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Abstract
Background  and  Objective:  Lichens  are  widely  used  in  the  traditional  medicine  of  various  cultures,  highlighting  the  systematic
use  of  these  by  pre-Columbian  cultures  of  South  America.  In  this  context,  the  present  study  intended  to describe the antimicrobial
activity  against  Gram-positive  and  Gram-negative  bacteria  in  addition  to  in  vitro  enzymatic  inhibition  by  extracts  from  the
Peruvian lichens Xanthoparmelia  tasmanica  and  Flavopunctelia  flaventior.  Methodology: The  antibacterial  activity  was  evaluated 
by  the  broth microdilution  method  to  determinate  the  Minimum  Inhibitory  Concentrations (MIC) against  Staphylococcus  aureus,
Enterococcus faecalis,  Listeria monocytogenes,  Bacillus cereus,  Micrococcus luteus,  Escherichia coli,  Salmonella  typhimurium and
Pseudomonas aeruginosa as well as their inhibitory effect on "-glucosidase and "-amylase. Results: The extracts induced a powerful
biocidal effect against  Gram-positive  bacteria,  the  most  susceptible  bacterial  strain  was  Micrococcus  luteus  (MIC  =  6.25 µg mLG1).
The  extract  of  F.  flaventior  showed  the  highest  effect  on the inhibition of the "-glucosidase and "-amylase with an IC50 of 0.34±0.09
and 0.57±0.17 mg mLG1, respectively, the amylase inhibition was better than that produced by acarbose (0.97±0.08 mg mLG1).
Conclusion: Current results demonstrated the potent antibacterial activity of lichen in extracts from X.  tasmanica  and F. flaventior,
besides, inhibit carbohydrate digestive enzymes. These properties may be utilized to treat postprandial hyperglycemia and regulate
glycemia in diabetic patients.
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INTRODUCTION

Lichens have been considered as a stable symbiotic
association between a fungus and algae and/or cyanobacteria,
also contain basidiomycete yeasts, that likely produces
chemicals that help lichens to protects them against predators
and harmful microorganisms1. The lichens feature many
properties, like drug and chemical production, which makes
them interesting for research and lichens are also important to
study them in the ecological context, like food supply for
animals2. All the potential applications mentioned above are
related to its complex structure and organization that results
in an abundant chemical diversity such as lecanoric acid,
salazinic acid, sekikaic acid, usnic acid, gyrophoric acid, lobaric
acid and others1-3. According to the systematic study of
pharmacological properties, the lichen compounds show
antimicrobial, antitumor, anti-inflammatory, analgesic,
allergenic, antibiotic and other biological activity3-5. In
countries such as Austria, China, Italy, India, Indonesia,
Germany, Mexico, Russia, Slovakia, Spain and Turkey, usnic
acid is used in the medicinal field for the treatment of various
ailments, including fractures, skin rashes, throat
inflammations, dental pain, respiratory diseases, diuretic,
menstrual control, urinary disorders, among others6,7.

Since their discovery, antibiotics have saved millions of
lives. However, the broad use of these drugs has caused a
significant increment in bacterial resistance8.  A bacterial strain
can develop several resistance mechanisms against one or
several antibiotics so that resistance to multiple substances is
a public health problem that has been observing worldwide
in recent years9. Only in the United States that antibiotic
resistance had contributed to the illness of at least two million
and 23,000 deaths10. For decades, natural products have
played a key role in the advancement of novel antibiotic
compounds,  the  unique  and  chemical  diversity  of  the
defence strategies adopted by slow-growing lichens against
microorganism attacks may show beneficial medical
applications that could be clinically significant against
infections11. The antimicrobial effect of different lichens like
Cladonia  furcata,  Ochrolechia  androgyna,  Parmelia  caperata
and Parmelia conspersa has already been demonstrated,
which  has  been  attributed  to  the  presence  of
fumarprotocetraric  acid,  lecanoric  acid,  protocetraric  acid
and stictic acid12. 

On the other hand, Diabetes Mellitus (DM) is a chronic
disease of multiple causes, which has become an epidemic in
this century and a challenge for the World Health Organization
(WHO), the number of people living with diabetes in the world
is approximately 451 M, causing a  high  number  of deaths per

year13. China is in the first position regarding the number of
cases, however, the prevalence of diabetes stood at around
11% in 2019, below countries such as Germany or Mexico,
where more than 15% of the adult population suffered from
this disease14. Diabetes is still an incurable disease. But there
are a variety of treatments and behavioural changes that are
used to control sugar levels in the body. Examples include the
use  of  insulin,  medications  such  as  glibenclamide,  changes
in   diet   and   an   exercise   routine.   Blocking   the  activity  of
"-glucosidase is one of the most common therapeutic targets
for the development of new drugs to treat type II diabetes15.
It has been reported that "-glucosidase inhibitors control the
release of insulin, which leads to a decrease in lipids, so they
have been proposed to treat a wide range of diseases,
including lysosomal disorders, certain types of cancers,
antiviral, fungistatic and other16. Another of the key enzymes
in carbohydrate metabolism is "-amylase since it initiates the
digestion process, by hydrolyzing the starch and/or glycogen
in maltose and ultimately glycemia17. 

Aiming for the most effective therapeutic approaches in
the reduction of plasma glucose levels and consequently,
suppression of postprandial hyperglycemia, several lichen
extracts and isolated compounds have been studied as
inhibitors of enzymes ("-amylase and "-glucosidase)4,17.
Extracts from lichens were previously evaluated as potential
inhibitors  of  "-amylase and/or "-glucosidase4,18,19. In addition
to   them,   four   extracts   of   the   lichens   Ramalina   celastri,
R.  nervulosa  and  R.  pacifica  have been used in the inhibition
of " and $-glucosidase, demonstrating a promising anti
hypoglycemic effect. The activity was associated with lichen
metabolites salazinic acid, sekikaic acid and usnic acid20.

Lichens have been used in traditional medicine across the
world, like India and the pre-Columbian cultures of South
America. In the last decades, lichens have been investigated
regarding the pharmacological properties of their secondary
metabolites21. 

In the present work, the acetonic extracts from the lichens
Xanthoparmelia tasmanica and Flavopunctelia flaventior,
collected in the Peruvian Andes were obtained and subjected
to  antibacterial  assays.  In  addition,  the  "-glucosidase  and
"-amylase inhibition induced by these extracts were also
evaluated.  

MATERIALS AND METHODS

Study area: The lichen species  Xanthoparmelia  tasmanica 
(Hook. f. Taylor) and Flavopunctelia  flaventior  (Stirt.) Hale was
collected in May-June, 2014 in the Peruvian Andes (Jauja
Province, Junín region, 3200 m at sea level). The lichens
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samples  were  found  in  different  types  of   microhabitats. 
X.  tasmanica   was  found  on  stones  whereas  F.  flaventior
covers surfaces of the tree trunk. The lichens were identified
and classified by Biol. Angel Ramirez, taxonomist of the
Natural History Museum from the Major National University of
San Marcos, Perú. 

Preparation of lichen extracts: The lichen samples were dried
at 40EC, ground to a uniform powder.  X. tasmanica  (50 g) was
extracted by maceration with acetone (3×24 hrs×100 mL),
the  extracts  were  combined  and  concentrated  under
reduced pressure to yield 4.2% (2.1 g) of crude extract. The
lichen  F.  flaventior  (63.47 g) was extracted by maceration
with acetone (4×48 hrs×150 mL), the extracts were mixed
and concentrated under reduced pressure to obtain 10.9%
(6.92  g) of crude extract. The organic extracts were kept at 4EC
until their bioassays were realized.

Antibacterial activity: Clinical isolates of Gram-positive
(Staphylococcus  aureus, Enterococcus faecalis, Listeria
monocytogenes, Bacillus cereus, Micrococcus luteus) and
Gram-negative bacteria (Escherichia coli, Salmonella
typhimurium   and  Pseudomonas  aeruginosa)  were tested.
By using cultures of the above-mentioned microorganisms,
the bacterial suspension (after 18-24 hrs) was pre-pared and
turbidity was adjusted to 0.5 in the McFarland standard, which
corresponded to 1.5×108 colony forming units (CFU mLG1)22.

The Minimum Inhibitory Concentration (MIC) was
determined in 96-well microplates by the broth microdilution
method. Samples were dissolved in Mueller-Hinton medium
(10% DMSO) and 100 µL were added per well, making serial
dilutions of each extract (200-0.8 µg mLG1) and positive control
(16-0.063 µg mLG1). Ten µL of inoculum of each microorganism
was  added  to  each  well.  Plates  were  incubated  for  24  hrs
at 37EC and 10 µL of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was added.  Controls were
gentamicin and DMSO (1%) as a positive and negative control,
respectively. The MIC value is the lowest concentration of a
sample at which no colour change of MTT was observed. The
tests are carried out in triplicate.

Enzymatic inhibition assays: The enzymatic inhibition activity
was evaluated according to the chromogenic methods
described  in  the  literature23.  After  a  pre-incubation  at  37EC
for  15  min,  a  mixture  of  1:1  of  sample  and  "-glucosidase
(0.8 U mLG1)  were  incubated  in  96  well  plates  at  37EC for
15 min. After that, a volume of 625 mM p-nitrophenyl-"-D-
glucopyranoside (PNPG) solution was added to each well and
incubated for another 15 min. Then, the reaction was stopped

by  adding   100   µL   of   0.2   M   NaCO3   into   each   well   and
the  absorbance  reading  was recorded  at  405  nm.  For  the
"-amylase inhibitory activity assay, 50 µL of sample and 50 µL
of "-amylase (1 U mLG1) were incubated in 96 well plates at
37EC for 15 min. After that, 50 µL of 0.5% starch solution in
phosphate buffer was added to each well and the reaction
was incubated at 37EC for 20 min. The reaction was stopped
with 20 µL of 1M HCl, followed by the addition of 50 µL of
iodine reagent and absorbance was read at 750 nm. The
DMSO (<5%) was used as a solvent for pharmacological
substances  and  acarbose  as  a  positive  control  in  both
assays. The tests were performed in triplicate and the
information is reported as mean±Standard Deviation (SD).
The  half-maximum  inhibitory  concentration  (IC50)  values
were determined using probit regression with the SPSS
version 17.0 software. The data were compared by using the
Student’s t-test and Bonferroni multiple comparison post-test,
considering p<0.01 as significant.

RESULTS

The   antibacterial    effect    of    acetonic    extracts    from 
X.  tasmanica   and   F.  flaventior   are showed in Table 1. Both
the extracts were highly efficient against all the Gram-positive
bacteria  tested.  The  most  sensitive  strains  were  M.  luteus 
and  B. cereus  with MIC between 6.25 and 12.5 µg mLG1,
respectively.  No  inhibition  against  Gram-negative  bacteria
was observed at the doses used. Dimethyl Sulfoxide (DMSO)
was used as a negative control, which offered no interference
with the results obtained in the assays.

The inhibitory effect of the analyzed acetonic extracts
from   lichens   are   presented   in   Table   2.   The   extract   of 
F.  flaventior   showed  the  highest  inhibition  efficiency
against the "-glucosidase and "-amylase with an IC50 of
0.34±0.09 and  0.57±0.17 mg mLG1, respectively. The extract
of   F.  flaventior   showed  the  highest  inhibitory  activity
compared to the positive control used, this being 2-5 times
more effective than  X. tasmanica.

Table 1: Antibacterial   activity   of   acetonic   extracts   from   X.   tasmanica   and
F. flaventior

Minimum inhibitory concentration (µg mLG1)
-------------------------------------------------------------------

Strain X. tasmanica F. flaventior Gentamicin
S. aureus 25 12.5 0.5
E. faecalis >200 50 2
L. monocytogenes >200 100 2
B. cereus 12.5 12.5 1
M. luteus 6.25 6.25 0.5
E. coli >200 >200 1
S. typhimurium >200 >200 2
P. aeruginosa >200 >200 2
n = 3
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Table 2: Enzymatic   inhibition   of   acetonic   extracts   from   X. tasmanica  and
F. flaventior

Average inhibitory concentration (mg mLG1)
--------------------------------------------------------------

Sample "-Glucosidase "-Amylase
X. tasmanica 0.75±0.23a 2.20±0.68a

F. flaventior 0.34±0.09b 0.57±0.17b

Acarbose 0.12±0.20c 0.97±0.08c

n = 3, p<0.01, superscript alphabets showed different significance level

DISCUSSION

In the present research, the biological activity of the
acetonic extracts of lichens  X. tasmanica  and  F. flaventior
collected in Peru was determined. Both lichen species belong
to the family Parmeliaceae, one of the most studied in the
world24. The research focused on the use of these lichens in
traditional medicine, which includes the treatment of
infectious and metabolic diseases.

According    to    the    results   obtained    in   this   work, 
X. tasmanica  and  F. flaventior   have a powerful biocidal effect
on  Gram-positive  bacteria,  being   M.  luteus   and  B.  cereus
the most sensitive strains to both extracts, showing a MIC of
6.25 and 12.5 µg mLG1, respectively. The observed bactericidal
effect was most evident for Gram-positive bacteria. This result
can be attributed to the fact that the Gram-negative bacteria
present two lipid membranes between each other which a
peptidoglycan cell wall is located. This outer membrane
protects the bacteria from several antibiotics that would
normally damage the internal membrane or the cell wall25. 
The  experimental  data  of  the  present  work  corroborates
the  previously  published  reporting  the  antimicrobial  effect
of  lichens  of  the  genus  Xanthoparmelia  on   S.  aureus   and 
B.    cereus26    and     F.    flaventior    against   S.   aureus   and 
K. pneumoniae27.

The "-glucosidase is a key enzyme for the regulation of
plasma  glucose  levels  allowing  to  prevent  pathologies  of
great importance among them diabetes mellitus. The
inhibitory  effect  of  acetonic  extracts  from  X. tasmanica  and
F.  flaventior   on  "-glucosidase  are  presented  in  Table 2.
The effect of   F. flaventior   extract  was  close  to  that  shown
by acarbose (0.12±0.02 mg mLG1). The powerful effect of
other  lichen  extracts  has  already  been  previously  reported
and  it  was  attributed  to  the  presence  of  zeorine,  methyl 
$-orcinol carboxylate and methyl orsellinate4,28. The blood
glucose level may rise in part due to the role of "-amylase
activity.  Therefore,  the  inhibition  of  this  enzyme  can  cause
a  decrease  in  postprandial  hyperglycemia  and  could  be
used as a potential strategy in the treatment of diabetes
mellitus17. 

Acetonic  extracts  of  studied  species  exhibited  strong
"-amylase  inhibitory  effects.   F.  flaventior  display  greater
effect than that obtained for acarbose (0.97±0.08 mg mLG1),
used as referential control. The inhibitory effect of extracts
from other  lichens  species  on  the  "-amylase  has  already
been   reported,   the   inhibitory   activity   was   attributed   to
the presence of usnic, salazinic and lecanoric acids4,18,19. 

The  results  obtained  in  this  research  support  the  use
of  both lichens in traditional Peruvian medicine, however,
further research is required to scientifically confirm and
support their use as complementary and/or substitute
medicine.

CONCLUSION

The   lichens   exhibit   pharmacological   properties,  such
as antimicrobial, antitumor, anti-inflammatory, analgesic,
allergenic,  antibiotic  and  other  biological  activities.  Here
the  antibiotic  and  anti-enzymatic  activity  of  Peruvian
lichens extracts were demonstrated, promising results
regarding  the  utilization  against  Gram-positive   bacteria
and   the   enzymatic   inhibition   of   the   "-glucosidase  and
"-amylase,  which  are  involved  in  the  glycemic  control,
with  F.  flaventior   extract  being  the  most  active.  It  is  the
first    report    where    the   potential   of   X.   tasmanica   and
F. flaventior  as  enzymatic  inhibitors  is  addressed,  which
could  be  promising  sources  of  new  agents to treat diabetes
mellitus.

SIGNIFICANCE STATEMENT

The  present  study  reports  the  bactericidal  and
enzymatic inhibition of acetonic extract  from of  X. tasmanica
and F. flaventior collected in Peru, which are used in
traditional medicine. It aimed to expand upon the already
existing knowledge regarding this species, concurrently
proposing  the  metabolic  prospecting  and  further
characterization of candidate compounds for pharmacological
uses. Additionally, it provides a preliminary validation of
traditional uses.
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