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ABSTRACT

The phenomenon of using plants for therapeu-
tic purposes dates back to the earlier times in the his-
tory of humanity. Even though there have been re-
markable developments in the modern medicine,
pharmaceutical, and chemical industries, the thera-
peutic use of medicinal plants is still up to date. Due
to the emergence of antibiotic-resistant strains and
the proliferation of side effects in synthetic drugs,
the importance of research on the antimicrobial po-
tential and biochemical composition of plant extracts
has increased. The main purpose of this present
study is to screen both the antibacterial and antifun-
gal activity of endemic Helichrysum arenarium ssp.
aucheri ethanol extract by disk diffusion on some
Gram-negative and Gram-positive bacteria and Can-
dida albicans, and to identify the major compounds
found in the ethanol extract by GC/MS. According
to the results obtained from the study, it can be pro-
posed that the extract showed antibacterial and anti-
fungal activity for all microorganisms excluding Sa/-
monella typhimurium SL1344, Salmonella infantis,
E. coli (food isolate), Escherichia coli ATCC 25922
and Enterobacter aerogenes ATCC 13048, and
some chemical compounds were detected, which
may be responsible for the antimicrobial activity.
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INTRODUCTION

The belief in the ability of plants to cure dis-
eases extends almost to the period in which man ex-
ists. Throughout human history, different forms of
plants have been used as a poultice for the treatment
of wounds, as a decoction for the treatment of dis-
eases or as direct food. There is countless historical
evidence that plants are used on all continents around
the world. Even the Neanderthals, who lived sixty
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thousand years ago, were discovered to use the Hol-
lyhock (Alcea sp.) plant in the Iraqi region. One of
the oldest references for modern pharmacology was
the book of Hippocrates, which contains 300-400
different medicinal plants in the late 5th century BC,
and the other was Dioscorides' De Materia Medica
in the first century AD [1]. Nowadays, these plants
and new species are used in traditional treatments. It
is estimated that 10% of all plants are used in tradi-
tional medicine in the world. Scientific curiosity
about the plants used in traditional treatments all
over the world and their extracts, components, and
effects has also led to the emergence of ethnophar-
macology [2]. In the world, approximately half of the
deaths in tropical countries are caused by infections.
In Africa, 300,000 children die each year from infec-
tions caused by microorganisms related to E. coli,
Shigella, and Salmonella species. Perhaps this is not
surprising when looking at the socio-economic situ-
ation of the countries, but even in developed coun-
tries, infection-related diseases and deaths are ob-
served to be increased every day. For example, re-
search completed in the US proposed that the 5 rea-
son for deaths, which were caused as a reason for in-
fections in 1981, with a 58% increase in 1992
climbed to 3rd place [3, 4]. Thus, developing novel
strategies to prevent and treat infectious diseases are
required. Therefore, it is quite natural for pharmacol-
ogists and especially microbiologists to resort to
plants in search of antimicrobial agents. Over time,
microorganisms gain resistance to drugs and transfer
them to new generations. This limits the lifetime of
the drugs and makes antimicrobial need constant.
Thus, plants are always inevitable for clinical micro-
biologists in their search for new antimicrobials.
Also, based on the advantage that the plants have
been experienced throughout history, the infor-
mation obtained about the plant contents and their
uses are scientifically researched in the laboratories.
As a result, the effects of the plants used on micro-
organisms will be revealed. Thus, the incorrect use
of the public will be prevented [1].

The genus Helichrysum (Asteraceae) is pre-
sented by 600 species all over the world. Helichry-
sum species are reported to have a high degree of
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polymorphism. It has been reported that some of
them show significant pharmacological properties
and find wide use in perfumery [5, 6]. It is repre-
sented in Turkish flora by 30 taxa, of which 17 are
endemic [7].

Some of the Helichrysum taxa have tradition-
ally been used in folk medicine in their geography
for centuries. Helichrysum teas are known to be used
against gallbladder disorder since they have bile reg-
ulating and diuretic effects [8]. The genus Helichry-
sum 1is used to treat several health problems in Eu-
rope and Africa [9-13]. Helichrysum species have
traditionally been used in the treatment of infections,
wounds, and respiratory disorders [10, 11, 13, 14,
15]. It has also been reported that Helichrysum spe-
cies are used as incense and in the treatment of colds
[13].

Many species of Helichrysum distributed in
Turkey is used as a diuretic and an antiurolithiatic by
the public. The bile regulation and diuretic activities
of these species are as a result of their flavonoid con-
tent [8, 16]. H. arenarium (L.) Moench, called dwarf
everlast, is a well-known remedial plant in most
parts of the world. For example, H. arenarium is
commonly consumed as herbal tea against asthma,
diarrhea, jaundice, stomach pain, urogenital disor-
ders and to treat kidney stone problems [17, 18]. It is
known that a group of flavonoids isolated from H.
arenarium inflorescence have diuretic properties and
are used in kidney and urinary tract disorders. The
diuretic and choleretic properties of this plant extract
have been confirmed by pharmacological investiga-
tions [19]. Besides, H. arenarium was identified by
Czinner et al. [9, 20] as having cholagogue and
choleretic, hepatoprotective, and detoxifying activi-
ties. H. arenarium ssp. aucheri (Boiss.) P.H.Davis &
Kupicha subspecies is endemic to Turkey. It is a per-
ennial herbaceous plant. It blossoms between May
and August. It is an element of the Irano-Turanian
floristic region. It is spread over terrestrial Anatolia
and neighboring northern Anatolia. It is an aromatic
and medicinal plant, which is commonly growing on
sandy soils or dry lime, coasts, steppes, and distrib-
uted at an altitude between 250 and 3200 meters
[21]. Previous studies are present in the literature
about the antimicrobial activity of H. arenarium
against yeasts, Gram-negative and Gram-positive
bacteria strains [22, 23], however to the best of our
knowledge the antibacterial and antifungal potential
of H. arenarium ssp. aucheri ethanol extract hasn’t
been analyzed yet.

The medicinal use of plants is a tradition that
has continued for centuries in Anatolia. These uses,
which have survived to the present day, should be
continued traditionally and the structures and medic-
inal properties of plants should be revealed using
modern techniques. In recent years, the importance
given to medicinal plants and studies examining
their antimicrobial activities has increased in Turkey
[24, 25, 26, 27, 28, 29, 30, 31, 32].
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In the present study, we report on the antibac-
terial activity of H. arenarium ssp. aucheri ethanol
extract by disk diffusion method against several
Gram-negative and Gram-positive bacteria strains
and Candida albicans and its biochemical composi-
tion by Gas Chromatography-Mass Spectrometry.

MATERIALS AND METHODS

Endemic plant samples. H. arenarium ssp.
aucheri were collected from Kayseri/TURKEY and
identified by Dr. Mustafa Eray BOZYEL. The plant
samples were placed in sample bags and kept in
room conditions.

Active compound extraction. Dried H. are-
narium ssp. aucheri aerial part samples were ground
to obtain a fine powder, to increase the surface area
for extraction. The active compounds were extracted
by ethanol (Sigma Aldrich) through shaking at room
temperature for two days [33]. After filtering
through Whatman No. 1 filter paper, the ethanol in
the extract was evaporated at 45°C under vacuum by
using a rotary evaporator (Heidolph Hei-Vap Value
HL/HB-G1) [34]. The remnant was weighed and an
extract stock was prepared by using a defined vol-
ume of ethanol, and 50 pL and 100 pL of the ex-
tracted stock were transferred on empty sterile anti-
biotic disks to load 2.72 and 5.45 mg extracts on
disks respectively.

Microorganisms. Bacillus subtilis DSMZ
1971, Candida albicans DSMZ 1386, Enterobacter
aerogenes ATCC 13048, Enterococcus durans (food
isolate), Enterococcus faecalis ATCC 29212, Enter-
ococcus faecium (food isolate), Escherichia coli
ATCC 25922, Escherichia coli (food isolate),
Klebsiella pneumoniae (food isolate), Listeria in-
nocua (food isolate), Listeria monocytogenes ATCC
7644, Pseudomonas aeruginosa DSMZ 50071,
Pseudomonas fluorescence P1, Salmonella enter-
itidis ATCC 13075, Salmonella infantis (food iso-
late), Salmonella kentucky (food isolate), Salmonella
typhimurium SL1344, Staphylococcus aureus ATCC
25923, Staphylococcus aureus (clinical isolate) and
Staphylococcus epidermidis DSMZ 20044 were
used in the study [35].

Inocula preparation. The incubation condi-
tions for microorganisms excluding C. albicans were
37°C for 24 hours, but 27°C for 48 hours for C. albi-
cans. Inoculum for each microorganism was pre-
pared in 0.9% sterile saline solution and the turbidity
of all inocula was adjusted by comparing with 0.5
McFarland standard [36].

Testing antimicrobial activity. The disk dif-
fusion test, which was described previously in detail
by Canli et al. was used for testing the antimicrobial
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activity of H. arenarium ssp. aucheri ethanol extract.
The Petri dishes containing disks, on which the eth-
anol extract was loaded, incubated according to the
suitable time-temperature combinations mentioned
above, and the inhibition zones were observed and
recorded in millimeters [37].

Negative control. Empty antibiotic disk and
ethanol loaded disk were used as negative controls.

GC-MS Analysis. The composition of H. are-
narium ssp. aucheri ethanol extract was determined
according to the protocol given in previous studies
by GC-MS analysis [38].

Statistics. All tests were applied as triplicates.
One-way analysis of variance (ANOVA), which is a
parametric method was performed (P = 0.05) [39].
Pearson correlation coefficient was determined for
any possible correlation between the intensity of an-
timicrobial activity and concentration. R Studio, ver-
sion 3.3.2 was used for statistical analysis [40].

RESULTS AND DISCUSSION

Antimicrobial activity. The data obtained
from the study about the inhibition zone diameters
are shown in Table 1. According to the results, neg-
ative controls show no activity [41]. Additionally,
statistical analysis verified that the differences be-
tween the results of three replicates of each extract
volume were statistically non-significant (p>0.05).
Also, obtaining a Pearson correlation coefficient of
0.2913 presented a very weak positive correlation
between the antimicrobial activity and the volumes
of extracts used.

Table 1 clearly shows that 50 pL ethanol ex-
tract of H. arenarium ssp. aucheri was presented an-
timicrobial activity against B. subtilis, C. albicans,
E. durans, E. faecalis, E. faecium, K. pneumoniae, L.
monocytogenes, P. fluorescens, S. aureus (clinical
isolate), S. aureus, S. epidermidis and S. enteritidis
with inhibition zones between 7 and 20 mm. 100 L.
ethanol extract of H. arenarium ssp. aucheri was
presented antimicrobial activity against all microor-
ganisms observed in 50 pL besides with L. innocua,
P. aeruginosa, and S. kentucky with inhibition zones
ranging between 7 and 30 mm.

Previously, E. faecium was thought to be a nor-
mal member of the gastrointestinal microflora, but E.
faecium has become one of the main pathogens of
nosocomial infections due to its resistance to a great
number of antibiotics. Moreover, the treatment of
these infections is quite difficult [42]. Canli et al.
[43] showed that Rheum rhabarbarum (Polygona-
ceae) caused 28 mm of inhibition zones for 100 pL
ethanol extract against E. faecium (food isolate),
whereas Ozcan and Acet [44] presented that 200 ug
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ethanol extract of Helichrysum chionophilum (Aster-
aceae) showed an inhibition zone of 15 mm against
E. faecium (clinical isolate). The results of our study
presented 30 mm of inhibition zones for 100 pL eth-
anol extract, which contains 5.45 mg extract, against
E. faecium (food isolate).

S. aureus is one of the microorganisms that
cause nosocomial infections commonly seen in in-
tensive care units in hospitals [45]. Several research-
ers have been conducting various investigations to
identify certain plant extracts that exhibit antimicro-
bial activity on S. aureus strains. Canli et al. [46] ob-
served 21 mm of inhibition zones for 120 pL ethanol
extract of Anacyclus pyrethrum (Asteraceae) against
S. aureus ATCC 25923, whereas Albayrak et al. [23]
identified that H. arenarium ssp. aucheri (Aster-
aceae) presented 21 mm of inhibition zone for 10%
methanolic extract against S. aureus ATCC 29213.
In this study, it was observed that different concen-
trations of H. arenarium ssp. aucheri methanolic ex-
tract showed no antimicrobial effect against S. au-
reus ATCC 25923 [23]. The reason for this differ-
ence can be explained by the use of two different S.
aureus strains in these studies, namely S. aureus
ATCC 29213 and S. aureus ATCC 25923. Previous
it was proved that S. aureus ATCC 25923 presents
higher resistance against the standard antibiotics
than S. aureus ATCC 29213. A report about the an-
timicrobial resistance of Enterococci, Staphylococci
and E. coli proposed that the MIC range of S. aureus
ATCC 25923 against 11 standard antimicrobials
(Cefoxitin, Chloramphenicol, Ciprofloxacin, Eryth-
romycin, Florfenicol, Gentamicin, Penicillin, Strep-
tomycin, Sulfisoxazole, Tetracycline, and Trime-
thoprim) was between 14 and 37 pg/mL, where the
MIC range of S. aureus ATCC 29213 against the
same antimicrobials are mostly between 0.125 and 8
pg/mL, which shows that S. aureus ATCC 25923
presents higher resistance against the standard anti-
biotics than S. aureus ATCC 29213 [47]. On the
other hand, the results of our study presented 22 mm
of inhibition zones for 100 pL ethanol extract, which
contains 5.45 mg extract, against S. aureus (clinical
isolate).

Also, an inhibition zone over 22 mm for E. fae-
cium against Quinupristin-dalfopristin, which is a
combination of two antibiotics used to treat Staphy-
lococci infections, is accepted to be susceptible [48].
Our extract presented a 30 mm inhibition zone for
100 pL extract, which clearly shows that the E. fae-
cium strain used in our study is susceptible to 100 pL
extract.

Besides, an inhibition zone over 22 mm, 21
mm, and 20 mm for S. aureus against Cefox-
itin/Levofloxacin, Ciprofloxacin, and Ceftaro-
line/Ofloxacin respectively are accepted to be sus-
ceptible [48]. 100 puL of our extract presented a 22
mm inhibition zone against S. aureus (clinical iso-
late) and a 20 mm inhibition zone against S. aureus
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TABLE 1
Antimicrobial activity results for H. arenarium ssp. aucheri
(As the diameter of inhibition zones (mm))

Microorganisms 50 ul.” 100 pL”
B. subtilis 13,00 = 0,00 15,00 £ 0,00
C. albicans 10,00 £ 0,00 13,00 £ 0,71
E. aerogenes - -

E. coli (food isolate) - -

E. coli - -

E. durans 12,00 £ 0,00 15,00 £0,71
E. faecalis 11,00+ 0,71 14,00 + 0,00
E. faecium 20,00 +0,71 30,00 £ 0,00
K. pneumoniae 7,00 + 0,00 7,00 + 0,00
L. innocua - 13,00 £+ 0,00
L. monocytogenes 16,00 = 0,00 20,00 + 0,00
P. aeruginosa - 12,00 £ 0,71
P. fluorescens 8,00 £ 0,00 14,00 + 0,00
S. aureus (clinical isolate) 8,00 £ 0,00 22,00 + 0,00
S. aureus 15,00 + 0,71 20,00 + 0,00
S. enteritidis 7,00 + 0,00 8,00 + 0,00
S. epidermidis 16,00 £+ 0,00 19,00 + 0,00
S. infantis - -

S. kentucky - 7,00 + 0,00

S. typhimurium

“-”: No inhibition; *: The data is given as the mean values of three replicates with standard errors.

TABLE 2
The major chemical components of H. arenarium ssp. aucheri according to the GC-MS analysis
. Molecular
No Ret(?ntlon Components Formula Weight Area
Time (%)
(g/mol)
1 13.059 Butanoic acid, 2-methyl-3-oxo-, ethyl ester C7H1203 144.168 1.41
2 31.239 D-Allose CeH1206 180.156 4.12
3 35.027 Quinic acid C7H1206 192.167 2.72
4 48.005 Palmitic acid Ci6H3202 256.424 4.57
5 54.213 9,12-Octadecadienoic acid (Z,7)- Ci1sH3202 280.445 2.85
6 54.410 9,12,15-Octadecatrienoic acid, (Z,Z,7)- Ci13H3002 278.430 1.71
7 57.284 UNKNOWN - - 1.62
8 57.783 Coumarin-6-ol, 3,4-dihydro-4,4,5,7-tetramethyl-, C1aH1505S 298 355 1.35
methylsulfate(ester)

9 59.855 UNKNOWN - - 1.84
10 62.730 UNKNOWN - - 6.27
11 63.293 UNKNOWN - - 1.03
12 64.743 EUPULONE 3.16
13 65.210 Dotriacontane Cs2Hee 450.866 5.29
14 67.118 UNKNOWN - - 1.09
15 68.926 UNKNOWN - - 1.05
16 70.418 Tetratetracontane Ca4Hoo 619.185 2.76
17 72.462 13-Docosenamide, (Z)- C22H4sNO 337.583 1.19
18 74.495 Naringenin CisH1205 272.253 22.81
19 75.567 Tetrapentacontane CaaHoo 619.185 6.51
20 82.903 Tetrapentacontane Ca4Hoo 619.185 6.03
21 89.193 Stigmasterol C29Has0 412.691 1.26
22 91.393 Stigmast-5-en-3-ol, (3.beta.)- C29Hs00 414.707 2.54

“.””: No information

ATCC 25923, which also show that both S. aureus
strains used in our study can be accepted to be sus-
ceptible against 100 pL of H. arenarium ssp. aucheri
ethanol extract.

Biochemical composition of ethanol extract.
The GC-MS analysis of H. arenarium ssp. aucheri
ethanol extract with its major components, which
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were observed higher than 1%, and their composi-
tion percentages are given in Table 2. The GC-MS
chromatogram of H. arenarium ssp. aucheri ethanol
extract is given in Figure 1.

According to Table 2, Naringenin (22.81%),
Tetrapentacontane (12.54%), and Dotriacontane
(5.29%) are observed mainly in H. arenarium ssp.
aucheri ethanol extract composition.
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FIGURE 1
GC-MS chromatogram of H. arenarium ssp. aucheri

CONCLUSIONS

H. arenarium ssp. aucheri has antimicrobial ac-
tivity against a large range of tested strains. Some
compounds found in the extract is not matching with
the library. As a reason for that, this medicinal plant
is proposed to contain some unknown molecules and
they should be identified and their 3D structure
should also be determined. The unknown compound,
which consists of 6.27% should be analyzed in de-
tail. Also, the mode of action(s) of the extract should
be determined in further studies.
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