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Este trabalho foi realizado de acordo com as normas da revista Planta Medica 

(Anexo I), entretanto para melhor leitura, mantiveram-se figuras, tabelas e 

legendas no decorrer do texto. 
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Abstract: 

The Brazilian semi-arid or Caatinga is a biome located almost exclusively in the Northeast 

region. The local communities demonstrated numerous uses for the plants, although few 

studies about the pharmacological properties of these species there have been developed. The 

present study evaluated the anti-Pseudomonas aeruginosa activity of aqueous extracts from 

Anadenanthera colubrina (Fabaceae, Mimosoideae), Myracrodruon urundeuva 

(Anacardiaceae), Commiphora leptophloeos (Burseraceae) and Pityrocarpa moniliformis 

(Fabaceae, Mimosoideae) and characterized some aspects of their mechanism of action. The 

minimal inhibitory concentration and the effect of the extracts on bacterial growth were 

determined by counting the colony forming units, as well as by antibacterial activity kinectics. 

Transmission electron microscopy was used to support the previous results. Phytochemical 

analysis was performed by TLC, bioautography and HPLC. All extracts showed a bacteriostatic 

effect under the experimental condition. Polyphenols, flavonoids, anthraquinones, anthrones, 

coumarins, peptides, terpens, steroids and saponins are the supposed class of compounds 

involved in the antibacterial activity. The four extracts are possible new sources of antibacterial 

agents against P. aeruginosa. 
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Abbreviations: 

MHA: Mueller Hinton Agar 

RP-TLC: Reverse phase-thin layer chromatography 

MIC: Minimal inhibitory concentration 

CFU: Colony forming units 

TSB: Triptone Soy Broth 

ANVISA: Agência nacional de vigilância sanitária 
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Introduction: 

The Brazilian semi-arid or Caatinga, from the native tupi language-KAA(forest) and-

TINGA(white, clear) [1], is a biome located almost exclusively in the Northeast region.  This 

semi-arid region demonstrates different kinds of vegetation due te varying degrees of 

edaphoclimatic aridity. It is generally associated with the distance from the Atlantic coast, 

altitude, geomorphology, degree of dissection of the landscape, slope, wind exposure, as well 

as soil depth and its physical and chemical composition [2].The Caatinga is individualized as a 

tree and shrub vegetation, in which almost all plant species predominates the expiry from the 

leaves about the other forms of resistance to the water deficiency; Cactaceae and 

Bromeliaceae rich, having a huge number of thorny and endemic plants. In most of the 

Caatinga dominium rains less than 750 mm per year, concentrated in November to June period. 

The region is characterized by having crystalline, practically impervious and sedimentary lands 

presenting good water reserves underground. The soils, with rare exceptions, are little 

developed, mineralogical rich, rocky, little thick and with low capacity for water retention, the 

limiting factor to primary production in this region[3].  

The Caatinga region is known by the low economic development, which reflexes in 

low access by the population to industrialized drugs, determining that, frequently, the treatment 

disposable is the use of the medicinal plants. The local communities demonstrated numerous 

uses for the plants, although few studies about the pharmacological properties of these species 

have been developed. Taking into account that the ethnopharmacological approach many 

studies described a wide use of the plants in Caatinga as antiseptic, agents to treat respiratory 

disorders or to treat general infections [4-8], leading to speculate some possible additional 

antimicrobial activity.  

Pseudomonas aeruginosa is a Gram-negative environmental bacterium and an 

opportunistic microorganism. It is a leading cause of nosocomial infections, being responsible 

for 10% of all nosocomial-acquired infections (HAIs)[9] and the second cause of Hospital-

acquired pneumonia (10–15% cases)[10]. In addition, it is the most important pathogen in cystic 

fibrosis patients lung infections (80% of adult patients) [11]. The success of this environmental 

bacterium at the hospital since the 1950s‘ mainly relies on its ability to resist the selective 

pressure exerted on microbial floras by antimicrobials, and to become recalcitrant to any of the 

commercially available antibiotics through the operation of various intrinsic or transmitted 

mechanisms of resistance [12]. In Brazil, efflux systems, porin down regulation, AmpC 

overproduction, and β-lactamases including ESBL and metallo enzymes, particularly SPM-1, 

interplay a diverse role among Brazilian multidrug-resistant P. aeruginosa isolates. The 

possibility of the P. aeruginosa persistence and spread in hospital environments is increased by 

the colistin-only sensitive Brazilian clone SP (from São Paulo) harborin blaSPM-1 that imposes an 

immense limitation on therapy for treating the infection[13]. 

According to the WHO, the discovery of antimicrobials is one of the most important 

advances in health in human history - decreasing suffering from disease and saving lives [14],  
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but resistance has been barrier to the successful antimicrobial therapy. In this context, the 

search for new sources is necessary, and natural products seem to be very promising by itself 

or as prototype models of compounds. Ethnopharmacological data can be considered a 

valuable pathway in drug discovery. Regarding the antimicrobial problematic, the aim of this 

study was to evaluate the anti-P. aeruginosa activity of four plant extracts from Caatinga and to 

characterize some aspects of their mechanism of action and chemistry. 

 

Material and methods: 

Plant Material: 

Plants were collected from various physiognomies in Parque Nacional do Catimbau, 

Pernambuco, Brazil, between July and August 2009. Botanical identification was performed at 

the Herbarium of the Instituto Agronômico de Pernambuco (IPA), where voucher of each 

species have been deposited (Table 1). The parts of plants used were dried using an incubator 

at 40°C for 2 to 3 days. The dried plant materials were ground into powder form using a grinder 

followed by a warring blender. 

Table 1. Informations about plants investigated. 

Scientific name Family 
Popular 
 name 

Studied  
Part 

Voucher 
 number 

Acronym 
Usage forms, preparation and  

therapeutic indication 

Anadenanthera 
colubrina var. 

colubrina 
(Griseb.) Altschul 

Fabaceae 
Mimosoideae 

Angico, 
Angico 
branco 

Bark IPA 84039 Ac26 

Drink. A maceration of a handful of stem 
bark in a liter of wine or ―cachaça‖ is used 
against coughs, whooping cough and 
bronchitis [16]. 

Myracrodruon 
urundeuva 

Alemão 
Anacardiaceae 

Aroeira, 
Aroeira do 

Sertão 
Bark IPA 84059 Mu34 

Drink or wash the affected site. A decoction 
or maceration of a handful of stem bark in 
a liter of water. Used in cases of ovarian 
inflammation and in ulcerative external 
afflictions. This species has many other 
medicinal indications [16]. 

Commiphora 
leptophloeos 

(Mart.) J.B.Gillett 
Burseraceae 

Umburana, 
Imburana, 
Amburana, 
Imburana 

de cambão 

Bark IPA 84037 Cl33 

Drink or wash/bathe the affected site. A 
decoction of a handful of roots in a liter of 
water is prepared with sugar as syrup. 
Used in the treatment of influenza, coughs, 
bronchitis, to treat urinary and liver 
diseases. Also, external use against 
vaginal ulcers and others [16]. 

Pityrocarpa 

moniliformis 

(Benth.) Luckow 

& Jobson. = 

Piptadenia 

moniliformis 

(Benth.) 
 

Fabaceae 
Mimosoideae 

Catanduva Leaf IPA 84048 Pm45 
In communication with local people was 
informed that the stem bark and root are 
used as healing. 
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Extraction: 

Aqueous extracts were prepared with sterile Milli-Q water (1:10, [w/v]). The extraction occurred 

during 24 hours without shaking at room temperature and protected from light. The extracts 

were filtered under vacuum, lyophilized and stored at 4°C. 

Inoculum preparation: 

Stock bacterial cultures of P. aeruginosa ATCC 27853 were streaked on MHA plate and 

incubated at 37°C for 18 h. Inocula were prepared by colony suspension in sterile saline 

solution (0,9% NaCl [w/v]) up to reach 0,150 ±0,003 optical density at 600 nm (10
8 

CFU/mL 

corresponding to 1 in MCFarland scale). 

Bioassays: 

MIC and effect on bacterial growth: 

The work solutions of the four extracts and the reference antimicrobials, gentamicin and 

erythromycin, were made with sterile Milli-Q water and then filtered by a 0,22 µm membrane 

filter. In sterile polystyrene 96 well microplates were added 80 µL of the work solutions 

(concentration of the sample Ac26: 6 - 0.5 mg/mL, sample Cl33: 4 - 0,25 mg/mL, sample Mu34: 

7 - 2 mg/mL, sample Pm45: 16 - 2 mg/mL), 40 µL of TSB and 80 µL of the inocula. Bacterial 

growth and sterility controls were performed. Microplates were incubated for 6 h at 37°C. The 

experiment was performed in eightfold and three times. MIC was defined as the lowest 

concentration of the plant extract that inhibits growth compared with the untreated bacteria, in 

experimental conditions. After, a serial dilution of the MIC well (100 µL) was performed in sterile 

saline solution.  Aliquots of 50 µL of the 10
-5

 and 10
-6

 dilutions were placed in MHA and 

incubated for 18 h at 37 °C. Bactericidal or bacteriostatic activity was taken by counting the CFU 

per plate. The extract can be considered bactericide if there was no significant bacterial growth.  

 

Antibacterial activity kinectics: 

In sterile polystyrene 96 well plates, 80 µL of samples at 0.25xMIC, 0.5xMIC, MIC, 2xMIC 

concentration and erythromycin at MIC concentration were added, 40 µL of TSB and 80 µL of 

the inoculums were added and incubated in 37 °C. The OD 600nm was read in microplate reader 

at 0, 3, 6, 9, 24, 30, 48, 54 and 72 h of incubation time. Three controls were performed: (i) 

samples were replaced by sterile water in growth control, (ii) bacterial inoculums were replaced 

by saline solution in samples colour wells (this avoided the interference of the samples colour in 

the results), and (iii) sterility controls only with TSB. Experiments were conducted four times for 

each sample concentration. 
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Transmission electron microscopy 

 
Inocula (400 µL) were incubated (6h, 37 °C) in sterile tubes containing 400 µL of four extracts at 

MIC concentration and the final volume was completed to 1 mL with TSB medium. Untreated 

cells replaced the extract to sterile Milli-Q water. Samples were centrifuged (10000 rpm, 60 min) 

and the pellets were washed twice with 900 µL of PBS (pH 7.0). Cells were fixed in 

glutaraldehyde 2,5% and p-formadehyde 2%, at 4 °C for 12 h, and were postfixed with osmium 

tetroxide 1% at room temperature for 2h 30 min. Cells were dehydrated with acetone solutions 

(30%, 50%, 70%, 90% and 100%) and then embedded gradually in resin solutions (25%, 50%, 

75% and 100%). Series of ultrathin sections were cut and collected on copper grids. Following 

staining with uranyl acetate (30 min) and lead citrate (20 min), the sections were examined 

using a JEOL-1200 EX transmission electron microscope. 

Chemical analysis: 

Thin Layer Chromatography and bioautography: 

Aqueous solutions of the four extracts (10 mg/mL) were analyzed by TLC on silica gel 60 F254 

and on silica gel RPC-18 plates. The solvent system was ethyl acetate:water:acetic acid:formic 

acid (9:2.3:1:1), and for RPC-18 plates was methanol:water (3:1). Visualization was performed 

only to silica gel 60 F254 under visible and UV light (254 and 365 nm) and after staining with 

colorimetric specific groups reagents: Dragendorff reagent, Eckert‘s reagent, Neu-reagent 

following with plate dipping in polyethylene glycol, Ninhydrin reagent, Iodine vapors, Potassium 

hydroxide reagent and Iron(III) chloride [17, 18]. The plates used to visualize under UV light and 

the RPC-18 were used to the bio-autography assays. They were covered with a misture of 12 

mL of MHA and 8 mL of the inocula prepared as previously described. The plates incubated at 

4°C for 2 h 40 min, and at 37°C for 18 h. Afterwards, the plates were covered with 

triphenyltetrazolium 5% solution and incubated at 37 °C for 2,5 h. Cream-white spots appear 

against a purple background on the TLC plate surface, pointing  the presence of antibacterial 

agents [19]. 

 
Liquid Chromatography: 

The HPLC qualitative analyses were carried out on a Shimadzu LC-20AT coupled to a diode 

array detector Shimadzu SPD M20A, and a reversed-phase column Shim-pack VP-ODS (250 x 

4.6 mmI.D., Shimadzu) was used. Gradient elution was performed with solution A, acetonitrile: 

water (5:95, [v/v]), and solution B comprising 100 % acetonitrile, delivered at a flow rate of 0.6 

mL min
-1 

as follows: initially 95 % of solution A increasing up to 100 % of solution B during 60 

min and finally 100 % of B for 15 min. The injection volume was 20 µL from a solution with 

concentration of 2.5 mg mL
-1

. Maximums of absorption of the compounds were evaluated at 

210, 254, 273 and 365 nm. 
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Results: 

MIC and effect on bacterial growth: 

 

Aqueous extracts of the four plants showed inhibitory activity against P. aeruginosa under the 

experimental conditions, presenting a bacteriostatic effect (table 2). The MICs of references 

antimicrobials are under expected with literature [20] being a control test conditions. 

Erythromycin MIC concentration was used to determine the kinetics of antibacterial activity.  

 

Table 2 MIC, counting CFU/mL and effect on bacterial growth from plant extracts and reference antimicrobials. 

Aqueous solution MIC µg/mL CFU 10
8
/mL Effect on bacterial 

Growth 

Ac26 2500 4,98±0.72 
Bacteriostatic 

Cl33 1000 3.45±0.12 
Bacteriostatic 

Mu34 4000 6,03±0.66 
Bacteriostatic 

Pm45 10000 2.02 
Bacteriostatic 

Gentamicin 2 - 
Bactericide [21] 

Erythromycin 512 - 
Bacteriostatic [22] 

 

Antibacterial activity kinectics: 

A significant decreased in the bacterial growth was observed when P. aeruginosa was exposed 

to the samples, characterizing the bacteriostatic effect of them (Fig.1).  It is possible to visualize 

that bacterial growth is inhibited until 9 h. When the kinects inhibition of erythromycin is 

compared with the extracts, is possible to see that they are similar, confirming the bacteriostatic 

action in the experimental conditions against P. aeruginosa. 



11 

 

  

 

Fig. 1 The antibacterial activity kinectics of plant extracts from Caatinga: a) Anadenathera colubrina; b) Commihora 

leptophlocos; c) Myracrodruoum urundeuva; d) Pityrocarpa moniliformis.     Bacterial Growth control,    Erythromycin,                                                       

Extracts at 0.25xMIC concentration,      Extracts at 0.5xMIC concentration, X Extracts at MIC concentration, X Extracts 

at 2xMIC concentration. 

 

Transmission electron microscopy: 

 
Bacterial cells treated with plant extracts at MIC concentration, during 6 h at 37 °C and were 

examined by TEM. In MIC, at magnification 15000 x all extracts appear to promote extra- and 

intracellular modifications in some cells (Fig. 2d,g,j,m) when compared with untreated cells 

(Fig.2a). Furthermore the Ac26 extract showed a visible decrease in the number of cells 

(Fig.2d). Also, some cells seem to be not affected by extracts. Higher magnification (120000 x) 

showed that all extracts coagulated cytosolic components and Pm45 causes empty spaces in 

the extremity of the cell (Fig.2n). Disrupted cytoplasm membrane and cell wall are seen in all 

treatment when compared with untreated cells (Fig. 2b) and the Mu34 causes separation of 

cytoplasm membrane from the cell wall (Fig.2i). 
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Fig 2: Transmission electron micrographs of P. aeruginosa ATCC 27853. Fig. 2a-c: Untreated cells at 15000x, 120000x 

and 500000x magnification, respectively. Fig.2d-f: Bacterial cells treated with Ac26 at 15000x, 120000x and 500000x 

magnification, respectively. Fig.2g-i: Bacterial cells treated with Cl33 at 15000x, 120000x and 500000x magnification, 

respectively. Fig.2j-l: Bacterial cells treated with Mu34 at 15000x, 120000x and 500000x magnification, respectively. 

Fig.2m-o: Bacterial cells treated with Pm45 at 15000x, 120000x and 500000x magnification, respectively. The white 

arrows shows the coagulated cytosolic components, the black arrows shows the damage to the cell envelope and the 

red arrow shows the separation of cytoplasm membrane of cell wall.  bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

  a)   b)   c) 

  d)   e)   f) 

  g)  h)   i) 

  j)   k)   l) 

  m)   n)   o) 
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Thin Layer Chromatography and bio-autography: 

Analysis of the TLCs (Fig. 3) shows the complexity of the extracts. Only presence or absence of 

positive reaction were evaluated, indicating phytochemistry composition of the extracts 

preliminary (Table 3). Bioautography of the extracts showed that hydrophilic compounds are 

involved with antibacterial activity, but Cl33 and Mu34 also presented hydrophobic compounds 

with activity (Fig.4). These data were confirmed in the RP-TLC, where the actives appear in the 

top of the plate, a zone of hydrophilic compounds. While Cl33 and Mu34 showed antibacterial 

activity of compounds in the application point a zone of hydrophilic compounds in the RP-TLC. 

 

Fig. 3: TLCs analyzed in front of different indicators reagents. From the left to the right: Dragendroff reagent, Neu-

reagent, Ninhydrin reagent, Iron(III) chloride and Eckert‘s reagent. The order of application of extracts in the TLCs was, 

from the left to the right: Ac26, Cl33, Mu34 and Pm45. TLC analysis with potassium hydroxide not shown.  

Table 3.  Analysis of TLC plates with indicators reagents for specific groups. (+) indicates positive reaction, (-) indicates 
negative reaction. 

 Reagents 

Extract Eckert’s  Dragendorff Iodine Ninhydrin KOH FeCl3 

Neu-

reagent 

Possible 

detected 

compounds 

Terpens, 

steroids, 

saponins 

Alkaloids 

Conjugated 

double 

bounds 

Amino 

acids, 

biogenic 

amines 

Anthraquinones, 

coumarins  
Polyphenols Flavonoids 

Ac26 + - - + - + + 

Mu34 + - - + - + + 

Cl33 + - + + - + + 

Pm45 + - - + - + + 

 

 

   a)                            b)                  c) 

Fig. 4: Bioautography of the extracts. (a) TLC silica 

gel 60 F254. The order of application of the extracts 

in the TLCs was, from the left to the right: Ac26, 

Cl33, Mu34 and Pm45. (b) RP-TLC of extracts Ac 

26, Cl33 and Mu 34, (c) RP-TLC of Pm45 extract. 

The cream-white zones show the antibacterial 

activity from compounds of the extracts. 
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Liquid Chromatography: 

HPLC analysis showed a great number of absorption peaks, leading us to confirm the 

complexity of the samples (Fig. 5). The most representative wavelength was 210 nm (Fig 5.a1-

d1) due to the major number and definition of the absorption peaks observed.  Although the 

Pm45 extract is originated from leaves (Table 1), surprisingly all extracts have a similar HPLC 

profile, in agreement with TLCs analysis (Table 3) and showed a dropped peak, which is 

indicative of compounds with high molecular weight. Among Ac26, Cl33 and Mu34, in which the 

used part was bark, the Cl33 (Fig. 5b) appear to had less complexity due the lowest number of 

absorption peaks.   

 

  

   

 

 

 

    a)     b) 

     c)    d) 

Fig. 5: Qualitative HPLC-PDA chromatrogram of the extracts: a) Anadenathera colubrina(Ac26); b) Commiphora 

leptophloeos (Cl33); c) Myracrodruoum urundeuva (Mu 34); d) Pityrocarpa moniliformis (Pm45). 1- 210 nm; 2- 

254 nm; 3- 273 nm; 4- 365 nm. 

1 
2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 
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Discussion: 

In spite of many conventional drugs have arisen from natural products, including 

plants, few antimicrobial agents have come from this source, with the vast majority in clinical 

use derived from products naturally produced by microorganisms [23]. Nonetheless, the use of 

medicinal and herbal plant remedies to treat infectious diseases is common in many countries 

[24]. Plant-derived antimicrobials are promising to be effective against resistant microorganism 

since compounds with new mechanism of action could be discovery. Increasing levels of 

antimicrobial resistance and declining numbers of pharmaceutical companies involved with the 

development of anti-infective agents create a significant public health threat to the effective 

management of bacterial infections [14, 25]. Trying to control bacterial resistance in Brazil, the 

ANVISA has restricted the sale of antimicrobials [26]. Prevalence of multidrug resistance strains 

of P. aeruginosa and the fact that no newer antipseudomonal agents are available [27] reinforce 

the need of new drugs to treatments.  

The present work showed a study of the antibacterial activity of A. colubrina, M. 

urundeuva, C. leptophloeos and P. moniliformis against P. aeruginosa. All aqueous extracts 

showed bacteriostatic activity under the experimental conditions, although results of TEM 

showed that there is damage to the cell structure. This observation contradicts the classical 

concept of action of bacteriostatic antimicrobials, which causes some metabolic injury which is 

reversible when the antimicrobial agent is removed or neutralized [29]. Bactericidal action 

results from irreparable and irreversible damage to a vital cellular structure or function [30]. 

However, as it is possible to see that there were no damage cells between whole populations. 

The in vitro microbiological determination of whether an antibacterial agent is bactericidal or 

bacteriostatic may be influenced by many factors, as time of experiment and bacterial cell 

density, among others. This definition of the mechanism of action is even more arbitrary, since 

most antibacterials are better described as potentially being both bactericidal and bacteriostatic. 

Most so-called ―bacteriostatic‖ agents kill some bacteria after the time of expirement- often  

more than 90%-99% of the inoculum, but not enough (>99.9%)  to be called ―bactericidal.‖ [31]. 

Some cells seemed not be affected by extracts or recover the growth ability and restart to 

growth. The possibility of there are no sufficient amount of active molecules to ensure that all 

cells are unable to growth due their low amount of active compounds in the crud extract cannot 

be excluded. Comparing the kinects of antibacterial activity of the extracts with erythromicyn, 

the reference antimicrobial, the same profile is obtained, corroborating with the hypothesis of 

bacteriostatic effect, in this experimental conditions involved. 

In order to assume the class of compounds that are involved to the activity the TLCs 

showed the great complexity of the extracts, although the chemical revealing can react with 

more than one class due to their mechanism of action. TLC is a rapid qualitative valuable tool of 

detection of compounds, and when coupled with bioautography gives the positive or negative 

response of the antibacterial activity to different compounds separated by TLC [32]. All extracts 

appear to have similar constitution, with exception of the extract from C. leptophloeos, which 
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reacts in the presence of iodine vapors. The HPLC analysis supported the results from the TLC, 

confirming the complexity of samples. The absence of alkaloids and the dropped peak in HPLC 

analyses can be explained by singularities of the Caatinga environment. Plants that develop in 

rigorous environments have slower growth rates, and tend to invest in high molecular weight 

compounds. There is an important metabolic cost in the production of bioactive toxic 

compounds, such alkaloids [33]. Phytochemical classes observed in the extracts by TLC, 

polyphenols, flavonoids, anthraquinones, anthrones, coumarins, peptides, terpens, steroids and 

saponins have antibacterial activity widely described [34-37] and could be the responsible to the 

antibacterial activity of the extracts.  

Among the plants analysed, A. colubrina and M. urundeuva have a great importance 

to the Caatinga communities [5-8,38,39]. Moreover, the part used is the bark, putting our study 

in accordance with the popular use. The use of this part is explained due to the seasonality of 

the region, when it remains as medicinal source unlike others parts of plants, such as leaves 

[38]. C. leptophloeos is less cited in ethnopharmacological studies and P. moniliformis is cited in 

only one report, but with both species showing antibacterial and antibiofilm activity, respectively 

[15]. The A. colubrina tannins, which are at higher concentration in bark [38], are supposed to 

have antimicrobial activity [40]. In the bark of M. urundeuva  it is described the presence of 

phenols, tannins, flavonoids, terpenes, triterpenes, and anthraquinones [41]. However, the 

antibacterial and antifungal activities of its heartwood are reported to lectins, a class of proteins 

that recognizes carbohydrates and have been considered as participants in plant defense 

mechanisms [28]. The result of TLCs corroborated the reported activity, due the positive 

reaction of M. urundeuva extracts with ninhydrin, which is indicative of the presence of proteins. 

The study presented here shows the value of plants from the Caatinga as possible 

sources of new antibacterial agents against P. aeruginosa and also validate the popular use of 

plants. The prospects of the work are the isolation and elucidation of the active molecules from 

the extracts. 
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