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INTRODUCTION 

Schinus terebinthifolius Radii (1820) is a perennial tree of the Anacardiaceae family, native from South America, 

commonly known as Brazilian pepper tree, it presents a wide usage in the popular medicine and it is largely used 

in biological, clinical, pharmacological and chemical studies [1,2]. In addition its recognized popularity has 

favored the increase of its use in clinical trials and pharmacological and chemical studies [3]. The Brazilian pepper 

tree as the plants in general presents colonization by endophytics microorganisms [4,5] which inhabit the plant 

interior, for at least, one period of their life cycle without causing damage to their host [6,7]. Studies have shown 

that endophytic fungi are ubiquitous in plant species and they are mutualistic to their host [8]. Evidences of plant 

associated–microorganisms have been discovered in fossilized tissues of stems and leaves [9]. According to 

Damour et al. [8] the endophyte-host plant symbioses represent a broad continuum of interactions which it is 

possible to imagine that some of these endophytic microbes may have devised genetic systems allowing for the 

transfer of information between themselves and the higher plant and vice versa. 

 

The fungi may secrete bioactive metabolites into the plant and they also may be able to transform the main plant 

metabolites, both of these produced metabolites may be of pharmaceutical interest [9]. When present, the 

endophytes fungi can influence the stability of the bioactive metabolites and change the therapeutic value of the 

plant material. This evidence is a neglected field of phytochemical studies [10]. Several metabolites have shown to 

biosynthesized and secreted products from the plant association with endophytes microorganism, these metabolites 

are a promising source of novel pharmaceutical molecules [11]. However, the relationship amidst endophyte fungi 

and the metabolites production by S. terebinthifolius have not yet still been elucidated through any specific study. 

It may be possible that the presence of endophytic microorganisms associated to plants could be related to the 

ABSTRACT: Schinus terebinthifolius is widely used in popular medicine, especially as an anti-
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S. terebinthifolius extracts obtained from outdoor-grown specimen and micro propagated ones in aseptic 

conditions (in vitro) and to study the influence of entophytic fungi in the productions of plant metabolites 

having antimicrobial activity by plant. Micro propagated extracts and outdoor-grown S. terebinthifolius plants 

were evaluated for their antibacterial and antifungal activities tested against Escherichia coli, Staphylococcus 

aureus, Pseudomonas aeruginosa and Candida albicans using the agar diffusion and the micro dilution 

methods. Phytochemical compounds were determined using HPLC. The extracts from micro propagated and 

outdoor-grown plants showed good antibacterial activity against the tested bacterial strains. The extracts from 

micro propagated plants showed the best antibacterial activity with a minimum inhibitory concentration (MIC) 

of 0.2 mg/mL against S. aureus. The results form a good basis for the use of S. terebinthifolius micro 

propagated plants as a complement to the use of outdoor-grown plants in traditional medicine, moreover this 

study has concluded that the endophytic fungi seem not to stimulate the plant production of phenolic 

compounds against the pathogenic strains used in this study. 
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antibacterial and antifungal potential of the S. terebinthifolius [12]. In the study conducted by Gundidza and 

collaborators (2009) was observed chemical and antibacterial profile differences among extracts of S. 

terebinthifolius originally from Zimbabwe, South Africa and those from Brazil [13]. The in vitro culture represents 

an important tool to analyze the plant extracts activity produced and to elucidate the endophytic fungi influence in 

plant metabolites production with antimicrobial activity. In particular, controlled environmental conditions allow 

bioactive compounds to be extracted throughout the year, with no seasonal constraints [14]. Therefore, the aim of 

this work was to evaluate the antimicrobial activity of the extracts of S. terebinthifolius obtained by micro 

propagation in aseptic conditions (in vitro) and also from specimen collected in the wild. 

 

MATERIALS AND METHODS 

General experimental procedures 

The analytical HPLC system consisted of a Waters liquid chromatograph model 600 equipped with a photodiode 

array detector (model PDA2998) and X-Terra RP-18 column (5 μm, 4.6 mm × 250 mm, Waters). For vacuum 

liquid chromatography, stationary phase of silica gel 60 (Merck, 40-63 m) and florisil (Merck, 60-100 Mesh) were 

used. The gallic acid methyl ester, gallic acid ethyl ester, gallic acid, quercetin and catechin were isolated from S. 

terebinthifolius [15] which were kindly provided for this study. 

 

Botanical specimens 

Schinus terebinthifolius leaves and seeds were collected from a sample of latitude 26.827S 25th, 49th 13.997
O
 

longitude and altitude of 940 m, located in the campus of the Federal University of Parana, Brazil (UFPR). The 

botanical identification was performed in the Herbarium from the Botany Department at the UFPR (UPCB/UFPR) 

and voucher of specimen has been deposited at the Herbarium under the registration UPCB-30848. Schinus 

terebinthifolius nodal segments were collected from 6 month- old plants grown in a greenhouse at UFPR, Paraná, 

Brazil. The segments were surface sterilized with NaOCl 2% and ethanol 70%. After sterilization 1 cm explants 

containing one or two buds were inoculated on a medium containing Woody Plant Medium, WPM, [16] salts 

supplemented with 20 g/L sucrose, 0.1 g inositol, 4.4 μM BAP, 0.1 μM NAA and 7 g/L agar. One month after 

inoculation, the necrotic and contaminated explants were discarded and the healthy explants were sub cultured on 

fresh medium containing WPM salts supplemented with 20 g/L sucrose, 0.1 g inositol, 4.4 μM BAP, 0.1 μM Ana, 

0.05 g/L activated charcoal and 7 g/L agar, pH 5.8 were collected for analysis.  

  

Associated-Plant Endophytic Fungi  

 The S. terebinthifolius leaves were collected from the wild and in vitro cultures plant. Isolation of the endophytic 

fungi was performed based on the procedures described by Petrini (1991). Stock cultures were maintained on 

slants of 2% malt extract agar (MEA) and Potato Dextrose Agar (PDA) at 24°C. For morphological studies, BDA 
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slide cultures were prepared and mounted in aniline blue [7]. The cultures are permanently stored in the fungal 

collection of the Microbiology Laboratory (LabMicro-UFPR), Paraná, Brazil.  

 

Plant Extracts  

The S. terebinthifolius leaves were collected from the outdoor-grown and in vitro samples. The extracts were 

obtained according to the method described by Harbone [17], the dried powdered leaves (300 g) of outdoor-grown 

S. terebinthifolius were extracted with petroleum ether (3 × 1 L), after with MeOH (3 × 1 L) in a room temperature 

and later they were filtered. The combined extracts were concentrated under reduced pressure. A portion of the 

MeOH extract (2 g) of the plant collected in the wild was subjected to vacuum liquid chomatography on silica gel 

and florisil mixture (1:1) eluted with petroleum ether : EtOAc 1:1, EtOAc 100%, EtOAc : MeOH 1:1, MeOH 

100%, resulting fractions of 300 mL each, concentrated under reduced pressure. The leaves of S. terebinthifolius 

grown in vitro (100 g) were extracted with methanol (MeOH): 3x 500 mL, in a room temperature and later they 

were filtered and concentrated. The methanol extracts of both plants and the fractions (F-A – F-D) were analyzed 

by analytical HPLC with gradient of MeOH: H2O (5:95 to 100:0). The flow rate was 0.8 mL / min at 30ºC and the 

injection volume was 10 µL. 

 

Agar diffusion assay and minimum inhibitory concentration (MIC) evaluations 

The antimicrobial activities of S. terebinthifolius were determined using agar disk diffusion method [18]. The four 

reference strains, Staphylococcus aureus (ATCC 27213), Escherichia coli (ATCC 35219), Pseudomonas 

aeruginosa (ATCC 27853) and Candida albicans (ATCC 10231) were cultured in the dishes (106 UFC/mL) and 

wells were topped up with 50 µL of extracts in DMSO (Dimetil Sulfoxide). Controls included 0,01 mg/mL of 

chloramphenicol (CO378, ≥ 98% [TLC]; Sigma) for bacteria and 0.02 mg/mL of nystatin (N6261, ≥ 98%; Sigma) 

for yeast, and also 0.01 mg/mL of dimethyl sulfoxide (DMSO, Sigma). After 24 h of incubation at 37°C, the 

diameters of the inhibition zones were measured and compared. The presence or absence of inhibition zones was 

used as a criterion for the definition of active or inactive extracts. Tests were performed in triplicate. The technique 

described by M27-A3 CLSI manual was adapted using a solution of 2 mg/mL of the extracts that was prepared 

using DMSO as the solvent. One hundred microliters of MHB were added to each well of a 96-well plate. A 

volume of 100 μL of the test solution was added to the wells in the first row and then, a serial dilution was 

performed until the ninth row, resulting in concentrations that varied from 0.1 mg/mL to 1 mg/mL. The 10th, 11th, 

and 12th rows were used as inoculum, drug, and medium controls, respectively. Thereafter, 5 mL of the previously 

standardized microorganism (107 UFC/mL) suspension was added to all of the wells and the plate was incubated at 

37°C for 18–24 h [19]. The resulting turbidity was observed, and after 24 hours the MIC was determined to be 

where growth was no longer visible by assessment of turbidity by optical density readings at 595 nm with an 

Epoch Microplate Spectrophotometer.  
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Statistical analysis  

The statistical analysis was performed using the ASSISTAT statistical software version 7.6 beta. Data was 

estimated by analysis of variance (ANOVA). For multiple comparisons, Tukey correction was performed. 

Quadruplicates were used in each of the essays. The level of significance set at 5% was used to perform the 

analysis [20].  

 

RESULTS  

Associated-Plant Endophytic Fungi  

A total of 133 endophytic fungi was isolated from outdoor-grown S. terebinthifolius leaves. In this study, several 

isolates endophytics fungi were indentified from different species Diaporthe sp (n=23), Phyllosticta capitalensis 

(n=24), Pestalotiopsis sp (n= 19), Fusaruim sp (n=10), Eppicoccum nigrum (n=8), Xylaria sp (n=6), Alternaria sp 

(n=16), Colletotrichum sp (n=12) e Cryptococcus sp (n=15). In contrast, we did not obtain endophytics isolates 

from the in vitro cultures plant leaves (Figure 1).  

 

Figure 1: Endophytic fungi isolated from outdoor-grown and micropropagated samples of S. 

terebinthifolius. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A-outdoor-grown S. terebinthifolius; B- Isolation of endophytic fungi from outdoor-grown S. terebinthifolius; C–in 

vitro S. terebinthifolius; D- Isolation of endophytic fungi from in vitro S. terebinthifolius. 
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Plant  

The S. terebinthifolius´ methanol extracts from leaves of the outdoor-grown and in vitro cultures plant evaluated by 

diffusion method in wells showed antifungal and antibacterial activity (Table 1). These results suggested the 

presence of compounds with antimicrobial activity which was elucidated by Minimum inhibitory concentrations 

(MIC) of extracts for antibacterial and antifungal activity (Table 2). Only MIC values less than 1 mg/mL were 

considered sufficiently active for the crude extracts analyzed. The best antibacterial activity was shown by the 

methanol extracts of micropropagated plants with an MIC value of 0.2 mg/mL compared to 0.4 mg/mL from the 

extracts of the outdoor grown plants against Staphylococcus aureus, of 0.5 mg/mL to 0.8 mg/mL against 

Escherichia coli and an MIC value of 0.7 mg/mL compared to 0.9 mg/mL against Pseudomonas aeruginosa. No 

antifungical activity was observed against Candida albicans with MIC value used.  

 

Table 1: Antibacterial and antifungal activity of Schinus terebinthifolius extracts. Mean diameters (mm) of 

inhibition zones. 

 

Sample Extract/ Antimicrobial Inhibition halo diameter (mm) 

 

Fraction Ec Sa Pa Ca 

 

Crude 22.66ª 30.33
a
 15.66

d
 21.33

ab
 

Schinus 

terebinthifolius Fraction A 0.00
c
 0.00

d
 0.00

f
 0.00

d
 

(Outdoor grown) Fraction B 11.66
b
 0.00

d
 7.66

e
 0.00

d
 

 

Fraction C 26.33
a
 20.33

b
 38.33

a
 20.66

b
 

 

Fraction D 13.66
b
 13.33

c
 19.66

c
 12.6

c
 

Schinus 

terebinthifolius Crude 24.33ª 32.66
a
 30.00

b
 23.66ª 

(micropropagated) 

    Chloramphenicol* 12.35 15.70 12.00 

 Nystatin** 

   

13.24 

 

c., Escherichia coli (ATCC 35219); Sa, Staphylococcus aureus (ATCC 27213); Pa., Pseudomonas aeruginosa 

(ATCC 27853); Ca., Candida albicans (ATCC 10231). Inhibition values followed by the same lowercase are 

statistically equal considering Tukey test at 5% probability. Fraction A: petroleum ether: EtOAc 1:1; Fraction B 

EtOAc 100%; Fraction C EtOAc: MeOH 1:1; Fraction D: MeOH 100%. *Positive control for the antibacterial 

essay; **Positive control for the antifungal essay. 
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The leaves extracts obtained from leaves of outdoor-grown and in vitro plant of S. terebinthifolius were obtained 

using petroleum ether and methanol (MeOH). A portion of the MeOH extract of outdoor-grown plant was 

subjected to vacuum liquid chromatography and eluted under reduced pressure to give four fractions: petroleum 

ether : EtOAc 1:1 (Fraction A: 0,34 g), EtOAc 100% (Fraction B: 0,04 g), EtOAc : MeOH 1:1(Fraction C: 3,2 g), 

MeOH 100% (Fraction D: 0.84 g). Only the MeOH extract from outdoor-grown plant was fractionated due to the 

reduced amount of crude extracts of micropropagated plants.  

 

According to the antimicrobial test of the fractions showed that -fraction D was more active (Tables 1 and 2). In 

addition, we provided the HPLC profile from crude extracts and fractions from outdoor-grown and micro 

propagated S. terebinthifolius. Considering as standards the five compounds (gallic acid methyl ester, gallic acid 

ethyl ester, gallic acid, quercetin and catechin) previoulsly isolated from S. terebinthifolius [15], it was possible to 

identify the gallic acid methyl esters as main component of the crude extract from micropropagated plant, the 

fraction C and the fraction D of the outdoor-grown S. terebinthifolius The identification this compound was done 

considering retention time-tR (tr =26 min) (Figure 2), and identical UV spectra with the standard (Figure 3). The 

others standards were not identified in the extracts and fractions A-B. 

 

DISCUSSION 

Biological activities from the S. terebinthifolius extracts, such as anti-inflammatory and antimicrobial were 

subjects of several studies [15,21-24]. However, this is the first report of antimicrobial activity in micropropagated 

plants of S. terebinthifolius. The potential use of micropropagated plants has been discussed regarding to the 

Tulbaghia violacea [25] and Harpagophytum procumbens species [26].  

 

Figure 2: HPLC–DAD chromatograms of extracts from S. terebinthifolius plants obtained through outdoor 

and in vitro cultivation. Detection at 320 nm. 
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In our study a total of 133 endophytic fungi were isolated from leaves of S. terebinthifolius wild. Outdoor grown 

plants have several mutualistic relationships with microorganisms [27] such as endophytic fungi which have the 

potential to synthesize various bioactive metabolites that may directly or indirectly be used as therapeutic agents 

against numerous diseases [27]. According to the Plant-endophyt e Coevolution Hypothesis [28] this interaction 

might be possible due to the endophytes capacity of improving the plant’s chemical defense by producing bioactive 

secondary metabolites [25]. Considering this, it is plausible that various so-called ‘‘plant metabolites’’ could be the 

biosynthetic products of endophytes [29].  

 

Table 2: Minimum Inhibitory Concentration (MIC-mg/mL) of Schinus terebinthifolius. 

 

Sample Extract/ Antimicrobial microbial active MIC (mg/mL) 

2322222m()()(mg/mL) 

 

Fraction Ec As Pa Ca 

Schinus 

terebinthifolius  Crude 0.8 0.4 0.9 

 (Outdoor grown) Fraction A - - - - 

 Fraction B - - - - 

 Fraction C 0.5 0.6 0.6 - 

 Fraction D - 0.4 - - 

Schinus 

terebinthifolius 

(micropropagated) Crude 0.5 0.2 0.7 - 

 

MIC, minimum inhibitory concentration; Ec., Escherichia coli (ATCC 35219); Sa., Staphylococcus aureus (ATCC 

27213); Pa., Pseudomonas aeruginosa (ATCC 27853); Ca., Candida albicans (ATCC 10231). Fraction A: 

petroleum ether: EtOAc 1:1; Fraction B EtOAc 100%; Fraction C EtOAc: MeOH 1:1; Fraction D: MeOH 100%. 

 

The results of this study showed that both extracts produced by outdoor grown and micropropagated plants 

presented antimicrobial activity. The literature shows that antimicrobial activity of the essential oil and of the 

leaves extracts from various species of Schinus mainly S. terebinthifolius have demonstrated antibacterial activity 

in vitro against several clinical strains of bacteria [23,30]. The crude extracts from micropropagated plants were 

more effective at lower concentrations than the ones from outdoor grown plants showing activity against S. aureus 

with a total mean of 0.2 mg/mL compared to 0.4 mg/mL from the outdoor-grown plants. According to the 

literature the production of secondary metabolites is influenced by environmental and physiological conditions 

[25,31]. In addition, Gundidza et al. observed differences in the chemical and antibacterial profile of S. 
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terebinthifolius extracts [13]. Secondary metabolism could respond to oxidative stress and to production of free 

radicals, leading to the accumulation of different compounds in samples grown in vitro or outdoor. In fact, 

vegetative parts from outdoor samples and in vitro clones could present different profiles of phenolic compounds, 

which is not only related to genetic factors but also to environmental growth conditions that lead to [31]. The 

antimicrobial activity of the S. terebinthifolius has been related to phenolic compounds [32,33].  

 

Figure 3: UV spectra at 26 min. of chromatograms in Figure 2 of extracts from S. terebinthifolius plants 

obtained through outdoor-grown in vitro plants. 
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According to Ncube and Ref. [25] the conditions are more favorable for phenolic compound production in 

micropropagated than in outdoor grown plants. In this study, the fraction D (ethyl acetate: methanol) from outdoor-

grown plant and the crude extract of the micropropagated plants showed activity against pathogenic strains tested 

(Tables 1 and 2). However, the extracts were analyzed by HPLC and showed the presence of methyl gallate as the 

main compound including the crude extract from micropropagated plant. Methyl gallate is also known by its 

potential of growth-inhibiting activity against Escherichia coli, Campylobacter jejuni, S. aureus and Shigella 

flexneri [34,35]. Moreover, it was not detected the presence of methyl gallate in the crude extracts from outdoor-

grown plants, furthermore the extracts activity against evaluated microorganisms was limited. The compounds are 

expected to display higher antibacterial activity in the fractions than in the crude extracts, due to their higher 

concentration in the fractions [35]. High concentrations of the compounds in micropropagated plants may be 

related to the in vitro growing conditions that can promote the production of these compounds.  

 

The biosynthesis of plant secondary metabolites depends on exogenous factors such as the endophytic fungi [8]. 

Studies have demonstrated that endophytic fungi are able to produce secondary metabolites which are also 

biosynthesized by their host plants. These include, for example, antineoplastic paclitaxel [36], camptothecin and its 

structural analogs [37], the anticancer drug lead compounds podophyllotoxin [38], deoxypodophyllotoxin [39], the 

antidepressant hypericin along with emodin [40], and the natural insecticides azadirachtin A and B [9]. This study 

aimed to investigate the role of endophytes fungi in the production of secondary metabolites with antimicrobial 

activity in S. terebinthifolius. It was observed that crude extracts of micropropagated plants showed a higher 

antimicrobial activity than outdoor-grown plants. The chemical characterization revealed the presence of phenolic 

compounds that seem to be the main compound responsible for this activity. This result indicated that the plant 

with endophytes microorganisms presents a different profile of the antimicrobial activity which suggested that the 

endophytic community acts as regulatory mechanism in the plant. Current researches are focusing in understanding 

the basis of biochemical and molecular production of similar compounds by endophytes, concomitant with their 

associated plants, although the endophytes role and their complex interactions with other plants are mostly 

overlooked [8]. 

 

CONCLUSION 

This is a pioneer work considering the influence of endophytic microorganisms in the production of secondary 

metabolites by the S. terebinthifolius. The relationship of endophytic in compounds production by their host plant 

is poorly known. In this study, it was concluded that the endophytic fungi seems not to stimulate the production of 

phenolic compounds by plant with activity against pathogenic strains used. Furthermore, it was observed that 

micropropagated plants presented antimicrobial activity at lower concentrations extracts than S. terebinthifolius 

extracts collected from wild environment. Considering this study, the use of in vitro plants of S. terebinthifolius 
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could represent an alternative to large-scale production of this secondary metabolite. However, it is necessary to 

investigate for better understanding the relationship between endophytic microorganisms and the activity of S. 

terebinthifolius metabolites. 
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