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Abstract

In this study, antioxidant, cytotoxic, larvicidal, antimicrobial and anthelmintic
effects and phenolic contents of ethanol, methanol and acetone extracts of leaf
and tuber parts of Cyclamen alpinum were investigated. DPPH, ABTS,
[f-carotene assays were carried out in antioxidant activity and total phenolic
and flavonoid contents were tested in determination assay. 9 phenolic con-
tents were determined by HPLC. Artemia salina was used in the cytotoxic ef-
fect. Larvicidal effect was investigated against Culex pipiens. Disc diffusion
method was used in antimicrobial effect. The tuber part was found to be more
toxic than the leaf part in the anthelmintic activity assay. The highest value
obtained from the antioxidant activity experiment was observed with value of
86.73 £ 0.16 (%) in DPPH assay. The lowest LC;, value in larvicidal effect was
determined 0.151 mg/mL after 72 hours. Consequently, there is need for fur-
ther studies on the Cyclamen alpinum, which has the ability to fight against
diseases such as cancer, cardiovascular diseases, etc.

Keywords
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1. Introduction

Free radicals are substances in which atoms in normal or pathological cells con-
tain one or more unpaired electrons and they are very unstable [1] [2] [3] and
they can react very easily with organic molecules such as lipids, proteins, carbo-
hydrates and DNA. Also, they are thought to be responsible for many diseases
such as aging, cancer, diabetes, liver diseases, Parkinson’s disease and Alzhei-

mer’s disease [4] [5] [6] [7]. Therefore, defense against free radicals is crucial in
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reducing the risk of developing these diseases [8].

Antioxidants are compounds that protect molecules by inhibiting the initia-
tion or propagation of oxidant chain reactions caused by free radicals. Antioxi-
dants are divided into natural and synthetic [9]. It is more likely that synthetic
antioxidants used in the industry due to their strong biological activity have side
effects and are carcinogenic accelerators [6]. Because of this reason, the need for
natural antioxidants has begun to become more important, and the search for
natural antioxidant-containing plants has gained importance in recent years
[10]. Plants and plant products are rich antioxidant sources and epidemiological
studies have revealed the relationship between plant antioxidants, chronic and
oxidative diseases [8] [11].

The genus Cyclamen, which possesses geofit plant species, belongs to the fam-
ily of Primulaceae [12]. Cyclamen plants are used as medicinal plants and also
used as ornamental plants [13]. Cyclamen alpinum Dammann ex. Sprenger was
identified by Schwarz as endemic under the name Cyclamen trochopteranthum
O. Schwarz in 1975 but nowadays although it is again called Cyclamen alpinum,
its endemism is controversial [14]. Some species of this genus are used in folk
medicine. In a few studies, some species of this genus have been reported to have
antifungal, antiinflammatory and antinociceptive activities [15] [16].

Although this study is not the first study of C. alpinum species, it has been
carried out to fill the gaps in the literature and to expand the studies on this spe-
cies. In a study by Arslan et al [17], C. trochopteranthum (C. alpinum) tuber
extract might have a potential not only to inhibit and/or induce the metabolism
of certain co-administered drugs but also to influence the development of toxic-
ity and carcinogenesis owing to the induction of the cytochrome P450-dependent
drug-metabolizing enzymes. Oz et al [15] investigated the larvicidal activity
against Culex pipiens L. (Diptera: Culicidae) of the ethanolic extracts of the tu-
ber parts of C. alpinum and Cyclamen mirabile Hildebr. species. They showed
that C. mirabile (86.2 ppm) was more active than C. alpinum (161.3 ppm) ac-
cording to LC;, values. In Gilindogan’s [18] study, the antimicrobial activity of
the C. mirabile and C. alpinum species (bacteria: Bacillus subtilis and Escheri-
chia coli, fungi: Candida albicans), was not found antimicrobial activity against
bactericides, but 12 mm inhibition zone of antifungal activity. In the same study,
C. mirabile and C. alpinum species were found to be more effective in acetone
extracts (IC,: 48.33 ppm) in the DPPH assay with petroleum ether and acetone
extracts [18].

The aim of this study was to investigate the phenolic compounds, antioxidant,
cytotoxic, larvicidal, antimicrobial and anthelmintic activity of various solvent
extracts of C. alpinum tubers and leaves. The findings obtained from this study
can increase the overall value of the medical potential of the plant.

2. Materials and Methods
2.1. Materials

Leaves and tubers of C. alpinum were collected from their habitats in Denizli,
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Turkey, in March-April 2015, identified from the book of Flora of Turkey [12].
Each parts (tubers and leaves) were dried at the shadow, room temperature and

low humidity.

2.2. Extraction

Dried samples were pulverized with blender then 10 g samples were transferred
to each 250 mL’s erlenmeyers and ethanol, methanol or acetone were poured 100
mL into erlenmeyers. Erlenmeyers were put in a shaker water bath (Memmert
WNB 22) at 49°C for 6 h. Then the mixture of extraction was filtered with
Whatmann No: 1 filter paper. This process was repeated twice time. The solvents
were separated by rotary evaporator (Ika RV 10) at 48°C - 49°C. The water in-
side extracts were frozen at —80°C and drawn out with freze-dryer (Labconco
Freezone 6) at —54°C. Extracts were stored in —20°C [19].

2.3. Assay of DPPH Free Radical Scavenging Activity

2.2-diphenyl-1-picrylhydrazyl (DPPH) free radical was used for determined the
scavenging activity according to method of Wu et al. [20]. Five concentrations of
extracts (0.2 mL, 0.4 mL, 0.6 mL, 0.8 mL and 1.0 mL) and Butylated Hydroxya-
nisole (BHA) (for positive control) with solvents (ethanol, methanol or acetone)
were mixed with 4 mL of 0.004% methanol solution of DPPH. The mixtures
were incubated 30 min at room temperature in dark and were measured at 517
nm in spectrophotometer. Three replicates of each concentration were run at a

time. The scavenging activity (SA) (1) was calculated with formula of

SA% = {M} %100 (1)
A

where A, is the absorbance value of the control (methanol) and A; is the absor-

bance value of sample involving extract.

2.4. Assay of f3-Carotene-Linoleic Acid

The antioxidant activity of extracts was measured with S-carotene-linoleic acid
model system according to method of Amin ef a/ [21]. 2 mg S-carotene and 10
mL chloroform were mixed to prepare f-carotene stock solution and 1 mL from
stock solution transferred to a beaker. 40 mg linoleic acid and 400 mg Tween 20
were added to beaker. Chloroform was seperated in the rotary evaporator and
was added 100 mL distille water. 4.8 mL of the emulsion was added into test
tubes which had 0.2 mg of the sample and 0.2 mL of the extract in them, then
initial absorbances were measured at 470 nm in spectrophotometer. BHA was
used for positive control. The test tubes were measured every 30 min until 2 h
while they were incubated at 50°C. The antioxidant activity (AA) (2) of

p-carotene-linoleic acid model system was calculated with formula of

AAY = [1— [MH +100 )
A,

s M2
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where A,, is the initial absorbance value of sample, A, is the initial value of con-
trol, A,, is the absorbance value of sample at 2 h and A, is the absorbance value
of control at 2 h.

2.5. Assay of ABTS Radical Cation Scavenging Activity

2.2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical cation
was used for determined the scavenging activity according to method of Re et al
[22]. ABTS radical cation was produced with 7 mM ABTS solution and 2.45 mm
potassium persulfate. The mixture was stood 12 h in dark at the room tempera-
ture. Before using the mixture was diluted with methanol to obtain an absor-
bance 734 nm with using the spectrophotometer. 3 mL sample solution was
mixed with 2 mL ABTS solution. The mixture was incubated 30 min at room
temperature. The absorbance was measured at 734 nm in spectrophotometer.

The scavenging activity (SA4) (3) was calculated formula of

SA% = {u} *100 (3)
A

where A, is the absorbance value of the control (methanol) and A; is the absor-

bance value of sample involving extract.

2.6. Determination of Total Phenolic Contents

Total phenolic contents were determined with Folin-Ciocalteu method accord-
ing to Slinkard and Singleton [23]. Gallic acid was used for equivalent. 1 mg
sample was mixed with 46 mL distille water and 1 mL Folin-Ciocalteu reagent
(FCR) was added in mixture. After 3 min, 3 mL, 2% sodium carbonate (Na,CO,)
was added to mixture and shaken intermittently along 2 h. The absorbance was
measured at 760 nm in spectrophotometer. Three replicates of each concentra-
tion were run at a time. Total phenolic contents were calculated with standard
gallic acid graph and were determined as micrograms of gallic acid equivalent

per gram of dry matter.

2.7.Determination of Total Flavonoid Contents

Total flavonoid contents were determined used method by Arvouet-Grand et al.
[24]. Quercetin was used for equivalent. 1 mL sample and 1.0 mL 2% aluminium
trichloride (AICl,) in methanol were added the test tubes. The mixture was in-
cubated for 10 min. The absorbance was measured at 415 nm in spectrophoto-

meter. Total flavonoid contents were calculated with standard quercetin graph.

2.8. Assay of Brine Shrimp (Artemia salina) Cytotoxicity Activity

The Brine Shrimp cytotoxicity activity with Artemia salina of the extracts was
determined according to method of Krishnaraju et al [25]. A. salina eggs (10
mg) were incubated in 500 mL factitious seawater at 28°C for 48 h. After incuba-
tion, 10 nauplii were added to each vial containing 4.5 mL of brine solution. 0.5

mL of four concentration (0.1 mg/mL, 0.25 mg/mL, 0.5 mg/mL, 1 mg/mL) of

DOI: 10.4236/pp.2018.94008

103 Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2018.94008

M. Turan, R. Mammadov

extracts were added to brine solution, respectively. The mixtures were incubated
24 h at 28°C. Then dead nauplii were recorded under the light. LCyj (i) LCsp
may LCsp LCsp chi-square (x’) were calculated with Probit analysis in
STATPLUS Pro 5.9.8.

2.9. Analysis of Phenolic Compounds in HPLC

Analysis of phenolic compounds in High Performance Liquid Chromatography
(HPLC) with standards was performed with modified according to method of
Caponio et al. [26] with Photodiode Array Detector (SPD-M20A) and LC20 AT
pump. The analysis was carried out C-18 column (250 mm x 4.6 mm, 2.5 um)
with CTO-10ASVp column oven. The mobile phases were solvent A: 3.0% for-
mic acid in distilled water and solvent B: methanol. 0.2 g sample was dissolved in
mobile phase. Then sample was filtrated in 0.45 pm and was injected to the
HPLC. The elution gradient applied at a flow rate of 0.8 mL-min™" with 95% A
for 3 min, 70% A in 47 min, 30% A in 23 min, 100% A in 7 min. Gallic acid,
3.4-hydroxybenzoic acid, 4-hydroxybenzoic acid, chlorogenic acid, vanillic acid,

caffeic acid, p-coumaric acid, ferulic acid, cinnamic acid were used as standards.

2.10. Assay of Larvicidal Activity to Mosquito (Culex pipiens)
Larvae

Larvicidal activity to mosquito (Cx. pipiens) larvae of the extracts was investi-
gated according to method of Cetin ef al. [27]. Four concentrations (0.1 mg/mL,
0.25 mg/mlL, 0.5 mg/mL, 1 mg/mL) of extracts were dissolved in 100 mL distilled
water in beakers. 10 larvae were transferred to beakers and fish food was given to
the larvae. The experiment was carried out 12:12 (L: D) photoperiod, 26°C and
60% humidity. Died larvae were recorded 24-, 48-, 72-h of exposure. LCy; piny>
LCsy (map LCsps LCsy» chi-square (x) were calculated with probit analysis in
STATPLUS Pro 5.9.8.

2.11. Assay of Antimicrobial Activity

The antimicrobial activity of the extracts with disc diffusion method was deter-
mined according to method of Collins ef al. [28]. Escherichia coli ATCC 35218,
Staphylococcus aureus ATCC 25923, Staphylococcus aureus ATCC 12598,
Pseudomonas aeruginosa NRLL B-23, Bacillus subtilis ATCC 6633, Bacillus ce-
reus RSKK 863 for bacterial assay and Candida albicans ATCC 10239 for fungal
assay were used in this experiment. The fungi was cultivated in Sabouraud Dex-
trose Broth at 28°C for 48 h and bacteria were cultivated in Nutrient Broth at
37°C for 24 h. 1 mg/mL concentration of extracts were saturated into paper disc
6 mm in diameter. Only solvent was used for control. Ampicilin (10 pg) and Pe-
nicilin (10 U) were used for positive control. Discs that should have bacteria and
fungi on the agar plate were placed. The petri dishes were incubated at 37°C for
24 h for bacteria and at 28°C for 48 h for the fungi. The diameter of inhibition in

petri dishes was calculated with ruler as mm.
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2.12. Assay of Anthelmintic Activity

The anthelmintic activity of theextracts were determined with modifications
according to method of Ajaiyeoba et al [29]. The Tubifex tubifex of nearly 2 - 3
cm size, ten in each group was taken for the experiment. Six concentrations of
extracts with ethanol solvent (1 mg/mL, 2.5 mg/mL, 5 mg/mL, 10 mg/mL, 20
mg/mL and 40 mg/mL) were mixed with 20 mL dH,O in petri dishes. dH,O was
used for negative control. Each petri dish were put 10 helminths and died hel-
minths were recorded at 2-, 4-, 6-min of exposure in room temperature. LCy,
(minp LCs0 (maxyp LCs0» LCop> Chi-square (x*) were calculated with probit analysis in
STATPLUS Pro 5.9.8.

2.13. Statistical Analysis

In all experiments, three replicates of each concentration were run at the same
time. The standart errors of mean of experiments were analyzed and all experi-
ments except the anthelmintic activity test were compared with the
ANOVA-Duncan test by using SPSS Version 23.0 [30].

3. Results and Discussion
3.1. Antioxidant Activity and Determination Assays

Free radicals can result in various diseases such as cancer, cataract, aging, etc.
Therefore, antioxidants that can quench free radicals may be implicated in the
prevention of these diseases [20]. Assessment of the antioxidant activity of
plants, cannot be performed any single method because no single assay could
accurately reflect all antioxidants for a mixed or complex system [2] [31].
Therefore, ethanol, methanol and acetone solvent extracts of C. alpinum leaf and
tuber parts were examined by DPPH and ABTS assays for scavenging effect,
FRAP and beta-carotene assays for antioxidant activities, determination assays
for total phenolic contents and total flavonoid contents.

DPPH radical scavenging activity test is widely used to test for compounds
acting as hydrogen donor for the free radical scavenging [32]. In assay of DPPH,
the highest free radical scavenging activity (86.73% * 0.16%) was recorded on
acetone extract of tuber part with 1 mg/mL concentration. Also free radical sca-
venging activity (97.50% + 0.50%) was recorded on methanol extract of BHA
with 1 mg/mL concentration for comparison.

In leaf part, there is statistical difference between all concentrations at ethanol
and methanol solvents (p < 0.005), no statistical difference between 0.8 mg/mL
and 1.0 mg/mL at acetone solvent in terms of concentration (p > 0.005). There is
no statistical difference between ethanol and methanol at concentration of 0.4
mg/mL in terms of solvent (p > 0.005). In tuber part, there is statistical differ-
ence between all concentrations of whole solvents in terms of concentration (p <
0.005). There is statistical difference between overall concentrations of all sol-
vents in terms of concentration (p < 0.005). In standard of BHA, there is statis-

tical difference between all concentrations of all solvents in terms of concentra-
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tion (p < 0.005). There is no statistical difference between ethanol and acetone at
concentration of 0.4 mg/mL and statistical difference between all solvents of 0.6
mg/mL, 0.8 mg/mL 1.0 mg/mL in terms of solvent (p > 0.005), no statistical dif-
ference between whole solvents at concentration of 0.2 mg/mL (p > 0.005)
(Table 1). Giindogan [18] has found that C. mirabile and C. alpinum plants
acetone extract is more effective than petroleum ether extract.

As the plant concentrations used in the study increased, the amount of DPPH
free radicals increased. It was observed that the tuber part was more active than
the leaf part and showed that it could act as a free radical scavenger when 1.0
mg/mL was taken into consideration. The reason showing different antioxidant
activity of the same plants extracts can be polarities of the solvents [19].

The ABTS radical cation scavenging activity is generally one of the methods
used to measure the hydrogen donating and chain breaking capacity of plant ex-
tracts [2]. In assay of ABTS, the highest free radical scavenging activity (76.21%
+ 0.32%) was recorded on leaf part with acetone extract with 40 mg/mL concen-
tration. Also, free radical scavenging activity (97.10% * 0.33%) was recorded on
ethanol extract of BHA for comparison (Table 2). In leaf part, there is statistical

difference between all concentrations with whole solvents in terms of concentration

Table 1. Free-radical scavenging activity (%) of C. alpinum extracts with DPPH assay (Mean + S.E.).

Leaf Part Tuber Part BHA

Concentrations Ethanol Methanol Acetone Ethanol Methanol Acetone Ethanol Methanol Acetone

0.2 ma/mL 22,07 £0.30 26.19+0.14 33.01£0.33 13.11 £0.32 2343 £0.40 20.98 £0.27 50.20 £ 0.66 58.46 +0.44 55.70 + 0.66
.2 mg/m

at, AV b, A G A at, AV b, A G A at, AV b, A c, A
3741 +£0.32 2833%0.16 61.66 +0.34 24.37 +0.24 27.07 £0.25 48.40 £0.16 68.47 + 0.86 69.47 £0.50 66.47 £0.55
0.4 mg/mL
a,B a,B b,B a,B b,B B ab, B b,B a,B
48.17 £0.53 31.90+0.30 8297 £0.18 31.10 £0.34 31.07 £0.14 73.43x0.71 76.22 £0.63 79.23 £0.87 78.23 £0.43
0.6 mg/mL
a, C b,C c, C a, C b, C c, C a, C b,C ab, C
0.8 me/mL 58.76 £ 0.67 33.81 £0.33 84.85+0.62 35.23 +£0.37 34.57 £0.29 83.79 £0.21 88.74 £ 0.75 90.74 £0.38 89.99 £0.63
-© g aD b,D oD 4D b,D oD 4D aD 4D
1.0 /mL 68.84 £+ 0.43 37.93+0.08 85.82+0.40 37.68+0.40 37.19+0.79 86.73 £0.16 96.50 £ 0.50 97.50 £ 0.50 96.75 + 0.50
Umg/m
& a,E b,E oD a,E b,E 6 E a,E aE aE

x: If lower cases are same in a line, there is no statistical difference in Duncan’s multiple range test (p < 0.05). y: If lower cases are same in a column, there is
no statistical difference in Duncan’s multiple range test (p < 0.05).

Table 2. ABTS radical cation scavenging activity (%) of C. ajpinum extracts with ABTS assay (Mean * S.E.).

Leaf Part Tuber Part BHA

Concentrations Ethanol Methanol Acetone Ethanol Methanol Acetone Ethanol Methanol Acetone

10 me/mL 3590 £0.29 39.56 £0.24 38.59 +£0.55 30.55 £ 0.36 35.54+0.32 32.16 £0.20 62.40 £ 0.22 69.20 +0.39 68.17 £0.22
mg/m

a’, A” b, A b, A a’, A” b, A G A a’, AV b, A G A
55.84 £ 0.15 68.20+£0.40 65.21 +£0.21 52.57 £0.38 58.50 +£0.33 55.84 +0.15 85.10 £ 0.33 90.00 £ 0.29 88.40 £ 0.38
20 mg/mL
a,B b,B B a,B b,B B a,B b,B B
40 mg/mL 63.11 £0.20 72.86 £0.22 76.21 +£0.32 61.86 £0.81 65.52 £0.37 63.11 £0.20 97.10 £0.33 95.85 £ 0.23 96.50 + 0.32

a, C b,C ., C a, C b,C ¢, C a,C b,C b,C

x: If lower cases are same in a line, there is no statistical difference in Duncan’s multiple range test (p < 0.05). y: If lower cases are same in a column, there is
no statistical difference in Duncan’s multiple range test (p < 0.05).
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(p < 0.005). There is no statistical difference between methanol and acetone at
concentration of 10 mg/mL (p > 0.005) and but there is statistical difference be-
tween ethanol and methanol, ethanol and acetone at concentration of 10 mg/mL
in terms of solvent (p < 0.005). Additionally, there is statistical difference be-
tween all solvents at the other concentrations (20 mg/mL, 40 mg/mL) in terms of
solvent (p < 0.005). In tuber part, there is statistical difference between all con-
centrations with overall solvents in terms of concentration (p < 0.005). There is
statistical difference between all solvents at whole concentrations in terms of
solvent (p < 0.005). In standard of BHA, there is statistical difference between in
all concentrations of all solvents in terms of concentration (p < 0.005).

The result of DPPH scavenging activity was found to be higher than that of
ABTS cation scavenging activity. Wang et al [33] reported a correlation between
DPPH and ABTS assays but Wang et al [34] found that some active compounds
in ABTS scavenging activity which not effective at DPPH scavenging activity,
according to this work, the highest scavenging activity between ABTS and DPPH
results weren’t been in the same part and nearly ratio.

In the S-carotene assay, the speed of B-carotene color change in the presence
of antioxidants in the linoleic acid medium decreases and the characteristic yel-
low color is preserved. In this assay, antioxidant activity can be mentioned when
the color is preserved [35] [36]. The results were depicted in Table 3. In tuber
part of all extracts was exhibited higher antioxidant activity than in leaf part of
all extracts. The highest antioxidant activity (83.35 £ 0.29) was recorded on ace-
tone extract of leaf part and acetone extract of BHA (94.70 + 0.18) was recorded
for comparison. There is no statistical difference between in all solvents (p >
0.005).

Antioxidant activity occurs due to the natural polyphenolic compounds
present in plant extracts [1] [37]. The power of eliminating the free radicals of
the hydroxyl groups in these compounds is very important [5]. For this reason,
the amount of polyphenolic compounds in plant content is important, since
plants containing high polyphenolic compounds will be important antioxidant
sources [32]. In determination of total phenolic contents, the highest value (8.95
+ 0.17 mg GAE/g) was recorded on acetone extract of leaf part but there is no
statistical difference between the all values (p > 0.005). In determination of total
flavonoid contents, the highest value was 92.63 + 0.45 mg QE/g on acetone ex-
tract of leaf part (Table 4). In leaf part, there is statistical difference between

Table 3. Antioxidant activity (%) of C. alpinum extracts with S-carotene-linoleic acid as-
say (Mean * S.E.).

Leaf Part Tuber Part BHA

Ethanol Methanol Acetone Ethanol Methanol Acetone Ethanol Methanol Acetone

6240+ 7227+ 8335+ 6344+ 6608+ 6974+ 9250+ 94.05+ 9470 + 0.18
0.28 0.37 0.29 0.58 0.16 0.16 0.23 0.18 R
a* b c a* b c a* b

x: If upper cases are same in a line, there is no statistical difference in Duncan’s multiple range test (p <
0.05).
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Table 4. Determination of C. alpinum extracts with Total Phenolic Contents and Total
Flavonoid Contents assays (Mean + S.E.). (a) Total Phenolic Contents (mg GAE/g); (b)
Total Flavonoid Contents (mg QE/g).

()
Total Phenolic Contents (mg GAE/g)

Leaf Part Tuber Part
Ethanol Methanol Acetone Ethanol Methanol Acetone
8.45 £ 0.25 8.60 £ 0.23 8.95+0.17 7.42 £0.22 8.05+0.11 8.10 £ 0.28
a* a a a* a a

(b)

Total Flavonoid Contents (mg QE/g)

Leaf Part Tuber Part
Ethanol Methanol Acetone Ethanol Methanol Acetone
47.25 £ 0.50 55.33 £ 0.45 92.63 £0.45 3.85+£0.20 3.98 £0.19 14.32 £ 0.36
a* b c a* a b

x: If upper cases are same in a line, there is no statistical difference in Duncan’s multiple range test (p <
0.05).

all solvents terms of concentration (p < 0.005). Polyphenols play an active role in
preventing important diseases like cancer risk and in protecting human health
[7]. Therefore, the amount of phenolic compounds and flavonoid of Cyclamen

alpinum can be considered to have the potential.

3.2. Assay of Brine Shrimp (Artemia salina) Cytotoxicity Activity

The brine shrimp lethality assay is a rapid, inexpensive and simple biological as-
say of plant extracts, generally showing positive correlation with cytotoxic and
antitumor properties [25] [38] [39] [40]. In this work, A. salina species and C.
alpinum ethanol extracts were used. The results of cytotoxic activity of C. alpi-
num extracts are presented in Table 5. The LC,, values of the plant extracts were
obtained by a plot of percentage of the shrimp nauplii killed against the concen-
trations of the extracts. The best-fit line was obtained from the data by means of
regression analysis in Figure 1 [25]. The tuber part was showed most prominent
lethality activity with LC,, (0.257 mg/mL). As the LC,, value decreases, the le-
thality effect increases. In tuber part, there is statistical difference between all
concentrations (p < 0.005). In leaf part, there is no statistical difference between
0.1 mg/mL and 0.25 mg/mL (p < 0.005) but statistical difference between the
other concentrations (p > 0.005). The degree of lethality was found to be directly
proportional to the concentration of extract. This deadly effect may be responsi-
ble for the saponins, alkaloids and cardiac glycosides which may be more at the
tuber part in the plant, and the results show that plant extracts have the phar-
macological effect.

3.3. Assay of Larvicidal Activity to Mosquito (Culex pipiens)
Larvae

The percentage of mortality in which the ethanolic extracts of tuber and leaf
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Cyclamen alpinum
24-h Percentage Mortality on Leaf Part

Mortalities (%)

Cyclamen alpinum

24-h Percentage Mortality on Tuber Part
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Figure 1. 24-hour percentage mortality graph of leaf part (a) and tuber part (b) of C. alpinum in Brine Shrimp Assay.

Table 5. Average mortality rates (%) of the C. alpinum concentrations at the time of ex-

posure to A. salina = S.E. and statistical values.

Leaf Part Tuber Part
24 h Later 24 h Later
0 0
Control (dH,0) A A
20 £3.33 20 £3.33
0.1 mg/mL
B B
0.25 mg/mL 30 £5.77 50 £5.77
’ B C
70 £11.55 70 £5.77
0.5 mg/mL
C D
90 + 3.33 90 £ 5.77
1 mg/mL
D E
LCs, (min) (mg/mL) 0.167 0.121
LCs, (mg/mL) 0.306 0.257
LC;, (max) (mg/mL) 0.518 0.434
LCy, (mg/mL) 1.171 1.073
x 0.61 0.01

y: If lower cases are same in a column, there is no statistical difference in Duncan’s multiple range test (p <
0.05).

parts of the C. alpinum plant affect the 2nd and 3rd larval stages of Cx. pipiens
are shown in Table 6. In this study, the lowest mortality at 1 mg/mL was ob-
served on the leaf part after 72 hours exposure, but there is no significant differ-
ence in the tuber part. In tuber part, 100% death occurred at 0.25 mg/mL con-
centration after 72 hours of exposure. The LC,,values against the 2nd and 3rd
larval stages larvae of Cx. pipiens were 0.534 mg/mL for leaf part extract and 0.151
mg/mL for the tuber part extract (Figure 2). In leaf part, there is statistical differ-
ence between all concentrations after 72 hours exposure (p < 0.005). In tuber
part, there is no statistical difference between concentrations of 0.25 mg/mL, 0.5
mg/mL and 1 mg/mL after 72 hours exposure (p > 0.005). In Koc’s study [41], it
was mentioned that the effect of Melia azedarach extract on mosquito larvae may

explain that this extract may cause serious damage to the gastrointestinal
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Figure 2. 72-hour percentage mortality graph of leaf part (a) and tuber part (b) C. alpinum in larvicidal effect against Cx.
pipiens.

Table 6. Average mortality rates (%) of the C. alpinum concentrations at the time of ex-
posure to Cx. pipiens + S.E. and statistical values.

Leaf Part Leaf Part Leaf Part Tuber Part Tuber Part Tuber Part
24 hlater 48 hlater 72hlater 24 hlater 48 hlater 72 h later
0 0 0 0 0 0
Control (dH,0O
ontrol (dH,0) a', A a, A a, A a', A a, A a, A
0.1 me/mL 0 0 0 0 0 10 £3.33
LM a, A a, A a, A a, A a, A a,B
025 /mL 0 0 10 £0.33 0 70 £5.77 100 £ 0.00
-S> mgim a, A a, A a, A a, A b, B ., C
0 10 £0.33 40 £ 0.57 0 80+3.33 100 +3.33
0.5 mg/mL
a, A b, A c, B a, A b, C c, C
70 £0.88 80 £ 1.20 90 +£1.33 10+3.33 100+£3.33 100 £ 0.00
1 mg/mL
a, B a,B a, C a, A b,D b, C
LCs, (min) (mg/mL)  0.636 0.577 0.382 0.176 0.164 0.108
LGCs, (mg/mL) 0.924 0.760 0.534 1.383 0.244 0.151
LCs, (max) (mg/mL)  1.343 1.021 0.769 1.827 0.341 0.195
LCy (mg/mL) 1.119 1.152 1.059 1.915 0.502 0.277
x? 8.28 28.30 6.93 3.35 0.94 0.59

x: If lower cases are same in a line, there is no statistical difference in Duncan’s multiple range test (p <
0.05). y: If lower cases are same in a column, there is no statistical difference in Duncan’s multiple range
test (p < 0.05).

tract cells. In this study, the same effect may be observed due to saponins in the
content of C. alpinum plant [42].

3.4. Analysis of Phenolic Compounds in HPLC

Phenolic compounds and quantities determined by HPLC from C. alpinum
plant are given in Table 7 and Figure 3. In the study, 9 phenolic compounds
were identified; Gallic acid (10.01 pg/g), 3,4 dihydroxy benzoic acid (33.65 ug/g),
4 hydroxy benzoic acid (125.33 pg/g), Chlorogenic acid (2.73 pg/g), Vanillic acid
(121.35 pg/g), Caffeic acid (0.13 pg/g), p-coumaric acid (5.78 ug/g), Ferulic acid
(3.25 pg/g), Cinnamic acid (2.25 ug/g). The amount of phenolic substances at the
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Table 7. Content quantities of standard phenolic compounds determined by HPLC.

1 2 3 4 5 6 7 8 9

Quantity (ug/g) 1001 3365 12533 273 12135 0.3 578 3.25 225

Retention Time (min) 7.8 12.2 18.1 19.9 22.1 23 303 357 711

1: Gallic acid, 2: 3.4 dihydroxy benzoic acid, 3: 4 hydroxy benzoic acid, 4: Chlorogenic acid, 5: Vanillic acid,
6: Caffeic acid, 7: p-coumaric acid, 8: Ferulic acid, 9: Cinnamic acid.
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Figure 3. Standard (a) and sample (b) chromatograms of C. alpinum.

end of the HPLC may vary according to the method of extraction of the plant

and the conditions of the region it is growing [43].

3.5. Assay of Antimicrobial Activity

The study of Ruiz-Ruiz [44] in the antimicrobial activity rating system is taken
into consideration that inhibition region smaller than 10 mm is inactive, 10.0 -
13.0 mm inhibition zone is partially active, 14.0 - 19.0 mm inhibition zone is ac-
tive and inhibition region greater than 19.0 mm inhibition zone is very active.
The antimicrobial activities of different C. alpinum extracts tested by disc diffu-
sion method were shown in Table 8. There are some values of inhibitions zones
except inactive which are determined in experiment with studying the antibio-
tics of ampicillin and penicillin and effects on microorganisms of extracts of C.

alpinum with disc diffusion assay. The highest inhibitory zone of penicillin
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Table 8. Antimicrobial activities of the Ampicillin, Penicilin and extracts of C. alpinum
(Inhibition zone diameter, mm #+ S.E.).

Test Antibiotics and plant extracts

microorganisms 4 P CIM CIE CTA CLM CLE CLA

Escherichia coli
ATCC 35218
Staphylococcus
aureus nt 34 6t1 8+£2 6t1 - 5+£0 80
ATCC 25923
Staphylococcus
aureus nt 6 - 72 - 60 - 51
ATCC 12598
Pseudomonas
aeruginosa NRLL 4 nt 812 - 711 - 6+0 9+1
B-23
Bacillus subtilis
ATCC 6633
Bacillus cereus
RSKK 863
Candida albicans
ATCC 10239

21 nt 8+2 11+2 - 4+1 - 8+1

nt 14 - 4+0 8+1 - 11+2 5%1

nt 27 6+1 9+1 - 102 5+1 -

nt 9+2 6+1 12+2 - 9+2 6+1

nt: not tested, (-): no inhibition, A: Ampicillin (10 ug), P: Penicillin (10 U), CLA: Cyclamen-Leaf-Acetone,
CLE: Cyclamen-Leaf-Ethanol, CLM: Cyclamen-Leaf-Methanol, CTA: Cyclamen-Tuber-Acetone, CTE:
Cyclamen-Tuber-Ethanol, CTM: Cyclamen-Tuber-Methanol.

action was Staphylococcus aureus (ATCC 25923) with 34 mm. The ethanol ex-
tract of the tuber part is partially active (11 + 2 mm) against the Escherichia coli
(ATCC 35218), acetone extract of the tuber part is partially active (12 + 2 mm)
against candida albicans (ATCC 10239), methanol extract of the leaf part is par-
tially active (10 £ 2 mm) against Bacillus cereus (RSKK 863) and ethanol extract
of the leaf part is partially active (11 + 2 mm) against Bacillus subtilis (ATCC

6633). The results of all other extracts from C. alpinum plant were inactivated.

3.6. Assay of Anthelmintic Activity

The percentage of mortality in which the ethanolic extracts of tuber and leaf
parts of the C. alpinum plant against Tubifex tubifex are shown in Table 9. After
6 minutes, it was seen that tuber part (LC;,: 0.52 mg/mL) is more toxic than leaf
part (LCsy: 1.32 mg/mL) with LC,, value.

4. Conclusion

The results showed that processed C. alpinum extracts exhibited in varying de-
grees of phenolic content, antimictobial and antioxidant properties and obtained
weaken oxidative stress by its antioxidant properties. C. alpinum consumption
may play a role in preventing human diseases that interfere with free radicals
such as cancer, cardiovascular disease and aging. However, further investigation
is needed on phenols, flavonoids, active substance, antioxidant activity and dif-
ferent antioxidant mechanisms, larvicidal effects of mosquito and antimicrobial

properties.
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Table 9. Mortality rates (%) of the C. alpinum concentrations at the time of exposure to

Tubifex tubifex and statistical values.

Leaf Part Leaf Part Leaf Part Tuber Part Tuber Part Tuber Part
2 min later 4 min later 6 min later 2 min later 4 min later 6 min later

Control (dH,0) 0 0 0 0 0 0
1 mg/mL 0 20 50 0 30 60
2.5 mg/mL 0 40 60 0 50 80
5 mg/mL 0 50 70 0 60 80
10 mg/mL 20 70 90 20 60 90
20 mg/mL 30 70 90 40 70 90
40 mg/mL 40 80 100 50 80 100
L(?;‘:;::f;) 25.58 3.85 0.41 28.99 2.28 0.23
LCs, (mg/mL) 44.07 4.99 1.32 36.47 3.44 0.52
LC;, (max)
(mg/mL) 215.73 6.32 2.33 49.52 4.75 0.86
LCyo (mg/mL) 214.46 87.91 13.92 212.37 126.26 1.035
x 12.07 0.75 0.75 43 1.6 0.9
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