimental model
was an acute HVS-2 infection, and an increase of lympho-
cytes was not expected. During HSV-2 genital infection,
the traffic of lymphocytes is mostly between vaginal epithe-
lial cell and iliac lymph nodes, and they do not come back to
the blood.40 In the initial infection of genital mucosal sur-
face, HSV-2 replicates primarily in the epithelium and in in-
nate cells including dendritic cells and natural killer cells
that become activated by viral structures.41 Neutrophils are
early and predominant innate immune cells that infiltrate
the genital tract and contribute towards the resolution of
HSV-2.42,43 The migration of neutrophils is mediated by
cytokines and chemokines (CXCL-1) released from epithe-
lial cells during infection.42 Previous studies have shown
that oral treatment with propolis reduces the viral attachment
to cell surface and, consequently, the infection.20 Then, in
our study, we showed that animals previously treated with
HPE were more resistant to the development of HSV-2

Figure 7. Photomicrography of the section of vaginal tissue with a detail on the right of (7A, 7B) an animal in the control group showed complete epithelia-
lization in the epidermis. Note the loose (lo) and dense (de) connective tissue of the dermis of normal aspect. Note the presence of sebaceous glands (G). HSV-
2-infected animal (7C, 7D) showed an intense cellular infiltration (*) containing neutrophils and mononuclear cells in the epidermis and dermis. Observe the
absence of all layers of the epidermis (arrowhead). HSV-2 +HPE group (7E, 7 F) showing intense reduction of inflammatory cells in the epidermis and dermis
(*). Observe the presence of normal complete epithelialization (arrow) without morphological alterations in the dermis. Epidermis (E); Dermis (D). Haematoxy-
lin and eosin; original magnification, �100 and� 400, respectively
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lesions and probably did not produce enough mediators for
neutrophil activation or migration as did untreated infected
mice. In fact, neutrophils are one of the mainly participants
of the immunity against HSV infection.44

Another important finding observed is that HPE treatment
protected against the increase of MPO activity caused by
HSV-2 infection, probably because of its constituents such
as phenolic compounds quantified in our study. The de-
crease of MPO activity also may corroborate with the de-
crease on neutrophils, given that this pro-inflammatory
enzyme can reflect the activation of neutrophils at the site
of injury. In this context, we can suggest that MPO activity
is a probable mechanism involved in the anti-inflammatory
effect of HPE in this model.45 Authors demonstrated that
propolis treatment normalizes inflammatory infiltrates con-
sistent with the ability to inhibit MPO activity in mice
skin.46 Moreover, other studies suggested that propolis has
anti-inflammatory effects via inhibiting the release of prosta-
glandins, leukotrienes and histamine 47 or via inhibition of
the release of arachidonic acid from cell membranes and
suppression of COX-1 and COX-2 enzyme activities.48,49

The present results showed the involvement of oxidative
stress in tissue injury induced by HSV-2 in female mice. It
is characterized by an increase of RS, 3-NT and AA levels
and by an inhibition in CAT activity. It is known that under
inflammatory conditions, free radicals including ROS and
reactive nitrogen species (RNS) are generated from inflam-
matory and epithelial cells.50 Also, it is well documented
that viral multiplication stimulates intracellular redox pro-
cesses. Stimulation of the redox processes, in turn, pro-
motes the production of various free radicals, which have
a noxious influence on cell viability. Furthermore, we
observed a notable increase of neutrophil infiltration into
the vaginal mucosa of mice infected with HSV-2. The neu-
trophil cells also contribute to the production of ROS via
activation of their nicotinamide adenine dinucleotide phos-
phate oxidase and secretion of myeloperoxidase into extra-
cellular space.51

It was observed that HPE treatment was able to protect
against tyrosine nitration, and we suppose that this protec-
tion is caused by its antioxidant properties. In this way, sev-
eral authors demonstrate that some constituents present
in propolis like flavonoids have important antioxidant
function,52 whichmay provide efficient peroxynitrite (ONOO–)
scavenger activity.53,54 HSV-2 infection increased tyrosine
nitration levels in vaginal tissues of female mice. This
effect is probably caused by the inflammatory response
associated with HSV-2 infection. Nitration of proteins rep-
resent key biologically relevant redox signaling and
injury events. These processes involve the participation
of nitric oxide-derived species (RNS) such as ONOO�

and nitrogen dioxide (•NO2) generated during oxidative
and nitrative stress. ONOO� is a highly reactive product
of the reaction between superoxide anion (O2

�•) and nitric
oxide (NO•). Different cells, such as neutrophils and acti-
vated macrophages, produce significant quantities of O2

�•

and NO• during the inflammatory response, and these cells
may be the major sources of peroxynitrite.

Hydroalcoholic propolis extract showed a protective ef-
fect against oxidative stress because of decreased RS levels
in vaginal tissues of HSV-2-infected mice. This effect also is
attributed to flavonoids because scavengers of free radicals 55

could attenuate the oxidative stress, determined by oxy-
gen free radicals, and consequently, promote an antiviral
protection.56,57 In line with the oxidative stress hypothesis,
antioxidant molecules, such as CAT and AA, are involved
in several infection processes.58 CAT is a potent protec-
tive enzyme that metabolizes the excess of H2O2 produc-
ing O2 +H2O, decreasing the intracellular redox status.
We found in this work a decrease of CAT activity in vaginal
tissues of mice after HSV-2 infection, and propolis was able
to protect this effect. Our results demonstrated an increase of
AA, another antioxidant molecule, in HSV-2-infected group
that probably occur by high levels of oxidative stress. HPE
administration reduced the AA levels similar to the control
group by the absence of the excessive oxidative stress. SOD
activity and NPSH levels were not altered in our study; prob-
ably, they are not directly involved in HSV-2 infection.
The different properties from propolis are caused by a

natural mixture of constituents like flavonoids, especially
galangin and caffeic acid phenethyl ester (CAPE) because
a single propolis constituent does not have an activity
greater than that of the total extract.6 The anti-inflammatory
and antioxidant activities of propolis observed in our experi-
ment probably can be caused by the presence of a mixture of
constituents. Several investigations have pointed out that
galangin (a type of flavonoid) has shown to inhibit cycloox-
ygenase (COX) and lipooxygenase activity. Furthermore, it
has been reported that CAPE, another component of prop-
olis, possesses anti-inflammatory activity by inhibiting the
release of arachidonic acid from the cell membrane.59

Concerning our results on histological and biochemical
data, the HSV-2 infection has a relationship with changes
on inflammatory and oxidative markers, evidenced by an in-
crease on neutrophil infiltration, MPO activity, RS, tyrosine
nitration and AA levels and a decrease in CAT activity.
Thus, it is possible that the effect of HPE is caused by its
anti-inflammatory and antioxidant properties. However, we
do not exclude the possibility of propolis to be protecting
from HSV-2 infection by having antiviral properties. A re-
cent study in vitro revealed that the addition of propolis ex-
tract to a cell culture 2 h before or at the time of viral
infection completely blocked the development of the viral
infection. The effect could be the result of blocking by prop-
olis of the cell membrane receptors for HSV, where propolis
interact with the cell membrane and could block the penetra-
tion of viral particles into the cells and/or could induce in-
ternal changes inside the host cells, which would in turn
affect the virus replication cycle.20

Based on the above considerations, we conclude that the
protective effect of HPE in this model is caused by a com-
bination of effects. HPE revealed a reduction of the inflam-
matory damage and oxidative stress at the infected vaginal
region, proving its anti-inflammatory and antioxidant
actions in HSV-2 infected mice. These actions are probably
caused by phenolic compounds, especially flavonoids
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present in HPE. This indicates that propolis could be an
important natural alternative therapy against infections
caused by HSV-2.
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