116

Effect of the ethanolic extract from green propolis on
production of antibodies after immunization against
canine parvovirus (CPV) and canine coronavirus (CCoV)
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Abstract

This study was designed to evaluate whether an ethanolic extract of green propolis (EEP) can interfere with production
of specific antibodies after immunization against parvovirus (CPV) and canine coronavirus (CCoV). Mice were
vaccinated with CPV and CCoV (0.75, 1.5 and 3 x 10° TCID, ) with or without 400 pg/dose of the EEP. Twenty one days
after the third dose was measured serum IgG. The co- administration of the EEP significantly enhanced serum specific
IgG responses to CPV in animals inoculated with the highest concentration of the antigen, and had no influence on
levels of antibodies to CCoV. The results indicate that the EEP has immunomodulatory action closely dependent on the
type and concentration of antigen used, being able to increase the levels of antibodies to CPV.
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Resumo

Este estudo foi realizado para avaliar se extrato etandlico de propolis verde (EEP) pode interferir na produgio de
anticorpos especificos ap6s imunizagao contra parvovirus (CPV) e coronavirus canino (CCoV). Camundongos foram
vacinados com CPV e CCoV (0.75,1.5e3 x 10° TCID, ) com ou sem 400 pg/dose de EEP. Vinte e um dias apds a terceira
dose foi mensurado IgG sérica. A coadministracao de ﬁEP aumentou significativamente os niveis de IgG especifica para
o CPV em animais inoculados com a maior concentra¢do do antigeno, e ndo teve influéncia sobre os niveis de
anticorpos para CCoV. Os resultados indicam que o EEP tem a¢ao imunomoduladora intimamente dependente do tipo
e concentragdo do antigeno utilizado, sendo capaz de aumentar os niveis de anticorpos contra CPV.
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times questioned'?, the administration associated with
an adjuvant or an appropriate immunomodulator can
mean a better performance of these vaccines'. Thus,
the development of vaccines will be highly benefited
with the identification of new substances capable of
promoting and directing to a proper immune re-
sponse. This study was designed to evaluate whether
an ethanolic extract of green propolis (EEP) rich in
phenolic compounds can interfere with production of
serum specific antibodies from mice inoculated with
different concentrations of canine parvovirus (CPV)

and canine coronavirus (CCoV).

Material and Method

Green propolis was obtained from Nectar Farma-
ceutica Ltda. (Brazil) and stored at —20 °C. The etha-
nolic extract was prepared as previously described'.
After evaporation of the solvent the resulting dried
matter was dissolved in phosphate buffer solution
(pH 6.2), in a final concentration of 40mg/ml. The
chemical composition of the green propolis extract
was determined by high performance liquid chroma-
tography (HPLC), as described’. The HPLC analy-
sis showed high levels of the phenolic compounds
3,5-diprenyl-4-hydroxycinnamic acid (artepillinC),
2,2-dimethyl-6-carboxyethenyl-2H-1-benzopiran,
3-prenyl-4-hydroxycinnamic acid, p-coumaric acid,
caffeic acid, ferulic acid, besides cinnamic acid and
the flavonoids pinobanksin and kaempferol. In this
sample of green propolis, the flavonoids correspond-
ed to 22.37% of the dried extract.

In this study Swiss mice (Mus musculus) female,
4-6 week-old supplied by Bioterio Central of UFPel
(Pelotas — Brazil) were used. The animals remained
isolated, in controlled environment with temperature
between 22-24°C, receiving feeding and water ad li-
bitum. The experiment was approved by the UFPel
Committee of Ethics in Animal Experimentation. The

euthanasia was performed according to the norms es-
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tablished by resolution number 714 of 20 June 2002,
by Conselho Federal de Medicina Veterinaria'®.

The EEP was associated with a commercial canine
combination vaccine containing CPV modified-live and
inactivated CCoV and adjuvanted with AI(OH),, in ad-
dition to other attenuated virus (canine adenovirus, ca-
nine distemper virus and canine parainfluenza virus).

The mice were allocated into eight groups of 10 ani-
mals and inoculated with the vaccine subcutaneously
at days 0, 30 and 60. Groups one and two received
phosphate buffered saline solution (PBS, pH 7.2) or
PBS with EEP (400 pg/dose), respectively (negative
controls). Group three, four and five received vaccine
with 0.75x10°, 1.5x10°e 3x10° TCID, (tissue culture
infections dose 50%/25 pl) of the antigens (CCoV and
CPV), respectively. Mice from groups six, seven and
eight were inoculated with the different doses of the
antigens (0.75x10° 1.5x10°e 3x10° TCID,, respec-
tively) with EEP (400 pg/dose). Blood samples were
collected on all animals from each group, on day of
the first inoculation and 21 days after the third inocu-
lation to measure level of the antibodies. The serum
was inactivated at 56°C for 30 minutes and stored at
—20°C until use.

Antibodies levels were measured by indirect ELISA
as previously described'”*, with slight modifications.
The supernatants of Crandell feline kidney (CrFK) cell
infected with Cornell strain of CPV (ATCC VR-2017)
or strain 795 Mav of CCoV (courtesy of the Laboratory
of Virology from Universidade Federal de Santa Maria
- Brazil), or mock infected cultures were harvested 24
h post-infection. Cells and supernatants were frozen at
-70 °C and clarified at 250 x g for 20 min at 4 °C. Subse-
quently, the CPV supernatant was resuspended in car-
bonate buffer (Na,CO, 15 mM, NaHCO, 35 mM [pH
9,6]). The CCoV was centrifuged for 1 h at 140000 x g
at 4 °C. The pellets were resuspended in PBS (pH 7.2)
and stored at -70 °C until use.

Immunoplates were coated with CPV antigen
(1:200) or CCoV (1:800) diluted in carbonate buf-
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fer and incubated overnight at 4°C. The plates were
washed in phosphate-buffered saline (PBS-T) con-
taining 0,05 per cent Tween 80 (CPV) or Tween 20
(CCoV) and then treated with a blocking solution of
5 per cent of bovine foetal serum for 60 minutes at 37
°C and again washed with PBS-T. Each mice serum,
diluted 1:50 in PBS-T, was added in duplicate and the
plates were incubated for 60 minutes at 37 °C. After a
washing cycle, peroxidase-conjugated goat anti-mice
immunoglobulin IgG (Sigma Chemicals), diluted in
PBS-T, was added to each well and the plates were in-
cubated for one hour at 37 °C. After another wash-
ing cycle, freshly prepared substrates were placed into
each well (ortofenil diamina - OPD), for 10 minutes.
The optical density (OD) was determined at 450 nm
(CPV) or 405 nm (CCoV) using an ELISA Microplate
Reader (Thermo Plate - TP reader). Each sample was
tested in duplicate. The adjusted OD values of each

sample were obtained by subtracting the absorbance
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of the mock antigen-coated well from that of the cor-
responding virus antigen-coated well.

Statistical analysis

Antibody titers were compared using variance
analysis (ANOVA) with repeated measurements. The
L.S.D. test was used to determine significant differ-
ences (P < 0.05) among the mean of each treatment

using the Statistix program.

Results

Animals in groups 1 and 2 (controls without an-
tigen) did not produce specific antibodies (data not
shown). The mean =+ standard error of the mean titres
obtained for CPV experimental group, in the pres-
ence or absence of green propolis is shown in figure
1. There was a significant increase in levels of IgG to
CPV (p <0.05) in the group inoculated with the high-

est concentration of antigens (3x10° TCID,) co-ad-

3x10° TCDI,,

= CPV + green propolis

Figure 1 - Serum anti-CPV IgG levels (n=8/group) by indirect ELISA. Values represent mean * S.D., 21 days after
the third inoculation. Comparison made between groups receiving the same concentration of antigen,
without green propolis and with 400 pg/dose of green propolis. Significant differences were designated

as * P<0,05
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ministered with 400 pg/dose of the EEP, compared to
animals that received only the vaccine. There were no
statistically significant differences in antibody levels
to CCoV in the immunized mice in the presence or

absence of green propolis (data not shown).

Discussion

The data obtained allowed the detection of different
immunomodulatory properties of the EEP, depending
on the type of antigen used. The addition of 400 ug/
dose of this extract to the vaccine increased the po-
tency of the humoral immune response to CPV when
compared to animals that receive antigens without
propolis. However, this ability was evident when the
CPV was inoculated in higher dose (3x10° TCID, ).
The increase in the humoral immune response, how-
ever, was not detected when evaluated to CCoV. The
antibody titers in this case had no statistically sig-
nificant differences in the immunized animals in the
presence or absence of the EEP, indicating lack of abil-
ity of modulating the synthesis of antibodies to CCoV.

Previous studies have shown stimulant activity on the
humoral immune response when there was adminis-
tration of ethanol extracts of green propolis associated
to antigens inactivated such as bovine and swine her-
pesvirus®”. We note in these studies that the propolis
was administered in the form of oil emulsion, together
with the antigen. It is conceivable that the combination
of oil with propolis allowed the formation of a deposit
in the inoculation site, resulting in a slow and extend-
ed antigen and propolis release', allowing a constant
stimulus of the immunological system. According to
Cox and Coulter” soluble substances, such as propolis,
may be rapidly processed by the cells of the immune
system stimulating a weak humoral immune response.
In the present study it is possible that the way in how
the EEP was used (not emulsified) had not allowed the
manifestation of this action on the CPV at low concen-

tration, or on the CCoV.
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The ability or lack of immunostimulating activity of
the EEP may be associated with the different antigenic
characteristics between these viruses. Different anti-
gens can generate different immune responses, due to
the difference in type of APCs that encounter the anti-
gen, the density of antigen, the expression of costimu-
latory molecules and cytokine milieu. On the basis of
cytokines profile, CD4+ T cells can be differentiated
into Th1 and Th2 subtypes. Thl cells secrete IFN-y
and other cytokines, and are mainly involved in the
generation of cell-mediated immunity. Th2 cells are
generally involved in humoral immunity®. These dif-
ferentiated cells are the effector arms of the immune
system that respond to different antigens. APCs, co-
stimulatory molecules and pro-Th1 and pro-Th2 cy-
tokines operate in a complex and concerted manner
that can manipulate the activation of effector Th1 and
Th2 cells?’. In this context, it is possible that the pro-
duction of antibodies in this study may have been in-
fluenced by an immunomodulatory action of propolis
exerted during the initial recognition of antigens on
APCs or on costimulatory molecules, stimulating dif-
ferent cytokines in response to each antigen, resulting
in increase of Th2 response to CPV. Therefore it can
be speculated that Th2 type lymphocytes were target-
ed by this propolis after CPV exposure. Unfortunately
it was not possible to quantify expression of pro-Thl
cytokines to evaluate stimulation of cell-mediated im-
mune response.

The precise mechanism of action of propolis on cells
from the immune system is poorly understood, partly
due to the chemical complexity and heterogeneous
composition of propolis, resulting in controversial re-
sults'?. Still the macrophages modulation should be
one of the mechanisms involved?”. The macrophage
stimulation®?, as well as the action on production
of cytokines® or other molecules®® was described by
other researchers. It was also recently reported that
the propolis increases the Toll-like receptors (TLRs)

expression. An increased TLR-2 expression in macro-
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phages and spleen cells and increased TLR-4 expres-
sion in macrophages it was demonstrated”. This ac-
tion may be an indirect form of immunomodulation.
TLRs are widely expressed by various cells of the im-
mune system. TLRs recognize conserved pathogen-
associated molecular patterns shared by different
microorganisms, such as viral RNA and DNA, among
other, playing an essential role in the innate immune
response and in the initiation of adaptive immune
response”. TLRs stimulation leads to upregulation
of pro-inflammatory cytokines, chemokines, antimi-
crobial peptides, and additional defense molecules, in
addition to an increase in the processing and presen-

tation of antigens to lymphocytes*.
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The immunomodulation is still a vast field for re-
search. Given the present results we can conclude that
the EEP can be a valuable resource for immunomodu-
lation, but its activity must be assessed for each situ-
ation and particular agent. In this study the ethanolic
extract of green propolis had immunomodulatory ac-
tion closely dependent on the type and concentration
of antigen used, being able to increase the levels of an-
tibodies to CPV.
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