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Abstract

Ranunculus sericeus, collected from Agri, was
successively extracted with n-hexane, chloroform,
acetone and methanol, in a Soxhlet extractor. Obtained
extracts were tested for antibacterial activity against
human and plant pathogenic bacteria Pseudomonas
aeruginosa, Bacillus subtilis, Staphylococcus aureus,
Enterococcus faecalis, Xanthomonas axonopodis pv.
vitians, Enterobacter cloacae, Burkholderia sepasia,
Pantoea ananatis, and for antifungal activity against
fungi Rhizoctonia sp., Alternaria sp., and Fusarium sp.
Minimum Inhibitory Concentration (MIC) values were
determined. Our results indicate that acetone and
methanol fractions have moderate antibacterial and
antifungal activity.
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Introduction

Since ancient times, people have frequently been
utilizing plants for health benefits. It also provides
insights for raw materials, mostly bioactive molecules,
to be used in pharmaceutical industry. Therefore,
researchers all over the world investigate biological
actions of plant extracts and isolated substances. An
important stimulus on these investigations is the
increase in number and prevalence of multiple drug
resistant bacteria. World Health Organization called
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for immediate action against these organisms early in
2017 (WHO 2017). The search, however, is not
restricted to new antibiotics against already resistant
bacteria, as any pathogen is a potential resistant
organism.

Turkey, concerning plant species number and
diversity, has a rich flora of some 9500 species (DAVIS
et al. 1965). Turkish government agencies declare 93
plant species as medicinal plants (TITCK 2018).
Almost half of them are not native to Turkey. Given
the number of plant species above and the long history
of modern human existence in Turkey, one can easily
speculate that there should be more medicinal plants in
the country. This clearly reveals the need for more
investigations on biological actions of plants in
Turkey. Also needed are more ethnobotanical studies
to shed light on use of plants by people as remedies in
the country. One of the few ethnobotanical studies
(SEzIK et al. 1997) reports use of Ranunculus sericeus
Banks & Sol. as an external poultice to reduce
inflammation in rheumatism, in Agr1 province.

Ranunculus genus is a controversial taxon in the family
Ranunculaceae, which is associated with several cases
of dermatitis (POLAT et al. 2007; KosE et al. 2008;
AKBULUT et al. 2011; CALKA et al. 2011; OzKoL et al.
2014; UcMAK et al. 2014; MILANESI et al. 2015; POLAT
2016) and also a cure for dermatitis (PRIETO et al.
2008). Members of the genus have been found to
possess anti-inflammatory (CAo et al. 1992; FOSTOK et
al. 2009; AKKoL et al. 2012), antimicrobial (MISRA
AND DIXIT 1978; LORIMER et al. 1996; BARBOUR et al.
2004; DENG et al. 2013; BHATTI et al. 2015b; KHAN et
al. 2016), antioxidant (Lv et al. 2010; BHATTI et al.
2015a; KHAN et al. 2016; RAzIQ et al. 2017;
BOROOMAND et al. 2018), and antitumor (BHATTI et al.
2015b) activities. The reader is referred to ASLAM et
al. (2012), for an excellent review of the genus.
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Ranunculus sericeus has not been investigated for
biological acitivities so far.

Considering all above factors, Ranunculus sericeus
seems to be a good target for screening antimicrobial
substances. The aim of this study is investigation of
antimicrobial and antifungal activity of the herba of
Ranunculus sericeus.

Materials and methods

Solvents, media and devices

All solvents used in this study were analytical grade.
N-hexane and acetone were purchased from Merck
(Germany). Chloroform was purchased from TEKKIM
(istanbul, Turkey). Methanol was purchased from
Sigma (USA). The rotary evaporator was IKA
Labortek (Switzerland). Tryptic Soy Agar (TSA)
medium was purchased from Sigma (USA, catalog no
22091). Nutrient Broth (Catalog no CMO0001) and
Potato Dextrose Agar (PDA, Catalog no CM0139)
media were purchased from Oxoid (UK).

Plant material

Ranunculus sericeus was collected from Sarican
village of Eleskirt county, Agri, Turkey, during its
flowering period (May-June) in 2017. It was identified
according to DAVIS et al. (1965). A voucher specimen
is kept in the private collection of Y.K., with accession
number YK-2017-008. Plant material was dried in the
shade at room temperature, and aboveground parts
were ground into a fine powder using liquid nitrogen
with the aid of a mortar and pestle.

Extraction

Fifty grams of ground material was successively
extracted, for 12 hours each, with n-hexane,
chloroform, acetone and methanol, respectively, in a
Soxhlet apparatus. Solvents were evaporated under
reduced pressure at 40 + 5 °C in rotary evaporator. This
procedure resulted in 4 extracts, which were labeled H
for hexane, C for chloroform, A for acetone and M for
methanol.

Test microorganisms

All test organisms were courtesy of Dr. Kenan
KARAGOZ of Agri Ibrahim Cecen University,
Faculty of Science and Letters, Department of
Molecular Biology and Genetics, from his personal
collection.

Agar disc diffusion test

Assays were performed with TSA media, according to
Murray (MURRAY 1995) with a minor modification.
Tetracycline and kanamycin were used as positive
controls. The fractions and antibiotics were prepared in
10% Dimethyl sulfoxide (DMSO) or sterile distilled
water (sdH2QO) at a concentration of 50 mg/ml.
Bacterial suspension (100 pl) containing ~1x108 CFU
/ ml (adjusted by 0,5 McFarland standard turbidity)
of bacteria spread by a sterile swab on TSA medium.
The discs (6 mm in diameter) were impregnated with
10 pl (the final amount on one disk for each fraction
was 0.5 mg) of the fractions or antibiotic solutions and
put in the middle of the inoculated plates. The bacterial
cultures were incubated at 37 °C for 48 h, and then
inhibition zones were measured in diameter (mm)
around the discs. 10% DMSO and sdH20 were used as
negative control. The assays were performed with
three replicates.

MIC tests

MIC values of fractions and antibiotics were
determined for the microorganisms by microdilution
assay (KARAMAN et al. 2003; SAHIN et al. 2003). The
96-well microtiter plates were used for this test.
Consecutive wells containing fractions or antibiotics at
the concentration range of 9.75 -2500 pg/ml was
prepared in nutrient broth. Then, 5 pl bacterial
suspensions at the concentration of ~1x10% CFU / ml
were added each well and total volume reached 200 pl
with the addition of nutrient broth. The plate was
covered with a sterile plate sealer. The contents of each
well were mixed on a microtiter plate shaker at 300
rpm for 20 s and then incubated at 37 °C for 24 h.
Microbial growth was determined by absorbance
values at 600 nm using plate reader and confirmed by
plating 5 pl samples from clear wells on nutrient agar
media. The fractions and antibiotics tested in this study
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were screened three times for each organism and 10 %
DMSO and sdH20 were used as negative control. The
MIC was defined as the lowest concentration of the
compounds or antibiotics to inhibit the growth of
microorganisms.

Antifungal activity test

Antifungal activity test was performed as previously
described (TORRES et al. 2017), with minor
modifications. Briefly, 25 pl of fractions (50 mg/ml)
were inoculated in wells, which were carved in the
middle of PDA filled 9 cm diameter petri dishes. 4 mm
plugs of 7-day-old culture of each fungal organism
were placed in the center of each dish. Plates without
fractions were used as negative controls.
Cycloheximide (50 mg/ml) was used as positive
control. After 7 days of incubation at 28 °C the
mycelial growth diameter of each fungus was
measured and the percentage of fungal inhibition (FI)

was calculated as follows; FI (%) = 100 x ((mycelial
growth diameter of control — mycelial growth diameter
of tested fraction) + mycelial growth diameter of
control).

Results and Discussion

H, C, A, and M yielded 246, 850, 985, and 12905 mg
extract fractions, respectively. This represents a very
high yield of approximately 30%, in total. The roots
were excluded from the study, which means substance
amount per individual plant could be higher.

Hexane and chloroform fractions had no activity in
agar disc diffusion assay. However, acetone and
methanol fractions had moderate antibacterial activity
against all tested organisms. Negative controls had no
effect on bacterial growth. The results are summarized
in Table 1. Hexane and chloroform fraction data and
negative controls are not presented to save space.

Table 1. Antibacterial activity of Ranunculus sericeus, expressed as inhibition zone (mm). A: Acetone fraction, M:
Methanol fraction, K: Kanamycin, T: Tetracycline. Values are represented as avergae + standard deviation of three

replicates.
Bacterial strain Inhibition zones (mm)
A M K T

Pseudomonas aeruginosa 13£1.5 18£1.5 28+0.5 30=+1.7
Bacillus subtilis 15+0.6 15+0.6 24+1.2 29+1.2
Staphylococcus aureus 11+0.6 14+0.6 23+1.6 24+£1.2
Enterococcus faecalis 13+0.6 12+0.6 22+1.6 27+0.9
Xanthomonas axonopodis pv. vitians 15+0.6 14+0.5 26+1.7 28+0.9
Enterobacter cloacae 14+0.6 13+£0.9 20+1.2 2242.5
Burkholderia sepasia 12+1.2 11£1.2 2241.2 2240.5
Pantoea ananatis 14+1.5 12+1.2 31+1.4 36+1.2

Hexane and chloroform fractions did not show any
antibacterial activity. Hence, they were not evaluated
in terms of MIC. Negative controls had no activity.
Acetone and methanol fractions had considerably low
MIC values, given the fact that they are mixtures. MIC
values are for A, M, kanamycin and tetracycline are
presented in Table 2.

Hexane and chloroform fractions did not show any
antifungal activity against any of the fungi. All four
fractions were ineffective against Rhizoctonia sp.
Acetone fraction inhibited growth of Alternaria sp. and
Fusarium sp., while methanol fraction was active
against Alternaria sp. Growth diameter and percent
inhibition data for A, M, and cycloheximide are
presented in Table 3. H and C fraction data were
excluded to save space
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Table 2. MIC value of the extract fractions and antibiotics against the pathogens, expressed as concentration (pg/ml).
A: Acetone fraction, M: Methanol fraction, K: Kanamycin, T: Tetracycline.

. . MIC values (pg/ml).

Bacterial strain A v K T

Pseudomonas aeruginosa 312.5 312.5 <9.75 <9.75
Bacillus subtilis 1250 1250 <9.75 <9.75
Staphylococcus aureus 1250 1250 <9.75 <9.75
Enterococcus faecalis 312.5 625 <9.75 <9.75
Xanthomonas axonopodis pv. vitians 625 625 <9.75 <9.75
Enterobacter cloacae 2500 2500 <9.75 <9.75
Burkholderia sepasia 2500 2500 <9.75 <9.75
Pantoea ananatis 625 625 <9.75 <9.75

Table 3. Antifungal activity of fractions represented as growth diameter and fungal inhibiton. D: growth diameter
expressed as avarege + standard deviation (where available) of three replicates, FI: fungal inhibition expressed as
percent, CH: cycloheximide, A: acetone fraction, M: methanol fraction, —: no activity.

| CH A M
Fungi Control D (mm) 3 e T Fiee) | Dm) | FI@®) | Dmm) | FI %)
Rhizoctonia sp. 60.3+0.5 40.3£1.9 33.15 — 0 — 0
Alternaria sp. 60 — 0 50.3£0.5 16.11 51.3+0.5 14.44
Fusarium sp. 60 28.0+2.2 53.33 50.7+0.5 15.56 — 0

This study deals with the antibacterial and antifungal
activities of extract fractions of Ranunculus sericeus.
As far as we know this is the first report on biological
actions of R. sericeus. According to the records
investigation of antimicrobial activity of Ranunculus
genus started as early as some 50 years ago
(BUKOWIECKI AND ZAREBSKA 1966a, b). Authors
isolated protoanemonin and demonstrated its antibiotic
activity. Other substances isolated from Ranunculus
species include flavonoids, phytosterols, coumarin
derivatives, lactone derivatives, triterpenes, fatty acids,
and saponins (ASLAM et al. 2012).

There are many studies in the literature dealing with
biological actions and detrimental effects of other
Ranunculus species (see Introduction). In general, this
genus is considered poisonous to humans. However,
people keep using members of it, especially in Asia
(UMAIR et al. 2017), for alleged health benefits. On the
other hand, Ranunculus ternatus, a well-established
species used in traditional Chinese medicine is
reported to have various activities on human health.
These include Tumor Necrosis Factor-a induction in
cultured tumor cells (ZHou et al. 1995), anti-
tuberculosis activity (DENG et al. 2013), and promotion

of immune cell proliferation and phagocytosis (LV et
al. 2010). Another species, Ranunculus japonicus was
found to be protective against myocardial ischemic-
reperfusion injury in isolated rat hearts (GAO et al.
2014) through prevention of hypertrophy in
cardiomyocytes via alleviating chronic Ca®* overload
(DAl etal. 2015), and to possess anti-inflammatory and
analgesic effects in mice (CA0 et al. 1992). In light of
these facts, it is difficult to assert the whole genus as
detrimental to human health.

The lack of studies on Ranunculus sericeus dictates
comparison of the obtained data to other Ranunculus
species. In a study by MISRA AND DIXIT (1978), the
authors evaluated the antifungal potential of
Ranunculus sceleratus against various fungal
pathogens, including Alternaria tenuis, Alternaria
solani, and Fusarium nivale. They concluded that
water extract of the species inhibited — in fact,
annihilated — fungal growth, and was promising as an
antifungal agent, particularly for plant pathogens. They
also emphasized the importance of using fresh plant
samples, as dried plant lost a great deal of antifungal
power. It may account for the extent of antifungal
power we found in this study. Also, it might be inferred
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that the same issue may be valid for antibacterial
activity, too; fresh plant samples may exhibit much
stronger antibacterial activity.

In a study by BARBOUR et al. (2004), researchers found
Ranunculus myosuroudes to possess strong
antibacterial activity against Pseudomonas aeruginosa
and Staphylococcus aureus. However, the dosage of
the plant extract is vague and a comparison seems
impossible. In a more recent study by BHATTI et al.
(2015b), authors concluded that water extract of
Ranunculus arvensis exhibited weak antimicrobial
activity and no effect against the fungus Fusarium
solani. In another study (KHAN et al. 2016), root, stem,
and leaf extracts of Ranunculus muricatus were tested
against Bacillus subtilis, Pseudomonas aeruginosa,
and Staphylococcus aureus. Researchers reported
similar inhibition zones to our results, for acetone and
methanol extracts but they did not reveal the extract
concentrations. Therefore, a comparison is again
impossible.

Conclusion

In conclusion, this is the first report or biological
actions of Ranunculus sericeus, demonstrating it may
have some potential of providing antimicrobial,
particularly antifungal, compounds. More studies in
the future definitely will help to elucidate the
compounds responsible for this, and perhaps their
modes of actions.
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