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ANTIMICROBIAL ACTIVITY OF EXTRACTS
FROM ECUADORIAN LICHENS

Antimicrobial activity of the ethanolic, isopropanolic, acetone, DMSO and aqueous extracts of
the two lichen species from Ecuadorian highland, Usnea sp. and Stereocaulon sp. were explored
in vitro against bacteria Bacillus subtilis, Escherichia coli and Staphylococcus aureus by the disc-
diffusion method. Also the minimal inhibitory concentration (MIC) was determined.

The strongest antimicrobial activity was found in DMSO extract of Usnea sp. compared to anti-
bacterial activity of ciprfloxacin and cefazolin antibiotics. The inhibition zone was 28 mm, 30 mm,
31mm (DMSO extract, ciprfloxacin and cefazolin respectively) in case of B. subtilis usage as the test
bacteria. MIC value for Usnea sp. and Stereocaulon sp. DMSO extracts was 0.4 mg/ml. E. coli was
resistant to all kinds of extracts. The S. aureus sensitivity to lichen DMSO extracts was comparable
to sensitivity of these microorganisms to tetracycline and vancomycin. Thereby, most kinds of extracts
(ethanol, isopropanol, hexane, DMSO and acetone solvents) from Ecuadorian lichens Usnea sp. and
Stereocaulon sp. with the exception of aqueous Stereocaulon sp. extracts possessed antibacterial
activity against B. subtilis. DMSO lichen extracts had also antimicrobial activity against S. aureus.
At the same time the extracts studied didn t demonstrate antibacterial activity against the representa-
tives of the most common and harmful phytopathogenic bacteria tested.

Further investigations of Ecuadorian lichens especially study of plants collected from extremal
highland biotops can be very important in study of possibility of treatment of numerous diseases
caused by pathogenic microorganisms.
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Ecuador is the country located on Equator in South America. The country has unique
geographical location and includes four main regions: low-lying the Pacific coastline, high-
altitude Andes mountain belt, Amazon rainforest areas and Galapagos Islands region. In
this country there is a great variety in the climate largely determined by altitude. The great
biodiversity which is determined by a variety of climate is the main feature of the Ecuador
flora. There are many lichen species in Ecuador. Lichens are symbiothic organisms consisting
of fungi and an alga or a cyanobacterium. These plants are found in the south and north regions
of the Earth, on mountains and plains and grow on rocks, ground, on the trees. The chemical
constituents of lichens have been shown to have biological activity including antimicrobial
activity [1, 4-6]. Although the biological activity of lichens studied for a long time, the problem
still remains urgent. The study of plants collected from equatorial highland regions which is
difficult of access is particularly interesting and promising. This is primarily due to climatic
conditions of these extreme regions. Plants in the highlands are exposed to a number of
extreme stress factors (for example UV-radiation) which leads to the formation of resistance
mechanisms, including the increase of antimicrobial activity.

Studying of the antimicrobial activity of extracts of two lichens from Ecuadorian highland,
Usnea sp. and Stereocaulon sp., was the aim of this work.

Materials and methods. The plants were collected from Papallacta, Ecuador (4000 m) in
October 2013 and were identified as Usnea sp. and Stereocaulon sp. (fig. 1) (Pabon Garcés Galo
Jacinto, Northern Technical University, Ibarra, Ecuador and Gagarina L. V., Stepanchikova I. S.
Botanical Institute RAS, Saint-Petersburg, Russia). For extraction lichen sampls were pounded,
then 0,1 g portions were taken and added to 0,5 ml of ethanol, isopropanol, distilled water,
hexane, DMSO or acetone solvents. The mixtures were sonicated, then left at room temperature
for 3 or 24 hours for extraction.
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The lichen crude extracts were tested for antibacterial activity using Bacillus subtilis,
Escherichia coli B906 gram positive bacteria and gram negative bacteria Staphylococcus aureus
B918. The bacteria were obtained from the culture collection maintained at the Institute of
Microbiology and Virology NAS of Ukraine. The inhibitory effect was determined according
to the Kirby and Bauer disk diffusion method (National Committee for Clinical Laboratory
Standards, 1993). 0.04 ml of lichen extracts were added to filter paper disks (6 mm in diameter),
allowing the solvent to evaporate (leaving the lichen extracts on disks without the solvent).
Disks with pure solvents (0.04 ml) were used as negative control. Discs with antibiotics
tetracycline, rifampicin, ampicillin, vancomycin, erythromycin, ciprofloxacin, cefazolin were
used as positive control substances. The bacteria were incubated in Petri dished for 24 h at
28 °C (B. subtilis) or 37 °C (E. coli and S. aureus). The inhibition zones for bacteria growth
were measured after 24 h. Minimal inhibitory concentration (MIC) was determined using the
broth dilution method [7] with some modifications.

Fig. 1 — Plant material: lichens Usnea sp. (a) and Stereocaulon sp. (b)

Determination of the sensitivity of phytopathogenic bacteria to plant extracts was carried
out by limiting dilution on a potato agar (PA) solid nutrient medium. 0.1 ml of the bacterial
suspension in concentration 1x10° colony forming units/ml were inoculated in Petri dishes with
PA medium. 0.1 ml of plant extracts in two-, five- and tenfold dilution were added in the middle
of each dishes. Growth inhibition zones were measured after 24-48 h incubation of bacteria at
28°C. The experiments were repeated three times.

Results and discussions. Previously antimicrobial activity of different lichen species
collected in India, Serbia, Brasilia and other countries was studied but Ecuadorian lichens were
not studied. For example acetone, methanol and aqueous extracts of the lichens Lecanora atra,
L. muralis, Parmelia saxatilis, P. sulcata and Parmeliopsis ambigua were tested [2] and in this
investigation E. coli was resistant to all lichen extracts. In another investigation the difference
in sensitivity of E. coli, S. aureus and B.subtilis to lichen extracts was shown [3].

In our investigations the crude extract from Ecuadorian lichens demonstrated antibacterial
effect against B. subtilis and S. aureus. Antimicrobial activity of the extracts depended on
the solvent used. The aqueous extracts of the lichens tested didn’t have antimicrobial activity
on any of the test microorganisms except Usnea aqueous extract, whereas the other extracts
showed an activityes related to the organisms tested.

The strongest antimicrobial activity was found when we used DMSO extract of Usnea sp. It
was compared to antibacterial activity of ciprfloxacin and cefazolin antibiotics. The inhibition
zone was 28 mm, 30 mm, 31mm (DMSO extract, ciprfloxacin and cefazolin respectively) in
case of B. subtilis usage as the test bacteria.

E. coli was resistant to all kinds of extracts. It should be noted that the microorganisms
were resistant to most of commercial antibiotics tested. S. aureus was sensitive to DMSO
extracts of Usnea sp. and Stereocaulon sp. and the inhibition zone was 14 and 10 mm
respectively. The S. aureus sensitivity to lichen extracts was comparable to sensitivity of
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these microorganisms to antibiotics tetracycline and vancomycin. So, B. subtilis were more
sensitive to lichen extracts compared to the other bacteria compared sensitivity. MIC value for
Usnea sp. and Stereocaulon sp. DMSO extracts was 0.4 mg/ml. Only aqueous Stereocaulon
sp. extract have any inhibition effect on B. subtilis growth. The results are summarized in
table 1.

Phytopathogenic bacteria Pseudomonas, Xanthomonas, Pectobacterium, Agrobacterium,
Clavibacter genera, as well as fungi, viruses and mycoplasma are known for their ability to
reduce the productivity of plants and to a damage to agriculture. The agents of bacterial diseases
affect all types of crops and weeds, causing necrosis and wilting of part or of whole plant
and cause also rot of fruit and berries. Phytopathogens harmfulness exhibits in reducing of
seed germination, in seedling and plants death or in significant inhibition of their growth. The
one also results in early leaves desiccation, spotting and necrosis of the leaf surface. Plants
metabolism delay, decrease in commercial quality and quantity of the crop are the effects of the
pathogenic bacteria plants infection.

Table 1
Antibacterial activities of lichen Stereocaulon and Usnea extracts to E. coli,
S. aureus and B. subtilis

Inhibition zone, mm
Stereocaulon extracts Usnea extracts Antibiotics
<
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Ecoli |0[0]O0O[O0O]O0O[O]|O[O]O[O]|O|O|11[7]0|8]0|30]0
S aureus |0 0[O0 0[O0 [10[0 | 0[O0 |0]9|14[14|24(24]|16[20]25|28
B.subtilis | 1511111310 |13[19|16(16|16[12|17(28(22(22|18(20(23(30|31

Phytopathogenic bacteria can persist for a long time in a latent form in plants, plant debris
and seeds [8]. Unfortunately there are no effective chemical or biological plant protection
substances against the agents of bacterial diseases both in Ukraine and in the world.

Native and diluted lichen extracts studied have no antagonistic effect against phytopatogenic
bacteria Pectobacterium carotovorum subsp. carotovorum 8982 (polyphage, a wide range of
agricultural and flowering plants rot causative agent), Agrobacterium tumefasiens 8628 (plants
tumor and necrosis agent), Clavibacter michiganensis subsp. michiganensis 10, (bacterial
cancer of tomato and other Solanaceae, pepper brown spot agent), Pseudomonas syringae pv.
syringae 8511 (polyphage, agent of fire blight and leaf spots of crops and flowers), Xanthomonas
campestris pv. campestris 8003b (pathogen caused vascular bacteriosis), Pseudomonas
fluorescens 8573 (pathogen caused spotting and soft rot), Pseudomonas syringae pv. atrofaciens
9400 (cereals basal bacteriosis agent), Pseudomonas syringae pv. coronafaciens 9030 (agent of
oat halo bacteriosis), Erwinia rhapontici YA7 (pink grain pathogen of cereals), Xanthomonas
oryrae pv. oryzae 122 (agent of bacterial blight of rice), Xanthomonas axonopodis pv. glycines
(agent of soybean pustule bacteriosis), Xanthomonas axonopodis pv. phaseoli (agent of brown
bacteriosis of beans).

Thereby, most kinds of extracts (ethanol, isopropanol, hexane, DMSO and acetone
solvents) from Ecuadorian lichens Usnea and Stereocaulon with the exception of the aqueous
Stereocaulon sp. extracts have possessed antibacterial activity against B. subtilis. DMSO lichen
extracts also characterized by antimicrobial activity against S. aureus. However, the extracts
from Ecuadorian lichens did not demonstrate an inhibitory effect against the representatives of
the most common and harmful plant pathogenic bacteria.

Further investigations of Ecuadorian lichens especially study of plants collected from
extremal highland biotops can be very important in study of possibility of treatment of
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numerous diseases caused by pathogenic microorganisms and for introducing of the results in
the Ecuadorian pharmacology.
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AHTUMHUKPOBHASI AKTUBHOCTbB 9KCTPAKTOB U3 JIMIIIATHNKOB
9KBAJOPA

Peszwwme

W3ydena aHTUMHUKPOOHAS! aKTHBHOCTH STAHOIBHOTO, H30MIPOIIAHOIBHOTO, alleTOHOBOTO, TeKCa-
HoBOro, JIMCO 1 BOZHOTO 3KCTPAKTOB M3 JIMIIAHHUKOB ABYX BHIOB, Usnea sp. u Stereocaulon sp.,
cOOpaHHBIX B BBICOKOTOpPhE DKBAIOpa, MO0 OTHOWECHHIO K Bacillus subtilis, Escherichia coli and
Staphylococcus aureus ¢ ucrionb3oBaHueM TucK-auddy3Horo Metona. OnpeneneHbl MUHUMAIbHBIC
uHrnOHpyromue konnentpanu (MUK) sxctpakToB.

Camasi BBICOKasi aHTUMHUKPOOHAsl aKTHBHOCTh IIPH TECTHPOBAHUM HA B. subtilis, cpaBHUMas ¢
aHTHOAKTEPHAIbHON aKTUBHOCTHIO aHTHOMOTHKOB mumpdrokcanuHa u nedasonnHa, Obuia oOHa-
pykena npu ucnonb3oBanun JIMCO skcTpakra n3 numaiinuka Usnea, npudeM 30Ha OTCYTCTBHS
pocra cocraBmia 28 MM, 30 mm, 31 mm miis JJMCO skcrpakra, nunpdiokcanmaa u nedasonu-
Ha, cootBeTcTBeHHO. MUK JIMCO skcrpakroB u3 Usnea sp. u Stereocaulon sp. 0 OTHOIICHHIO K
B. subtilis cocraBuna 0,4 mr/min. Bakrepuu E. coli ObUTH yCTOHYMBBI KO BCEM THUIIAM YKCTPAKTOB.
UysctButensHocTh S. aureus K JIMCO sKcTpakTaM M3 JHIIAHHUKOB ObLTA CPaBHHMA C TyBCTBH-
TEIBHOCTBIO THX MHUKPOOPTaHU3MOB K TETPAUKINHY U BAaHKOMHIUHY. BBIsSBICHO, 9TO OONBIINH-
CTBO PaCTHUTENIBHBIX AKCTPAKTOB, MOIYYEHHBIX IPH HCHOJIL30BAaHUH ITAHOJA, H30IPONAHOIA, TeK-
cana, JIMCO, BozbI U arieTOHa B KaUeCTBE SKCTPATHPYIOMINX BEIIECTB, 3a HCKIIOYCHUEM BOJHOTO
JKCTpaKTa u3 Stereocaulon, odnanani aHTHOAKTEPHATbHON aKTHBHOCTHIO B OTHOLICHUU B. subtilis.
JMCO >KCTpaKThl U3 IUIIARHUKOB 00J1aJali TAKXKE TPOTUBOMUKPOOHON aKTHBHOCTHIO B OTHOIIIE-
HUHM 30JI0THCTOTO CTa(hpUIOKOKKA.

BwmecTe ¢ TeM, y ncCleTOBaHHBIX SKCTPAKTOB HE BBISBICHO aHTHOAKTEPHUAIFHON aKTHBHOC-
TH KO BCEM TECTHPOBAHHBIM INIPEICTABHTENSAM Haubojee paclpOCTPAHEHHBIX U BPEJOHOCHBIX
(uTOmaTOTeHHBIX OAKTEPHH.

JlanpHeifmue ucciIeqoBaHus SKBaJOPCKUX JIHIIAWHUKOB, OCOOCHHO M3ydYCHHE PACTEHHH,
COOpaHHBIX B HKCTPEMAIIbHBIX TOPHBIX OHOTOMAX, MOXKET OBITH OUEHb Ba)KHBIM B U3YUECHHH BO3-
MOKHOCTH TIPUMEHCHHUS PACTEHHH IJIsI JIeUeHUsI 3a001eBaHUH, BEI3BAHHBIX ITATOTEHHBIMU MHUKPO-
OpraHU3MaMH, a TAKXKE B UCTIOIb30BaHUH B HAIMOHATBEHOH (hapMaKOIOTrHIEeCKOH IIPOMBIIIIICHHOCTH
B DKBajope.

Kirouessie ciiosa: Usnea sp., Stereocaulon sp., aHTUMHKpOOHAsI aKTHBHOCTH, DKBAIOP.
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AHTHAMIKPOBHA AKTHBHICTH EKCTPAKTIB 3 JINIIATHUKIB
EKBAJIOPY

Peszwwme

BuB4eHO aHTHMIKPOOHY aKTHBHICTH €TaHOJIBHOTO, 130MIPOAHOIBHOIO, allETOHOBOTO, FEKCAHO-
Boro, /IMCO Ta BOZHOTO €KCTPAKTIB i3 JINIIAIHUKIB IBOX BUAIB, Usnea sp. Ta Stereocaulon sp., ki
Oyinu 3i6pani y Bucoxorip’i ExBanopy, mono Bacillus subtilis, Escherichia coli Ta Staphylococcus
aureus mICK-Tudy3HIM MeTon0OM. BusHadueHO MiHiManbHi iHTIOyI04i koHIeHTpamii (MIK) excrpa-
KTiB.

HatiBuma aHTHMIKpOOHA aKTHBHICTh NIPU TECTYBaHHI Ha B. subtilis, NOpiBHSIHA 3 aHTHOAKTe-
piabHOIO aKTUBHICTIO aHTUO10THKIB HUTIPGIIOKCAMHY Ta neda3ominy, Oyiaa BU3HAUSHA MPH
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BukopuctanHi IMCO ekcrpakty 3 nunraitHuka Usnea, IpU 1IbOMY 30Ha BiJICYTHOCTI POCTY
craHoBuia BianoBigHo 28 MM, 30 mm, 31 MM s JIMCO ekctpakty, HUIPQIOKCANUHY Ta
nedazominy. MIK JIMCO ekctpakriB 3 Usnea sp. Ta Stereocaulon sp. mono B. subtilis crano-
Buia 0,4 mr / mut. Bakrepii E. coli Oynu cTiiiki 10 yciX THIIIB eKCTpakTiB. UyTinuBicTs S. aureus
10 IMCO ekcTpakTiB 3 JHIIAHKUKIB Oyiia MOpiBHSAHA 3 YYTIMBICTIO IUX MIKPOOpPraHi3MiB
JI0 TETPAIMKIIIHY Ta BaHKOMII[UHY. BHUSBICHO, 110 OijbIlla YaCTHHA POCIUHHHUX €KCTPAKTIB,
OTPHMaHHX IPU BUKOPHUCTAHHI €TaHOITy, i30mpornanoiy, rekcany, JJMCO, Bonu Ta aeToHy
y SIKOCTI €KCTParyro4nX CIONYK, 38 BUKIFOUEHHSM BOJHOTO €KCTPaKTy 3i Stereocaulon, mann
aHTHOaKTepiaIbHy aKTHBHICTH IPOTH B. subtilis. JMCO excTpakTy 3 TUIIaRHAKIB MaJIH TAKOXK
AHTUMIKPOOHY aKTHBHICTb II0/I0 30JI0TUCTOrO cTadinokoky. OHAK, TOCIIKeHI €KCTPAKTH HE
BUSIBUJIM TOKCHUYHOI JIiT IO YCIX JOCHTIKEHUX MPEICTABHUKIB HAWOUIBII MOITMPEHUX Ta HIKO-
JIOYUHHUX (PITOMATOrCHHUX OaKTepii.

Toxanbii JOCTiPKEHHS €KBaJ0OPChKUX JHIARHUKIB Ta 0COOIMBO POCITHH, 310paHHX y SKC-
TpeMaJbHUX BUCOKOTIPHUX 0i0TOMAaX, MOKYTh OYTH JIy’Ke BOKIMBHMH Y BUBUCHHI MOMKIIUBOCTI
BUKOPHCTAaHHS POCIIUH JUTS JTIKyBaHHS 3aXBOPIOBAHb, BUKJIMKAHUX [TATOTCHHAMH MiKPOOpPTaHi3-
MaMH, a TAaKOK Y BUKOPHUCTaHI y HaI[lOHABHIH (hapMaKkoJIoriuHiil mpoMHUCIoBOCTI B EkBaiopi.

Knrowosi ciosa: Usnea sp., Stereocaulon sp., aHTUMiKpoOHa akTUBHiCTh, EkBaop.
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