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Abstract
Background: Currently, several studies are being conducted to test antibacterial activity of various medicinal plants, in attempt to develop new antibiotics or to
potentiate the action of antibiotics of known clinical use. In this research, phytochemical analysis and in vitro antibacterial activity of leaf extracts of Lantana
camara L were performed.

Methods The extracts were obtained through maceration with 90% ethanol. In phytochemical analysis, alkaloids, �avonoids, tannins and saponins were
identi�ed using speci�c reagents for each class.The antibacterial activity was analyzed using the disk diffusion method according to Kirby-Bauer, against
Escherichia coli and Staphylococus aureus.

Key �ndings The diameters of the inhibition halos varied between 0.7 and 12 mm, with an average of 8.26 mm for strains of S. aureus and there was no
inhibition for E. coli. The results showed a signi�cant difference between the inhibition halos and the tested concentrations for S. aureus.

In conclusion L. camara leaf extracts are rich in bioactive compounds and have a good antibacterial potential against S. aureus and not for E. coli. And there
was no relationship between the concentration of the extract and the diameter of the halo of inhibition of the evaluated microorganism.

Background
Lantana camara L. is a species that belongs to the verbenaceae family, native to Brazil and Uruguay, typical of Africa and tropical and subtropical America.[1,2]

This species was introduced as an ornamental in several countries such as, Mozambique, Cape Verde, South and East Europe, East and West Africa,
Madagascar, Mauritania, North America, Caribbean, India, China, Asia, Australia and New Zealand, and is currently considered one of the most invasive weeds
and harmful in the world.[3,4] However, L. camara is used for several medicinal purposes, since all its parts have biological or pharmacological activity, such as
antimicrobial, fungicide, insecticide, nematicide, antioxidant, anti-in�ammatory and diuretic activity.[ 2]

In Mozambique, the species L. camara is called m'bulimuthi, chauwunké, chamarenke, n'teja, n'toja or n'tuja, and in Brazil the vernacular name of the species is
cambarazinho or lantana-cambará.[5, 6] It is a shrub, with branched stem, from 30 cm to 2 m or a little higher, has a very penetrating and characteristic aroma.
Its branches are quadrangular, light brown, with small thorns, opposite leaves, very thick, rough, ovate, aromatic. In�orescence in corimbiform chapters, of
small, sessile �owers, of various colors such as yellow, pink, purple or orange. When ripe, the fruits have a bluish color and initially green, where they are toxic
as a means of plant defense. [2, 6, 7]

Secondary metabolites are important for the adaptation and propagation of plant species. The main classes of metabolites identi�ed in plant species are
nitrogenous compounds, phenolic compounds and terpenoids. [2]

In a study carried out in Brazil, on the phytochemical and antimicrobial prospecting of L.camara and Lantana trifoliate extracts, using the maceration method
and the disk diffusion method, veri�ed for the extract of the dried leaves of L. camara, a diameter of 7 ± 0 mm inhibition zone, also for E. coli and S. aureus.
While, for Lantana trifoliate, the inhibition zone was 13.66 ± 1.15 mm for S. aureus and no inhibitory zone was detected for E. coli. Phytochemical analyzes
indicate the presence of alkaloids, cardiotonic glycosides, volatile coumarins, �avonoids, tannins, saponins, triterpenes and / or steroids and anthracene
derivatives. [6]

Studies by Bhargaya et al. (2008) and Nayak et al. (2008) proved that the methanol extract of L. camara leaves has an antimicrobial action and that it was
effective in healing gastric ulcers and preventing the development of duodenal ulcers in rats. The infusion of the leaves is used in the treatment of fever,
eczema and rash. Its fruits are useful in tumors and rheumatism. [8, 9]

Bacterial resistance to antibiotics is considered as a set of adaptation equipment that makes a bacterium resist the action of the drugs to which they are being
exposed. [10, 11] Currently, bacterial resistance is associated with several environments and, in addition to occurring in hospital environments, it can reach
quali�ed people.[12] The use of combined therapy is an alternative that can be adopted in an attempt to solve the problem of bacterial resistance.[13] However,
the excessive and inappropriate use of antibiotics, poor hygiene conditions, continuous �ow of travelers, the increase in immunocompromised patients and
the delay in the diagnosis of bacterial infections have favored the increase in resistance.[12]

A S. aureus species is the most pathogenic of its kind, a cause of a wide variety of infections in humans, from spines and boils to pneumonia, food poisoning
and infections in surgical wounds, and is also a cause of major hospital infections. [14, 15] This species is Gram-positive coconut with clusters, immobile and
not spore-forming, belonging to the micrococcaceae family. It is characterized by the production of the enzyme coagulase, positive catalase and fermentation
of mannitol. [10, 13]

E.coli is the most common and clinically important species of the genus, causing more than 80% of all community-acquired urinary tract infections, as well as
many hospital infections, and gastroenteritis in developing countries.[15, 16] This microorganism is a Gram-negative bacillus evaluated as a latose fermenter,
facultative anaerobic and oxidase-negative.[15]

In several studies, the resistance of these pathogens to antibiotics of �rst choice has been found, including chloramphenicol and ampicillin. As they are, the
main causes of diarrheal diseases, which are the second main cause of infant mortality worldwide. [17]

In view of this great therapeutic problem for public health, currently, several studies are being carried out to test the antibacterial activity of various medicinal
plants, in an attempt to develop new antibiotics or to enhance the action of antibiotics of known clinical use.[18] Therefore, the main objective of this work is to
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analyze the chemical composition and antibacterial activity of the extract of the leaves of L. camara against E. coli and S. aureus.

Methods
Vegetable matter

The collection of plant material was carried out in July 2019, in the neighborhood of Natikiri – city of Nampula (15°07'09.5"S 39°12'56.3"E). The identi�cation
of the species L. camara was made by comparing its characteristics with other species in the literature, and, with the con�rmation of Pompílio Vintuar (Ph.D in
Agricultural Sciences - Agroecology, Professor at Universidade Rovuma). This time, the exsiccate was prepared and preserved in the herbarium of the
Pharmacy course at the Faculty of Health Sciences at Lúrio University. After the collection, the damaged parts of the plant material were separated, washed
with water to remove impurities, dried in the sun for seven days, and then crushed and sieved, from which 200 g of the �ne, homogeneous powder were
obtained. [6, 19]

 

Obtaining vegetable extract

The preparation of the plant extract was carried out at the Laboratory of Ethnobotany and Phytochemistry at the Faculty of Health Sciences of Lúrio
University. Through the maceration method, where 200 g of dry leaf powder were left in contact with 2 l of 90% ethanol, in the proportion of 1 g / 10 mL and,
occasionally stirred for 7 days, in a dry environment, without direct light and the average daily temperature of 26ºC. Subsequently, it was �ltered with cotton,
twice, and the ethanolic extract was obtained. [6, 19]

Once the ethanolic extract was obtained, it was divided in half, where one part was dried in the oven at 105ºC, for 8 hours, and the other part, dried in the rotary
evaporator at reduced pressure at 42oC, for 6 hours. Then, the yield for both drying methods was calculated, based on the following mathematical expression:
[20]

Re = mde / mle -100%, where: Re = dry extract yield; mde = mass of the dry extract; mle = mass of the liquid extract.

 

Phytochemical analysis

The dry extracts of the leaves of L. camara were used in phytochemical analysis to identify the following secondary metabolites: alkaloids, �avonoids,
tannins, saponins and anthraquinones. These metabolites were identi�ed according to the availability of reagents, following the methods of phytochemical
analysis, such as:

For tannins: 1mL of extract diluted with water in the proportion of 1: 2 was added in a test tube, then 2 drops of 10% lead acetate were added. In this reaction,
the formation of a dense reddish brown precipitate indicates the presence of tannins. [21, 22] With the same procedure, a control test was performed with only
the solvent without extract.

For alkaloids: the extract is dissolved in 6.25 ml of 5% HCl and heated for 10 minutes. After cooling, it was �ltered through cotton. Then, 5 drops of Wagner's
reagent (iodine / potassium iodide, [I2 / KI]) were added. The presence of a slight turbidity or precipitate, respectively purple to orange, white to cream and
brown, highlights the possible presence of alkaloids. [21, 22]

For saponins: 2ml of ethanolic extract was added in a test tube, then 5ml of distilled water was added, stirred vigorously for 2 to 3 minutes and left to stand
for 20 minutes. The existence of persistent and abundant foam suggests the presence of saponins. [21, 22]

For �avonoids: the extract was diluted 1: 5 with water, then 5 ml of diluted extract was placed in a test tube and a drop of 2% ferric chloride was added to the
test tube wall. In this reaction, the presence of a color that varies between green, yellow-brown and violet, showed the presence of �avonoids. [23] Then, a
control test was performed with only the solvent.

For anthraquinones: 0.5 g of the extract was weighed in a watch glass and 3 drops of 0.5% NaOH were added. The presence of yellowish color shows the
presence of anthraquinones in the reduced form or reddish color that indicates the presence of anthraquinones in the oxidized form. [23]

Analysis of antibacterial activity

An analysis of the antibacterial activity of the ethanolic extract of the leaves of L. camara, was carried out using the diffusion method according to Kirby-
Bauer with some adaptations, at the Public Health Laboratory of the province of Nampula. E. coli strains obtained from a stool sample grown on TCBS agar
(thiosulfate, citrate, bile and sucrose) and S. aureus strains obtained from a wound sample with pus grown on blood agar were used. Bacteria were suspended
with 0.9% NaCl, with a density close to the standard scale of 0.5 of Mac Farland. Then, using the sheet technique, the suspension was sown on Muller Hington
agar. Then, the 0.4cm diameter �lter paper discs were impregnated, in triplicate, with concentrations of 200mg / ml, 300mg / ml, 400mg / ml and 500mg / ml
of the ethanolic extract of the leaves of L. camara, and, for negative control test, the discs impregnated with 90% ethanol solvent were used. Then, the discs
were placed on Muller Hington agar, 2 cm apart and incubated in the oven for 24 hours at 37 ° C. After incubation, the diameter of the halos in millimeters was
determined with the help of a millimeter ruler.[24 , 25 , 26]
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Data analysis

The analysis of the results was performed based on the SPSS version 20.0 statistical package, for data processing, using the following statistical tests:
Shapiro-Wilk test, Kruskal-Wallis H test and Mann-Whitney U test for two groups. [27]

Results
The extraction yield was 4.61%, and the dry extract in the Greenhouse (105 ° C) was 3.92%. In phytochemical analysis, the presence of alkaloids, tannins,
�avonoids, saponins was identi�ed. There was a negative result for the quinones (Table 1).

Table 1: Classes of metabolites identi�ed in the extract of the leaves of L. camara according to the method of drying the extract.

Secondary metabolites Greenhouse dry extract Dry extract on rotary evaporator

Alkaloids                       + +

Tannins + +

Flavonoids + +

Saponins + +

Quinones - -

Note: (-) absent; (+) present.

Source: Own authorship (2020)

The results of the antibacterial analysis showed diameters of the inhibition halos that varied between 0.7 to 12 mm for the concentrations of 200 mg / mL
and 300 mg / mL, respectively, and had the total mean of the diameters of the inhibition halos equal to 8.26 mm for strains of S. aureus. However, for strains
of E. coli, no inhibition halo was detected for all concentrations of the extract (Table 2).

 

Table 2: Concentrations of the ethanolic extract of L. camara and the diameters of the halos of inhibition against S. aureus and E. Coli

Concentration (mg / mL) Diameters of inhibition halos (in mm)

S. aureus E. coli

C1 200 0,70±0,00 -

C2 300 12,00±0,00 -

C3 400 10,00±0,00 -

C4 500 10,33±0,58 -

S. aureus

Number of samples (n) Minimum Maximum Media Standard deviation

12 0,70 12,00 8,2583 4,63258

Source: Own authorship (2020)

Note: (-) inhibition halo not detected; (C) concentration; ± standard deviation.

The Shapiro-Wilk test for S. aureus data, had P <0.05, indicating that the data do not have a normal distribution. Thus, the non-parametric test was performed
to �nd out if there is a difference between the groups, such as the Kruskal-Wallis Test H which had p = 0.015, accepting the alternative hypothesis, that there is
a statistically signi�cant difference between the distribution of the diameters of the halos of inhibition in mm and the concentrations in mg / ml for S. aureus,
and the Mann-Whitney U test analyzed for each two groups, had P <0.05, which proves, again, that there is a difference between the means groups.

The Spearman correlation coe�cient between the concentration in mg / ml and the diameter of the inhibition halo was equal to 0.34, indicating that there was
a weak correlation, that is, there was no relationship between the concentration of the extract and the diameter of the halo inhibition of the evaluated
microorganism.

Discussion
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The yields obtained in the two drying methods are considered good for research aimed at searching for potential biologically active natural products, as is the
case of this study. [28]

The presence of secondary metabolites in the analyzed extract, mainly tannins and �avonoids, indicates a possible antimicrobial activity.[24] Several factors
can in�uence the production of secondary metabolites, such as the time of plant collection, circadian rhythm, development, temperature, precipitation,
ultraviolet radiation, nutrients, altitude, atmospheric elevation, plant age, mechanical stimuli or pathogen attack.[29]

The mean diameter of the inhibition halos was considered positive, as described in the studies for products that inhibit bacterial growth, producing inhibition
halos equal to or greater than 8 mm in diameter. [30]

When the extract shows a difference in activity against Gram-negative and Gram-positive bacteria, it may be because of the constitution of the bacterial cell
wall and the components of the plant extract. [31] Several authors state that there is a relationship between the amount of tannins and the activity towards
Gram-positive bacteria, whose cell structure is more rigid, the chemically less complex cell wall and less lipids in relation to the Gram-negative bacteria.[24 , 32]

The disk diffusion method is more used to determine the relative potential of extracts or essential oils and to establish their antimicrobial spectrum, because it
facilitates the use of different strains compared to the extract.[33]

The Spearman correlation coe�cient was equal to 0.34, indicating that there was no relationship between the concentration of the extract and the diameter of
the inhibition halo of the evaluated microorganism. Also, this result was noted in a comparative study of screening techniques to assess the antibacterial
activity of crude extracts of plant species and pure substances, where it was found that there was no proportionality between the concentration of the extracts
and the diameter of the inhibition zone of microorganisms. [34]

Conclusion
According to the results demonstrated, it is concluded that the extract of the leaves of L. camara is a rich source of biologically active compounds analyzed in
this study, namely tannins, �avonoids, alkaloids and saponins and presented a good antibacterial potential against S. aureus and not for E. coli. And there was
no relationship between the concentration of the extract and the diameter of the halo of inhibition of the evaluated microorganism.
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