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Antibacterial Effect of the Ethanol Extract of Gnaphalium vira vira,

against Staphylococcus aureus and Staphylococcus epidermidis (in vitro)
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ABSTRACT a OPEN ACCESS

The use of medicinal plants is a therapeutic alternative for low-income populations and the animals that are their
source of income. The study of the antimicrobial activity of Gnaphalium vira vira (wira wira) was carried out in the
Pharmacology Laboratory of the Faculty of Veterinary Medicine and Animal Science at the National University of
the Altiplano, with samples brought from the Camacani community, in the city of Puno. The objectives were: to
verify the antibacterial activity of the ethanolic extract in its aqueous and ethanolic preparations, distinguishing
flowers, leaves, stem, and the whole plant; using the microbial diffusion method on plates. For the statistical analysis,
a completely randomized design under a 2 x 2 x 4 factorial arrangement was used. The results were: there was
antimicrobial action against Staphylococcus aureus and Staphylococcus epidermidis. A significant difference
(p<0.05) was found among preparations, microorganisms, and parts of the plant. The antibacterial activity was
evidenced by the halo size of the preparations against microorganisms extracted from cattle with respiratory
processes. For the ethanolic and aqueous preparations, the halo size was 15.6418 + 3.127 mm and 14.7145 £
2.569 mm in diameter, respectively; for the microorganisms Staphylococcus aureus and Staphylococcus epidermidis,
the halo size was 15.8050 + 2.403 mm and 14.5513 £ 3.2 mm in diameter, respectively; for the plant parts—
flowers, whole plant, leaf, and stem—the halo size was 17.7145 £ 0.933 mm, 16.462 * 0.953 mm, 15.373 *
1.912 mm, and 11.1630 = 1.890 mm in diameter, respectively. It is concluded that Gnaphalium vira vira has
antibacterial effects, being most effective against Staphylococcus aureus, especially in the flowers and in its
ethanolic preparation.
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Introduction
In recent years, the study of medicinal plants has attracted the attention of science, becoming a broad area of research

and development due to the great reception they have within the pharmaceutical, cosmetic, and food industries. Puno, a
city on the shores of Lake Titicaca, located in the Andes of Peru, has a wide variety of medicinal plants, which are used
by locals to treat different ailments. Among them, there is a species that is highly sought after by the population during
the winter season, this is cursiva Photo 1) whose therapeutic properties are used to treat lung conditions, anxiety, bronchitis,

idney colic, constipation, fever, gastritis, and skin inflammations.!

Photo 1. Cursiva

The Andean dweller, due to the lack of economic resources and the fact that medical services are nonexistent in these
remote areas of the country, turns to alternative therapies and uses medicinal plants to treat their ailments. On the other
hand, they also use medicinal plants to treat the diseases of the animals that provide their income and are the basis of
their diet. This is why, to treat llamas and alpacas, they use stems, leaves, and flowers of local plants.2This practice is
considered important since nowadays we face the problem of antibiotic residues and other drugs in animal products
meant for human consumption, which can have adverse effects on human health, either causing hypersensitivity reactions
from exposure to low doses or indirect harm through antibiotic resistance,3the use of medicinal plants in production animals
would reduce these adverse effects related to the accumulation of antibiotics in the meat that is consumed by humans,

which is why therapeutic alternatives are being sought.
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The species of the genus Gnaphalium, covered in whitish fuzz, are collectively known as “vira vira” or “wira wira” in the
Andes of Peru, Chile, and Argentina. They are highly valued as medicinal plants, and the flowers, when taken as an
infusion, can have a therapeutic effect. “Vira vira” is a Peruvian expression; it's a Quechua word that means lard or fatty

thing. It's also known as field balm and herb of life.4

The medicinal properties of plants are due to the presence of chemical compounds, which are found distributed in leaves,
stems, and flowers.5which is why it's important to determine which part contains a higher number of elements that provide

antibacterial properties and thus recommend its use.

The aim of this work was to determine in vitro the antibacterial effect of the ethanolic extract from the leaves, stems,
flowers, and the whole plant of Gnaphalium vira vira (Wira wira) against bacteria isolated from the respiratory tract of
sick cattle. These results help validate the use that locals give to this plant for treating respiratory problems mostly. It also

seeks a therapeutic alternative for production animals.

Materials and Methods

The work was carried out in the city of Puno, located at 3,820 meters above sea level, in the southeast of Peru, and was
conducted in the Pharmacology and Veterinary Therapeutics laboratory of the Faculty of Veterinary Medicine and Animal
Science at the National University of the Altiplano. The experimental material consisted of leaves, stems, and flowers of
Gnaphalium vira vira, which were collected from the Camacani area located in the Plateria district at 3,850 meters above
sea level, 27 km from the city of Puno. The microbial strains used were Staphylococcus aureus and Staphylococcus

epidermidis, isolated from cattle with respiratory symptoms.

For the preparation of the ethanolic extract, the maceration method in absolute ethanol was used. First, the plant was
collected and disinfected in a 2% sodium hypochlorite solution. Then, a well-ventilated area was arranged for the drying
process, which lasted 5 days. Next, the dried material was ground in an electric grinder and macerated with absolute
ethanol for 5 days. Afterward, the preparation was filtered and finally placed in an oven at 37°C to allow the ethanol
to evaporate. The result was a resinous-looking extract, which was used to prepare a 2.75% solution diluted in distilled
water and another solution at the same concentration diluted in ethanol. The same procedure was carried out for each

part of the plant (leaves, flowers, stems, and the whole plant).

Using the agar diffusion method, the antibacterial effect of different parts of the plant was determined, using strains of
Staphylococcus aureus and cursiva, which were isolated from respiratory secretions of sick cattle. Freshly inoculated cultures
were prepared, a specific amount of bacterial strain was taken and inoculated in 5 ml of distilled water. The turbidity
level was adijusted to the McFarland standard scale, prepared with a 0.5% barium sulfate solution, equivalent to
1.5x10"8 bacteria or Colony Forming Units. In a laminar flow chamber, 6 mm diameter disks soaked with 20 Wl of the
aqueous or ethanolic preparation were placed onto plates containing Mueller Hinton agar with the microorganism
inoculum. For the ethanolic preparation, a minimum of 12 hours was allowed for the ethanol to evaporate. Five repetitions
were performed for each microorganism, with each of the preparations and different parts of the plant. After 10 minutes,

the plates were placed in the incubator at 35 °C for 24 hours.6
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The reading was done from the plates where inhibition halos formed around the disc (Photo 2), the plate was placed on
a dark surface with direct light at 45° with the bottom up and the lid down, and the diameter of the inhibition halos was
measured with a digital Vernier millimeter ruler. For the statistical analysis of the the results were obtained using a
completely randomized design conducted under a 2 x 2 x 4 factorial arrangement (2 preparations, 2 types of
microorganisms, and 4 parts of the plant). Additionally, measures of central tendency (average) and dispersion (standard

deviation and coefficient of variation) were used.

Inch/mm

Photo 2. Inhibition halo of the ethanolic extract of cursiva leaves

Results

The results showed that the aqueous and ethanolic preparations of ethanolic extracts from flowers, leaves, stems, and the
whole plant produced inhibition halo sizes. The compounds extracted by ethanol inhibited the growth of the bacteria
used for the study, creating visible halos, which represent a reduction in growth around the disk, depending on the
concentration of the preparation being tested. This method has the advantage of being simple, and the halos provide a
clear visual confirmation of antibacterial activity. The size of the halo is correlated with the potency of the extract and

can be used as a simple and effective way to compare such activity.”

Table 1. Inhibition halo size of ethanolic extract preparations from different parts of Gnaphalium vira vira

Variable N Halo size (mm)

Type of preparation

Ethanolic 4015.642,
Watery 4014.715,
Type of microorganism

Stafilococcus aureus 4015.8054
Stafilococcus epidermidis 4014.551p

Part of the plant
Flower 2017.715a
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Variable N Halo size (mm)
The whole plant 2016.462,
sheet 2015.373c
stem 2011.1634
Type of preparation x part of the plant (p<0.05)

p. watery x flower 1017.482
p. watery x sheet 1013.890
p. watery x stem 1011.561
p. watery x The whole plant 1015.925
p. ethandlic x flower 1017.947
p. ethandlic x sheet 1016.856
p. ethanélic x stem 1010.765
p. ethanélic x The whole plant 1016.999
Microorganism x part of the plant (p<0.05)

S. aureus x flower 1017.833
S. aureus x sheet 1016.016
S. aureus x stem 1012.669
S. aureus x The whole plant 1016.702
S. epidermidis x flower 1017.596
S. epidermidis x sheet 1014.730
S. epidermidis x stem 109.657
S. epidermidis x The whole plant 1016.222

In Table 1, we can see that there is a significant difference (p<0.05) regarding the aqueous and ethanolic preparations;
in the microorganisms Staphylococcus aureus and Staphylococcus epidermidis; and in plant parts, including the flower, the
whole plant, leaves, and stem. For the preparations: the ethanolic one had an inhibition zone of 15.6418 mm in diameter,
and the aqueous preparation had an inhibition zone of 14.7145 mm in diameter, showing that the solvent can affect how
the extract components trigger their antibacterial effect. Regarding the antibacterial action of Gnaphalium vira vira
against the bacteria under study, the inhibition zone was 15.805 mm in diameter against S. aureus and 14.5513 mm in
diameter against S. epidermidis. There is also a significant difference between plant parts: the inhibition zone for the
flower was 17.7145 mm in diameter, larger compared to the other parts of the plant. For the whole plant, the inhibition
zone was 16.4620 mm in diameter, larger than the leaves, which had an inhibition zone of 15.373 mm. Finally, the
inhibition zone for the stem was 11.163 mm, showing its limited antibacterial effect. Although there is no established
inhibition zone for Gnaphalium vira vira against these bacteria, we can infer that it likely has an inhibitory effect on the

bacteria involved in respiratory problems in cattle.

Discussion

A significant difference was found in the inhibition halo sizes of the preparations (ethanolic and aqueous), because ethanol
is highly polar, it allows a better dissolution of the molecules of phenols and flavonoids found in most plants that have

antibacterial activity.8 The polarity of the solvent affects the polarity of the plant's components, and this determines its
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antibacterial effect. In this case, the flavonoids present in Gnaphalium vira vira are polar, which is why antibacterial

effects are evident in the ethanolic and aqueous preparations.®

It is also evident that the plant forms a larger inhibition halo against S. aureus, just like many medicinal plants. In a study
conducted in the Philippines, the antibacterial effect of Ehretia microphylla, Phyllanthus niruri, Piper betle, and Psidium
guajava was shown through the plate diffusion test, obtaining inhibition halos of 12 mm, 14 mm, 30 mm, and 14 mm
respectively, at a concentration of 200 Pg/ml.1%alues close to those found in this work. This result would indicate that
Gnaphaliu cursiva could inhibit the B-lactamase enzyme found in Staphylococcus aureus, which makes them so resistant to
certain antibiotics like penicillin G, aminopenicillins, carboxypenicillins, and methicillin, being an alternative to synthetic

B-lactamase inhibitors.!!

Most medicinal plants have flavonoids in their chemical composition, which are credited with antibacterial properties. In
Tamarindus indica, antibacterial activity was found in a pool of flavonoids: orientin, isoorientin, vitexin, and isovitexin,
which inhibited the growth of the microorganisms S. aureus, E. coli, and P. aeruginosa.'2lt can be inferred that some of
these compounds might be present in the plant studied. It is important to highlight that flavonoids like catechins, isoflavones,
and quercetins, which have antibacterial properties, have shown different mechanisms of action. According to research,
they are attributed to the following ways of preventing bacterial survival: inhibition of DNA gyrase, inhibition of

cytoplasmic membrane function, and inhibition of energy metabolism.'3

Regarding the different parts of the plant, the result showed that flowers and leaves had larger inhibition zones because
the aerial parts of the plants, in the phyllosphere, especially the leaves, have around 1 to 10 million cells/cm?2 of
microorganisms, mainly bacteria. In response to these, plants produce antibacterial compounds that allow them to
counteract the existing microorganisms. These substances are divided into two groups: phytoanticipins, which are
constitutively present in the plant, and phytoalexins, whose significant presence occurs as a response to a bacterial
invasion. The presence of flavones is also reported, which act against microorganisms by forming complexes with

extracellular soluble proteins and with bacterial cell wall structures, similar to quinones.'4

In a study carried out in Bolivia, the antibacterial activity of Gnaphalium vira vira was determined using the agar diffusion
method against S. aureus. Using different concentrations of an alcoholic extract of the flowers, they obtained an inhibition
zone of 19 mm in diameter. This result is similar to this work, although it should be considered that the concentration used

in the Bolivian study was much bigger, also because the whole plant was used and not just the flowers.?5

In the case of the stems, the diameter of the inhibition halo was smaller compared to other parts of the plant. This could
be because some chemical elements found in the leaves are not present in the stems, since the leaves have a more
complete range of active compounds. That's where photosynthesis occurs in the plant, leading to the formation of primary

metabolites, which in turn are the precursors of secondary metabolites, giving them greater antibacterial activity.!®

In other studies carried out with species from the same family as Gnaphalium vira vira, it was found that in the leaves and
flowers of Gnaphalium gaudichaudianum, which grows in the central-west of Argentina and is known as Huira Huira and
is also used as an expectorant, there is the presence of diterpenes such as ent-pimarates, flavonoids like 5,8-dihydroxy-

3,6,7 -trimethoxyflavone and 5,8-dihydroxy-6,7-dimethoxyflavone, acetylenes, and carotenoids, as well as derivatives
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of Kaurenoic acid, with the flavonoids being attributed to the antibacterial activity in addition to an anti-inflammatory

effect that could help the plant fulfill its expectorant effect in cases of respiratory conditions.!”

The National Institute of Health of Peru issues a series of technical standards through a Procedures Manual for
antimicrobial susceptibility testing using the disk diffusion method, where it sets the halo size for oxacillin, vancomycin,
and gentamicin against Staphylococcus, forming an inhibition halo of 13, 15, and 15 mm in diameter respectively,
classifying them as: sensitive, intermediate, and resistant for the different antibiotics available on the market,'8 although
it is not possible to compare the results obtained in this work, we note that the halo sizes are similar or come close in some

cases.

Conclusions

The ethanolic extract of Gnaphalium vira vira has antimicrobial activity against Staphylococcus aureus and Staphylococcus
epidermidis. There is a difference in the antimicrobial action of the ethanolic extract of Gnaphalium vira vira compared to
other preparations (ethanolic and aqueous), with the ethanolic preparation being better; microorganisms (Staphylococcus
aureus and Staphylococcus epidermidis), with Staphylococcus aureus being more sensitive, and parts of the plant: flowers,

whole plant, leaves, and stem (p<0.05), with the flowers showing the strongest antibacterial activity.
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