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ABSTRACT 

This study is based on the hypothesis that various extracts from Usnea barbata 
L. have antibacterial action. Six lichen extracts of different concentrations in: 96% 
ethanol, acetone and water, have been studied. Their inhibitory action was tested 
by adapting a diffusimetric antibiogram, made for three pathogenic Gram-positive 
and Gram-negative bacteria from the oro-dental cavity: Staphylococcus 
aureus,   Pseudomonas aeruginosa and Escherichia coli. 

Our results showed that on Staphylococcus aureus,  acetone and 
ethanolic  Usnea barbata L. extracts have a great antibacterial action. On Gram-
negative bacteria, in the zone of inhibition of the acetone and ethanolic  extracts 
from Usnea barbata L., the development of resistant mutant strains was 
observed.   On all the studied pathogenic bacteria: aqueous extract from Usnea 
barbata L. is totally inactive. 

In conclusion, in oro-dental infections where strains of Staphylococcus are 
involved, acetone and ethanolic Usnea barbata L. extracts could be very effective 
as auxiliary treatment, together with classic antibiotics. 

Keywords:  Usnea barbata L. extracts, antibacterial action, Staphylococcus 
aureus, Pseudomonas aeruginosa, Escherichia coli 

AIM 

In this work, we proposed to present, as result of our research, the antibacterial 
action of different extracts from Usnea barbata L., from North-Eastern 
Carpathian Mountains, Romania. Our study tested this action on Gram-positive 
and Gram-negative bacteria, from an oro-dental cavity. 

INTRODUCTION 

Healthcare research refers, in a great measure, to find natural sources of 
bioactive compounds for the treatment of various diseases. 
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Therapeutic practice using active substances biosynthesized with the help 
of plants defines phytotherapy, an old branch of contemporary therapeutics, 
with a range and tradition from ancient times [2], [6], [11]. The vegetal 
products are indicated in chronic diseases as well as in acute disorders [8], 
[11]. 

Currently, clinicians around the world are facing a serious problem of 
increasing bacterial resistance to antibiotics [1], [4], [6], [12]. One of the most 
important research goals related to bacterial resistance is represented by the 
discovery of new compounds with new structures and new mechanisms of 
action, which will prevent the occurrence and development of bacteria 
resistance to antibiotics [4]. 

Usnea barbata L. is a lichen, with a large habitat on Earth; it is used in 
traditional chinese medicine, from 101 before Hr.[10], [11]. A lichen is a 
simbiont organism; the symbiosis is realized between a fungus (Ascomycetes 
or Bazidiomycetes) and algae or cyanobacteria, who grow together (Figures 
1, 2) [5], [10], [11], [12]. 

 

           

Figure 1. Usnea barbata L.            Figure 2. Usneae lichen  vegetal 
product  

The most important natural compounds from Usnea spp are secondary 
metabolits, especially usnic acid and polyphenols; usnic acid is  a complex 
dibenzofuran derivative.  It has many pharmacological activities: antibacterial, 
antifungal, antiviral, antioxidant, antiinflamatory, analgesic-antipyretic, anti-
cancer, genotoxic, antigenotoxic, antimutagenic, antiplatelet/anti-thrombotic, 
anti-ulcerogenic (Figure 3) [2], [10]. 

The polyphenols ( including: gallic acid, chlorogenic acid, p-coumaric acid 
) have a strong antioxidant activity [1], [4], [11]. 
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Figure 3. Usnic acid: chemical structure and pharmacological action

MATERIALS AND METHODS

Obtaining   vegetal   product   Usneae lichen:

Usneae lichen is the Usnea barbata L. dry thallus which was harvested from 

the highest content in bioactive compounds [5]. Every thallus was harvested by 
hand, one by one; the lichen was cleaned and dried at a constant temperature 
below 25° C in an airy room, sheltered from the sun's rays; finally, the herbal 
material is preserved in the same conditions. The vegetal product taken into work 
for this purpose was represented by the thallus of lichen Usnea barbata L. dried 
and brought to the degree of crushing required for loose tissues (Figure 2) [5].

Obtaining Usneae lichen extracts: 

Six extractive solutions from Usnea barbata L. were taken into our 
study: three extracts (5% si 20%) in acetone, two extracts (5% si 20%) in 96% 
ethanol and one extract (20%) in water. The   extracts   were   prepared   as   
follows:  for each extract were taken the appropriate amount of vegetal product 
depending on the concentration of each extract . Thus, three extracts were 
obtained in three different solvents: water, acetone and 96% ethanol [10].

Acetone and 96% ethanolic extracts were obtained by cold maceration for 
seven days; aqueous extract was obtained fresh by hot reflux for 1 hour. The three 
resulting extractive solutions were filtered and then made up to 100 mL 
volumetric flask with each solvent used in the extraction (Figure 4, 5). [10].

The six Usneae lichen extractive solutions was: S1, 20% acetone extract, S2, 
5% acetone extract, S4, 20% ethanolic extract, S6, 20% aqueous extract. S3, 5% 
acetone extract and   S5, 5% ethanolic extract, were prepared 6 months before and 
used in all the preliminary determinations [10].
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Figure 4, 5: Usneae lichen extracts: ethanolic, acetone and aqueous

Microbiological studies

The research was made on Gram-positive and Gram-negative bacterial 
strains isolated from oro-dental cavity: Staphylococcus aureus, Esherichia 
coli and Pseudomonas aeruginosa. The antimicrobial activity was determined 
by the diffusimetric antibiogram   method [1], [3], [4], [6], [7], [8], [9], [12], 
[13]. The principle of the method involves a strict relationship between the 
level of susceptibility and the size of the inhibition area of the germ colony 
development around the filter paper disc, impregnated with the test solution. 
Microorganism-suspension test: in the isotonic sodium chloride solution, 

Microorganism-
suspension tests were inoculated on the culture media Muller-Hinton agar [1], 
[4]. On the surface of the media, discs of sterile filter paper were placed, 
soaked with 10 mcL of the test solutions. 

Figure 6. The technique of the diffusimetric antibiogram method - the 
placement of the discs of sterile filter paper and the marking of the Petri 
dishes.

The Petri dishes have then been incubated at 37°C, 24 hours for all bacteria 
[4]. After that we examined the Petri dishes, by recording the diameter of the 
inhibition zones for each microorganism and for each dilution of the test 
sample [1], [4].
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RESULTS AND DISCUSSIONS 

Results: The diameter of the inhibition zone was measured for each extract 
and dilution and was expressed in millimetres (Table 1). 

In Table 1,  S1-S6 are follows: S1,  20% acetone extract, S2, 5%  acetone extract, 
S4, 20% ethanolic extract, S6, 20% aqueous extract.  S3, 5% acetone extract 
and   S5, 5% ethanolic extract, were prepared 6 months before and used in all the 
preliminary determinations. 

Table 1.  The diameters of the inhibition zones on bacterial cultures for S1-S6 
samples: 

 

SAMPLE 

STUDIED BACTERIA SPECIES 

Staphylococcus 
aureus 

Escherichia 
coli 

Pseudomonas 
aeruginosa 

DIAMETER OF INHIBITION ZONES (mm) 
 

S1 35 mm 22 mm 26 mm 

S2 35 mm 22 mm 26 mm 

S3 40 mm 25 mm 35 mm 

S4 36 mm 38 mm 40 mm 

S5 36 mm 32 mm 40 mm 

S6 0 mm 0 mm 0 mm 

By using the diffusimetric antibiogram method, our results showed that the 
tested solutions have different antibacterial activity (Figures 7, 8, 9). 

On Staphylococcus aureus,   acetone and ethanolic   Usneae lichen   extracts 
have a great inhibitory activity; the ethanolic extracts are more active than the 
acetone ones (Figure 6). 

On Gram-negative bacteria, in the zone of inhibition of the acetone and 
ethanolic   extracts from Usnea barbata L., development of resistant mutant 
strains was observed.   This result was observed on both studied Gram-negative 
bacteria; it was more intense at Escherichia coli than at Pseudomonas 
aeruginosa.  This effect was stronger for the acetone extracts than for the 
ethanolic ones, taken in our study (Figures 8, 9). 

On all the studied pathogenic bacteria: Staphylococcus aureus, Pseudomonas 
aeruginosa, and Escherichia coli, aqueous extract from Usnea barbata L. is 
totally inactive (Figures   7, 8, 9). 
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Figure 7. The inhibitory activity of Usnea barbata L. extracts on 
Staphylococcus aureus             

 

Figure 8. The inhibitory activity of  Usnea barbata L. extracts on 
Escherichia  coli  

 

Figure 9. The inhibitory activity of Usnea barbata L.extracts on 
Pseudomonas aeruginosa     

Discussions: 

The highest level of sensitivity is recorded at   Staphylococcus aureus (as 
Gram-positive bacteria) and Pseudomonas aeruginosa (as Gram-negative 
bacteria). 
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Comparing the Gram-negative bacteria, we can note that although it is a 
bacterial species with significant resistance to antibacterial agents, Pseudomonas 
aeruginosa   has recorded higher sensitivity levels   than Escherichia coli in the 
acetone and ethanolic extracts tested (Table 1). In support of this finding, it is 
particularly significant that the presence of resistant mutants has been observed in 
Escherichia coli inhibition areas (Figure 8). 

The team of researchers who performed this present study, previously 
identified and dosed the secondary metabolites, usnic acid and polyphenols, in 
various extracts of Usnea barbata L., by HPLC method; the results of their 
research have already been published [10]. Thus, the results of evaluating the 
antibacterial activity of the various extracts of Usnea barbata L. on Gram-positive 
bacteria, can be explained by the usnic acid and polyphenols content of each 
extractive solution of Usnea barbata L. taken into work [10]. 

In 2003, I.T. Madamombe and A.J. Afolayan, in their study about antibacterial 
action of Usnea barbata L. from South Africa, obtained the same results for 
this  three bacteria; the same inhibitory action was showed by Cansaran et all in 
2006 [2], [7]. 

CONCLUSION 

It is obvious the great ability of the acetone and ethanolic Usnea barbata 
extracts to   inhibit the growth of this one of the most pathogenic and frequently 
encountered Gram-positive bacteria.  

This plant product may be used in oro-dental infections where strains of 
Staphylococcus aureus are involved, with great efficiency. It may be a valuable 
auxiliary treatment, completing classic antibiotic therapy in staphylococcal 
infections, resistant to common antibacterials.  

On Gram-negative germs taken into study, we can observe that Pseudomonas 
aeruginosa had a high sensitivity to inhibitory activity of acetone and ethanolic 
extracts from Usnea barbata L.  
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