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ABSTRACT 

Senecio calvus, a traditional medicinal plant native of Peruvian Andes was used to 

evaluate its activity against biofilm formation. Crude extracts were tested against 

cultures of Pseudomonas aeruginosa and Escherichia coli, two bacteria that use 

different signals of QS. Briefly, cultures in growth phase were mixed with crude 

extracts of aerial parts of S. calvus to determine the degree of inhibition of biofilms, 

subinhibitory concentrations were used where corresponded as previously established 

by a minimum inhibitory concentration test (MIC) by microtitration method. Results 

indicate a mean inhibition of 92.9% and 76.4% in two of the extracts for Pseudomonas 

aeruginosa and 55.5% as maximum mean inhibition percentage for Escherichia coli 

which indicates that Senecio calvus is a candidate for isolation of inhibitory molecules 

of biofilms. 

KEY WORDS: biofilm inhibition, crude extract, Pseudomonas aeruginosa, 

Escherichia coli. 

 

INTRODUCTION 

 Biofilm growth is the commonest way bacteria colonize different ecological 

niches in the environment or in biological species where they can be the cause of some 

infections (Costerton et al, 1999). One of the most important places where biofilms 

presence is a serious problem is the clinical setting; biofilms formed in catheters and 

other surfaces are very common and can be the source of intrahospitalary infections 

(Lindsay et al, 2006). Biofilms are very difficult to treat and sometimes resistance to 

antibiotics can reach up to 1000 times the value of MIC (Florian et al, 2006). 

 Current anti-biofilm research is focused on preventing the development of 

biofilms through many strategies such as inhibition of adherence, interrupting quorum 

sensing (QS) or promoting early detachment of cells (Kaplan, 2005). Screening of 

plants and natural products as possible candidates of anti-biofilm treatment or 

prevention has been increasing, giving a rise in the number of publication related to 

biofilm research (Musk et al, 2006). 

 Senecio calvus is an Asteraceae from the Peruvian Andes used in folkloric 

medicine and along with some other similar species of the genus are known with the 

common name of “Huamanrripa” or “Huira-huira”, their uses are mainly as antitussive 
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and for respiratory processes but also as anti-inflamatory, antibiotic and analgesic 

(Mostacero, 2011). This plant is used here to obtain crude extracts and test them to 

evaluate their influence on biofilm formation of Pseudomonas aeruginosa and 

Escherichia coli, using subantimicrobial concentrations that are previously determined. 

 
 MATERIALS AND METHODS 
 Plant material was collected near the city of Huaraz (-9.5298, -77.5248 UTM) 

in northern Peru in the region of Ancash. The material was taken to the laboratory for 

taxonomical identification and washed with distilled water then put it in a stove at 

40°C for one day to dry it and then let it to fully desiccate in the environment for many 

days. Aerial parts were used and were mechanically grinded until obtain a powder and 

then meshed with a 0.5 mm sieve. Powders were soaked in a proportion of 1:5 (w/v) 

with five solvents dichloromethane, ethanol, methanol, buthanol and water, placed in 

amber glass bottles for five days at room temperature with slight agitation for 15 

minutes twice a day. Crude extracts were filtrated as previously described elsewhere 

(Obeidat et al, 2011). 

 Minimum inhibitory concentration (MIC) was determined by serial dilution 

method in 96-well microtiter plates. Briefly, all extracts were diluted in dimethyl 

sulfoxide at desired concentration and test them against overnight planctonic cultures 

of Pseudomonas aeruginosa ATCC 27853 and Echerichia coli ATCC 25922 

respectively at 0.5 MacFarland turbidity standard, tests were made by triplicate and 

dilutions were two-folded from the first row down except the last row that was used as 

control wells for comparisons, the plates were incubated for 18 h before visual reading. 

Absence of turbidity indicated antimicrobial activity. 

 Biofilm inhibition was tested also by microdilution technique, but using 

subinhibitory concentrations. The assay was adapted from O’Toole and Kolter 

(O’Toole et al, 1998). A 100 µL of culture (0.5 McFarland) was inoculated in each 

well and 100µL of crude extract was added to the first row then two-folded dilutions 

were made from the first row down except the last row that was used as control wells. 

Microplates were incubated at 37°C for 24 h after that time the wells were emptied and 

washed with tap water. Crystal violet 0.8% was added and let it to room temperature 

for 30 minutes before wash it again to remove the dye, remaining crystal violet was 

solubilized with dimethyl sulfoxide and then read in a plate reader at 595 nm. 

 Percentage of inhibition was done by measuring the optical density (OD) of 

the wells evaluated in relation to control wells that are taken as 100% of biofilm 

formation and 0% of biofilm inhibition: 

percentage of inhibition = (OD of evaluated well/OD of control) x 100 

 Identification of secondary metabolites was done using the phytochemical tests 

as described by Ahuja (Ahuja et al, 2011). 
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RESULTS AND DISCUSSIONS 

 The antimicrobial profile of each crude extract for both bacteria is summarized 

in table 1. Senecio calvus showed a very low antimicrobial activity on Pseudomonas 

aeruginosa and had a better activity against Escherichia coli. 

 
TABLE 1. MIC values for each crude extract of Senecio calvus, concentrations are given in miligrams per milliliter 

(mg/mL). 

  Methanol Dichloromethane Buthanol Ethanol Aqueous 

Pseudomonasaeruginosa >100 >100 100 >100 >100 

Escherichiacoli >100 50 100 >100 25 

 
 Biofilm inhibition in Escherichia coli reached 55.5% of inhibition with 

methanolic extract at the highest subinhibitory concentration and 46.7% with water 

extract, dichloromethane extract also inhibited biofilm formation by 37.8%. In 

Pseudomonas aeruginosa the inhibition was very high especially for dichloromethane 

and methanol extracts that resulted in 92.9% of inhibition for the first and 76.4% for 

the second, which indicates a very high antibiofilm activity against this bacterium. In 

both cases the highest concentrations tested had better inhibition percentage than lower 

concentrations. 
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FIG. 1. Mean inhibitory percentages of biofilm formation of the different crude extracts at the concentrations showed 

against biofilms of Escherichia coli. Negative values indicate overgrowth compared to controls. Note that 

dichloromethane, buthanol and water extracts are tested from 25, 50 and 22.5 mg/mL respectively to lower 
concentrations. 
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FIG. 2 Mean inhibitory percentages of biofilm formation of the different crude extracts at the concentrations showed 

against biofilms of Pseudomonas aeruginosa.Negative values indicate overgrowth compared to controls.Buthanol 
extract is tested from 50mg/mL to 0.781 mg/mL. 

 

 Identification of metabolites was done for crude extracts that showed a 

good biofilm inhibition, in this case the dichloromethane extract the metabolites 

had a strong positive reaction to coumarins and lactones, and in the methanolic 

extract reacted strong positive to flavonoids and phenolic compounds, water 

extract reacted strong positive to phenolic compounds and alkaloids. 

 Plant products are being surveyed for new compounds to be used in the 

pharmaceutic industry specially antibiotics, one of the products of interest is 

related to biofilm inhibiting molecule even when it is not the main interest in 

pharmaceutics it is getting more attention. Senecio calvus has a good action 

against biofilm formation, the presence of lactones, coumarins and flavonoids 

are related to their action, it is not surprising that lactones are part of this 

activity since QS signals are homoserin-lactones and previous works had 

demonstrated that halogenated lactones can act blocking the biofilm formation 

(Galloway et al, 2011). Some other works reported that phenolic compounds 

and flavonoids also can act as biofilm inhibitors (Magesh et al., 2013; Huber et 

al., 2003; Onsare et al., 2014) and in this case the percentage of inhibition is 

higher in the extract rich in flavonoids than the extracts with more lactones, 

coumarins, phenolic compounds and alkaloids. 

 Differences in the action of crude extracts on Pseudomonas aeruginosa 

and Escherichia coli seems to indicate that the metabolites are acting 
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preferentially against one type of QS signal, since Pseudomonas aeruginosa 

uses acyl homoserin-lactone (AHL) and Escherichia coli uses the AI-2 signal a 

different molecule, Escherichia coli however possesses receptors for AHLs and 

also have been reports that furanones can affect biofilm growth in E. coli 

(Galloway et al., 2011). 

 Another study had pointed out that a good antimicrobial activity did not 

correspond with a good biofilm inhibitory action (Sandasi et al, 2011). Senecio 

calvus has low antimicrobial activity against Pseudomonas aeruginosa however 

its capacity to inhibit biofilm formation is manifest. Since MIC is low and 

subinhibitory values were used it is very unlikely that an antimicrobial activity 

is affecting the outcome. 

 
CONCLUSIONS 

 Dichloromethane and methanol crude extracts of Senecio calvus have a 

notable inhibitory biofilm activity especially against biofilms of Pseudomonas 

aeruginosa but less effective against Escherichia coli biofilms, also water crude 

extract is active preventing biofilms of E. coli. These results encourage the 

screening of other species of this genus to evaluate their inhibitory potential on 

biofilms. Further characterization is needed to identify what molecules are 

present and evaluate them to find the ones with biofilm inhibition activity and 

to recognize at what level are operating. 
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