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Abstract

Propolis is a natural substance made from resins collected from trees and
plants, and which bees combine with pollen, wax, and their own enzymes. It
has a complex chemical composition that varies with the harvest season, ve-
getation type, bee species, and geographical region. Thanks to its components,
it has valuable biological properties such as antifungal, antibacterial, anti-
cancer, antiviral, and immunomodulatory activity. For this study, a sample of
propolis harvested in April 2019 was used, which came from a bee native to
Mexico (Plebeia frontalis) in whose geographical environment there are seven
other native species. Canine distemper virus is an RNA virus that causes a
systemic infection with high fatality rates in guests without protective im-
munity. In this work, the antiviral effect of Plebeia frontalis propolis on
canine distemper virus was tested, administering it one hour before and
simultaneously to infection. The antiviral effect was evaluated by determining
cellular viability with the MTT assay. The results obtained show that this
propolis has a statistically significant antiviral effect on both treatments, al-
though it is slightly better when applied one hour before viral infection, so we
can recommend it as an antiviral treatment in both domestic animals and
human beings. There are currently few studies of the antiviral effect of propo-
lis, this being the first study of a melliponium propolis in veterinary medi-
cine.
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1. Introduction

Propolis is a resinous mixture that bees make from exudates (resins) gathered
from different botanical sources and then modify them by adding salivary secre-
tions. The mixture is transported to the inside of the hive and used by the bees as
building material, sealant for unwanted holes and cracks, chemical defense
against microorganisms and as an embalming agent for intruders that die inside
the hive but cannot be removed by them due to their size [1]. Propolis is made of
resin and vegetable balm (50%), wax (30%), essential and aromatic oils (10%),
pollen (5%) and other substances (5%), including organic wastes [2]. Propolis
has a complex chemical composition and it varies according to the flora of its
place of origin, the season at which recollection takes place, the type of vegeta-
tion, the bee species, and the geographical region. Several substances have been
isolated from propolis: polysaccharide terpenes, aromatic acids, polyphenols,
phenolic acids esters, minerals, vitamins and amino acids [3]. These substances
give propolis several biological properties, such as: antifungal, antibacterial,
immunomodulatory, anticarcinogenic and antiviral [4] [5]. A relevant precedent
is the fact that, for a long time, propolis coming from native bees has been used
in human healthcare for its antimicrobial and antioxidant properties [1].

Canine Distemper Virus (CDV) is RNA virus of the family Paramyxoviridae
and measures 115 - 160 nm [6]. The virus has a single-stranded, non-segmented
and negative-sense RNA genome that codifies various proteins; two surface gly-
coproteins (hemagglutinin and fusion protein), viral matrix protein, nucleocap-
sid protein, phosphoprotein and RNA polymerase [7]. CDV is characterized for
giving rise to a systemic infection with high mortality rates in hosts that have no
protective immunity. Its clinical manifestations include pyrexia, anorexia, nasal
discharge, conjunctivitis, diarrhea, cutaneous pustules, hyperkeratosis, among
others [8]. In a high percentage of infected animals, the central nervous system is
affected, causing severe neurological complications due to infiltration of in-
flammatory cells and demyelination [9]. At the peak of the disease, the virus can
be found in: oculonasal discharge, blood (with the first rise in temperature),
content of vesicles and pustules, respiratory airways and spleen [6]. The disease
affects several animal species worldwide. The presence of CDV has been con-
firmed in a great variety of animal families: Mustelidae (ferret), Canidae (fox,
coyote, dog), Ursidae (bear), Felidae (wild felines), Procyonidae (raccoon), Jap-
anese primates, Pinnipedia (sea lion, seals, fur seal) and dolphins [10] [11].

Previously, our research team has investigated the antiviral properties of
Mexican propolis, produced by Apis mellifera, against pseudorabies virus and
canine distemper virus; in all cases, promising results have been obtained [12]
[13] [14]. In the present study, we evaluated the antiviral effect of propolis from
native Mexican bees (Plebeia frontalis), on VERO cells-cultivated Canine Dis-
temper Virus, using two different treatment times: an hour before infection and
at the same time of infection. To this date and to our knowledge, no scientific

reports have been made regarding the antiviral activity of propolis coming from
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native bees (Plebeia frontalis) and for this reason, the results here obtained represent
an innovative and important scientific report in the area of human and animal

medicine.

2. Materials and Methods
2.1. Description of the Study Area

A propolis sample from Coatepec, Veracruz was used (provided by Raquel Ze-
peda, INANA A. C.). This town is located at 19°27' north, 96°58' west, at an al-
titude of 1200 m.a.s.l., with a regular template-humid weather and an average
temperature of 19.2°C [15]. The ecosystem is that of a mountain mesophile for-
est, that in México is characterized because its canopy consists predominantly of
template climate deciduous trees (liquidambar, oaks, beeches and pine trees),
while the understory is conformed mainly of evergreen tropical species (bushes
from the families: Acanthaceae, Rubiaceae and Myrsinaceae). Epiphytes like
orchids, bromeliads, peppers, and aroids abound on treetops. Arborescent ferns
and the plenitude of epiphytes like bromeliads, ferns, orchids, and moss, are

some of the characteristic elements of these forests [16] [17].

2.2. Collection and Extraction of Propolis

In the laboratory there are 27 samples from the same geographical area and har-
vested in April 2019, these samples are divided, number in parentheses, among
the following species: Scaptotrigona mexicana (8), Nannotrigona perilampoides
(5), Melipona beecheii (3), Scaptotrigona pectoralis (3), Partamona orizabensis
(2), Plebeia meldnica (1), Plebeia frontalis (2) and Plebeia sp (3). To carry out
this study, the sample with the highest content of phenolic and flavonoid com-
pounds was chosen, so one of the propolis from Plebeia frontalis was used.
Propolis ethanolic extract (PEE) was obtained from 50 grams of raw propolis,
which was previously crushed and cleaned of impurities (wood shavings, net
remains, dead bees, among other things), 100 ml of 70% ethanol were added and
the resultant mixture was subjected to extraction by means of a ultrasonicator
(Branson, CPX1800H, Danbury, USA), the resultant product was then filtrated
using a vacuum filtration system. Finally, the obtained filtrate was concentrated
using a rotary evaporator (Science MED, SM100-PRO, Finland) and was left to
dry by vacuum pump. The dry PEE was then protected from light and refrige-
rated at 4°C until use [18].

2.3. Content of Phenolic Compounds

Determination of phenolic compounds was accomplished using a Folin-Ciocalteu
assay. Used reagents and solvents were acquired from Sigma-Aldrich. Samples
that were going to be evaluated were prepared at a concentration of 0.05 mg/mL.
For determination of phenolic compounds, a calibration curve was made at a
concentration range of 6.25 - 200 pg/mL, using gallic acid as the standard (Sig-
ma-Aldrich). For this 6 ml of distilled water and 500 uL of Folin-Ciocalteu rea-
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gent were added to 1 ml of PEE, the mix was allowed to react for 5 minutes; 1.5
ml of 20% Na,CO, were added and then distilled water, until 10 ml were
reached. The mixture was left to react for 2 hours and the absorbances of the
samples were measured at a wavelength of 760 nm by UV-VIS absorption spec-
trophotometry (DLAB, SP-UV1000, China). Phenolic compounds were ex-
pressed as a percentage (%) [18].

2.4. Flavonoid Content

Flavonoid content was determined by means of the aluminum chloride (AICL,)
colorimetric assay. Used reagents and solvents were acquired from Sigma-Aldrich.
In order to determine flavonoid content, a calibration curve was made, with a
concentration range of 1 - 90 pg/mL, using quercetin as the standard reference.
For this 1 ml of reagent-graded methanol and 1 ml of 2% AICI; were added to 1
ml of the PEE solution (0.05 mg/mL), The mixture was allowed to react for 10
minutes and the absorbance was determined at a wavelength of 415 nm by
UV-VIS absorption spectrophotometry (DLAB, SP-UV1000, China). Results

were expressed as a percentage (%) [18].

2.5. Cellular Line and Virus

Monolayers of Vero cells (African green monkey kidney) were kept in DMEM
(Dulbecco’s Modified Eagle Medium), the medium was supplemented with 7%
bovine fetal serum and antibiotic (penicillin-streptomycin), and was kept at
37°C in a humidified atmosphere, 95% air and 5% CO,. The Buzzel strain of Ca-
nine Distemper Virus, kept at —20°C, was used to infect the cells, using a viral
concentration of 10'*!¢ (TCID,, = 10**'/mL) [19] [20].

2.6. Cytopathic Effect and Identification of the CDV by
Immunofluorescence

Vero cells were grown on sterile coverslips inside 60 mm Petri dishes, two groups
were formed; negative control (uninfected) and positive control, the latter was
inoculated with 100 pL of the viral solution; both groups were incubated for 72
hours, at which time the medium was discarded and the cells were fixed using
10% formalin prepared in PBS for 20 minutes, washes were performed with PBS.
At the end, cultures were observed by inverted microscopy and photographed
using a digital camera. After this, the necessary steps to complete the immunof-
luorescent assay were preformed; for this purpose, cells were permeabilizated
using Triton X-100 (0.5%) for 5 minutes. Next, PBS washes took place and the
cells were blocked using bovine serum albumin (1% in PBS) for 20 minutes, fol-
lowed by another wash with PBS, and then the cells were incubated with the viral
antibody, Canine Distemper Virus Mab (VMRD, cat. CJ-F-CDV-MAB-1ML),
for 12 hours at 4°C. Once this time had elapsed, washes were performed, first
with PBS and, finally, with double distilled water. Coverslips were mounted (Ul-
traCruz Mounting Medium for fluorescence with DAPI, Santa Cruz Biotech-
nology, cat. sc-24941), edges were sealed and then kept in refrigeration. Finally,
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they were observed by fluorescence microscopy (Carl Zeiss, mod. axioscope)
[20] [21].

2.7. Cytotoxicity Assay

Mean cytotoxic concentration was determined by means of tetrazolium dye
(MTT) colorimetric assay; for this, VERO cells were seeded at a density of 2.4 x
10* cells/well, in 96-well plates, the plates were then incubated for 24 hours, and
then PEE diluted in DMEM-acetone (1 mL/30 pL, respectively) was added at
different concentrations (2, 1, 0.5, 0.25, 0.125 mg/mL). Cells were incubated for
another 72 hours, then a viability colorimetric assay was performed; for this, 10
uL of MTT per well were added, followed by a 4 hours incubation period, at
which time the medium was discarded and 100 puL of dimethyl sulfoxide were
added; 15 minutes after, readings were made using an ELISA reader (595 nm).
Obtained values were plotted so as to determine the mean cytotoxic concentra-
tion (CC,,), as well to determine the concentration to be used in the infection

assays, so that a cellular viability of about 80% could be guaranteed [22].

2.8. Antiviral Activity Evaluation

PEE antiviral activity was evaluated in vitro using VERO-cell monolayers in
96-well ELISA plates. For infection, 30 pL of the viral suspension were put into
each well and the treatment consisted of 100 uL of propolis (0.3 mg/mL of
DMEM). The treatment was administered at two points; one hour before infec-
tion and at the same time of infection. In both cases, cultures were evaluated 72
hours post infection by a viability colorimetric assay (MTT), which has been al-
ready described [12].

2.9. Statistical Analysis

Absorbances obtained were analyzed for each of the treatments and controls to
evaluate the antiviral effect of PEE. The data obtained were processed by pro-
gram Minitab (18 version, Spanish) by an ANOVA test (0.05 significance).

3. Results

3.1. Propolis Composition

The results of Folin-Ciocalteau and aluminum chloride colorimetric assays showed
that the propolis that was used for the present study has a total phenol concen-
tration of 5.34%, and a flavonoid concentration of 3.5%. All of the analytical
tests implemented during the study were based according to the parameters es-
tablished by the Mexican Official Norm: Propolis, production and specifications
of its processing: NOM-003-SAG/GAN-2017 [18].

3.2. Cytotoxic Concentration (CCso) of Propolis

VERO cell cultures were exposed to increasing concentrations of PEE to deter-

mine its level of toxicity. Through the colorimetric MTT assay, a cellular viabili-
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ty curve was made, and the median cytotoxic concentration (CC,,) was deter-
mined to be at 0.5 mg/ml. The concentration to be used during infection trials
was also determined, this being 0.3 mg/mL, such concentration guarantees an
80% cellular viability.

3.3. Cytopathic Effect of CDV

Infected Vero cell cultures were evaluated at 72 hours post infection (hpi) under
the inverted microscope. In the non-infected culture, cells displayed normal cel-
lular morphology and growth, observing a monolayer with a confluence of above
80% (Figure 1(a)). On the other hand, when analyzing the infected cultures,
cellular debris was observed, as well as loss of adhesion and a decreased cellular
density, being this the result of the cellular lysis caused by the virus (Figure
1(b)).

3.4. CDV Identification

The presence of CDV in infected cultures was determined by a direct immunof-
luorescence assay. Observation of infected cultures by fluorescence microscopy
allowed us to document areas of green color (Figure 2(a)), these areas were the
result of the presence of anti-CDV antibodies that were marked with fluorescein;
in contrast, in the uninfected cellular culture, no color emission was appreciated
(Figure 2(c)). To confirm the presence of actual cells in both preparations, nuc-
lei were marked by DAPI (blue color) fluorescent stain (Figure 2(b) and Figure
2(d)). In both preparations, we can point out the presence of cells, as shown by
the stained nuclei; the nuclei are pleomorphic in the infected cells due to the

cellular damage caused by CDV.

3.5. Evaluation of the Antiviral Activity

The antiviral activity of the treatments used was determined with the colorime-
tric MTT assay. Obtained data are the result of multiple repetitions (n = 20); for
noninfected cells a median of 0.426 was obtained, and for infected cells the ob-
tained value was 0.156; whereas the values obtained for the treatments where: a

value of 0.288 was obtained when the treatment was administered an hour

Figure 1. VERO cell monolayers. (a) Uninfected culture; (b) Culture infected by Canine
Distemper Virus (100 pl of viral solution), 72 hpi. Inverted Microscopy (250x).
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before infection, and a value of 0.258 when the treatment was administered at
the same time of infection. The values were analyzed by an ANOVA test (p =
0.05), the infected culture presented statistically significant differences between

treatments and the uninfected culture. From this, we can point out that the im-

plemented treatments exhibit a statistically significant antiviral effect (Figure 3).

-
.

Figure 2. Canine Distemper Virus detection by immunofluorescence. (a) Infected VERO
cells that were exposed to the anti-CDV antibody. A positive fluorescent signal can be
appreciated; (b) Same preparations as in panel (a), now exposed to UV light in order to
show the presence of cells by detecting their nuclei using a DAPI stain; (c) Uninfected
VERO cells. Absence of a fluorescent signal is observed; (d) Same preparations as in panel
(c), now exposed to UV light to show the actual presence of cells. Fluorescent microscopy
(400x).

o0

Absorbance (A,,;)
o
w

1 2 3 4
Groups

Figure 3. Evaluation of the antiviral activity of the PEE. The variance analysis is shown,
with an ANOVA factor for each treatment. (1) Uninfected cultures; (2) Infected cultures;
(3) Treatment one hour after infection; (4) Treatment at the same time of infection.

DOI: 10.4236/0jvm.2020.1012018 213 Open Journal of Veterinary Medicine


https://doi.org/10.4236/ojvm.2020.1012018

0. V.D. Jiménez et al.

4. Discussion

Propolis chemical composition is extremely variable, and thus, its specific com-
ponents, and the amount of each one of them, are related to the type of climate,
vegetation of the geographic location and the predilection of the bees at the
moment of recollection. For these reasons, propolis composition varies accord-
ing to the site of origin, season of the year, and, not less important, the
bee-species involved in its recollection [14]. Additionally, method of recollection
and post-harvest handling are also crucial factors regarding the presence of ac-
tive compounds present in the final propolis extract. Since the biologically active
components of propolis are mainly polyphenolic and aromatic compounds, as
well as flavonoids, the use of high polarity solvents is a good way of achieving
higher performances, which translates into a superior antioxidant activity [23].

Propolis resinous fraction is integrated by phenolic compounds and flavono-
ids, which are very important when talking about the therapeutic properties of
propolis, and present a synergistic effect that is essential for the beneficial bio-
logical activities, both in humans and animals: antibacterial, antifungal, antiviral,
antioxidant, immunomodulatory, among others [24] [25].

Phenolic compounds, among which we can find flavonoids, represent a quali-
ty index of propolis, the higher its content (percentage), the greater the purity
and quality of propolis [25]. For this reason, it is important to determine the
content of phenols and flavonoids for each propolis. Propolis used for the
present study was determined to have a 5.34% content of phenols and 3.5% of
flavonoids. When comparing these values to those reported by other authors for
propolis coming from Apis mellifera that on average contain 23.6% phenols and
6.7% flavonoids [13] [14], it is evident that propolis coming from Plebeia
frontalis presents lower contents of both phenols and flavonoids; however, when
comparing the antiviral activity of both, we can say that obtained results are
equivalent.

In spite of the fact that for most CDV strains, such as Ledeerle, Rockborn and
Onderstepoort, VERO-cell cellular lysis has not been reported. For the present
study, it was accomplished that the Buzzel strain, after several passages, formed
syncytium at 24 hpi and lytic plaques at 48 hpi, in the previously mentioned cel-
lular line. In the present article, an evident cytopathic effect was documented at
72 hpi (Figure 1(b)), which goes to show the fact that this specific strain of the
virus culminates its infection causing cellular lysis [26]. This particular feature
allowed us to implement a MTT colorimetric assay in order to evaluate the per-
formance of the applied treatments, through determination of cellular viability.

With the purpose of having a better understanding of the antiviral activity of
propolis, during the infection assays, that is, during the interaction between vi-
rus, cells and propolis, two different moments of treatment administration were
used: one hour before infection and at the same time of infection. In both cases,
evaluation by MTT assay was performed at 72 hpi. According to the obtained
results, we can point out that propolis presents statistically significant antiviral

effect, and this effect is slightly superior when treatment is applied 1 hour before
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viral infection; nonetheless, a significant difference is also appreciated in cultures
treated with propolis at the same time of infection, when compared to the posi-
tive control.

These results are in agreement with that noted by other authors, who point
out that the antiviral activity of propolis is mainly due to the interference with
superficial structures of the virion (glycoproteins), and with the cellular recep-
tors, during the first stages of viral infection, thus avoiding the adsorption, union
and penetration of the virus into the cells [27] [28] [29] [30] [31]. All of this is
reinforced by the fact that, when propolis is applied 2 hours after infection, only
a slight antiviral effect in noted [12], although this remains to be corroborated
with propolis coming from Plebeia frontalis. Additionally, it has already been
demonstrated that flavonoids are also capable of inhibiting viral polymerase and
thus interfere with nucleic acid synthesis [32] [33] [34] [35].

There are currently few studies on the antiviral effect of propolis, the present
study being the first one about propolis from meliponines in veterinary medi-
cine. The results obtained indicate that the PEE from native Mexican bees
(Plebeia frontalis, specifically) may be an important option when implementing
an antiviral treatment in both, domestic animals and human beings. However, to
fully characterize the antiviral activity of this propolis, it is necessary to test its
activity in other viral families and evaluate aspects complementary to the results
obtained in this work as; to document changes in adsorption, binding, and pe-
netration of viruses by transmission electron microscopy and possible changes in

the gene expression of the virus by retrotranscription and PCR.

5. Conclusion

Propolis ethanolic extract from Plebeia frontalis showed a statistically significant
antiviral effect in VERO cell cultures infected with the canine distemper virus
and this effect was similar when was applied an hour before and simultaneously
to the infection. Therefore, it is advisable to consider it within an antiviral ther-

apy in both, domestic animals and human beings.
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