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The antimycobacterial activity of an extract of Usnea steineri and of its major constituent (+)-usnic acid 
was evaluated against Mycobacterium tuberculosis (ATCC 27294), Mycobacterium kansasii (ATCC 
12478) and Mycobacterium avium (ATCC 15769). The acetone extract (ACE) of U. steineri displayed 
promising minimum inhibitory concentration (MIC) values of 32 μg/ml against M. tuberculosis and 62 
μg/ml against both M. kansasii and M. avium.  The isolated compound (+)-usnic acid was even more 
effective against the evaluated microorganisms with MIC values of 16 μg/ml against M. avium and 8 
μg/ml against both M. tuberculosis and M. kansasii. 
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INTRODUCTION 
 
Tuberculosis (TB) is a severe infectious disease caused 
by mycobacteria belonging to the Mycobacterium 
tuberculosis complex. According to the WHO, an 
estimated 1.7 million people died from TB in 2009. The 
highest number of deaths took place in the African 
Region (WHO, 2005).

 
The chemotherapy of tuberculosis 

is based on the use of combined drug therapy including 
rifampicin, isoniazid and pyrazinamide. However, the 
incorrect use of medications and their prolonged adminis-
tration, as well as their high cost and the countless side-
effects have led to low compliance with the treatment. In 
other words, people abandon the treatment before being 
completely cured which culminates in resistant bacilli 
(Timmins and Deretic, 2006; Hardna et al., 2001). 
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Abbreviations: ACE, Acetone extract; MIC, minimum inhibitory 
concentration. 

There were an estimated 440,000 cases of multi-drug 
resistant TB (MDR-TB) in 2008 (WHO, 2005). In addition, 
the existence of MDR-TB reinforces the need for the 
development of novel safe and effective antimyco-
bacterial pharmaceuticals. Over the last decade there 
has been intensification in the search for antibacterial 
compounds from natural sources, since the latter 
continue to be a major source of biologically active meta-
bolites that may provide lead structures for the 
development of new drugs. Searching for these com-
pounds among endophytic bacteria and lichens has 
proven effective since they represent biological 
associations that provide protection against competing 
organisms (Francolini et al., 2004). There appears to be a 
higher probability of discovering bioactive compounds 
from endophytic species (Strobel et al., 2004). 

Usnic acid is a dibenzofuran unique to lichens. It is 
especially abundant in genera such as Alectoria, 
Cladonia, Usnea, Lecanora, Ramalina and Evernia. This 
acid displays a wide range of pharmacological activities 
including     antibiotic,     antiviral,     antiprotozoal,     anti- 
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inflammatory, analgesic and anti-cancer actions 
(Ingólfsdóttir, 2002; Cocchietto et al., 2002; Mayer et al., 
2005). Considering the biological activities of usnic acid 
and as part of our ongoing work on the antimicrobial 
activity of natural products (Celotto et al., 2003; Cunha et 
al., 2007; Bernardes et al., 2010), the aim of the present 
work was to evaluate the antimycobacterial activity of an 
extract of Usnea steineri and of its major compound (+)-
usnic acid. 
 
 
MATERIALS AND METHODS 

 
General experimental procedures 

 
Optical rotations were measured on a JASCO polarimeter (P-2000 
model). Nuclear magnetic resonance (NMR) spectra were recorded 
on a Bruker ARX 400 spectrometer; samples were dissolved in 
methanol-d6. Both analytical and semi-preparative high 
performance liquid chromatography (HPLC) analyses were carried 

out on a Shimadzu LC-6AD system equipped with a degasser 
DGU-20A5, a UV-VIS detector SPD-20A series with a CBM-20A 
module and a Reodyne manual injector. Analytical and semi-
preparative separations were accomplished using Shimadzu Shim-
pack ODS columns (250 × 4.6 mm and 250 × 20 mm, respectively) 
equipped with a pre-column of the same material. The mobile 
phase used for chromatographic purification was acetonitrile/water 
(77:23) with 0.1% AcOH, UV detection: 235 nm. 
 

 
Plant material 

 
U. steineri Zahlbr (Parmeliaceae) was collected in March 2010 in 
Reserva Jatai located in the city of Luis Antônio, state of São Paulo, 
Brazil. A voucher specimen was deposited in the Herbarium of 
Departamento de Biologia, Faculdade de Filosofia, Ciências e 
Letras de Ribeirão Preto, University of São Paulo-USP (SPFR 

herbarium) under registration number 12661. 
 
 
(+)-usnic acid isolation 
 
U. steineri was dehydrated at 40°C, followed by pulverization (0.3 
kg) and extraction with acetone by maceration (5 L, three days × 3) 
at room temperature. The solvent was removed under vacuum in a 
rotary evaporator yielding 18.4 g of the dry crude extract. An aliquot 

of the extract was analyzed by HPLC and usnic acid (Figure 1) was 

obtained as a yellow amorphous solid (Rt: 7.09 min), 22][ D
 
+ 

0.410 (c = 3 mg/ml, MeOH). Its chemical structure was confirmed 
by comparison of its 

1
H and 

13
C NMR data with those published in 

the literature (Ingólfsdóttir et al, 1998; Rashid et al., 1999). 
 
 
Antimycobacterial activity 

 
The antimycobacterial activity of the samples was assayed in vitro 

by the microdilution technique on a Resazurin microtiter assay plate 
(REMA) using a procedure adapted from Palomino et al. (2002) 
which allowed for determination of the minimum inhibitory 
concentration (MIC) against Mycobacterium tuberculosis H37Rv 
(ATCC 27294), Mycobacterium kansasii (ATCC 12478) and 
Mycobacterium avium (ATCC 15769). The compounds were 

dissolved in dimethylsulfoxide (DMSO) and serially diluted in 
Middlebrook 7H9 broth before inoculation. The concentrations of 
the tested compounds ranged from 1 to 2000 μg/ml  while  the  final  
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DMSO content in the assay was less than 0.3%. Isoniazid was 
used as the reference antibiotic drug and bioassays were 
performed in three independent experiments. In order to determine 
the MIC values for isoniazid, concentrations ranging from 5.00 to 
0.01 μg/ml were employed.  The visual MIC values were defined as 
the lowest drug concentration that inhibited bacterial growth and the 
values are expressed by the average of the assays. 

 
 

RESULTS AND DISCUSSION 
 

The lichen genus Usnea is widespread throughout the 
world and is known to elaborate a number of interesting 
metabolites (Muller, 2001). Some extracts and isolated 
compounds from Usnea species have been investigated 
for their biological properties (Ingólfsdóttir et al., 1998; 
Molnár and Farkas, 2010; Agar et al., 2011). However, 
this is the first time that U. steineri has been investigated. 
Usnic acid is the normal component of Usnea species 
and is one of the most common and abundant lichen 
metabolites. This natural compound exists as (+) and (−) 
enantiomers and has shown a great relevance in 
pharmacology and clinics. This compound acts as a 
strong inhibitor of Gram-positive bacteria (Vartia, 1973; 
Yamamoto et al., 1993) and of aerobic and anaerobic 
microorganisms (Lauterwein et al., 1995) and as a 
selective agent against races of Streptococcus mutans 
(Grasso et al., 1989) because of its capacity to modify the 
permeability of membranes, ATP production and 
enzymatic activity of bacteria (Vicente and Cifuentes, 
1981; Cifuentes and Vicente, 1983). Non-compliance with 
the drugs prescribed for the treatment of tuberculosis and 
the side effects of the currently employed antituberculosis 
agents have led researchers to search for therapeutic 
alternatives. Over the last few years, countless investi-
gators have concentrated their efforts on the examination 
of the activity of crude plant extracts and their fractions as 
well as the synthesis of novel compounds that can be 
potentially applied as antimicrobial agents (Okunade and 
Elvin-Lewis, 2004). Therefore, the aim of the present 
work was to evaluate the potential of a crude extract 
obtained from U. steineri and of its major constituent (+)-
usnic acid (Figure 1) against three Mycobacterium 
species. 

(+)-usnic acid is the most common constituent among 
Usnea species which in turn produce only one optical 
isomer (Marcano et al., 1999). Antimycobacterial activity 
results are summarized in the Table 1. The acetone 
extract (ACE) of U. steineri displayed promising MIC 
values especially against M. tuberculosis (32 μg/ml). The 
isolated compound (+)-usnic acid was even more 
effective against the evaluated microorganisms, yielding 
an MIC value of 16 μg/ml against M. avium and 8 μg/ml 
against both M. tuberculosis and M. kansasii. Our results 
are in agreement with data previously reported by 
Ingólfsdottir et al. (1998) who found high antimyco-
bacterial activity for this compound against M. aurum, a 
non-pathogenic organism with a similar sensitivity profile 
similar to that of M. tuberculosis. In other studies in which  
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Figure 1. Chemical structure of (+)-usnic acid. 

 
 
 

Table 1. Minimum inhibitory concentration (µg/ml) of the acetone crude extract of Usnea steineri (ACE) and of the 

isolated compound (+)-usnic acid against M. tuberculosis, M. kansasii and M. avium. 
 

Sample M. tuberculosis (ATCC 27294) M. kansasii (ATCC 12478) M. avium (ATCC 15769) 

ACE
1 

32 62 62 

UA
2 

8 8 16 

Isoniazid
3
  0.03 0.05 1.0 

 
1
 Acetone extract; 

2
 (+)-usnic acid; 3, standard antibiotic. 

 
 
 

lichen compounds were screened for antimycobacterial 
activity, (+)-usnic acid was described to be active against 
M. tuberculosis (Stoll et al., 1950; Tosun et al., 2005; 
Honda et al., 2010). However, to our knowledge, this is 
the first time that (+)-usnic acid has been evaluated 
against M. avium and M. kansasii. In the present work, 
the microdilution technique on REMA was selected for 
determination of MIC values because it is a colorimetric 
technique that is easy to handle, provides better 
reproducibility and employs a reduced amount of natural 
compounds, not to mention that it enables one to test 
various compounds simultaneously. Today, the 
therapeutic arsenal for the treatment of tuberculosis is 
reduced and the treatment is long. This is a serious 
problem that has worsened over the last years because 
of the rise in the number of TB cases caused by resistant 
Mycobacterium strains (Okunade and Elvin-Lewis, 2004). 
Therefore, the search for new drugs from natural origin is 
urgent and extremely important. 

Lipophilicity has been reported as an important 
parameter for antimycobacterial activity (Mallavadhani et 
al., 2004). Due to the fact that the cell wall of myco-
bacteria contain lipophilic substances such as mycolic 
acid, more lipophilic substances are likely to penetrate 
more easily into the cell (Palomino et al., 2002). Thus, the 
therapeutic antimicrobial activity of (+)-usnic acid has 
been related to its membrane uncoupling property 
(Cocchietto et al., 2002). The results obtained in this 
study suggest the potential application of (+)-usnic acid in 
the treatment of Mycobacterium species. Further 

investigations should be conducted in order to explore 
this application. 
 
 
ACKNOWLEDGEMENTS 
 
The authors thank Fundação de Amparo a Pesquisa do 
Estado de São Paulo (FAPESP, Grant # 2009/00604-8), 
Coordenadoria de Aperfeiçoamento de Pessoal do 
Ensino Superior (CAPES) and Conselho Nacional de 
Desenvolvimento Científico e Tecnológico (CNPq) for 
their financial support. 
 
 
REFERENCES 

 
Agar G, Aslan A, Sarioglu EK, Alpsoy L, Çeker S (2011). Protetive 

activity of the methanol extract of Usnea longissima against oxidative 

damage and genotocity caused by aflatoxin B1 in vitro. Turk. J. Med. 

Sci. 41(6): 1043-1049. 
Bernardes WA, Lucarini R, Tozatti MG, De Souza MG, Silva MLA, Da 

Silva Filho AA, Martins CHG, Crotti AEM, Pauletti PM, Groppo M, 
Cunha WR (2010). Antimicrobial activity of Rosmarinus officinalis 

against oral pathogens: the relevance of carnosic acid and carnosol. 

Chem. Biodivers, 7(7): 1835-1840. 
Celotto AC, Nazario DZ, Spessoto MA, Martins CHG, Cunha WR 

(2003). Evaluation of the in vitro antimicrobial activity of crude 

extracts of three Miconia species. Braz. J. Microbiol. 34(4): 339-340. 

Cifuentes B, Vicente C (1983). Action of L-usnic acid on glucosamine 
phosphate isomerase activity of Proteus mirabilis. Cryptogam. Bryol. 

Lichenol. 4: 255- 257. 
Cocchietto M, Skert N, Nimis PL, Sava G (2002). A review on usnic 

acid, ans interesting natural compound. Naturwissenschaften 89: 

137-146. 



 
 
 
 
Cunha LCS, Silva MLA, Furtado NAJC, Vinhólis AHC, Martins CHG, Da 

Silva Filho AA, Cunha WR (2007). Antibacterial activity of triterpene 
acids and semi-synthetic derivatives against oral pathogens. Z. 

Naturforsch. 62c(9-10): 668-672. 
Francolini I, Norris P, Piozzi A, Donelli G, Stoodley P (2004). Usnic acid, 

a natural antimicrobacterial agent able to inhibit bacterial biofilm 

formation on polymer surfaces. Antimicrob. Agent. Chemother. 
48(11): 4360-4365. 

Grasso L, Ghirardi P, Ghione M (1989). Usnic acid, a selective 
antimicrobial agent against Streptococcus mutans - a pilot clinical 

study. Curr. Ther. Res. Clin. Exp. 45: 1067-1070. 
Hardna JG, Limbird CE, Gilman AG (2001). The Pharmacological Basic 

of Therapeutics, 10
th
 ed., McGraw Hill, Toronto, pp. 1277-1279. 

Honda NK, Pavan FR, Coelho RG, De Andrade Leite SR, Micheletti AC, 
Misutsu TI, Beatriz A, Brum RL, Leite CQ (2010). Phytomedicine, 

17(5): 328-332. 
Ingólfsdóttir K, Chung, GAC, Gissourarson SR, Skulason VG, 

Vilhelmsdottir M (1998). In vitro antimycobacterial activity of lichen 

metabolites. Eur. J. Pharm. Sci. 6(2): 141-144. 
Ingólfsdottir K (2002). Usnic acid. Phytochemistry, 61(7): 729-736. 
Lauterwein M, Oethinger M, Belsner K, Peters T, Marre R (1995). In 

vitro activities of the lichen secondary metabolites vulpinic acid, (+)-

usnic acid and (-)-usnic acid against aerobic and anaerobic 
microorganisms. Antimicrob. Agents Chemother. 39(11): 2541-2543. 

Mallavadhani UV, Mahapatr A, Jamil K, Reddy PS (2004). Antimicrobial 
activity of some pentacyclic triterpenes and their synthesized 3-O-

lipophilic chains. Biol. Pharm. Bull. 27(10): 1576-1579. 

Marcano V, Rodriguez-Alcocer V, Moralez-Méndez A (1999). 
Occurrence of usnic acid in Usnea laevis Nylander (lichenized 

aascomycetes) from the Venezuelan Andes. J. Ethnopharmacol. 

66(3): 343-346. 
Mayer M, O’Neill MA, Murray K, Santos-Magalhães NS, Carneiro-Leão 

AMA, Thompson AM, Appleyard VCL (2005). Usnic acid: a non-

genotoxic compound with anti-cancer properties. Anticancer Drugs, 
16(8): 805-809. 

Molnár K, Farkas E (2010). Current results on biological activities of 

lichen secondary metabolites: a Review. Z. Naturforsch. 65c(3-4): 
157-173. 

 

 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

Lucarini et al.         4639 
 
 
 
Muller K (2001). Pharmaceutically relevant metabolites from lichens. 

Appl. Microbiol. Biotechnol. 56(1-2): 9-16. 
Okunade AL, Elvin-Lewis WH (2004). Natural antimycobacterial 

metabolites: current status. Phytochemistry, 65(8): 1017-1032. 
Palomino JC, Martin A, Camacho M, Guerra H, Swings J, Portaels F 

(2002). Resazurin Microtiter Assay Plate: Simple and inexpensive 
method for detection of drug resistance in Mycobacterium 
tuberculosis. Antimicrob. Agents Chemother. 46(8): 2720-2722. 

Rashid MA, Majid MA, Quader MA (1999). Complete NMR assignments 

of (+)-usnic acid. Fitoterapia, 70(1): 113-115. 
Stoll A, Brack A, Renz J (1950). Die Wirkung von Flechtenstoffen auf  

Tuberkelbakterien und auf einige andere Mikroorganismen. Schweiz 

Zeitschr. Pathol. Bakteriol. 13: 729-751. 
Strobel G, Daisy B, Castillo U, Harper J (2004). Natural products from 

endophytic microorganisms. J. Nat. Prod. 67(2): 257-268. 

Timmins GS, Deretic V (2006). Mechanisms of isoniazid action. Mol. 
Microbiol. 62(5): 1220-1227. 

Tosun F, Akyüz Kizilay Ç, Sener B, Vural M (2005). The evaluation of 
plants from Turkey for the in vitro antimicobacterial activity. Pharm. 

Biol. 43(1): 58-63. 
Vartia KO (1973). Antibiotics in lichens. In: The Lichens. Ahmadjian V, 

Hale ME (Eds.), Academic Press Inc., New York, pp. 547-561. 
Vicente C, Cifuentes B (1981). L-Usnate and permeability. Cryptogam. 

Bryol. Lichenol. 2: 213-215. 

World Health Organization (2010). WHO Report, Global Tuberculosis 
Control. 

Yamamoto Y, Miura Y, Higuchi M, Kinoshita Y (1993). Using lichen 

tissue cultures in modern biology. Bryologist. 96(3): 384-393. 
 
 

  
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

 


