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ORIGINAL ARTICLE / OZGUN MAKALE

ANTIOXIDANT, ANTIMICROBIAL AND ANTI-PROLIFERATIVE
ACTIVITY OF SUILLUS LUTEUS (L.) ROUSSEL EXTRACTS

SUILLUS LUTEUS (L).ROUSSEL EKSTRESI’NIN ANTIOKSIDAN, ANTIMIKROBIYAL VE
ANTI-PROLIFERATIF AKTIVITESI

Erdi Can AYTARY* | ligaz AKATAZ Leyla ACIK®

! Ondokuz Mayis University, Faculty of Art and Science, Department of Biology, 55200, Samsun,
Turkey
2Ankara University, Faculty of Science, Department of Biology, 06560, Ankara, Turkey
3Gazi University, Faculty of Science, Department of Biology, 06500, Ankara, Turkey

ABSTRACT

Obijective: Many drug discovery have used nature as an inspiration for the design of naturel products like
compound classes. From ancient times edible mushrooms have been used both as food and medicine. People
living in Turkey widely consume Suillus luteus (L.) Roussel wild edible mushrooms In this study, we were
investigated antioxidant, antimicrobial and cytotoxic activities of various extracts of S.luteus.

Material and Method: Antioxidant activity of S.luteus was detected method by DPHH free radical
scavenging and ferrous ion chelating ability. In addition, the concent of the components with antioxidant
properties, such as total phenols,f-caratone and lycopene were determined by spectrophotometric methods.
The antimicrobial potential was demonstrated with a agar well diffusion method on 14 microorganisms. Finally,
the cytotoxic effect of methanolic extract of S. luteus on MCF-7 cancer cell lines were evaluated by using MTT
method.

Result and Discussion: The results indicated that S.luteus methanolic and ethanolic extracts have more
abundant phenols (153, 49.33 mg GAE/g extract, respectively).In addition p-caratone and lycopene content
detected. (from 0.120 to 0.606ug/mL).S.luteus extracts had more potent free radical scavenging activity than
standard antioxidants BHT. (Methanol extract (ICso: 63.72ug/mL) > Ethanol extract (ICso: 80.72 ug/mL) > BHT
(ICs0: 96.47ug/mL). In addition, methanol extracts possessed higher ferrous ion chelating ability than ethanol
extracts(2.72, 3.45 ug/mL, respectively) .Generally, the tested mushroom extracts had relatively low
antimicrobial activity against the tested microorganisms (9 and 10 mm zone diameter). Also, S.luteus methanolic
extract was found to kill all cancer cells at a concentration of Img/mL. These results showed that S.luteus, especially
methanol extracts, have potential medical.

Keywords: antimicrobial activity, antioxidant activity, anti-proliferative activity, Suillus luteus
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Amag: Bircok ilag kesfinde doga, dogal iiriinler benzeri bilesik siniflarinin tasarimina ilham kaynagi
olarak kullanmistir. Eski zamanlardan beri yenilebilir mantarlar hem gida hem de ila¢ olarak kullanilmistir.
Tiirkiye'de yasayan insanlar Suillus luteus (L.) Roussel yabani yenilebilir mantarlarimi yaygin olarak
tiiketmektedir. Bu ¢alismada, ¢esitli S.luteus ekstraktlarmmin antioksidan, antimikrobiyal ve anti-proliferatif
aktiviteleri arastirild.

Gerec ve Yontem: S./uteus'un antioksidan aktivitesi, DPHH serbest radikal stiptirme yontemi ve demir
iyonu selatlama kabiliyeti saptandi. Ek olarak, toplam fenoller, f-karoten ve likopen gibi antioksidan ézelliklere
sahip bilesenlerin konsantrasyonu spektrofotometrik yontemlerle belirlenmistir. Antimikrobiyal potansiyel, 14
mikroorganizma iizerinde agar difiizyon yéntemi ile gosterilmistir. Son olarak, S. luteus metanol ekstresinin
MCF-7 kanser hiicre hatlari iizerindeki sitotoksik etkisi MTT yontemi kullanilarak degerlendirildi.

Sonug¢ ve Tartisma: Sonuclar S.luteus metanolik ve etanolik oziitlerin daha bol fenollere sahip oldugunu
gosterdi. (sirasiyla 153, 49.33 mg GAE/g ekstre,) Ayrica -karoten ve likopen icerigi saptandi (0.120 ile 0.606
ug/mL arasy) S. luteus 'un metanol ve etanol oziitlerinin, DPPH radikaline karsi antioksidan aktiviteleri ayni
konsantrasyondaki standart antioksidanlar olan BHT 'den daha yiiksek aktivite gostermistir (Metanol oziitii (ICso:
63.72ug/mlL) > Etanol éziitii (1Csp: 80.72 ug/mL) > BHT (ICso: 96.47ug/ml). EK olarak, metanol ektresinin etanol
ekstresine gore daha yiiksek demir iyonu selatlama kabiliyetine sahiptir (siraswyla 2.72, 3.45 ug/mlL). Genel olarak, test
edilen mantar ekstreleri test edilen mikroorganizmalara karsi nispeten diisiik antimikrobiyal aktiviteye sahiptir (9 ve
10mm zongapy) Ayrica, S. luteus 'un metanol ekstresinin Img/mL konsantrasyonda kanser hiicrelerinin tamamini
oldiirdiigii tespit edildi. Bu ¢alismanmin sonuglari incelendiginde S.luteus'un ozellikle metanol ekstresinin
potansiyel medikal ozelliklere sahip oldugu gosterilmigtir.

Anahtar Kelimeler: antimikrobial aktivite, antioksidan aktivite, antiproliferatif aktivite, Suillus luteus

INTRODUCTION

Oxidation is an essential process for the production of energy to many organisms. Under
physiological conditions, however, the concentrations of reactive oxygen species (ROS) are usually over
physiological limits leading to oxidative stress [1,2]. Overproduction of free radicals can cause oxidative
damage to biomolecules, (lipids, proteins, DNA), eventually leading to many chronic diseases such as
cancer, cardio-vascular diseases and inflammation in humans. Oxidative stress in cells can result from
either an increase in the levels of reactive oxygen species, or a reduction of the natural cell antioxidant
capacities [3]. Antioxidants can be defined as molecules that can delay or prevent oxidation of the
substrate when they encounter a low amount of oxidizable substrate [4]. In some cases, the amount of
antioxidant in cell may be insufficient for intracellular protection. In such cases, external antioxidant
supplementation will contribute to the renovation of this balance again [5]. Currently, synthetic
antioxidants had unwanted side effects mostly [6]. Therefore, it is essential to develop and utilize
effective natural antioxidants to replace the synthetic antioxidants [7].

Natural products (such as secondary metabolites) and their analogs are the source of inspiration
in the production of new drugs. Active ingredients of many drugs such as antibiotics (penicillin,
tetracycline and erythromycin), anti-parasites (such as avermectin), antimalarials (such as uinine,
arminthymine), lipid control agents (lovastatin and analogues), immunosuppressants for organ
transplantation (cyclosporine, rapamycin), anti-cancer drugs (Toxol, doxorubicin) are derived from

natural resources [8].
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Mushrooms are used by people since ancient times as they have significant nutritional values and
medical property, especially in Asian countries [9]. Edible mushrooms are rich in high minerals
(potassium, phosphorus, iron), essential amino acids, vitamins (B12 and D) and source of some fiber
[10-12]. Mushrooms use their own metabolic pathways throughout their life cycles. Mushroom also
produces a variety of secondary metabolites, such as numerous alkaloids, terpenes, steroids and phenolic
compounds that can be used for therapeutic purposes [13]. The mushroom’s compounds possess
antimicrobial activity [14], antigenotoxic [15], antioxidant [16], antiproliferative [17], anticancer [18],
antihyperlipidemic [19], anti-hypertensive, anti-nociceptive and immunostimulanting [20],
hypocholesterolemic, anti-atherogenic [21], anti-allergic [22], neuroprotective and antidepressan effect
[23,24].Bioactive compounds isolated from mushroom include small molecule compounds,
polysaccharides, proteins, polysaccharide-protein compounds. Amongst bioactive compounds,
polysaccharides have been studied in the broadest field [25-27]. These polysaccharides are actively
involved in the life cycle of organisms and have biological activities such as anti-cancer, anti-fungal,
antioxidant [28,29]. Among the polysaccharides found in mushroom, B-glucan is used as a
chemotherapeutic drug in cancer treatments and various diseases [30,31].In recent years, therapeutic
agents which affected apoptosis, angiogenesis, metastasis, cell cycle and signal transduction control has
been used in oncology [32]. The use of polysaccharide and polysaccharide-protein complexes isolated
from edible mushrooms has proven to be a source of therapeutic agents due to their immunomodulatory
and anti-tumor effects [33].

Over 2600 macrofungi species have so been reported from Turkey and approximately 300 of them
are edible [34-36]. Today, a significant amount of cork exports are made in Turkey and 171 million US
dollars was recovered from exports from 2007 until 2017 [37, 38]. S. luteus, a member of Boletales in
Agaricomycetes is an ectomycorrhizal fungus that solely associates with Pinaceae plants in the Northern
Hemisphere, such as Pinus densiflora, Pinus thunbergii, Pinus sylvestris, Pinus strobus, and Picea
glehnii. The mushrooms are widely consumed in central Europe [39, 40]. In our country, it is necessary
to determine the nutritional and medicinal properties of fungi because of this variety and economic value
of their potential.

The main objectives of the current study were to evaluate the phenolic, 3-carotene and lycopene

content and antioxidant, antimicrobial and anti-proliferative activity of S. luteus in Turkey.

MATERIAL AND METHOD
Mushroom material

S. luteus samples were collected from Ankara and Tokat province in 2013. The samples used in
this study were identified by Dr. llgaz Akata from Ankara University. The identified specimens were

deposited at the herbarium of Ankara University.


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/boletales
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/agaricomycetes
https://www.sciencedirect.com/topics/immunology-and-microbiology/ectomycorrhiza
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pinaceae
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Chemicals

Chloroform, Folin-Ciocalteu's phenol reagent, ethanol, methanol were purchased from Merck
(Darmstadt, Germany). 3-[4,5-Dimethylthiazole-2-yl]-2,5-diphenyltetrazoliumbromide (MTT), Tween
40, dimethylsulphoxide (DMSO), B-carotene, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 3-(2-pyridyl)-
5,6-bis(4-phenyl-sulphonic acid)-1,2,4-triazine (ferrozine), gallic acid, 2,6-di-tert-butyl-4-methylphenol
(BHT) and linoleic acid were purchased from Sigma-Aldrich GmbH (Steinheim, Germany). Dulbecco's
modified Eagle's medium (DMEM), fetal bovine serum were purchased from Gibco BRL (Gaithersburg,

MD, USA). All other chemicals were analytical grade and obtained from either Sigma or Merck.

Preparation of the extracts

The dried mushroom samples were extracted by maceration in 1:4 (w/v) biomass /solvent ratio
with methanol and ethanol for 2 weeks at room temperature in a dark environment. The obtained
methanolic and ethalolic extracts were filtered through filter paper. After filtration the solvent was
evaporated in a rotary evaporator (Heidolph, Germany) at 50°C under reduced pressure and the solid

extracts were stored at +4°C until further use.

Determination of Total Phenolics Content

Total phenolic of each mushroom extract was quantified according to the method of Folin-
Ciocalteu [41] using gallic acid as standard. Briefly, 0.1 mL of extracts (1 mg/mL) were mixed with 0.2
mL of diluted Folin-Ciocalteu reagent (1:1 with water). After incubation at room temperature for 3 min,1
mL 2% sodium carbonate was added to the reaction mixture. The absorbance was read at 760 nm by
spectrophotometer after 1 h of incubation at room temperature in the dark. The total phenolic concent
values are expressed as gallic equivalent (GAE) in milligrams per gram of dried extract (mg GAE/g).

All measurements were performed in triplicate.

Determination of g-Carotene and lycopene content

p-Carotene and lycopene content of the extracts were determined according to the method
described by (42) with slight modification. Briefly, dried samples (100 mg) were mixed with
acetone/hexane (4:6, v/v). After incubation for 1 min. The absorbance of the supernatants was read at
453, 505, 645 and 663 nm by spectrophotometer. Contents of S-carotene and lycopene were calculated
according to the following equation:

Lycopene (mg/100 ml) = —0.0458 Ages + 0.372 Asos — 0.0806 Ausz; B-carotene (mg/100 ml) =
0.216 Assz — 0.304 Asps + 0.452 Aysa.
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Antioxidant activity
1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity

The free radical scavenging capacity of the extracts were analyzed according to the method
described by (43) with slight modifications. Briefly,0.5 mL extracts with different concentrations were
mixed with a methanolic solution of DPPH radical (0.1mM) freshly prepared. After incubation for 30
min at room temperature in the dark, absorbance was read at was added to extracts solutions at 517 nm
by spectrophotometer (Shimadzu UV-1800,Japan) against a blank (extract only). Same procedure with
a solution without the extract was applied as a control group. Butylated hydroxytoluene (BHT) was used
as a reference standard. The percentage of DPPH radical scavenging effect was calculated according to
the following equation:

DPHH scavenging activity (%inhibation) = [(Acontrol-Asample)/Aconrtol]x100, where A
control is the absorbance of the control and Asample is the absorbance of the reaction mixture or
standard. A curve of extract concentration versus % inhibation was created to determine the
concentration of the extract needed to cause a %50 decrease of the beginning DPHH concentration. This
value calculated by linear regression analysis is known as a 1Cso. The lower 1Cs value indicates better

antioxidant activity.

Ferrous ion chelating ability

Ferrous ion chelating ability of the extracts were determined according to the method described
by (44) with slight modifications. 0.5 mL of the extracts at different concentrations were mixed with
1.35 mL of methanol and ethanol. 50 ul of 2 mM FeCl, were added to extract solution and stand for 5
min. Thereafter, 100 pl of 5 mM ferrozine solution were added to this mixture and incubated for 10 min.
After incubation, absorbance was read at 562 nm by spectrophotometer (Shimadzu UV-1800, Japan)
against a blank (extract and FeCl, only). In the control group, extract was substituted with methanol and
ethanol. EDTA (Ethylene diamine tetraacetate) was used as a positive control. Percentage of the ability
of the sample to helate ferrous ion was calculated according to the following equation:

Ferrous ion chelating ability (%)=[(Acontrol-Asample)/ Acontrol] X100, Where Acontrol is the absorbance
of the control and Asmpee is the absorbance of the reaction mixture. The ICsy value, which is the
concentration of the extracts that chelate 50% of the ferrous ion, was calculated by linear regression

curve.

Antimicrobial activity

The antimicrobial activities of mushroom extracts were determined by agar well method and

evaluated against bacterial strains on Staphylococcus aureus ATCC 25923, Bacillus cereus NRRL B-
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3711, Bacillus subtilis ATCC 6633, Escherichia coli ATCC 35218, Escherichia coli ATCC 25922,
Enterococcus faecalis ATCC 29212, Enterococcus hirae ATCC 9790, Klebsiella pneumaniae ATCC
13883, Pseudomonas aeruginosa ATCC 27853, Proteus vulgaris RSKK 96029, Salmonella
typhimurium ATCC 14028 and fungal strains Candida tropicalis Y-12968, Candida albicans ATCC
10231, Candida krusei ATCC 6258. For comparison ampicillin and chloramphenicol were used a
standard antibiotics.

In the agar well method, bacterial strains were allowed to incubate at 37°C for 24 hours in Nutrient
Agar medium and yeast strains were incubated for 48 hours at 30°C in Malt Extract Agar medium. The
post-incubation microorganisms were adjusted to 0.5 McFarland blur. Muller — Hinton Agar (for
bacterial strains) and Malt Extract Agar (for yeast strains) were spread on a petri with a 1% suspension
of microorganism suspension. With the punch, 6 mm in diameter wells are opened at specific points of
the medium. The opened wells were placed in a volume of 50 puL from mushroom extracts at a
concentration of 150 mg/mL and left to incubate. The diameter of the inhibition zones formed after

incubation is measured in mm. Chloramphenicol, ampicillin were used for antimicrobial activity.

Cultiring of cell lines

Human breast adenocarcinoma cell line MCF-7 was purchased from American Type Tissue
Culture Collection (USA) and cultured in RPMI 1640 (Sigma Chemicals) media containing 10% FBS
and 1% of sodium pyruvate, amphotericin B, penicillin and streptomycin. Cells were maintained at
37 °C and 5% CO; under humidified condition.

Antiproliferative activity

Cells were grown in culture flask at a range of 10,000-100,000 cells per ml. Mushroom extracts
were applied at increasing concentrations (25, 50,100, 250,500 and 1000 mg/mL) for 24, 48 and 72
hours. Viable cells in the control and application groups were determined by MTT [3- (4,5-dimethyl
thiazol-2-yl) -2,5-diphenyl tetrazolium bromide] staining method [45]. The solution was measured by
spectrophotometer (Thermo/LabSystems 352 Multiskan MS Microplate Reader) at 590 nm. All
experiments were performed with 3 replications.

[(Crznsextract — Caanvextract) / (C72n- control — C2an- control) ] X 100 = % dividing cell viabilty

Cran+ extract: Live cell measurement 72 hours after manipulation
Coan+ extract: Live cell measurement 24 hours after manipulation
Cron- controt: 72 hours after live cell measurement without extract manipulation

Caan- control: 24 hours after live cell measurement without extract manipulation
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Statistical analysis

SPSS 11 were used for statistical analyses. Experimental results were expressed as mean + S.D

of three parallel measurements. P-values < 0.05 were regarded as significant.

RESULT AND DISCUSSION

The extracts of S.luteus was studied regarding antioxidant capacity potential. The standard curve
equation is, y (absorbance) =0.008 5x (pg gallic acid)-0.0209, R?=0.999 9. The data of the sample
regarding the content of total phenolics, B-carotene and lycopene are presented in Table 1. As a shown
in table, the mushrooms of S.luteus methanolic and ethanolic extracts presented phenolic contents with
153 + 3.54 and 49.33 + 0.14 mg GAE/g extract, respectively. The results suggest that most of the
phenolic compounds in methanolic extract. In addition, ethanolic extract had more p-carotene and
lycopene content (0.606 + 0.05, 0.357 £+ 0.02 pug/mL, respectively) than methanolic extract (0.220 +
0.01, 0.120 + 0.05 pg/mL, respectively).

Table 1. Total phenolic, B-Carotene and lycopene content in the extracts of S.luteus and £SD*(n=3).

Sample Total phenolic content B -Carotene Lycopene

(mg GAE/g extract) (ng/mL) (png/mL)
Methonolic extracts 153 £3.54 0.220 +£0.01 0.120 £ 0.05
Ethanolic extracts 49.33 £0.14 0.606 £+ 0.05 0.357 £0.02

*Standart devidation

The antioxidant activity of mushrooms increased with the increased in the concentration of
samples, higher the antioxidant properties lower the 1Cso values. A lower ICso values means better
radical scavenging activity [46].The scavenging DPPH radicals of the studied methanolic and ethanolic
extracts are indicated in Table 2. As a shown in table, the free radical scavenging activity of the
mushroom extracts was evaluated by DPPH assay comparing the ICso value of synthetic chemical BHT,
which was 96,47 + 0.57 pg/mL. Antioxidant activity was detected method by DPHH free radical
scavenging. S.luteus methanolic and ethanolic extract had more potent free radical scavenging activity
than BHT (Methanol extract ICso: 63.72 + 0.89 ug/mL > Ethanol extract ICso: 80.72 +0.58 pg/mL > BHT:
ICs0: 96.47 + 0.57 ng/mL). Besides, ferrous ion chelating activities of the extracts expressed as 1Cso
values are shown in Table 3. As a shown in table, S.luteus methanolic extract had higher iron chelating
activity than ethanolic extract (2.72 + 0.06, 3.45 £ 0.05 mg/mL, respectively). EDTA showed very

powerful activity.
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Table 2. DPPH radical scavenging activities of the S. luteus extracts. Scavenging activity is expressed
as ICso (ug/mL) + SD (n=3).

Sample 1Cs0 (ng/mL)
Methanolic extract 63.72+0.89
Ethanolic extract 80.72 +0.58
BHT 96.47+ 0,57

*Standart devidation

Table 3. Ferrous ion chelating activities of the S. luteus extracts. Chelating activity is expressed as
ICs0 (mg/mL) + SD (n=3).

Sample ICso (Mg/mL)
Methanolic extract 2.72 £0.06
Ethanolic extract 3.45+0.05
EDTA 0.018+0.001

*Standart devidation

Antimicrobial activities of the mushrooms extract against the test microorganisms is shown in
Table 4. S. luteus methanolic extract formed against to E. faecalis ATCC 29212, B.subtilis ATCC 6633,
K.pneumaniae ATCC 13883 9 mm inhibition zone diameter. Ethanolic extract formed against to E.
faecalis ATCC 29212, S. aureus ATCC 25923, S.typhimurium ATCC14028 9 mm and P. aeruginosa
ATCC 27853 10 mm inhibition zone diameter.

The antimicrobial activity was compared with the standard antibiotics, ampicillin and
chloramphenicol. The results showed that standard antibiotics had stronger activity than tested samples

as shown in Table 4. In a negative control, DMSO had no inhibitory effect on the tested organisms.

Table 4. Antimicrobial activity results (zone diameter / mm) and + SD.

Test microorganisms Methanolic | Ethanolic | Ampicillin Chloramphenicol
extract extract

E. faecalis ATCC 29212 9+1 9+0 27+0 20+0
K. pneumaniae ATCC 13883 9 +0 - - 31+1
B. subtilis ATCC 6633 9+1 - 23+1 21+0
S. aureus ATCC 25923 - 9+0 4441 2440
P. aeruginosa ATCC 27853 - 10+1 60+0 3440
S.typhimurium ATCC 14028 - 9+0 19+1 38+1

*Standart devidation
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Antiproliferative activity was studied in methanolic extract of S.luteus, since methanol extract is
more effective than antioxidant activity and antioxidant containing ingredients than ethanol extract. The
experimental data of antiproliferative activity of S. luteus methanolic extract on MCF-7 cell line by MTT
method are shown in Figurel. It was found that the cells exposed to 25, 50, 100, 250, 500 pg/mL and
1 mg/mL concentrations of methanolic extract resulted in %,87.83 ,%78.82, %86.48, %34.68, %15.76
and % O cell viability reduction compared to the negative control group, respectively and these
reductions were statistically significant in comparison to negative control group (P <0.05). The ICs
value of methanol extract was calculated to be approximately 173u/mL. Observed to cause damage to

the breast cancer cells.
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Figure 1. Percentage of viability of MCF-7 lysed breast cancer cells after exposure to various

concentrations of methanol extract of S. luteus at 24 h

Many research studies have shown that S.luteus extract has antioxidant activity and total phenolic
contents. Previous reports have demonstrated that the DPPH radical scavenging effect S.luteus of
ethanol extract was found ICso. 0.66 mg/mL and total phenolic content was found 27.7 + 4.0 mg GAE/g
[47]. Another study indicated that DPPH radical scavenging effect methanolic extract of S.luteus 1Cso:
1.92 + 0.08 mg/mL. S.luteus showed the high concentration of phenolic acids (0.72 mg/100 g), due to
the contribution of protocatechuic (0.47 mg/100 g) and cinnamic acid (0.41 mg/100 g) [48]. According
to Keles et al. reported that antioxidant activity was measured by the FRAP method, methanol extract
of S.luteus was found ECso: 4.76 mg/mL [49]. It was also concluded that totel total phenolic content of
the methanol extract was found 1.72 + 0.02 mg GAE/g. [50] and Jowarska et al. reported that DPPH
activity in methanol extract was found 1Csq: 3.48 + 0.20 mmol TE and using the FRAP method it was
9.15 mmol Fe,*[51]. In the study of Heleno et al. the antioxidant DPPH activity of Suillus collinitus and

Suillus mediterraneenis methanol extracts were examined ICso: 14.05 £ 1.24 11 mg/mL and 2.90 £ 0.11
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mg/mL, respectively. Methanol and ethanol extracts of S.luteus fungus used in our study have higher
activity than S.collinitus and S.mediterraneenis [52]. Our results indicate that S.luteus have more
abundant phenolic components, higher antioxidant activity and ferrous ion chelating ability. According
to the results of our study, it is clearly indicated that the ethanolic and methanolic extracts of S.luteus
have significant phenolic content and antioxidant activity. Furthermore, a good correlation was also
observed between the total phenolic content and antioxidant activity. These differences can be attributed
to differences in soil conditions in different geographical locations and the sub-species ability to
synthesize phenolic compounds.

B-carotene is a light yellow or orange pigment that is the precursor of vitamin A. Antioxidant -
carotene prevents oxidation of unsaturated fats and the formation of free radicals [34]. Lycopene, an
important derivative of carotenoids, is the most powerful antioxidant in vitro and has more radical
scavenging activity [54,55]. The extracts of S.luteus of B-carotene and lycopene content are presented
in Table 1.Jowarska et al. investigated S. luteus total polyphenol and flavonoids and B group vitamin
contents. Suillus species are richer in polyphenols compared to other fungi in the literature [51].

Antimicrobial activities of the S.luteus extracts against the test microorganisms are shown in
Table 4. Antimicrobial activities of the extracts were determined on five Gram-positive, six Gram-
negative bacteria and three yeasts. In reported studies methanolic and ethanolic extracts from S.luteus
showed similar antimicrobial activity against microorganisms [56,57]. In this study, the antibacterial
properties of S.luteus were not as effective as the commercial drugs.

In this study, the antiproliferative activity of the methanol extract of S. luteus on MCF-7 cell lines
in 24 hours was studied by MTT method. Methanol extract was found to kill all cancer cells at a
concentration of 1mg/mL. The ICs value of methanol extract was calculated to be approximately
ICso: 173pug/mL. Previous studies had investigated the effect of S.luteus methanolic exttract on colon
cancer cell line by MTT method. The most sensitive amount was found to be ICso= 17.75 £+ 1.6 pg/mL
on HCT-15 cell line which is the colon cancer cell line [58]. Vaz et al., also concluded antiproliferative
activity of S. collinitus on ASG gastric cancer cell line. They found that the cell line had ICsp: 79.2 +
15.5 pg/mL [59]. The results of the study show that S. luteus is a potential anticancer agent. No data
are available against the antiproliferative activity of S. luteus MCF-7 on the cancer cell line. It is
predicted that these new findings added to the literature will be effective in further studies.

As a result, S. luteus have high antioxidant activity at low concentrations of methanolic and
ethanolic extracts, but have low antimicrobial activity. Especially methanol extract has antiproliferative
activity on MCF-7 breast cancer cell line. Nowadays, the emergence of some side effects of the drugs
used in the treatment of diseases causes increasing interest in the treatment with natural resources.
Multidrug resistance is still a major problem in cancer chemotherapy [60]. Researchers should focus on

solving this problem. Our studies have tried to determine some basic concepts about the applicability of
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this kind of research in practice. S. luteus, especially methanol extract is recommended to be included

in further studies.
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Amag: Glutatyon Transferazlar (GST), ekzojen ve endojen kaynakli, elektrofilik ve hidrofobik bilesiklerin
GSH ile konjugasyonunu katalizleyen Faz-1I detoksifikasyon enzim ailesidir. GST izozimlerinden en onemlisi
olan hGSTP1-1’in ¢ok farkll insan kaynakl tiimérde fazla miktarda salgilandigi ve kanser tedavisinde ¢oklu
ilag diren¢ (MDR) gelisimine sebep oldugu bilinmektedir. Tiim bu nedenlerden dolay: son zamanlarda hGSTP1-
1 enzimi kanser tedavisi icin bir hedef haline gelmistir. Bu ¢alismanmin amact yeni hGSTPI-1 inhibitorleri
tasarlamaktir.

Gereg ve Yontem: 5F-203 bilesiginden hareketle, onilag seklinde etki gosterebilecegi diisiiniilen bir seri
stilfonamidobenzotiyazol tiirevi bilesik tasarlanmistir. Bu bilesiklerin hGSTPI-1 enzimi ile etkilesimlerini
incelemek tizere Schrodinger Maestro programi kullanilarak molekiiler doking ¢alismalar yapilmuistir.

Sonuc¢ ve Tartisma: Bu calismada 5F-203 bilesiginden hareketle, onilag seklinde etki gosterebilecegi
diigtiniilen bilesiklerin, GST enzimi araciligiyla metabolizasyonu sirasinda gergeklesen hidrolizle 5F-203 ve
tiirevi bilesikler aciga ¢ikararak antitiimor ozellik gosterebilecekleri diistiniilmiistiir. Tasarlanan bilesiklerin
hGSTP1-1 enzimi ile etkilesimlerini incelemek tizere yapilan doking ¢alismalarmma gore bilesiklerin tamaminin
hGSTP1-1 enzimi ile kuvvetli etkilesimlerinin oldugu gozlenmigtir. Bilesiklerin tamamuin hGSTPI-1 enzim
inhibisyonu i¢in onemli olan Argl3 ve Tyr7 ile hidrojen bagi ve Tyrl08 ile pi-pi etkilesimleri gosterdigi
belirlenmistir. Bir sonraki basamak olarak bu bilesiklerin sentezi gerceklestirilecek ve hGSTPI-1 enzimi
tizerindeki etkileri deneysel olarak test edilecektir. Bdylece yapi-etki iligkileri tanimlanarak daha etkili yeni
bilesiklerin tasarlanmasi ve boylece diren¢ mekanizmasi inhibe edilerek antikanser ilaglarin etkinliginin
artirllmasi soz konusu olabilecektir.
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ABSTRACT

Obijective: The glutathione transferases (GSTs) are a family of widely distributed Phase 11 detoxification
enzymes that catalyse the conjugation of exogenius and endogenius electrophilic and hydrophobic compounds.
GSTP1-1 is frequently overexpressed in rat and human tumours. It is suggested that overexpression of hGSTP1-
1 by human tumor cells may play a role in multi drug resistance (MDR) to cancer chemotherapy. Hence,
hGSTP1-1 can be a promising target for cancer treatment. The aim of this study is to design new hGSTP1-1
inhibitors.

Material and Method: a series of sulfonamidobenzothiazole derivatives which are thought to act as
prodrug have been designed based on the 5F-203 compound. To examine the interactions of these compounds
with the hGSTP1-1 enzyme, molecular docking studies were carried out, by using the Schrodinger Maestro
Software.

Result and Discussion: In this study, considering the compound 5F-203, it is thought that the compounds
thought to be effective in the form of prodrugs may exhibit antitumor properties by releasing 5F-203 and its
derivative compounds by hydrolysis during metabolism by GST enzyme. It has been observed that all of the
compounds have strong interactions with the enzyme hGSTP1-1, according to the doking studies conducted to
examine the interactions of the designed compounds with the enzyme hGSTP1-1. It was determined that all of
the compounds showed hydrogen bonding with Argl3 and Tyr7, which are important for hGSTP1-1 enzyme
inhibition, and pi-pi interactions with Tyr108. As a next step, the synthesis of these compounds will be carried
out and their effects on the enzyme hGSTP1-1 will be tested experimentally. Thus, by defining structure-activity
relationships, it can be possible to design more effective new compounds and increase the effectiveness of
anticancer drugs by inhibiting the resistance mechanism.

Keywords: anticancer, docking, drug resistance, hGSTP1-1, sulfonamidobenzothiazole

GIRIS

Coklu ilag direnci (MDR) giiniimiizde kanser tedavisinde en biiyiik engeli olusturmaktadir. Bu
diren¢ gelisimi, ilaca karsi permeabilitenin degismesi ve hiicrede GSH ile GST enzim seviyelerinin
artmastyla iliskilendirilmistir [1]. Bu bilgilere ilave olarak son yillarda yapilan ¢alismalar, & ve p sinifi
GST enzimlerinin, hiicresel yasam ve 6liim sinyal iletimine katilan mitojenle aktive edilmis protein
kinaz (MAP kinaz) yolagindaki diizenleyici roliiniin de kemoterapoétik ilaglara direng gelismesinde etkili
oldugunu gostermistir [2]. Bu nedenlerle kemoterapide, geleneksel kanser ilaglarinin (alkilleyici ajanlar)
etkinliginin diizenlenmesinde, GST enzim inhibitorlerinin kullaniminin faydali olabilecegi diisiincesi
dogmustur.

Glutatyon transferazlar (GST), ekzojen ve endojen kaynakli, elektrofilik bilesiklerin glutatyon
(GSH) ile konjugasyonunu saglayarak, genellikle daha kolay atilabilen ve daha az toksik metabolitlere
dontisiimiinii katalizleyen Faz II detoksifikasyon enzim ailesinin bir {iyesidir [3]. GST izozimlerinden
en Onemlisi olan hGSTP1-1’in ¢ok farkli insan kaynakli tiimorde fazla miktarda salgilandigi ve bu
sistemle metabolize olan pek ¢ok kanser ilacinin metabolizmasini hizlandirarak; ilagla hedeflenen etkiye
ulagilamamasina, bir bagka deyisle ¢oklu ila¢ direng (MDR) gelisimine sebep oldugu bilinmektedir.
Tiim bu nedenlerden dolay1 son zamanlarda hGST P1-1 enzimi kanser tedavisi i¢in bir hedef haline
gelmistir [4].

Dogada glutatyon S-transferaz aktivitesi gdsteren enzimler, mitokondriyal, mikrozomal ve

sitozolik olmak iizere {i¢ alt gruptan olugmaktadir [5,6]. Bu gruplardan, memelilerdeki sitozolik GST
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enzimleri, kimyasal 6zellikleri, immiinolojik reaktiviteleri ve aminoasit dizilis benzerliklerine gore alfa
(), zeta (Q), teta (0), pi (n), mil (i), sigma (o) ve omega (o) olarak 7 alt gruba ayrilirlar [7]. Enzim,
korunumlu dizileri iceren GSH baglama bolgesi (G bolgesi) ve farkli substratlart baglayabilen
hidrofobik bolge (H bolgesi) olmak iizere iki bolge icermektedir [8-10]. Herbir alt birimde de iki domain
bulunmaktadir. Yaklasik 80 rezidii uzunluktaki N-terminal domaininde o/p yapisal birimleri hakimdir.
Tim GST smiflarinda bu domain dizileri GSH’1 spesifik olarak baglamak i¢in korunmuslardir. C-
terminal domain ise tamamen a-helikal yapilardan olusmaktadir. Hidrofobik baglanma bdlgesi (H

bolgesi) iki domain arasinda olup, gogu hidrofobik bilesik bu bolge ile etkilesmektedir (Sekil 1) [4,7,11].

Sekil 1. Dimerik hGST P1-1 enziminin kristal yapis1 (solda) ve hidrofobik yilizey alani goriiniimii
(sagda)

1968 yilinda diiiretik olarak kullanima sunulan Etakrinik asit (EA), GST inhibitorii olarak
incelenen ilk bilesiktir [12-14]. Bu bilesik, GSH’nin tiyol grubuna “Micheal eklemesi” konjugasyonu
yoluyla baglanip (Sekil 2), GSH’1 tiikketmesinin yan1 sira, substrat baglanma bolgesi (H bolgesi)’ne
dogrudan baglanarak, GST A, M ve P’nin inhibe edilmesinden sorumludur [6,15-16].

Cl Cl Cl Cl
0] o)
GSH, GST
O—CH,COOH ————~ O—CH,COOH
CH, SG
EA GS-EA Kompleks

Sekil 2. GS-EA kompleks olusumu
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Zhao ve ark. [17], siilfonamit tasiyan bilesiklerin GST-katalizli hidrolizini incelemisler.
Benzotiyazol-2-siilfonamit tiirevi bilesiklerin GST enzimi igin iyi bir substrat oldugunu belirlemislerdir

(Sekil 3).
C,H:0 S

/>—302NH2

N

Sekil 3. Benzotiyazol-2-siilfonamit tiirevi bilesikler

2-(4-Amino-3-metilfenil)-5-florobenzotiyazol (5F 203) bilesigi ve onun lizilamit yapisindaki 6n
ilaci, phortress kanser hastaligina karsi potent ve selektif etkileri nedeniyle klinik calismalari halen

devam eden bilesiklerdir (Sekil 4) [18]. Ayrica siilfonamit yapisi tagtyan bir¢ok inhibitor bilesik de rapor

edilmistir [19].
CH,
F N F.
S 2HCI H (CH2)4NH,

5F 203 Phortress

Sekil 4. 5F 203 bilesigi ve onun lizilamit yapisindaki 6n ilaci (Phortress)

Bu proje kapsaminda 5F 203 bilesiginden hareketle 6nilag seklinde etki gosterebilecegi diistiniilen
bir seri siilfonamidobenzotiyazol tiirevi bilesik tasarlanmig ve sentezleri gergeklestirilmistir. Bu
bilegiklerin, metabolizma sonucu gergeklesen hidrolizle SF 203 ve tiirevi bilesikler agiga c¢ikararak
antitimor Ozellik gosterirken molekiilden ayrilan diger kismin da hGSTP1-1 inhibitdrii 6zellik
gosterebilecegi distiniilmektedir (Sekil 5). Boylece direng mekanizmasi inhibe edilerek ilacin

etkinliginin artirilmasi s6z konusu olacaktir.
O
. L STy
1 Il \ + GSH 7
0O N
S R
o T w e s
N

Sekil 5. Siilfonamit tiirevi bilegiklerin GST-katalizli olas1 hidroliz reaksiyonu (Ri: H, Cl, F, Br,
CFs; R2: H, F)
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GEREC VE YONTEM

Molekiiler doking teknikleri, bilgisayar destekli rasyonel ilag¢ tasariminda ilag ya da ilag adaylar
(ligantlar) ile enzim, niikleik asit, reseptdr proteinlerinin birbirine nasil uyum gosterdiklerini aragtirmak
icin kullanilan 6nemi tartisilmaz bir yontemdir [20-22]. Doking ¢alismalarinda, {i¢ boyutlu yapist belli
olan enzime baglanma enerjileri belirlenebilmekte ve enzimin baglanma bolgesinde ligandin pozisyonu
canlandirilabilmektedir. Bu yontem, ilag adayr molekiillerin protein hedeflerine karsi affinitesini,
dolayistyla biyolojik aktivitesini dnceden tahmin edebilmek i¢in uygulanmaktadir. Doking, ligandin
uygun konformasyonu ile enzim arasinda anahtar-kilit iligskisine benzer bir uyum olmas1 durumu olarak
da agiklanabilmektedir [23].

Bu ¢alismada, 5F-203 bilesiginden hareketle, 6nila¢ seklinde etki gosterebilecegi diistiniilen bir
seri siilfonamidobenzotiyazol tiirevi bilesik tasarlanmustir. Bu bilesiklerin enzim ile etkilesimlerini
incelemek iizere, Schrodinger Molekiiler Modelleme Programi Glide modiilii kullanilarak doking
calismalar1 yapilmigtir. Doking c¢alismalar1 i¢in 2GSS pdb kodlu hGSTP1-1 enzimi kristal yapist
kullanilmigtir. Homodimer yapida olan bu enzimin aktif ydresi grid olusturma c¢alismalarinda
kullanilmistir. Protein yapisini iyilestimek i¢cin Schrodinger Suite igerisinde yer alan Protein Preparation
Wizard arayiizii kullanilmistir. Bag uzunluklar1 diizenlenerek kristal yapisi igerisinde bulunmayan
hidrojen atomlar1 protein yapisina eklenmistir. Zincirler arasinda kalan aktif bolge secilerek burada yer
alan aminoasitler OPLS2005 kuvvet alam1 kullanilarak yeniden diizenlenmistir. Ligandlarin doking
oncesi hazirlik iglemleri i¢in protokol olusturulmasi X-ray ligandi (etakrinik asit) ile yapilmistir. Atom
tiplerinin belirlenmesi, iyonizasyon/nédtralizasyon siiregleri LigPrep programu ile pH 7.0 = 2.0’de
yapilmistir. Grid olusturma ve docking islemleri Single Precision Mode (GlideScore SP) kullanilarak
Glide [24-25] (Schrodinger Release 2018-1: Glide) ile gergeklestirilmistir. Olusturulan grid dosyasi
iizerinde sentezleri gerceklestirilen tiim bilesiklere doking islemi uygulanmis ve olasi etkilesimler

incelenmistir.

SONUC VE TARTISMA

Tasarimu gergeklestirilen bilesiklerin hGSTP1-1 enzimi iizerindeki olasi etkilesimleri incelenmek
iizere yapilan doking caligmalarina goére, bilesiklerin enzim ile etkilesimlerini gosteren 2D diagramlar

Sekil 6’da, doking skorlar1 ve etkilesimde yer alan aminoasitler Tablo 1’de verilmistir.
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Tablol. Doking sonuglari.

o R
n H S 2
AT
N

393

0]
oo Doking | Glide o
Bilesik | R; R Skoru Skoru Etkilesimler
Tyr7a, Phe8?, Val10%, Gly12°, Arg13Pf (2), Trp38?,
KPO1 |H |H | -5426 | -57
0 5426 5755 GIn519, Leu52?, 11e104?, Tyr1082¢, Gly205¢, H,O (3)
Tyr7af Phe8?, Val10?, Gly12°, Arg13Pf (2), Trp38?,
KP02 | ClI H -5,351 | -5,642 | Lys44°, GIn519 Leu52?, 11e104?, Tyr108%¢, Gly205¢,
H.0 (2)
Tyr7af Phe8?, Val10?, Gly12°, Arg13PT (2), Trp38?,
KP0O3 | F H -6,020 | -6,330 | GIn519, Leu52?% Pro53? lle104%, Tyr1082¢, Gly205°,
H>0 (3)
Tyr7af Phe8?, Val10?, Argl13>T (2), Trp3829, Lys44®,
KP04 | Br H -4,808 | -5,102 | Gly50¢, GIn519, Leu52?, 1le1043, Tyr1082¢, Gly205°,
H>0 (3)
Tyr73, Phe8¢, Val10?, Argl3dT (2), Trp3s?, 1104,
KP Fs |H | 4416 | -47
05 | CRs 416 799 Ser105Y, Tyr1082¢, Thr109¢, Gly205¢, H.O (2)
Tyr7af Phe8?, Val10?, Gly12°, Arg13PT (2), Trp38?,
KPOE 1 H \F 6,282 | 6,320 GIn519, Leu522, 11e104?, Tyr1082¢, Gly205¢, H2O (3)
Tyr72f, Phe8?, Val10? Gly12°¢, Arg13®f(2), Trp38?,
KPO7 | Cl | F 6,602 1 -6,636 GIn519, Leu5229, 11e1042, Tyr1082¢, Gly205¢, H,O (3)
Tyr72f, Phe8? Val10? Gly12¢, Arg13®f(2), Trp38?,
KP0O8 | F F -6,221 | -6,257 | Lys44° GIn519 Leu52?, 11e104?, Tyr108%¢, Gly205¢,
H>0 (3)
Tyr72, Phe8*¢, Val10?, Arg13>® (2), Trp38?, 1le104?,
KP -4 -4,7
09 | Br | F /696 730 Tyr1082¢, Gly205¢, H,0 (2)
Tyr72, Phe8?, Val10?, Gly12¢, Arg13®, Val35?, Trp38?,
KP10 | CFs | F 491 | 5038 | 51300 Lys44®, 1161042, Tyr108%¢, Gly205¢, H.O (2)
af a a c b,f,h a
Etakrinik Asit 6418 | 6,418 Tyr72', Phe8?, Vall10?, Gly12°, Arg13®>'" (2), Val35?,

Trp382, 11e1042, Tyr108?, Gly205¢, H,0¢ (5)

Koyu: H-bagi, a: hidrofobik (yesil), b: pozitif yiik (mor), c: glisin (agik yesil), d: polar (turkuaz), e: pi-pi, f: su (gri),

g: Halojen bag1 h: tuz kopriisii
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Ozetle, bu calismada 5F 203 bilesiginden hareketle, onila¢ seklinde etki gosterebilecegdi
diisiiniilen bir seri siilfonamidobenzotiyazol tiirevi bilesik tasarlanmistir. Bu bilesiklerin, GST enzimi
araciligryla metabolizasyonu sirasinda gerceklesen hidrolizle SF 203 ve tiirevi bilesikler agiga ¢ikararak
antitimor Ozellik gosterebilecekleri diistinlilmiistiir. Tasarlanan bilesiklerin hGSTP1-1 enzimi ile
etkilesimlerini incelemek iizere yapilan doking caligmalarina gore bilesiklerin tamaminin hGSTP1-1
enzimi ile kuvvetli etkilesimlerinin oldugu gézlenmistir. Bilesiklerin tamaminin (KP10 hari¢), hGSTP1-
1 enzim inhibisyonu i¢in 6nemli olan Argl3 ve/veya Tyr7 ile hidrojen bagi ve Tyrl08 ile pi-pi
etkilesimleri gosterdigi belirlenmistir. Bir sonraki basamak olarak bu bilesiklerin sentezi
gergeklestirilecek ve hGSTP1-1 enzimi tizerindeki etkileri deneysel olarak test edilecektir. Bdylece
yapi-etki iligkileri tanimlanarak daha etkili yeni bilesiklerin tasarlanmasi ve boylece diren¢ mekanizmasi

inhibe edilerek antikanser ilaglarin etkinliginin artirtlmasi s6z konusu olabilecektir.

a) b b) -
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' 4 w m.‘ w/ 4 \T;m
%N/ 2 12
= —mo) @ \ w6 \\ o
GLN/ TR  §
S1 | \ 7 i /\\
/Q \nf Pﬁo‘ \\\/Q/
| e >
\ = ) j{ N
e b
SN OYSS ) (3 -
g & —~ KP06
J m !
KP03 . // 4
N \ G‘L2Y
-
1LE - ‘:? ® "‘L’E
104
) d) o

LYs
.

TRP
k)

Y .;.; \K\
\Q\I”\N/\ KP08
.,/

1E
104\

H:0

Sekil 6. &) KP03 kodlu bilesige ait doking pozu. b) KP06 kodlu bilesige ait doking pozu. ¢) KP03
kodlu bilesige ait doking pozu.  d) KPO7 kodlu bilesige ait doking pozu. €) KP08 kodlu bilesige ait
doking pozu.
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ABSTRACT

Objective: The aim of this study was to investigate the effects of naringin, a known flavonoid, on in vitro
cytotoxicity, irritation and in vivo potential efficacy when topically applied to the diabetic wound.

Material and Method: In vitro direct contact assay and hen’s egg chorio-allantoin membrane tests were
used to evaluate irritation, and cytotoxicity potential of Naringin. In vitro antimicrobial activity was also tested.
Topical treatments were administered once a day on the wound. Wound lesions were photographed and
statistically analyzed. After the 10th day, histopathological parameters of tissues were assessed.
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Result and Discussion: The results showed that naringin gel has no cytotoxicity and irritation potential.
Also, it displayed a weak antimicrobial effect. Aside from these, in vivo studies revealed that naringin gel
showed statistically higher wound contraction and re-epithelialization, the thickness of granulation tissue,
angiogenesis scores. The results indicated that naringin gel effectively enhanced diabetic wound healing, and
so this formulation could be considered a promising therapeutic alternative for treating diabetic wounds.

Keywords: Cell culture, Diabetes mellitus, HET-CAM, Naringin, Wound healing

0z

Amag: Bu ¢alismanin amaci, bir flavonoid olan Naringin’in in vitro sitotoksisite, irritasyon ile diyabetik
yara tizerindeki in vivo potansiyel etkilerini arastirmakt.

Gere¢ ve Yontem: Naringin'in irritasyon ve sitotoksisite potansiyelini degerlendirmek icin in vitro
dogrudan temas deneyi ve tavuk yumurtasi korio-allantoin membran testleri kullanildi. Ayni zamanda in vitro
antimikrobiyal etkinlikte test edildi. Topikal tedaviler giinde bir kez yaraya uygulandi. Yara lezyonlari
fotograflandi ve istatistiksel olarak analiz edildi. 10. giinden sonra dokularin histopatolojik parametreleri
degerlendirildi.

Sonug ve Tartisma: Sonuclar, naringin jelin sitotoksisite ve tahrig potansiyeli olmadigini géstermigtir.
Ayrica, zayif bir antimikrobiyal etki gosterdi. Bunlarin yani sira, in vivo ¢alismalar naringin jelin istatistiksel
olarak daha yiiksek yara kapanmasi ve re-epitelyalizasyon, graniilasyon dokusunun kalmhg: ve anjiyogenez
skorlari gosterdigini ortaya koymugstur. Sonuglar, naringin jelin diyabetik yara iyilesmesini etkili bir sekilde
arttirdigini gosterdi ve bu nedenle bu formiilasyon, diyabetik yaralarin tedavisi icin umut verici bir terapotik
alternatif olarak diisiiniilebilir.

Anahtar Kelimeler: Diabetes mellitus, HET-CAM, Hiicre kiiltiirii, Naringin, Yara iyilesmesi

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia over a prolonged
period [1]. The majority of DM-related complications occur and are separated into macrovascular
(cardiovascular disease) and microvascular (retinopathy, nephropathy, and neuropathy) complications

[2].

Delayed wound healing and nonhealing ulcers (especially foot ulcers) are mainly caused by DM;
more than 50% of these wounds become infected and require hospitalization [3]. Previous reports
suggested that most of the nontraumatic lower extremity amputations are related to diabetes
complications. Moreover, nearly half of the total cost of diabetes care is spent on the management of
diabetes-related wounds. It is claimed that an excess of the United States (US) $25 billion is spent

annually on the treatment of chronic wounds [4].

Physiological wound healing is a complex, finely balanced process that is generally thought to
comprise four interconnected and overlapping stages: haemostasis (clot formation), inflammation,
proliferation, and remodeling [5]. The wound healing process involves a variety of specialized cells such
as platelets, macrophages, fibroblasts, epithelial and endothelial cells. The platelets have a key role in
primary hemostasis. It is followed by the neutrophils, leading to the inflammatory phase and later taken

over by the macrophages [6].
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In diabetic patients, the healing process is stalled in the inflammatory phase that is manifested by
the upregulation of proinflammatory cytokines, proteases, and reactive oxygen species (ROS), as well
as cellular dysfunctions. Wound healing impairment in diabetic patients is associated with decreased
levels of various growth factors such as vascular endothelial growth factor (VEGF), epidermal growth
factor (EGF), platelet-derived growth factor (PDGF), transforming growth factor-b (TGF-b), or
impaired collagen deposition and delayed inflammatory response [5].

Diabetics have impaired leukocyte function, and the metabolic abnormalities of diabetes lead to
inadequate migration of neutrophils and macrophages to the wound, along with reduced chemotaxis.
Due to these cellular changes, diabetic wounds are more prone to infection [7,8]. Diabetic foot ulcer
patients have severe neuropathy, elevated leucocyte counts, and lower endothelium-dependent and
independent vasodilation in the macro-circulation. These events decrease the cellular and growth factor

responses, diminish the peripheral blood flow and local angiogenesis [6].

Standard treatments for diabetic wounds include debridement of necrotic tissue, revascularization
surgery, infection control, mechanical offloading, control of blood glucose, foot care education, and
limb elevation. However, these treatments are often insufficient to ensure satisfactory wound healing
and are associated with high rates of limb amputation [9]. Therefore, alternative therapies are urgently

needed to shorten the process of healing diabetic wounds using animal models.

The wound healing effect of several medicinal plants and/or plant-derived substances such as
phenolic compounds have been investigated. More than 70% of wound healing pharmaceutical products
are derived from plants, 20% are mineral based and the remaining are animal-derived products.
Flavonoids are phenolic substances isolated from a wide range of vascular plants, with over 8000
individual compounds known and these compounds possess several biological activities such as

antimicrobial, anti-inflammatory, antioxidant, and antidiabetic [10,11].

Naringin (4°,5,7-trihydroxy flavanone 7-rhamnoglucoside) (Fig.1) is a major and active flavanone
glycoside, isolated from the grape and citrus fruit species, which has been shown to have several
pharmacological properties such as neuroprotective, hepatoprotective, antimicrobial, cardioprotective,

anti-inflammatory, antioxidant, and renoprotective effects [12].

Hence, the main purpose of the current study was to enlighten the therapeutic ability of Naringin
loaded gel with an excision wound model by evaluating several macroscopic and histological parameters
in alloxan induced diabetic mice. On the other hand, in vitro alternative approaches for the assessment
of safety and biocompatibility of novel formulations are of great importance. Therefore, cytotoxicity
and irritation potential of Naringin loaded gel was evaluated using direct contact assay and hen’s egg

chorio-allantoin membrane (HET-CAM) test method.
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Figure 1. The chemical structure of Naringin

MATERIAL AND METHOD

Materials

Staphylococcus aureus ATCC 6538, Candida albicans ATCC 64548, Listeria monocytogenes
ATCC 35152, and L929 healthy mouse fibroblast cell strains were purchased from American Type
Culture Collection (ATCC, USA). Alloxan, Naringin, hydroxyethyl cellulose, and isopropanol were
purchased from Sigma (Germany) and DMEM was purchased from Gibco (USA). All other reagents
used in this study were of analytical or HPLC grade.

Preparation of topical extract gel

The base gel was composed of 2% hydroxyethyl cellulose. Firstly, 2 g hydroxyethyl cellulose was
dispersed in distilled water by slowly stirring using a mechanical stirrer, at room temperature. Distilled
water was added to the mixture slowly and the final weight of the mixture was completed to 100 g.
Following, the blend was stirred constantly until the formation of a clear gel is observed. Then, Naringin

gel (5%, w/w) was formulated by mixing base gel in a 95:5 ratio with Naringin by stirring gently.

In vitro Biological Assays

Antimicrobial activity

The in vitro antimicrobial activity was evaluated by determining the minimum inhibitory
concentration (MIC) via the broth microdilution method recommended by the Clinical and Laboratory
Standards Institute (CLSI) [13]. The commonly found microorganisms on colonized wounds were
studied; S. aureus ATCC 6538, Escherichia coli NRLL B-3008, L. monocytogenes ATCC 35152 and
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C. albicans ATCC 64548 strains were grown in Mueller Hinton Broth (MHB, Merck, Germany); C.
albicans species were grown in RPMI broth for 24 h at 37°C in aerobic conditions. The bacterial
suspension was adjusted to match 0.5 McFarland turbidity standards (corresponding to 108 colony
forming unit (CFU)/mL) with sterile saline [14].

Cytotoxicity measurement by direct contact assay

A direct contact test that allows measuring quantitative evaluation of cytotoxicity was performed
according to the International Organization of Standardization (1SO) recommended protocol [15]. L929
cell was cultured in DMEM supplemented with 10% FBS and 1% penicillin (10.000 units/mL) and
streptomycin (10.000 pg/mL) at 37°C under a humidified atmosphere of 5% CO.[16]. The L929 cell is
plated in a 24-well culture dish and incubated until it forms a semi-confluent layer for 24 hours. Then,
for direct contact, positive control (4% SDS), negative control (PBS), Naringin gel and were applied to
the filter papers with a pore size of 0.45 pm and were placed into the wells on the cell surface. The filter
papers were prepared in sizes corresponding to the 1:10 of the surface of the well are and sterilized.
After 24 h, cell medium and filter paper were discarded. MTT solution (0.5 mg/mL) was added to wells
and cells were incubated (37°C) for a further 2 h. At the end of the incubation period, the cell culture
medium was removed and 100 pL of isopropanol was added into each well for dissolving the formazan.
The optical density (OD) was determined at 570 nm using an ELISA microplate reader (BioTek, USA).

The reduction in viability compared to negative control is calculated using the equation below.

Cell Vlablhty (%) = (OD57O sample) X 100) / ODs70 (negative control)

Hen’s Egg Chorio-Allantoin Membrane Test

For the assessment of the irritation capability of the formulation, the HET-CAM assay was
conducted according to the Interagency Coordinating Committee on the Validation of Alternative
Methods (ICCVAM) [17]. The test system consists of fresh, clean, and fertile White Leghorn chicken
eggs (50-60 g). Eggs are candled to detect the viability and development of embryo’s prior to use and
nonviable or defective eggs are eliminated. Eggs were placed in an incubator with a rotating tray and
were incubated at 38+0.2°C and 58+2% relative humidity.

On day 9, eggs were removed from the incubator and the air cells of the eggs were marked and
eggs were cut from the marked sections via a rotating saw blade and pared off. After moistening with
0.9% NaCl, eggs were placed into the incubator for up to 30 min. Afterward, 0.9% NaCl solution was
decanted from the eggs. The egg white membrane was removed while avoiding any damage to the fine
blood vessels. 0.3 mL of test substances, 0.9% NaCl (negative control; NC), and 0.1 N NaOH (positive
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control; PC) were directly applied to the chorioallantoic membrane (CAM) surface and allowed in
contact for 300 seconds. Monitored and recorded the time for the appearance of each of the noted
endpoints in seconds.

The ICCVAM recommended irritation score (1S) analysis method was used for the evaluation.
This method is based on the development of the three HET-CAM endpoints at fixed time intervals of
0.5, 2, and 5 min. By summing up the numerical time-dependent scores for lysis (blood vessel
disintegration), hemorrhage (bleeding from the vessels), and coagulation (intra- and extra-vascular

protein denaturation), a single numerical value is obtained with a maximum value of 21 (Table 1).

Table 1. Scoring scheme for irritation testing with the HET-CAM test method

Score
Effect
0.5 Min 2 Min 5 Min
Lysis 5 3 1
Hemorrhage 7 5 3
Coagulation 9 7 5

If the non-irritant response with NC and a severe irritant response with PC are monitored
respectively, then the irritation test is considered acceptable. According to historical control studies, the
IS value of negative control (0.9% NaCl) was 0.0, and the IS value of positive controls (1% SDS and
0.1 NaOH) ranged between 10 and 19, respectively. When using the IS analysis method, the severe

irritancy classification for a test substance is assigned for values greater than nine.

In vivo Experiments
Test animals

The balb-c mice (2630 g) were kept in standard cages and maintained in a climate room under
controlled conditions of temperature (23+2°C), relative humidity (50+10%), with an inverted 12 h light:
dark cycle (lights off at 8 a.m.) and they had access to standard nutritionally balanced diet and tap water

ad libitum.

In this study, all animal procedures were in strict accordance with the guidelines of the European
Council Directive (EU2010/63). All experiment procedures and protocols used in the study were
reviewed and approved by the Ethics Committee of Istanbul Medipol University (No:38828770-
604.01.01-E.66328) in accordance with the Standards for the Care and Use of Laboratory Animal.
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Induction of diabetes mellitus

DM was induced by intraperitoneal (i.p.) injection of freshly prepared alloxan (150 mg/kg) after
overnight (12 hours) fasting of mice. Alloxan was applied in an isotonic saline solution three times over
a 48-hour period. Diabetic mice were confirmed by the fasting blood glucose concentration above 200
mg/mL on the 7" day after alloxan administration [18].

Experimental wounding and treatment

The animals were divided into the following 4 groups at random (n=7); Untreated (as control),
Blank gel (as a vehicle), Naringin gel, Madecassol® (Bayer, Switzerland) (as standard). The mice were
anesthetized with a single i.p. injection of Ketamine/Xylazine (100/10 mg/kg), after dorsal hair was
removed with an electric razor, and the exposed skin area was cleaned with a povidone-iodine solution.
Then, circular full-thickness wounds were made bilaterally on the back of each animal by a 5 mm punch

biopsy. All treatments were conducted once a day and lasted for 10 days [19].

Macroscopic wound healing assessment

The day when wounds were made was designated as day 0, the process of wound healing was
observed from then until day 10 after wounding. On days 0, 6, and 10 after the operation, the wounds
were photographed with a digital camera (Canon, Japan). The wound area was measured using ImageJ
(National Institutes of Health, Bethesda, MD, USA), and wound contraction rate was calculated by the
following equation:

%Wound contraction = (Wound Areaacua / Wound Areainitia)) X 100

Histology

Mice were sacrificed on the 10" day and the whole wound with a margin of around 5 mm of
ambient unwounded skin was excised for histological evaluation. All samples were fixed in 10% neutral
formalin. After 24 h, the biopsies were bisected, embedded in paraffin, and sectioned in 5 pm thick
layers. The 5 um thick sections were mounted on glass slides, dewaxed, rehydrated with distilled water,

and stained with hematoxylin-eosin (HE) to be evaluated via light microscopy.

Wound healing rates of each group was assessed by the ranking method defined by Galeano et al.
[20]. Epidermal and dermal regeneration score system was; 1: Epidermal formation (poor) > 20%; 2:
Epidermal formation (incomplete) > 40%; 3: Epithelial proliferation (moderate) >60%; 4: Epidermal re-
modelling (complete) > 80%. Score system of the granulation tissue thickness was; 4: very thick layer;

3: thick layer; 2: moderate layer; 1: thin layer.
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The angiogenesis was evaluated by counting and identifying only mature vessels the existence of
erythrocytes in the lumen. The presence/absence of edema, thrombosis, hemorrhage, congestion, and
intra/intervascular fibrin formation was evaluated to identify poorly formed and well-formed capillary
vessels. Score system of angiogenesis was; 1: High level of hemorrhage, edema, occasional congestion,
and thrombosis; 2: Capillary vessels (newly formed, 3-4/site), occasional congestion, moderate edema
and hemorrhage, intravascular fibrin deposition and absence of thrombosis; 3: Capillary vessels (newly
formed, 5-6/site); 4: Capillary vessels (newly formed and normal appearing, >7/site).

Statistical analysis

Results were given as means+standard error of the mean (Mean+SEM). Statistical analyses were
evaluated with GraphPad Prism 7.0 program. Statistical significance between groups was analyzed by

one-way ANOVA. Values for p<0.05 were considered statistically significant.

RESULT AND DISCUSSION
Antimicrobial Activity

Various studies have demonstrated that the antimicrobial effects of various plant extracts have
been attributed to their flavonoid contents [21]. Flavonoids are oxygen-containing aromatic compounds
in which their wound healing properties are well known. These compounds can promote rapid wound

healing due to their antimicrobial, antioxidant, and astringent properties [22].

In this study, the antimicrobial activity of the naringin was tested against various human
pathogenic microorganisms such as E. coli, S. aureus, L. monocyt, and C. albicans. Table 1 shows the
antimicrobial activity of naringin. Naringin showed weak antimicrobial activity against the tested
microorganisms as compared to Amoxicillin and Ketoconazole. However, a MIC value of naringin of
31.2 pg/mL against S. aureus was determined (Table 2). S. Aureus has been reported as a common

pathogen found on chronic wounds as diabetic wounds [3].

Table 2. Antimicrobial activity results of naringin (MICs in pg/mL)

E. coli S. aureus L. monocyt C. albicans
Naringin 500 31.2 250 500
Amoxicillin 0.5 <0.125 0.5
Ketoconazole 0.25

It was reported that Naringin inhibited Actinomyces naeslundii, Actinomyces viscosus,

Aggregatibacter actinomycecomitans, Enterococcus faecalis, E. coli, S. aureus, Lactobacillus casei, and
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C. albicans [23]. The mechanisms behind a possible antimicrobial effect of naringin are virtually
unknown. However, it has been suggested that the antibacterial activity was related to the presence of
the hydroxyl side groups [24].

Cytotoxicity results

For the in vitro cytotoxicity study, the direct contact test was chosen among the methods
recommended by ISO [15] while the formulation’s ability to cause irritation was tested using HET-
CAM [25]. In this study, the cytotoxicity of naringin gel was evaluated on L929 fibroblast cell lines by
direct contact assay after treatment with Naringin gel for 24 h. The percentage viability of the negative
control group was considered 100%. As it is seen in the Figure 2, the naringin gel did not show any
cytotoxic effect on L929 cells. According to the study by Auner et al. which investigate the antioxidant
activity and cytotoxicity of naringin, there was no strong cytotoxic effect detected demonstrating that
naringin is non-toxic [26]. Similarly, Fan et al. measured the cell viability of free naringin on KB cells

and no cytotoxicity was observed [27].
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Figure 2. Effect of Naringin gel on L929 cell viability. Cells were treated with naringin gel for 24 h. M:
Medium control, NC: Negative control (PBS), PC: Positive control (4% SDS). Statistical significances

were indicated for each compound vs NC (*p<0.05).

HET-CAM
ICCVAM recommends the HET-CAM method as a highly preferred test for the prediction of eye
injury hazard potential of chemicals, despite being not validated yet [28]. It is considered a more

sensitive method due to chorioallantoic membrane’s property of being thinner than mucous membranes



406 Okuretal. J. Fac. Pharm. Ankara, 44(3): 397-414, 2020

of the eye [29]. Even though the method is used for the testing of ocular irritation potential, it is also
suggested for the skin irritation with a similar level of efficacy, comparably [25].

In the HET-CAM test method, 0.3 mL of NC, PC, naringin gel, and blank gel were directly
applied to the CAM surface after removal of the inner membrane. The responses on the CAM surface
were observed and scored over a period of 300 seconds with intervals of 0.5, 2, and 5 minutes. The
results are given in Table 3.

Table 3. Irritation score of formulations according to HET-CAM protocol.

Tested Substance IS Score Result
NC 0 No irritation potential
PC 17 Strong irritation potential
Blank gel 0 No irritation potential
Naringin gel 0 No irritation potential

NC: negative control (0.9% NaCl); PC: positive control (0.1 N NaOH)

According to the IS analysis method, a value greater than 9 indicates the severe irritancy potential
of a substance. As s stated by the results, the IS value of NC (0.9% NaCl) was scored as 0, and PC (0.1
N NaOH) was scored as 17. These results are considered within an acceptable range as stated in the
ICCVAM protocol. Blank gel and the analyzed substance naringin gel did not induce lysis, hemorrhage,
and coagulation therefore classified as non-irritant according to HET-CAM scoring (Figure 3).

Blank gel

Figure 3. Macroscopic illustration of the HET-CAM test among NC (negative control), PC (positive
control), Naringin gel, Blank gel groups before applying the samples, and after 5 min.
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In vivo Experiments
Macroscopic wound healing and wound contraction

Excision wounds are used to study the rate of wound contraction and epithelialization [30].
Wound shrinkage in the early period of the healing process, granulation tissue formation, and re-
epithelialization are crucial for wound closure [8]. Topically administered drugs are effective for faster
wound contraction because of the larger availability at the wound site [31].

The macroscopic changes of the wound area in the different groups over a period of 10 days are
presented in Figure 4. A crust forming was detected on the lesion area after a few days. A residual lesion
was felt on the skin after the crust fell off. It was also observed that naringin and blank gel treatments

show no dermal irritation or any allergic skin reaction.

The rate of wound closure was calculated as the percentage of wound reduction from the original
wound on the 5™, and 10" days to estimate the wound repair ability of treatments in diabetic mice (Figure
5). The guantitative measurements of wound size are routinely used to assess initial wound size before
and after debridement, as well as progress towards wound closure [32]. Naringin and Madecassol
displayed a considerably improved wound healing on day 6 (p<0.001), and 10 (p<0.001) in comparison

with control.

The healing percentage of scar tissue surface area ranged from 42.05% to 25.29% in the control
group, 40.31% to 22.48% in blank gel group, 24.25% to 16.18% in madecassol group, and 31.85% to
17.57% in naringin group in the period from 6 to 10 days. Scars treated with Madecassol and naringin
recovered quickly and the wound area rapidly decreased in size by the 10" day compared to the control

group.

NARINGIN MADECASSOL BLANK GEL

Figure 4. Effects of treatments on wound contraction. Photographic representation of contraction rate

on different days of groups.
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Figure 5. The healing rates of wound area among groups on days 0-10. Each data point represents the

mean £ SEM.

Fibroblast performs a key position in the wound contraction in consequence of activation of
collagen formation. It was revealed that topical naringin (4%) application improves wound healing in

normoglycemic rats which could be due to the increased proliferation of fibroblasts [8].

Histology
The wound healing process consists of different phases such as granulation, collagenization,

collagen maturation and scar maturation, which are concurrent but independent to each other [7]. Phases
of the diabetic wound could be trapped in either of the phases for a longer time and also vanish the
model synchrony of cascade that causes rapid healing [2]. The microscopic images captured during the

histological analysis of the wound tissues on the 10" day are illustrated in Figure 6.
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Control Blank Gel Madecassol Naringin

Figure 6. Histological examination of healed wound sections stained with H&E. The photomicrographs
show healed wound sections isolated from mice treated with madecassol, blank, and naringin gel on day

10 after wounding.

Angiogenesis performed a key function in the matrix composition during the wound healing
process. It included the development of endothelial cells involving neutrophils, macrophages,
thrombocytes, keratinocytes, macrophages, and fibroblasts from main blood vessels, followed by
migration, proliferation, and anastomosis to other vessels [12]. Histological outcomes revealed that there
were significantly more blood vessel formations with the madecassol (p<0.001) and naringin (p<0.001)

as compared to the control group (Figure 7).

Angiogenesis

14

Control Blank Gel Madecassol Narilngin
Figure 7. Microscopic assessment of angiogenesis among groups by histological scores. Significant to

control; p<0.001(***)
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It was reported that Naringin treatment showed promising wound healing ability by decreasing
the expression of inflammatory cytokines such as TNF-a, IL-1b, IL-8, and IL-6 and apoptotic mediators
along with the increased expression of growth factors such as VEGF and TGF-b, hence modulating
collagen-1 gene expression to induce angiogenesis leading to wound healing [12]. It was also reported
that naringin depressed the STZ-induced raised blood glucose concentration, enhanced antioxidant
capacity, decreased expression of inflammatory cytokines such as TNF-a, IL-6, IL-1b and increased the
expression of growth factors such as TGF-b1, VEGF-c, IFG-1, therefore, induced angiogenesis leading

to less delay in healing of chronic diabetic ulcers [8].

Granulation

2.5+

L3

2,04

0.54

0.0~

Control Blank Gel Madecassoel Narilngln
Figure 8. Microscopic assessment of granulation tissue thickness among groups by histological scores.

Significant to control; p<0.01(**)

Diabetic wounds exhibit a persistent inflammatory phase associated with an impediment in the
formation of mature granulation tissue and a reduction in wound tensile strength. This could be due to
vascular damage resulting in ischemia [33]. According to the results obtained from the tissue samples;
it was determined that madecassol (p<0.01) had a significant effect compared to the control group. In
addition, it was observed that thicker granulation tissue was formed in the naringin group compared to

the control after treatment (Figure 8).

The granulation tissue formation, dermis, and epidermis thickness are all closely related to the

healing course. The granulation layer is initially formed from the base of the wound. Granulation tissue
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additionally supports a matrix utilized by keratinocytes to migrate along which activates re-
epithelialization from the wound edges [34].

Epidermal and dermal regeneration

3

L]
Control Blank Gel Madecassol Naringin

Figure 9. Microscopic assessment of epidermal-dermal regeneration among groups by histological

scores. Significant to control; p<0.05(*)

Madecassol (p<0.05) and Naringin (p<0.05) groups showed significant dermal and epidermal
regeneration scores in comparison to the control group (Fig. 9). Similarly, in a previous study which
was conducted by Kandhare et al., it was shown that daily Naringin (20, 40 and 80 mg/kg, p.0.) treatment

was able to shorten foot ulcer healing time in diabetic rats [8].

In conclusion, the present study displayed that the Naringin gel did not cause lysis, hemorrhage,
coagulation, and also did not possess cytotoxic activity, according to the irritation (HET-CAM) and
cytotoxicity test results. Besides these, in vitro antimicrobial test revealed that Naringin exhibited weak
antimicrobial activity. The data obtained from in vivo study demonstrated that naringin ameliorated
wound closure and re-epithelization, enhanced granulation tissue formation, and improved epidermal
regeneration in a diabetic wound model. In the current study, the topical administration of naringin gel

was capable of effectively stimulating the wound healing process.
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Amagc: Bu ¢calismada, Tiirkiye 'de yetisen bes Centaurium tiiriiniin (Centaurium erythraea subsp. rhodense,
C. erythraea subsp. turcicum, C. maritimum, C. spicatum ve C. tenuiflorum subsp. acutiflorum) toprak iistii
kistmlarindan elde edilen etil asetat ve metanol ekstrelerinin segilen Gram pozitif ve Gram negatif bakteriler
ve Candida albicans mayasina karst in vitro antimikrobiyal etkinliginin test edilmesi amac¢lanmustir.

Gere¢ ve Yontem: Ege (Mugla, Denizli, Izmir) ve Akdeniz (Antalya) bélgelerinden toplanan bitki
orneklerinin toprak tistii kisimlart kullanilarak elde edilen metanol ve etil asetat ekstrelerinin, Staphylococcus
aureus ATCC 29213, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 13883, Pseudomonas aeruginosa ATCC 27853 bakterileri ve Candida albicans ATCC
10231 mayasina karst in vitro antimiktobiyal aktivitesi stvi mikrodiliisyon yontemi kullanilarak aragtirimistir.

Sonuc ve Tartisma: Uzerinde calisilan Centaurium tiirlerinin metanol ekstrelerinin S. aureus, E. faecalis,
E. coli, K. pneumoniae, P. aeruginosa bakterileri ve C. albicans mayasina karsi orta diizeyde antimikrobiyal
aktivite gosterdigi, etil asetat ile hazirlanan ekstrelerin ise etkinliginin olmadigi tespit edilmistir

Anahtar Kelimeler: Antimikrobiyal aktivite, Centaurium erythraea subsp. rhodense, C. erythraea subsp.
turcicum, C. maritimum, C. spicatum, C. tenuiflorum subsp. acutiflorum.

ABSTRACT

Obijective: In this study, in vitro antimicrobial activity of ethyl acetate and methanol extracts of the aerial
parts of five Centaurium species (Centaurium erythraea subsp. rhodense, C. erythraea subsp. turcicum, C.
maritimum, C. spicatum, and C. tenuiflorum subsp. acutiflorum), which are naturally grown in Turkey were
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intended to be tested against selected Gram positive and Gram negative bacteria; and a yeast Candida albicans
by using broth microdilution method.

Material and Method: Methanol and ethyl acetate extracts of aerial parts were obtained from each of the
Centaurium plants collected from Ege (Mugla, Denizli, Izmir) and Akdeniz (Antalya) Regions in Turkey tested
on S. aureus ATCC 29213, E. faecalis ATCC 29212, E. coli ATCC 25922, K. pneumoniae ATCC 13883, P.
aeruginosa ATCC 27853 as bacteria and C. albicans ATCC10231 as yeast by using broth microdilution method.

Result and Discussion: The methanol extracts of all Centaurium species have indicated moderate
antimicrobial activities against S. aureus, E. faecalis, E. coli, K. pneumoniae, P. aeruginosa and C. albicans,
but ethyl acetate extract have no activity.

Keywords: Antimicrobial activity, Centaurium erythraea subsp. rhodense, C. erythraea subsp. turcicum,
C. maritimum, C. spicatum C. tenuiflorum subsp. acutiflorum.

GIRIS

Geleneksel bitkisel tedavi uygulamalarindaki ilerleme insanlik tarihinin gelisimi ile paralellik
gosterir (1,2). Modern tipla birlikte bitkilerden ¢ok sayida aktif bilesen izole edilmis ve aktiviteleri
aydinlatilmistir. Tiim diinyada hizla artan, tibbi bitki ve kullanimlarini igeren literatiiriin derlenmesiyle
Diinya Saglik Orgiitii, Avrupa Farmakopesi ve Avrupa Ila¢ Ajansi monograflar gibi bitkilerin terapdtik
etkilerinin ortaya kondugu eserler sistematik olarak giincellenmektedir. Tibbi bitkiler, 6zellikle kirsal
bolgelerde hastaliklarin 6nlenmesinde ve tedavisinde yerel halk tarafindan yaygin olarak
kullanilmaktadir (3). Bitkiler ila¢ sanayisinde son derece onemli potansiyel antimikrobiyal ajanlar
olarak kabul edilmektedirler. Yiizlerce bitki tiirli antimikrobiyal etkinlikleri bakimindan test edilmis
olmasina ragmen, diinya iizerinde halen bitkilerin biiyiik bir ¢ogunlugu iizerinde yeterince calisma
yapilmadigi goriilmektedir (4). Glinlimiizde, antibiyotik direncinin hizla artmasi, arastirmacilar
alternatif ¢6ziim yollar1 aramaya yonlendirmektedir. Bunlardan biri de dogal iiriinlerden elde edilen yeni
aktif bilesiklerin tespitidir. Bu nedenle bitki ekstreleri ve ugucu yaglari ile antimikrobiyal aktivite
calismalar giincelligini yitirmeyecek bir konudur.

Bitkilerin igerdigi sekonder metabolitler (fenolik bilesikler, alkaloidler, glikozitler, terpenoidler
ve ugucu yaglar) ve biyolojik aktiviteleri lizerine ¢ok sayida bilimsel ¢alisma mevcuttur. Bunlardan
alkoloidler, flavonoidler, fenoller, kinonlar, tanenler, terpenler ve steroidler antimikrobiyal aktivitesi
bilinen gruplardir (5,6).

Gentianaceae familyasinda yer alan Centaurium Hill cinsinin Tiirkiye’de 7 tiir ve 6 alt tiir olmak
iizere toplamda 11 taksonu dogal olarak yetismektedir (7,8). Ulkemizde halk arasinda “kirmiz1 kantaron,
kizilkantaron, kii¢iik kantaron, sitma otu, tukul otu” adlariyla bilinen Centaurium tiirleri tasidig1 aci
maddeler nedeniyle halk arasinda hazim kolaylastirici ve istah acici olarak kullanilmaktadir (9).
Geleneksel tipta, eski zamanlardan beri yiyecek ve i¢eceklere aci tat vermek icin yaygin kullaniminin
yaninda tonik, sakinlestirici, ates diisiiriicli ve sindirimi diizenleyici olarak kullanildig1 da bilinmektedir
(10). Ozellikle Balkan halk tibbinda ateste, diyabette, hepatitte, gutta (11, 12) iltihapta, hazimsizlikta,
gastritte (13) ve ates diisiiriicii olarak kullanilmistir (14).
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C. erythreaya tiiriintin bitkisel ¢ay olarak dahili ve harici kullanimlar1 bulunmaktadir.
Dekoksiyon halinde ates diisiiriicii (14), inflizyon halinde ise ates diisirmede, diyabette, hepatit ve gut
tedavisinde (11,12) iltihap giderici, sindirim problemlerinde, gastritte, diyabette ve uyaric1 olarak
kullanilmaktadir (10,15). iltihaplanmalarda, yara tedavisinde (16,17) yilan sokmalarinda ve egzama
benzeri gibi durumlarda harici olarak kullanimlar1 bulunmaktadir (18). Almanya'da Centauri ekstreleri
gastrointestinal ve tirolojik rahatsizliklarda kullanilan ilaglarin bilesiminde yer almaktadir (19,20).

Son yillarda iilkemizde yapilan gesitli etnobotanik ¢aligmalarda Tiirkiye’de yetisen Centaurium
tiirlerinin halk arasinda sitma, anoreksi, hemoroit, mide iilseri, guatr ve egzama, mide agrisi, bel agrisi
ve bagirsak iltihabi gibi hastaliklarin tedavisinde kullanildig: tespit edilmistir (21,22).

Orhan ve ark. (2017) bazi Centaurium tiirlerinin asetilkolin esteraz enzim inhibisyonu aktivitesini
aragtirmiglar ve C. erythraea subsp. rhodense tiriinin AChE'yi %50'den fazla inhibe ettigini
belirtmislerdir (23).

C. erythraea bitkisi iizerinde ¢ok sayida in vivo ve in vitro calismalar bulunmaktadir. /n vivo
olarak antienflamatuar, antipiretik, antidiyabetik, diiiretik, hepatoprotektif aktive ¢alismalari, in vitro
olarak gastroprotektif, antidiyabetik, antioksidan, antibakteriyel, sitotoksik, antimutajenik, sindirim
sistemi tizerine ve insektisit aktivite caligmalar1 yapilmis ve etkili bulunmustur (24).

Bu calismada Tirkiye’de yetisen bazi1 Centaurium (Centaurium erythraea Rafn. subsp.
rhodense (Boiss. & Reuter) Melderis, C. erythraea subsp. turcicum (Velen.) Melderis, C. maritimum
(L.) Fritsch, C. spicatum (L.) Fritsch ve C. tenuiflorum (Hoffm. & Link) Fritsch subsp. acutiflorum
(Schott) Zeltner) tiirlerinin toprak isti kismindan elde edilen etilasetat ve metanol ekstrelerinin
antimikrobiyal aktivitesinin bazi Gram pozitif ve Gram negatif bakteriler ile Candida albicans mayasina

kars1 in vitro olarak test edilmesi amaglanmustir.

GEREC VE YONTEM

Bu galismada kullanilan bitkisel materyaller (Centaurium erythraea subsp. rhodense, C.
erythraea subsp. turcicum, C. maritimum, C. Spicatum, C. tenuiflorum subsp. acutiflorum) Tiirkiye’nin
cesitli yerlerinden toplanmustir. Bitkilerin toprak iistii kisimlarindan 6rnekler alinmig, herbaryum
ornekleri hazirlannmgtir. Herbaryum 6rnekleri Ankara Universitesi Eczacilik Fakiiltesi Herbaryumu’na

(AEF) kayit edilip, dolaplara yerlestirilmistir. Calismada kullanilan tiirler Tablo 1°de verilmistir.
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Tablo 1. Calisma materyallerinin Toplandig: yerler, tarihler ve Herbaryum numaralart

Tiir adi Toplandig1 Yer Toplandigi Tarih Herbaryum
Numarasi
C.erythraea subsp. | Mugla: Marmaris, Hisaronii, 10 | 30.05.2010 AEF 26014
rhodense m
C. erythraea subsp. | Denizli: Acipayam, Kelekei, | 22.07.2010 AEF 26015
turcicum Olukbasg1 istii, Bozdag, Geyran
Yaylasi, 1380-1400 m
C. maritimum [zmir: Cesme’nin 15 km dogusu, | 04.05.2011 AEF 26016
80 m.
C. spicatum Mugla: Dalyan Iztuzu aras;, 7 m. | 31.05.2010 AEF 26017
C. tenuiflorum | Antalya: Demre, Demre | 04.06.2010 AEF 26018
subsp. acutiflorum | Kuscenneti, deniz seviyesi

Bitkisel materyallerinin ekstraksiyonu: Bitki numuneleri golgede kurutulduktan sonra toz
haline getirilmistir. Ilk olarak 10 gr bitki toz edilip 150 ml etil asetat igerisinde 3 giin (150 x 3=450 ml
etil asetat), daha sonra ise her seferinde 150 ml metanolde (150 x 3=450 ml metanol), 3 giin olmak
lizere maserasyon yolu ile ekstre edilmistir. Ekstreler siiziildiikten sonra kuruyana kadar vakum altinda
buharlastirilmistir. Antimikrobiyal ¢alisma i¢in her numune 40 mg/10 ml olarak kendi ¢dziiciisiinde

¢oOziilerek kullanilmustir.
Antimikrobiyal aktivite calismalari

Mikroorganizma siispansiyonlarinin hazirlanmasi: Deneyde kullanilan mikroorganizmalar,
Ankara Universitesi Eczacilik Fakiiltesi Farmasotik Mikrobiyoloji Anabilim Dali kiiltiir koleksiyonunda
yer alan Gram pozitif bakteriler Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC
29212; Gram negatif bakteriler Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 13883,
Pseudomonas aeruginosa ATCC 27853 ve maya olarak Candida albicans ATCC 10231°dir.

Antimikrobiyal aktivite calismalari, maya i¢in bazi modifikasyonlar yapilarak sivi
mikrodiliisyon metodu ile CLSI kilavuzuna uygun olarak gerceklestirilmistir (25,26). Bakteriler
Mueller-Hinton Broth (MHA, Merck) ve maya Sabouraud Dextrose Broth (SDA, Oxoid) besiyerine
ekilmis ve 35 + 2°C'de 20 saat inkiibasyona birakilmistir. Bir gecelik kiiltiirden izole edilen
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kolonilerden, % 0.85 NaCl ¢6zeltisinde 0.5 McFarland standardinda siispansiyon hazirlanmistir. Bu oran
daha sonra bakteriler igin MHB besiyeri ile 2,5 x 10° cfu / ml nihai konsantrasyonu, maya igin SDB

besiyeri ile 2.5 x 10% cfu / ml nihai konsantrasyonu verecek sekilde seyreltilmistir.
Siv1 Mikrodiliisyon Yoéntemi

Centaurium tiirlerinin metanol ve etil asetat ekstrelerinin antimikrobiyal aktivitesi sivi
mikrodiliisyon ydntemi ile test edilmistir. ilk olarak, bakteri i¢in 100 pl MHB besiyeri ve maya igin 100
pl SDB besiyeri, mikroplaklarin her kuyucuguna ilave edilmistir. Her bir 6rnek icin, ilk kuyucuga 100
pl ekstre eklenmis ve iki katl 8 seri diliisyon yapilmustir. Seri seyreltmeden sonra, kuyucuklara 100’er
ul bakteri siispansiyonlari ilave edilmis ve mikroplaklar 35 + 2 © C'de 24 saat inkiibasyona birakilmigtir.
Standart antibiyotik olarak siprofloksasin, antifungal olarak mikonazol kullanilmistir. Ureme ve sterilite
kontrol kuyucuklar1 eklenmistir. Inkiibasyon siiresinin sonunda, mikroorganizma iiremesi olmayan son
kuyucuktaki konsantrasyon Minimum Inhibisyon Konsantrasyonu (ug/ml) olarak degerlendirilmistir.

Tiim deneyler kontrol amaciyla iki paralel olarak yiiriitiilmiistiir.

SONUC VE TARTISMA

Antimikrobiyal aktivite

Bu ¢aligmada Gram pozitif Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC
29212; Gram negatif Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 13883,
Pseudomonas aeruginosa ATCC 27853 bakteri ve Candida albicans ATCC 10231 maya standart suslari

kullantlmugtr.

Tiim metanol ekstrelerinin Gram pozitif bakterilerden S. aureus (250-500 ug/ml) ve E.
faecalis’e (250-500 ug/ml), Gram negatiflerden E. coli (250-500 ug/ml), K. pneumoniae (500 pg/ml)
ve P.aeruginosa’ya (125ug/ml ) ve maya C. albicans’a (125-250 pg/ml) kars: etkileri Morales ve ark.
(27) tarafindan belirtilen ekstre aktivite konsantrasyon araligi degerlerine gore orta diizeyde olup,
standart antibiyotik siprofloksasine ve antifungal mikonazole kiyasla ¢ok diisiik bulunmustur. Etil asetat
ekstrelerinin aktivitesinin olmadigi gozlenmistir. C. tenuiflorum subsp. acutiflorum test edilen
Centaurium ekstreleri arasindaki tiim mikroorganizmalara karsi en etkili takson oldugu; C. erythraea
subsp. turcicum’un ise en az etkili takson oldugu gorilmiistiir. Biitiin ekstrelerde Pseudomonas
aeruginosa 'ya karsi etkinin diger Gram negatiflere gore daha iyi oldugu tespit edilmistir. Yine biitiin
ekstrelerde Gram negatifler arasinda E. coli’ ye kars1 etki K. pneumoniae’ye karsi etkiden daha iyi olarak
belirlenmistir. Bu ¢alisma sonucunda elde ettigimiz in vitro antimikrobiyal aktivite sonuglar1 Tablo 2’

de verilmistir.
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Sonug olarak, bu ¢alisma Centaurium tiirlerinin metanol ekstrelerinin degisken antimikrobiyal
aktiviteye sahip oldugunu gostermektedir. Kirbag ve ark. (2009) cesitli bitki ekstreleri ile yaptiklar
calismada disk difiizyon yontemini kullanmis ve C. erytraea ekstresinin antimikrobiyal aktivitesini P.
aeruginosa, E. coli, S. aureus, C. albicans, Candida glabrata ve Candida tropicalis’ e kars1 etkisiz;
Bacillus megaterium (13 mm), K. pneumoniae (8 mm) ve Proteus vulgaris (7 mm)’e kars1 ¢cok diisiik
olarak belirtmislerdir (28). Siler ve ark. (2014) sivi mikrodiliisyon yontemiyle yiiriittiikleri ¢aligmada
C. erythraea, C. tenuiflorum, C. littorale ve C. pulchellum tiirlerinden elde ettikleri metanol
ekstrelerinin antibakteriyel etkisini Bacillus cereus (0.05-0.20 mg/ml), Micrococcus flavus (0.10-0.25
mg/ml), S. aureus (0.10-0.20 mg/ml), Listeria monocytogenes (0.10-0.25 mg/ml), E. coli (0.05-0.20
mg/ml), Enterobacter cloacae (0.10-0.25 mg/ml), P. aeruginosa (0.10-0.25 mg/ml), Salmonella
typhimurium (0.05-0.25 mg/ml) {izerinde; antifungal etkisini Penicillium funiculosum (0.10-0.20
mg/ml), Penicillium ochrochloron (0.20-0.40 mg/ml), Trichoderma viride (0.20-0.40 mg/ml),
Aspergillus fumigatus (0.20-0.40 mg/ml), Aspergillus niger (0.20-0.40 mg/ml), Aspergillus flavus (0.20-
0.40 mg/ml), Aspergillus versicolor (0.10 mg/ml) ve C. albicans (0.10-0.40 mg/ml) {izerinde ¢alismis
ve sonuglarimi standart antimikrobiyallerle karsilagtirdiklarinda ¢ok iyi olarak rapor etmislerdir (29).
Bouyahya ve ark. (2019) C. erythraea ugucu yaginin antibakteriyel etki degerini sivi mikrodiliisyon
yontemiyle arastirmis; Gram pozitif bakteriler tizerindeki etkinin [S. aureus CECT 994 (0.125-0.25
ug/ml), L. monocytogenes serovar 4b CECT 4032 (0.25 pg/ml), B. subtilis 6633 DSM (0.25-1 pg/ml)]
Gram negatif bakteriler iizerindeki etkinden [E. coli K12 (1 pg/ml), Proteus mirabilis CECT (0.25-0.5
ug/ml), P. aeruginosa IH (1-2 ug/ml)] daha yiiksek oldugunu belirtmislerdir (30).

Calismamizdan elde ettigimiz verilere gore Centaurium subsp. ekstreleri orta diizeyde
aktiviteye sahip olup, literatiir verileri ile uyumlu bulunmustur. leri ¢aligmalar ile gidalarda koruyucu
veya tatlandiric1 olarak kullaniminda mikroorganizmalarin iiremesini 6nleyen bitki tiirleri arasinda
degerlendirilebilecegi ve antimikrobiyal aktiviteye neden olan bilesenleri tespit edilip, yeni ilag tasarim

modellerinde kullanilabilecegi diisiiniilmektedir.
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Tablo 2. Centaurium tiirlerinin metanollii ekstrelerinin antimikrobiyal aktivite sonuglari

Minimum Inhibisyon Konsantrasyonlar: (ug/ml)

S. aureus | E. E. coli K. P. C.
Bitki tiirleri ATCC faecalis | ATCC pneumoniae | aeruginosa | albicans

29213 ATCC | 25922 ATCC ATCC ATCC

29212 13883 27853 10231
C. maritimum 500 500 250 500 125 250
C. erythraea ssp. rhodense 500 500 250 500 125 125
C. tenuiflorum ssp. acutiflorum | 250 250 250 500 125 250
C. spicatum 500 500 500 500 125 250
Siprofloksasin 0,312 0,312 0,0097 0,039 0,625 -
Mikonazol - - - - - 1,56
CIKAR CATISMASI

Yazarlar bu yazi i¢in gergek, potansiyel veya algilanan ¢ikar catismasi olmadigini beyan

etmislerdir.
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Amag: Meme kanseri, kadinlarda malignite ve mortalite orani yiiksek olan ve Dogu Akdeniz bolgesinde
stklikla goriilen bir kanser tiriidiir. Kuersetin ve kurkumin, kanser hiicrelerinin biiyiimesini inhibe etme ézelligi
oldugu bilinen flavonoid tiirleridir. Bu ¢calismanin amaci, antikanser ézellige sahip oldugu bilinen kuersetin ve
kurkumin flavonoidlerinin tek basina ve kombine kullaniminin metastatik ve metastatik olmayan meme kanser
hiicre hatlarindaki antiproliferatif etkisinin belirlenmesidir.

Gereg ve Yontem: Bu calismada, kuersetin, kurkumin ve kombinasyonlart M4A4 ve MCF-7 meme kanseri
hiicrelerine uygulandi. Hem M4A44 hem de MCF-7 hiicreleri iizerindeki antiproliferatif etkinin belirlenmesi igin
MTT yontemi kullanildi. Combosyn programi kullanilarak %50 sini inhibe eden (IC50) ve kombinasyon indeks
(CI) degerleri belirlendi.

Sonuc¢ ve Tartisma: M4A44 hiicre popiilasyonunun IC50 etkin kuersetin dozu 72 saat sonucunda 49 uM
olarak, MCF-7 hiicre popiilasyonu igin ise 72 saat sonunda 120 uM olarak hesaplandi. M4A4 ve MCF-7
hiicrelerine uygulanan kurkumin polifenolii igin IC50 dozlari sirasyyla 27 uM ve 54 uM olarak belirlendi. MCF-
7 hiicrelerine uygulanan kuersetin:kurkumin kombinasyonlarinin sinerjistik etki gosterdigi, M4A4 hiicreleri i¢in
ise antagonistik etki gosterdigi belirlendi. Hiicrelere farkli doz ve zamanlarda kuersetin ve kurkumin
uygulanmasmin sonucunda, her iki polifenoliin ayri ayr hiicre canliligini inhibe ettigi bulundu. Elde edilen
bulgular, kuersetin ve kurkumin polifenoliyle birlikte kombinasyonun metastatik olmayan meme kanserinde
kullanilabilecegini gosterirken, metastatik meme kanseri icin farkli kombinasyon c¢alismalarina ihtiyag
duyuldugunu gostermektedir.
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Anahtar Kelimeler: Antiproliferatif etki, kuersetin, kurkumin, meme kanseri

ABSTRACT

Obijective: Breast cancer is a type of cancer that has high malignancy and mortality rates in women and
is frequently seen in the Eastern Mediterranean region. Flavonoids such as quercetin and curcumin are known
to have an ability to inhibit the growth of cancer cells. The aim of this study was to determine the
antiproliferative effect of quercetin and curcumin which are flavonoids known to have anticancer properties on
human metastatic and non metastatic breast cancer cell lines of alone and in combination usage.

Material and Method: Cell growth and cytotoxicity of quercetin, curcumin and quercetin:curcumin
combinations were measured with MTT assay both on M4A4 and MCF-7 breast cancer cell lines. Combosyn
program was used to determine IC50 and combination index (CI) values.

Result and Discussion: Half-maximal inhibitory concentrations (IC50) of quercetin for 72 hours were 49
uM and 120 uM on M4A4 and MCF-7 cells, respectively. IC50 doses for curcumin on M4A4 and MCF-7 cells
were determined as 27 uM and 54 uM, respectively. It was determined that quercetin:curcumin combinations
applied were shown a synergistic and antagonistic effect on MCF-7 and M4A4 cells. It was found that both
quercetin and curcumin treatment inhibit cell viability in a dose and time-dependent manner. Findings show
that combination with quercetin and curcumin polyphenol can be used in non-metastatic breast cancer, while
different combination studies are needed for metastatic breast cancer.

Keywords: Antiproliferative effect, quercetin, curcumin, breast cancer

GIRIS

Kiiresel bir halk sagligi sorunu haline gelen meme kanseri, kadinlarda yiiksek malignite ve
mortaliteye sahip 6nemli bir kanser tlirtidiir [ 1]. Kadinlarda ortaya ¢ikan her dort kanser tiiriinden birinin
meme kanseri oldugu, bunun yaninda daha az siklikta erkek bireylerde de goriildiigi bildirilmistir [2].
Meme kanserinde hormon durumu sadece énemli prognostik bilgileri i¢in degil, ayn1 zamanda neo-
adjuvan ve adjuvan tedavi kararlari i¢in de dnem tagimaktadir [3]. Meme kanserinde Gstrojen reseptor
(ER) durumu tiimér derecesi ve histolojisi ile yakindan iligkilidir. Vakalarinin %70’inin Gstrojen
reseptor pozitif (ER+) oldugu rapor edilmistir [4, 5]. Tamamlanan klinik ¢alismalar, gen¢ kadinlarda
meme kanserinin, yasli kadin popiilasyonuna kiyasla daha yiiksek histolojik dereceye, olumsuz
hormonal duruma ve genel olarak daha yiiksek 6liim oranina sahip oldugunu dogrulamistir [6]. Bu
baglamda meme kanserini tedavi etmeye yonelik olarak cerrahi rezeksiyon, kemoterapi ve radyoterapi
yontemleri kullanilmakla beraber giiniimiizde mortalite orani1 halen yiiksek oranlarda seyretmektedir.
Bu siiregte, iyilesme potansiyeli yiiksek olan meme kanserini tedavi etmeye yonelik yeni terapi ve tedavi
seceneklerinin olusturulmasi icin c¢aligmalar devam etmektedir. Bu amagla, kanser hiicrelerinin
biiyiimesini etkileyebildikleri tespit edilen polifenoller yogun ilgi gormekte ve dnemli fitokimyasal grup
olarak karsimiza ¢ikmaktadir [7]. Flavonoidler, bir¢ok bitkide bulunan diigiik molekiiler agirliga sahip
olan polifenolik bilesiklerdir [8]. Flavonoidler; sogan, elma, ¢ay, sarap ve zeytinyag1 gibi bircok meyve
ve sebzede biiylik 6l¢iide bulunmaktadirlar [9, 10]. Kuersetin, diyetle alinabilen ve kanser tedavisinde
kullanilan ilgi ¢ekici bir polifenoldur. Biyolojik ve farmakolojik ¢aligmalar kuersetinin antioksidan,
antienflamatuvar, antiproliferatif ve antikanser etkileri oldugunu gostermistir [11, 12]. Sar1 renkli bir

polifenol olan kurkumin ise anti-tiimér, antioksidan ve antienflamatuar aktiviteler gibi biyofonksiyonel
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ozellikleri nedeniyle son yillarda biiyiik ilgi goren diger bir polifenoldiir [13]. Kurkuminin kanser
tedavisinde bir¢ok hiicresel yolak iizerine etkisi oldugu rapor edilmistir [14]. Kurkuminin antikanser
aktivitesinin sergiledigi ana etki mekanizmalar1 arasinda apoptozu indiikleme ve gesitli hiicresel sinyal
yollarini etkileyerek timdr proliferasyonunu énleme etkisi yer almaktadir [15]. MCF-7 klinik 6ncesi
laboratuvar deneylerinde siklikla kullanilan bir meme kanseri hiicre hattidir [16]. MCF-7 hiicreleri,
Ostrojen reseptorii (ER) pozitif meme kanseri hiicre deneyleri ve birgok alt klonun farkli ER simiflarin
temsil ettigi arastirmalarda yaygin olarak kullanilmakta ve degisen niikleer reseptér ekspresyon
seviyeleri ile farkli (ER+) timor simiflarini temsil etmektedir [17]. M4A4 (insan meme duktal
karsinomu) meme kanseri hiicre hatt1 ise MDA-MB-435 meme kanseri hiicre hattindan tiiretilmis olan
Ostrojen negatif (ER-), yliksek metastatik 6zellige sahip bir hiicre hattidir [18, 19]. Daha 6nce farkli
hiicre hatlar {izerinde sinerjistik etkinligi tanimlanmis olan kuersetin ve kurkumin kombinasyonunun
M4A4 hiicreleri {izerine olan etkisi heniiz bilinmemektedir [20]. Bu ¢alisma kapsaminda polifenol
olarak bilinen kuersetin ve kurkuminin ayri ayri1 ve kombine dozlarinin MCF-7 ve M4A4 meme kanseri

hiicre hatlar1 tizerindeki antikanser aktiviteleri belirlenmis ve karsilastirmali olarak incelenmistir.

GEREC VE YONTEM

Hiicre Kiiltiirii: M4A4 [ER(-)] (CRL-2914) ve MCF-7 [pozitif, ER(+)] (HTB-22) hiicreleri
Amerikan Tipi Kiiltiir Koleksiyonu’ndan (ATCC) temin edildi. M4A4 ve MCF-7 hiicreleri 25 cm?’lik
flasklarda, %10 Fetal sigir serumu (Capricorn Scientific, FBS-11B), %1 Penisilin/Streptomisin
(Biochrom, A2213) ve %1 L-glutamin (EMD Millipore, K0282) iceren RPMI-1640 (Roswell Park
Memorial Institute-1640, Biochrom, Germany) kiiltiir vasat1 kullanilarak, 37°C, %35 kismi CO; basinci
ve nemli ortam igeren inkiibatorler igerisinde yetistirildi. Hiicreler hem makroskopik hem de

mikroskobik olarak diizenli araliklarla kontrol edildi.

Sitotoksisite Deneyi: Hiicrelerin yasamasi ve proliferasyonu MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) (Glentham Life Sciences, GC4568) testi ile kantitatif ve
kolorimetrik olarak belirlendi. MTT testinin yapilmasi i¢in MCF-7 ve M4A4 hiicreleri 96 kuyucuklu
plaklar igerisine 24 saat dnceden 5000 hiicre/kuyu olacak sekilde 100 pL besi ortami igerisinde ekildi.
Kuersetin i¢in 5, 10, 25, 50 ve 100 uM konsantrasyonlar, kurkumin i¢in ise 1, 5, 10, 25 ve 50 uM
konsantrasyonlar 96 kuyucuklu plaklar igerisinde yer alan hiicrelere uygulanarak 24, 48 ve 72 saat
boyunca 37°C, %5 kismi CO; basinci ve nemli ortam igeren inkiibatorler igerisinde inkiibe edildi.
Ardindan her bir kuyucuga 10 uL MTT soliisyonu ilave edildi. Plaklar MTT soliisyonu ilavesini takiben
3 saat inkiibe edildi. Inkiibasyonun ardindan besi ortami uzaklastirilarak kuyucuklara 100 pL. DMSO
ilave edildi ve 20 dk. daha inkiibasyona birakildi. Ardindan mikroplak okuyucu spektrofotometre ile
(Varioskan Flash Multimode Microplate Reader, Skanlt Software 2.4.5, Thermo Scientific) 540 nm
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dalga boyunda 6l¢iim yapildi. Kuersetin ve kurkumin igin her bir konsantrasyon 3 tekrarli olarak
calisildi. Elde edilen veriler agagida belirtilen formiil kullanilarak her bir grup i¢in hiicre canliginin %50

inhibe oldugu dozlar (IC50) kuersetin ve kurkumin uygulanmig olan hiicrelerde ayri ayri belirlendi.

% Hiicre canlilik oram =(Atest-Ablank/Akontrol-Ablank)x100

CompuSyn Kombinasyon Analizi: Kombinasyon analizi i¢in uygun dozlarin belirlenmesinde
kuersetin ve kurkumin polifenollerinin tekil olarak uygulandig: hiicre sitotoksisite testi sonuglar1 baz
alindi. CompuSyn bilgisayar yazilimi kullanilarak her iki polifenoliin IC50 degerlerinin birbirine
oranina gore etkin doz ve siiresi belirlendi. Belirlenen doz ve siirede tekrar MTT deneyi yapildi. Buradan
elde edilen absorbans degerlerinden kombinasyon indeks degerleri CompuSyn bilgisayar programi ile
belirlendi. Sinerjik etkinin belirlenmesinde CompuSyn programu ile gizilen Fraksiyonel etki (Fa) ve
kombinasyon indeksi (CI) grafigi (Fa-CI) ile y ekseninde bulunan 1 degerinin altinda kalan degerler
sinerjistik etki, 0.5 degerinin altinda kalanlar ise giiglii sinerjistik etki gosteren degerler olarak belirlendi

[21].

Istatistiksel Analiz: Deneyler sonucunda elde edilen verilerin istatistiksel analizinin
gerceklestirilmesinde Graphpad Prism V-8 bilgisayar yazilimi kullanildi. Kuersetin ve kurkumin
uygulanmig hiicre gruplart ile kontrol gruplari arasinda hiicre canliliginin inhibisyonu agisindan
istatistiksel olarak anlamli bir farklilik olup olmadigi 2-way ANOVA, Tukey’s test ile belirlendi.
Anlamlilik degerleri; p<0.05 , p<0.01, p<0.001, p<0.0001 olarak degerlendirildi.

SONUC VE TARTISMA

Kuersetin ve kurkumin polifenollerinin metastatik (M4A4) ve metastatik olmayan (MCF-7)
meme kanseri hiicrelerinde hiicre canliligi tizerine olan etkileri MTT testi ile belirlendi. M4A4 ve MCF-
7 hiicrelerine kuersetin uygulamasi 5, 10, 25, 50 ve 100 uM konsantrasyonlarinda, kurkumin uygulamasi
ise 1, 5, 10, 25 ve 50 uM konsantrasyonlarinda olacak sekilde 5 farkli dozda 24, 48 ve 72 saat
araliklarinda yapildi. MTT uygulamasindan sonra spektrofotometrik olarak elde edilen absorbans
verileri istatistiksel olarak degerlendirildi. Buna gére M4A4 hiicrelerinin kuersetin uygulamasindan 24
saat sonra sadece 100 uM doz uygulanan hiicre grubunda %83.89 oraninda anlamli bir canlilik
gozlemlenirken, 48 ve 72 saat sonra 10, 25, 50 ve 100 pM konsantrasyonlarda doza ve zamana bagiml
bir sekilde hiicre canliliginin istatistiksel olarak anlamli bir sekilde inhibe oldugu gézlemlendi. 10, 25,
50 ve 100 uM konsantrasyonlarinda kuersetin uygulanmasiyla, M4A4 hiicrelerinde 48 saat sonra
sirastyla %87.71, %85.72, %77.11, %58.33 canlilik gbzlemlenirken, 72 saat sonucunda ise sirasiyla
%86.63, %62.31, %44.33 ve %35.35 oraninda canlilik gdozlemlendi (Sekil 1a). Buna gore hiicre
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popiilasyonunun %50’sini inhibe eden etkin doz M4A4 hiicreleri igin 72 saat sonucunda 49 pM olarak
hesaplandi. MCF-7 hiicrelerine ise kuersetin uygulanmasindan 24 saat sonra 50 ve 100 uM doz
uygulanan grupta sirasiyla %84.97 ve %71.95 oraninda hiicre canliligi iizerine anlamli bir inhibitor
etkisi tespit edildi. Kuersetinin 48 saat sonra 25, 50 ve 100 uM konsantrasyonlarda uygulanmasi
sonucunda elde edilen verilere gore hiicre canliligini sirasiyla %78.33, %64.94 ve %53.5 inhibe ettigi
goriildii. Bunun yaninda 72 saat sonra elde edilen veriler incelendiginde uygulama yapilan 5, 10, 25, 50,
100 pM’daki konsantrasyonlar igin sirastyla %80.66, %68.92, %66.91, %63.39, %53.75 oraninda hiicre
canliligini anlamli bir sekilde doz bagimli olarak inhibe ettigi bulundu (Sekil 1b). MCF-7 hiicre hattinda
hiicre popiilasyonunun %50’sini inhibe eden kuersetin konsantrasyonu 72 saat sonunda 120 uM olarak
hesaplandi.

M4A4 hiicrelerine 1, 5, 10, 25 ve 50 uM kurkumin uygulamasi ile 24, 48 ve 72 saat sonucunda
elde edilen hiicre canlilik grafigini gostermektedir. Elde edilen sonuclar incelendiginde, 24 saat
sonucunda sirastyla %85.35, %79.97, %72.21, %72.41 ve %70.93 oraninda anlamli bir canlilik
gozlemlendi. Kurkuminin 10, 25 ve 50 uM dozlar1 igin 48 ve 72. saat sonuglar1 incelendiginde hiicre
canlilig1 48. saatte sirastyla %87.06, %74.62, %51.88 ve 72. saatte sirastyla %87.25, %36.35 ve %8.59
olarak bulundu (Sekil 2a). MCF-7 hiicrelerine 5, 10 ve 50 uM dozlarinda kurkumin uygulamasindan 24
saat sonra, sirastyla %93.56 %87.31 ve %86.56 oranlarinda anlamli bir canlilik oldugu goriildii. Bunun
yan1 sira, 48 saat sonra elde edilen veriler 5, 10 ve 50 uM konsantrasyonlarda kurkumin uygulanan
hiicrelerde sirasiyla %91.22, %95.05, %66.41 canlilik oldugunu gosterdi. 72 saat sonra elde edilen
veriler incelendiginde ise, 1, 5, 10, 25 ve 50 uM kurkumin uygulanan MCF-7 hiicrelerinde sirasiyla
%89.09, %73.04, %70.68, %70.54 ve %43.47 olarak hiicre canliligi tespit edildi. M4A4 ve MCF-7
hiicrelerine uygulanan kurkumin polifenolii i¢in IC50 dozlar1 sirasiyla 27 uM ve 54 uM olarak

belirlendi.
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Sekil 1. Kuersetin polifenoliiniin M4A4 ve MCF-7 hiicreleri tizerindeki sitotoksik etkisi. M4A4 meme
kanseri hiicrelerinin 24, 48 ve 72 saat boyunca farkli konsantrasyonlarda kuersetin ile muamelesi
sonucunda elde edilen hiicre canlilik grafigi. (Sekil 1a). MCF-7 meme kanseri hiicrelerinin 24, 48 ve 72
saat boyunca farkli konsantrasyonlarda kuersetin ile muamelesi sonucunda elde edilen hiicre canlilik
grafigi (Sekil 1b). Deneyler 3 tekrarli olarak yapildi ve anlamlilik degerleri p<0.05 *, p<0.01 **,
p<0.001 *** p<0.0001**** olarak degerlendirildi.

M4A4 ve MCF-7 hiicre gruplarina ayr1 ayr1 kuersetin ve kurkumin uygulamalarini takiben her
iki polifenolun bir arada kullanildigi kombinasyon uygulamalar1 gerceklestirildi. Kombinasyon
dozlarmin hazirlanmasinda her iki polifenoliin IC50 degerlerinin birbirine oranina gore etkin doz ve
stre belirlendi. M4A4 hiicre grubu i¢in kuersetin:kurkumin konsantrasyon orant 1.8:1, MCF-7 hiicre

grubu i¢in ise 2.2:1 olarak belirlendi.
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Sekil 2. Kurkumin polifenoliiniin M4A4 ve MCF-7 hiicreleri lizerindeki sitotoksik etkisi. M4A4 meme

kanseri hiicrelerinin 24, 48 ve 72 saat boyunca farkli konsantrasyonlarda kurkumin ile muamelesi

sonucunda elde edilen hiicre canlilik grafigi (Sekil 2a). MCF-7 meme kanseri hiicrelerinin 24, 48 ve 72

saat boyunca farkli konsantrasyonlarda kurkumin ile muamelesi sonucunda elde edilen hiicre canlilik

grafigi (Sekil 2b). Deneyler 3 tekrarli olarak yapildi ve anlamlilik degerleri p<0.05 *, p<0.01 **,
p<0.001 *** p<0.0001**** olarak degerlendirildi.

Buna gore M4A4 hiicreleri Tablo la’da, MCF-7 hiicreleri ise Tablo 1b’de gosterilen

kombinasyon dozlar1 ile 72 saat boyunca muamele edildi ve ardindan hiicre canliligini belirlemek

amaciyla MTT testi yapildi.
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Tablo la. M4A4 meme kanseri hiicrelerine uygulanan kuersetin:kurkumin kombinasyonlarinin

konsantrasyonlarini gostermektedir.

Gruplar Kuersetin Kurkumin Konsantrasyonu
Konsantrasyonu
Konsantrasyon 1 (K-1) 5uM 2.7 uM
Konsantrasyon 2 (K-2) 10 uM 55uM
Konsantrasyon 3 (K-3) 25 uM 13.8 pM
Konsantrasyon 4 (K-4) 50 pM 27.7 uM
Konsantrasyon 5 (K-5) 100 uM 55.5 uM

Tablo 1b. MCF-7 meme kanseri hiicrelerine uygulanan kuersetin:kurkumin kombinasyonlarinin

konsantrasyonlarin1 géstermektedir.

Gruplar Kuersetin Kurkumin
Konsantrasyonu Konsantrasyonu
Konsantrasyon 1 (K-1) 5uM 2.27 uyM
Konsantrasyon 2 (K-2) 10 uM 4.54 uM
Konsantrasyon 3 (K-3) 25 uM 11.3 uM
Konsantrasyon 4 (K-4) 50 uM 22.7 uM
Konsantrasyon 5 (K-5) 100 uM 45.45 uyM

M4A4 ve MCF-7 hiicre hatlar i¢in her iki polifenoliin kombine kullanimi sonucunda elde

edilen kombinasyon indeksi ve fraksiyonel etki degerleri belirlendi (Tablo 2a ve Tablo 2b).

Tablo 2a. M4A4 meme kanseri hiicre hattina uygulanan farkli kombinasyon gruplari igin elde edilen

kombinasyon indeksi ve fraksiyonel etki degerleri.

Gruplar Kombinasyon Fraksiyonal
indeksi (CI) Etki (Fa)
K-1 3.34 0.019
K-2 4.18 0.03
K-3 6.26 0.076
K-4 2.73 0.45
K-5 1.19 0.90

Tablo 2b. MCF-7 meme kanseri hiicre hattina uygulanan farkli kombinasyon gruplari igin elde edilen

kombinasyon indeksi ve fraksiyonel etki degerleri.

Gruplar Kombinasyon Fraksiyonal
indeksi (CI) Etki (Fa)
K-1 3640 0.01
K-2 57.83 0.07
K-3 5.91 0.23
K-4 0.24 0.64
K-5 0.06 0.82

Graphpad Prism V.8 yazilim programi kullanilarak elde edilen absorbans degerlerinden hiicre
canlilik grafikleri ¢izildi. Tablo lla’ da belirtilen kombinasyon indeks (CI) degerleri incelendigi zaman

M4A4 hiicrelerine uygulanmis K1-K5 olmak tizere 5 farkli kombinasyon dozu igerisinde sinerjistik
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etkilesim gosteren bir kombinasyon uygulamasinin olmadig1 goriildi. Bunun yaninda uygulanan tiim
konsantrasyonlarin antagonistik etki gosterdigi tespit edildi. Kombinasyon analizinden elde edilen
sonuglara gére M4A4 hiicrelerinde antagonizm gozlemlenen K-1, K-2, K-3, K-4 ve K-5 gruplarinda
kombinasyon uygulamalarinin sirasiyla %98.1, %96.28, %92.4, %54.84 ve %9.89 oraninda hiicre
canlilifina neden oldugu belirlendi (Sekil 3a).
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Sekil 3. Kombinasyon gruplarinin M4A4 ve MCF-7 hiicreleri iizerindeki sitotoksik etkisi. M4A4
hiicrelerine uygulanan kombinasyon gruplarina ait hiicre canlilik grafigi (Sekil 3a). MCF-7 hiicrelerine

uygulanan kombinasyon gruplarina ait hiicre canlilik grafigi (Sekil 3b).

Tablo 2b’de yer alan MCF-7 hiicrelerine uygulanmis kombinasyon dozlarina ait kombinasyon
indeksi degerleri incelendigi zaman ise K-4 kombinasyonunun ‘sinerjizm’, K-5 kombinasyonunun ise

‘giiclii sinerjizm’ etkisi gosterdigi tespit edildi. Kombinasyon analizinden elde edilen sonuglara gore K-
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1, K-2, K-3, K-4 ve K-5 gruplarinda kombinasyonlarin sirasiyla %99, %92.83, %76.14, %35.91 ve
%17.47 oranlarinda canliliga yol agtig1 belirlendi (Sekil 3b). 72 saat boyunca kombinasyon gruplari ile
muamele edilen M4A4 ve MCF-7 hiicre gruplarina ait MTT uygulamasi sonucu elde edilen mikroskop
goriintiileri verildi (Sekil 4a, 4b).

4a

4b

Kontrol

Sekil 4. Kombinasyon dozlar1 uygulanan M4A4 (4a) ve MCF-7 (4b) hiicrelerinin 72 saat sonucunda

MTT ile muamelesi ardindan elde edilen mikroskop goriintiileri.

Bu ¢alisma meme kanseri tedavisinde, yeni tedavi ve terapi yontemlerinin gelistirilmesine katki
saglamak amaciyla metastatik ve metastatik olmayan meme kanseri hiicre hatlarinda in vitro sartlar
altinda yiiritilmistiir. Giliniimiizde biiyiik ilgi toplayan kuersetin ve kurkumin polifenollerinin
antioksidan, antienflamatuvar, antiproliferatif ve antikanser etkileri oldugu daha oOnce yapilan
calismalarla gosterilmistir [11, 12, 13].

Bu ¢alismamizda metastatik 6zellige sahip bir meme kanseri hiicre hatti oldugu bilinen M4A4
ve metastatik karakterde olmayan MCF-7 meme kanseri hiicre hatlarinin kuersetin ve kurkumin
polifenolleri ile muamelesi sonucunda hiicre canliliginda meydana gelen degisiklikler incelenmistir.
Ayr1 ayr1 ve kombine dozlar seklinde yapilan uygulamalarin neticesinde her iki hiicre hattinda da hiicre
canliligiin anlaml bir sekilde azaldig1 tespit edilmistir. Buna gére M4A4 hiicre grubunda kuersetin ve
kurkumin uygulamasinin hiicre canlilig1 iizerindeki inhibitor etkisi ilk kez belirlenmis olup literatiire

katki saglayacagi diigiiniilmektedir. M4A4 hiicre grubuna uygulanan kuersetinin 72 saat sonunda elde
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edilen sonuglarina bakildiginda, kuersetin ajaninin doz bagimli bir sekilde M4 A4 hiicrelerinde hiicre
canliligini inhibe ettigi bulunmustur. Ayn1 sekilde kurkumin uygulamasi da M4A4 hiicre canliligim
onemli Ol¢iide inhibe etmistir. Literatiire gore; M4A4 metastatik meme kanser hatti ile gergeklestirilmis
herhangi bir sitotoksisite ¢aligmasi bulunmamaktadir. Elde edilen sonuglarin yeni ve farkli kombinasyon
denemeleri yapilmasi agisindan literatiire degerli ve onemli bilgiler saglayacagi diisiiniilmektedir.
Bunun yaninda benzer ¢alismalar kuersetin uygulamasi yapilmis olan MCF-7 hiicrelerinde 48 saat
sonunda hiicre canliliginda doza bagimli bir inhibisyon oldugunu daha 6nce rapor etmistir [22, 23].
Benzer sonuglar bu calisma sonucunda da elde edilmistir. Kuersetin maruziyetine birakilan MCF-7
hiicrelerinde, 48 ve 72 saat boyunca ¢esitli konsantrasyonlarda doza bagimli bir azalma gézlemlenmis,
72 saat sonucunda en yiiksek doz olan 100 uM konsantrasyonda %50.05 canlilik tespit edilmistir. Daha
once MCF-7 hiicreleri iizerinde kurkumin polifenoliiniin inhibitor etkisi tanimlanmistir [24]. Bu ¢aligsma
ile de MCF-7 hiicreleri tizerinde de doz ve zaman bagimli bir inhibisyon dogrulanmustir. Elde edilen
veriler 72 saat sonunda 50 uM kurkumin uygulamasi yapilmis olan MCF-7 hiicrelerinde %43.47
oraninda hiicre canliligt oldugunu gostermistir. Kombinasyon uygulamalar1 sonucunda elde edilen
veriler incelendigi zaman ise K-4 ve K-5 kombinasyonlarinin MCF-7 hiicrelerinde sinerjistik etkilesim
gosterdigi ve sirasiyla %36 ve %17.47 oranlarinda hiicre canliligima neden oldugu gosterilmistir. Bu
sonuglara gore; polifenollerin kombine kullaniminin ayr1 halde kullanimina gore daha etkin oldugunu
dogrulanmaktadir. Kombine kullanim MCF-7 hiicre hattinda tedavi edici potansiyele sahipken, M4A4
hiicrelerinde durum ayni1 degildir. M4 A4 hiicrelerinde kombinasyon uygulamalari sonucunda elde edilen
hiicre canlilig1 verileri metastatik karakterde olan bu hiicrelerin kuersetin ve kurkuminin ayr1 ayr1 daha
giiclii ve farkli kombinasyonlarinin denenmesi gerektigini gostermektedir. M4A4 hiicreleri i¢in her iki
ajanin birlikte kullanildigi kombinasyon gruplarindaki dozlar bu iki polifenoliin bu dozlarinda
antagonist etki yaratmigtir. Her iki hiicre hatt1 i¢in de elde edilen sonuglarin altinda yatan molekiiler
mekanizmalarin arastirilmasi i¢in ileri galigmalarin yapilmasina ihtiyag vardir. Bu ¢alisma ile elde edilen

sonuglar ileride yapilacak olan ¢aligmalara 11k tutacaktir.

CIKAR CATISMASI

Yazarlar bu yaz1 i¢in gercek, potansiyel veya algilanan ¢ikar ¢atismasi olmadigini beyan

etmislerdir.
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ABSTRACT

Objective: We aimed to investigate the rates of medicinal plant use, species of medicinal plants,
detailed usage and procurement information, the sociodemographic features affecting the tendency to use
plants and the notification status to healthcare professionals in patients with respiratory diseases.

Material and Method: This study was carried out between January-April 2018 at the Molla Gurani
Family Healthcare Center. An 18-item survey questionnaire was administered to patients suffered from
respiratory diseases. Analysis were made in SPSS version 26.0 software using both chi-square analysis and
Fisher's Exact test.

Result and Discussion: Of the 62 patients, 64.5% had used medicinal plants to treat respiratory
diseases. A total of 14 different plants and plant mixture were determined, most commonly used were mint-
lemon, licorice, linden and rosehip. Gender (p=0.01) and inhabitation (p=0.007) were significant between
the groups that used and did not use plants. The rates of patients' benefiting from plants and recommending
plants were also found to be high (87.5%, 90%, respectively). Only 40% of users had notified their doctor,
age (p=0.029), educational status (p=0.002) and inhabitation (p=0.015) were statistically significant for
notification to healthcare professionals about plant usage. This study has demonstrated the need for further
research into commonly used medicinal plants in respiratory diseases.
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Gere¢ ve Yontem: Arastrma 2018 yili Ocak-Nisan aylar:t arasinda Molla Giirani Aile Saghg
Merkezi'nde gergeklestirildi. Solunum yolu hastalarina 18 maddelik bir anket formu uygulandi. Elde edilen
verilerin analizleri SPSS siirtim 26.0 yaziliminda Ki-kare ve Fisher's Exact testi kullanilarak yapildi.

Sonug¢ ve Tartisma: Ankete katilan 62 solunum yolu hastasinin 64.5%'inin ubbi bitkileri kullandig
belirlenmigtir. Toplamda 14 farkl: bitki ve bitki karigiminin kullanildigr, bunlardan en yaygin olarak nane-
limon, meyan kokii, thlamur ve kusburnu tercih edildigi goriilmiistiir. Bitki kullanan ve kullanmayan gruplar
arasinda cinsiyet (p=0.01) ve yerlesim (p=0.007) istatistiksel olarak anlamiidir. Hastalarin bitkilerden
yararlanma ve bitki tavsiye etme oranlarimin da yiiksek oldugu goriilmiistiir (swrasiyla 87.5%, 90%).
Kullanicilarin sadece %40 doktorlarina bitki kullamimini bildirirken, yas (p=0,029), egitim durumu
(p=0,002) ve yerlesim yerinin (p=0,015) istatistiksel olarak anlaml oldugu bulunmugstur. Calisma, solunum
yvolu hastaliklarinda yaygin olarak kullanilan tbbi bitkiler iizerinde daha fazla arastirma yapilmasi
gerektigini gostermistir.

Anahtar Kelimeler: Geleneksel ve tamamlayict tip, solunum yolu hastaliklari, tibbi bitkiler

INTRODUCTION

Several types of respiratory diseases such as asthma, bronchitis, chronic obstructive
pulmonary disease (COPD) affect millions of people worldwide and cause an immense health burden
in many countries. According to the latest estimates, 334 million people suffer from asthma and about
65 million people have COPD. COPD is assumed as the third leading cause of death worldwide, 3
million of the patients die each year [1,2]. In Europe, respiratory diseases rank as the second most
common disease in terms of incidence, prevalence, mortality and economic costs [3]. Among
respiratory diseases, COPD and lower respiratory system infections are regarded as leading
conditions which can cause a death for all age groups and for both sexes in Turkey [4]. Though there
are many risk factors have been identified, Tobacco smoking is the main one which is directly
responsible for the morbidity and mortality resulting from respiratory diseases [3,4]. As stated by
Turkey Statistical Institute (TUIK) database, respiratory system diseases is the third (10.15%) main
cause of death between 2009-2016 in Turkey. The distribution of disorders among respiratory
diseases is as follows: COPD, 59.44%; pneumonia, 21.50%; asthma, 4.91%; acute upper respiratory
diseases and flu, 0.64%; others, 13.52%, respectively. Death rates from respiratory diseases are
higher among male (60%) than among female (40%). It was also found that mortality from COPD
and bronchiectasis was 2 times higher in males than in females. Regarding the malignancies,
respiratory malignancies were the most common tumors with a rate of 30.6% [5].

Recent years research in respiratory medicine and related technology is in an advanced stage.
With modern treatments, symptoms can be controlled and morbidity rate decreases day by day [2,3].
However, maintaining respiratory health is a major issue before illness occurs. Besides various

available effective methods in modern/conventional therapy, complementary alternative medicine
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(CAM) is also preferred by most people looking for cheaper and traditional different methods to
prevent and treat respiratory diseases [6,7].

Current definition of CAM is “any diagnosis, treatment and/or prevention which complements
mainstream medicine by contributing to a common whole, by satisfying a demand not met by
orthodoxy or by diversifying the conceptual frameworks of medicine”. During the last decades, the
popularity of CAM has increased steadily, and these practices have become applicable by healthcare
professionals under government supervision in developing countries [8-10]. It is known that in
Europe, North America and other industrialized regions, approximately 70% of the population use
at least one of the CAM practices. Although CAM has over 150 known treatment modalities
(homeopathy, hypnotherapy, energy therapies, Ayurveda, e.g.), herbal medicine is the most common
therapy in Turkey [8,11,12].

As a result of floristic richness, Turkey is one of the leading countries in terms of traditional
herbal medicine usage. It has more than 11000 plant species with a nearly 34% endemism rate,
which is almost equivalent to the entire European continent. Different civilizations settled in
Anatolia lands bringing different cultures and customs have constituted an extensive accumulation
of knowledge on traditional herbal medicine. Therefore, most people today benefit from medicinal
plants for primary healthcare in the light of past knowledge and previous experience [13,14].

The use of medicinal plants has also been widely embraced in many developed countries.
About 120000 plant species are used for nutrition or medical purposes all over the world and
approximately 25% of today's modern drugs in the world is originated from medicinal plants [15,16].
In recent years, there has been a significant increase in medicinal plant research which evaluate
effectiveness and safety of medicinal plants. These studies play an important role in the field of new
drugs research and development. On the other hand, the number of companies producing herbal
medicine based on quality and standards of synthetic pharmaceutical production has increased
[6,11,16,17]. Recent studies revealed that herbal medicines are generally used by patients with
common chronic diseases including breast cancer (12%), liver diseases (21%), HIV (22%), asthma
(24%) and rheumatologic disorders (26%) [17]. However, information on medicinal plant usage for
the treatment of respiratory diseases is limited in Turkey [10,18]. To address this need, we aimed to
determine the frequency of medicinal plant use, species of medicinal plants, detailed usage and
procurement information, the sociodemographic features affecting the tendency to use plants and the

notification status to healthcare professionals in patients with respiratory diseases.
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MATERIAL AND METHOD

Participants and questionnaires

A questionnaire-based survey design was used to collect data on use of medicinal plants in
respiratory diseases. The study was conducted between January-April 2018 at the Molla Gurani
Family Healthcare Centre. Approval was sought from the authorities by the official correspondence
between the board of Faculty of Pharmacy and Family Healthcare Center. The questionnaire was
filled out by 62 participants (18 years of age or older) diagnosed with respiratory disease. Before
performing face-to-face interviews, information was given about the aim of the study and verbal
consent was obtained. The questionnaire was designed specifically for this study and consisted of 18
guestions. Most of them were multiple-choice questions; however, the participants were able to add
other answers. The questionnaire consists of the following main themes: sociodemographic data (age,
gender, place of residence, education), medical data (type of respiratory disease), detailed data on
usage of medicinal plants (whether they use plants, plant species, reason for using plants, used parts
and preparation, advice-benefits, procurement) and the notification status to healthcare professionals
(drug or plant usage, response of healthcare professionals).

Statistical analysis

The obtained data were recorded and analyzed using Microsoft Office Excel and Statistical
Package for the Social Sciences (SPSS) version 26.0 software. Both chi-square analysis and Fisher's
Exact Test was used to determine the statistical significance of differences between groups. A p value

less than 0.05 were taken to indicate statistical significance.

RESULT AND DISCUSSION

There were 62 patients included in the study, 36 of which were female and 26 were male. 70%
of those who indicated that they had used plants in respiratory diseases was female. Patients came
from a wide age range and the majority of patients were between 18-24 years of age (40.3%).
Education was on a scale ranging from illiteracy to university graduates. The participants resided
either in the urban or in the rural. The detailed sociodemographic features profile of participants who
use plants or not are given in Table 1. Gender (p=0.01) and inhabitation (p=0.007) were statistically
significant for plant usage in respiratory diseases. Females and patients who live in urban were more
likely to use plants. But no significant difference was determined between plant users and non-users

in terms of age and education status (p>0.05).
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Table 1. Sociodemographic profiles of participants.

Plant use
Characteristics Yes, n (%) No, n (%) Total, n (%)
Age p>0.05 18-24 11 (27.5%) 14 (63.6%) 25 (40.3%)
25-30 11 (27.5%) 4 (18.2%) 15 (24.2%)
31-40 5 (12.5%) 1 (4.5%) 6 (9.7%)
41-50 3 (7.5%) 2(9.1%) 5(8.1%)
51-60 6 (15%) 0 (0%) 6 (9.7%)
61-70 4 (10%) 1 (4.5%) 5 (8.1%)
Gender p=0.01 Female 28 (70%) 8 (36.4%) 36 (58.1%)
Male 12 (30%) 14 (63.6%) 26 (41.9%)
Education status p>0.05 Iliterate 2 (5%) 0 (0%) 2 (3.2%)
Primary school 5 (12.5%) 1 (4.5%) 6 (9.7%)
Middle school 5 (12.5%) 1 (4.5%) 6 (9.7%)
High school 3 (7.5%) 6 (27.3%) 9 (14.5%)
University 25 (62.5%) 14 (63.6%) 39 (62.9%)
Inhabitation p=0.007 Urban 26 (65%) 21 (95.5%) 47 (75.8%)
Rural 14 (35%) 1 (4.5%) 15 (24.2%)

54.8% of the participants used vitamin-mineral at various frequency, whereas 45.2% of the

participants did not use. They consumed vitamins-minerals every day, 3-4 times a week or 3-4 times

a month. Majority of consumers used only when they feel bad (27.4%). The relation between vitamin-

mineral usage and sociodemographic features was examined and no statistical differences were found

(p>0.05). A total of 8 main respiratory diseases were determined in patients and their prevalance are
listed as follows: flu-cold (38.7%), upper respiratory tract infection (14.5%), asthma (12.9%), cough
(11.3%), COPD (9.7%), pharyngitis (6.5%), rhinitis (3.2%), tonsillitis (3.2%). Flu-cold was the most
common disease that affect female and male patients. In the second place, while females suffered
from asthma (19.4%), males suffered from both COPD (15.4%) and upper respiratory tract infection
(15.4%). Detailed data is presented in Table 2.

Table 2. The medical data of participants.

Characteristics Female, n (%) Male, n (%) Total, n (%)
Frequency of vitamin- Everyday 4 (11.1%) 1(3.8%) 5 (8.1%)
mineral usage
3-4 times a week 4 (11.1%) 3 (11.5%) 7 (11.3%)
3-4 times a month 4 (11.1%) 1 (3.8%) 5 (8.1%)
Only when | feel bad 9 (25.0%) 8 (30.8%) 17 (27.4%)
No 15 (41.7%) 13 (50%) 28 (45.2%)
Respiratory disease Flu-cold 14 (38.9%) 10 (38.5%) 24 (38.7%)
Upper respiratory tract infection 5 (13.9%) 4 (15.4%) 9 (14.5%)
Rhinitis 2 (5.6%) 0 (0%) 2 (3.2%)
Tonsillitis 1 (2.8%) 1 (3.8%) 2 (3.2%)
Asthma 7 (19.4%) 1 (3.8%) 8 (12.9%)
Pharyngitis 1(2.8%) 3(11.5%) 4 (6.5%)
Cough 4 (11.1%) 3 (11.5%) 7 (11.3%)
Chronic obstructive pulmonary 2 (5.6%) 4 (15.4%) 6 (9.7%)

disease
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A total of 40 participants used plants for the treatment of respiratory diseases, as can be seen
in Figure 1. A wide range of herbs were used for respiratory diseases; patients reported that they had
used 14 different types of plants and plant-mixture to treat different conditions. The most popularly
used plants and plant-mixture were mint-lemon, licorice, linden and rosehip, their common names
are given (Figure 2). It was found that the leaves were the most frequently used part of the plant,
accounting for 30%. Following in this category are fruits (23%), seeds (17%), stem (10%), aerial
parts (7.5%), flowers (7.5%) and roots (5%) (Figure 3). Infusion (55%) was the most commonly used

preparation method, others are given in Figure 4.

No
35.5% (n=22)

Yes
64.5% (n=40)

HYes ENo

Figure 1. A rate of total plant usage for the treatment of respiratory diseases.

m Plant species (common name)

Figure 2. Plants and plant-mixture used for the treatment of respiratory diseases.
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Aerial parts
7.5% (n=3)

Leaf 30%

Fruit 23% (n=9) (n=12) m Leaf
= Stem
H Root
Seed

m Flower
H Fruit

Flower 7.5% Stem 10% (n=4) M Aerial parts
(n=3)
Seed 17% (0=7) Root 5% (n=2)

Figure 3. Plant parts used for the treatment of respiratory diseases.

Raw
13% (n=5)

Inhalation
7% (n=3)
Infusion
55% (n=22)
Decoction
25% (n=10)

mInfusion ®mDecoction ®mInhalation = Raw

Figure 4. Preparation methods of plants used for the treatment of respiratory diseases.

Patients preferred plants for various reasons, primarily to help treatment (40%). They also used
plants to feel good (30%), to treat disease (25%), and small number of patients used to reduce side
effects (5%). Participants often purchased plants at a cost of between 0-50 tl (80%). Only 2% stated
they bought plants at a cost of 500 TL and over. Participants said that they provided their medicinal
plants usually from friends and relatives (37.5%), followed by herbalist (22.5%), other (17.5%) and
pharmacist (15%). TV (5%) and Internet (2.5%) were very rarely cited sources. When asked about
the effectiveness, most of the participants indicated that medicinal plants were beneficial (87.5%). A
large majority of patients recommended the plants to other people (90%). There was no significant
difference between sociodemographic features and data on plant usage (reasons, money, sale

channel, benefit status, recommendation) (p>0.05), except for inhabitation-sale channel preferences
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(p=0.014). 30.8% (n=8) of participants who live in city center consulted herbalist to buy plants, whilst
who live in village supplied their plants from friends and relatives (64.3%, n=9) (Table 3).

Table 3. Detailed data on plant usage of patients.

Characteristics n (%)
Reasons for plant use To treat disease 10 (25%)
To help treatment 16 (40%)
To feel good 12 (30%)
To reduce side effects 2 (5%)
Money paid by patients to supply plants  0-50tl 32 (80%)
50-100 tl 4 (10%)
100-500 tl 2 (5%)
500 tl and over 2 (5%)
Sale channel preferences Herbalist 9 (22.5%)
Pharmacist 6 (15%)
Internet 1 (2.5%)
Friends and relatives 15 (37.5%)
v 2 (5%)
Other 7 (17.5%)
Benefit status of plants Beneficial 35 (87.5%)
Harmful 2 (5%)
Neutral 3(7.5%)
Recommendation of plant use Yes 36 (90%)
No 4 (10%)

About a third of people said that they got approval from their doctor before taking a drug
(33.9%). Additionally, only 40% of participants informed healthcare professionals about plants they
had used. More than half of the informers stated that healthcare professionals approved the plant
usage. According to the patients, other responses which they got from healthcare professionals were
left my choice (18.8%), against the plant usage (12.5%) and no comment (12.5%). Analysis
demonstrated that age (p=0.029), educational status (p=0.002) and inhabitation (p=0.015) were
statistically significant for notification to healthcare professionals about plant usage. Participants
who 18-24 years of age (50%, n=8), graduated from a university (81.3%, n=13) and live in city center
(87.5%, n=14) were more likely to inform healthcare professionals about plant usage (Table 4).

Table 4. Notification to healthcare professionals.

Characteristics n (%)
Taking drug without consulting doctors Yes 41 (66.1%)
No 21 (33.9%)
Notification to healthcare professionals about plant usage Yes 16 (40%)
No 24 (60%)
Response of healthcare professionals Against the plant use 2 (12.5%)
Approved 9 (56.3%)
Left my choice 3 (18.8%)

No comment 2 (12.5%)




J. Fac. Pharm. Ankara, 44(3): 437-451, 2020 Erarslanetal. 445

Turkey is one of the leading country in terms of using herbs as medicines, drawn from a rich
inventory of indigenous natural ingredients. The cultural beliefs and attitudes to herbal medicines
have a long history and people still prefer herbs for primary healthcare, particularly in rural areas.
Although many local studies have been carried out to investigate the prevalence of medicinal plant
use in Turkey, few have focused specifically on patients with respiratory diseases [10,18].

This questionnaire-based survey provides detailed information about the use of medicinal
plants in respiratory diseases. More than half (64.5%) of the respiratory disease patients reported
using some species of plants, with some differences regarding sociodemographic factors. The results
indicate that women use plants at greater rates than men do. We also found that people who live in
urban areas are more likely to use plants. Many studies conducted worldwide have suggested that
women are leading the way in using alternative therapies [19-22].

The most commonly used medicinal plants found in this study were different to previously
published studies [20,23-26]. Impact of geographical and cultural variations may also bring out this
result. It has been found that there are pharmacological studies supporting the use of these plants in
respiratory diseases. While some medicinal plants have more than one medically used species, we
researched by the most commonly known scientific names. As a result of our study, the mixture of
mint-lemon was determined as most frequently used plant mixture to treat respiratory diseases and
related conditions. Lemon (Citrus limon L.) has very rich bioactive compounds including citric acid,
ascorbic acid, minerals, flavonoids and essential oils. Thanks to the anti-inflammatory, antioxidant
and antiallergic effects of the main flavonoids (quercetin, hesperidin, rutin), lemon is thought as
beneficial in respiratory diseases such as bronchitis and asthma [27]. C. limon is also a rich source
of vitamin C, which has an important antioxidant activity [28]. The results from previous study
indicated that phenolic and flavonoid compounds of C. limon extracts are correlated with a significant
antioxidant activity [29]. Furthermore, its essential oil is mainly used to strengthen the immune
system [30]. Similar to lemon essential oil, peppermint (Mentha piperita L.) oil has various
medicinal properties and is used in folk medicine for respiratory diseases as expectorant and anti-
congestive. Its leaf is also traditionally used to treat common cold, inflammation of the mouth and
pharynx. Antispasmodic activity of peppermint essential oil on rat trachea with the involvement of
prostaglandins and nitric oxide synthase has been shown by in vivo study [31]. Antioxidant,
antimicrobial, antiviral, antiallergic and antiinflammatory activities of M. piperita (peppermint) has
been proven in diverse studies. In particular, remarkable antimicrobial activity against Escherichia
coli, Streptococcus aureus and Pseudomonas aeruginosa is promising for the usage as a remedy in
respiratory diseases [32]. Glycyrrhiza glabra L. (licorice) possess important bioactive constituents

such as triterpenoid saponin, flavonoids, tannins, alkaloids, phenolic compounds. The licorice
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powder and extract are considered to be useful for the treatment of sore throat, cough and bronchial
catarrh. It shows anti-tussive and expectorant activity by accelerating tracheal mucus secretion.
Glycyrrhizin, an active compound of G. glabra, is contributed the demulcent effect. Moreover,
antibacterial (against E. coli, P. aeruginosa, Salmonella typhimurium, S. aureus), antioxidant,
antiviral (Severe Acute Respiratory Syndrome) and immuno-modulator (HIN1 Flue) effects have
been demonstrated in several in vitro and in vivo studies [33,34]. Tilia platyphyllos Scop. (linden) is
traditionally used in folk medicine. While infusion of flowers is prepared for the treatment of asthma
and cough, decoction is used in cold and flu in Turkey [35]. Previous phytochemical and
pharmacological investigations revealed antibacterial (against Klebsiella pneumoniae, S. aureus) and
antioxidant activity of Tilia sp. owing to its rich chemical composition. The inflorescence of the Tilia
sp. comprises polysaccharides (mucilaginous), condensed tannins, flavonoids, quercetin glycosides
(rutin, quercitrin, and isoquercitrin), kaempferol glycosides and phenolic acids (caffeic, p-coumaric,
and chlorogenic acids) [36]. In traditional medicine, Rosa canina L. (rosehip) fruits are used to treat
various respiratory diseases such as common cold, flu, vitamin C deficiency and lung diseases.
Vitamin C, which contributes to its potent antioxidant effect, is highly present in rosehip. Also,
tannins and other bioactive compounds might provide its anti-inflammatory potentials [37,38].
Antibacterial activity against Gram positive and Gram negative bacterial species has been observed
in various in vitro assays [37,39].

Pharmacological effects that can help treat respiratory diseases have been demonstrated in
several studies, however, it is substantial to inform patients about the overdose and side effects of
some herbs, as well as possible drug interactions. Licorice root can lead to
pseudohyperaldosteronism. Patients were reported with long-standing hypokalemia and uncontrolled
hypertension related to excessive ingestion of licorice [40]. Combination of ginger (Zingiber
officinale Roscoe) and blood diluent medicines is not recommended due to strong inhibition effect
of ginger on thromboxane synthetase. Long-term use of ginger may prolong bleeding time [41].
Moreover, care should be taken when providing plants that can be replaced with other harmful plant
species. For instance, instead of Matricaria chamomilla L. (chamomille), similar species such as
Senecio sp. and Anthemis cotula L., which contain toxic or allergic substances, can be taken from
improper sale channels [42].

In our study, 87.5% of patients using medicinal plants stated that they benefited from the plants
they had used. In addition to the pharmacological effects of these plants, the use of plants may reveal
a general well-being of the person as a result of the positive psychological effect in patients. Previous
studies reported that people use alternative therapies generally to add benefit to modern therapy or

to cure illness [11,19]. In our study, most of the patients had used medicinal plants to help treatment.
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There are some studies have emphasized communication gaps between healthcare professionals and
patients in herbal therapies [11,19,22]. Patient-doctor communication and patient education about
herbalism need to be improved. We detected 60% of the plant users stated that they did not report
their plant use to the healthcare professionals. Our research shows that age, place of residence, and
educational status have impact on the doctor-patient relationship. The majority of those who reported
plant usage to the healthcare professionals stated that the healthcare professionals approved their
usage. It seems that there is a prejudice in patients against healthcare professionals, and they do not
want to share information about plants. Taking drug without consulting doctors was also found high
(66.1%). These results can lead to undesirable consequences such as side effects, drug interactions,
therefore healthcare professionals must inquire about plant use while taking an anamnesis.

90% of the plant users reported that they recommend the plants they use to other patients.
Bigen et al. [43] reported that the source of information about the herbal product are the neighbor,
relative and friend. However, it was observed that plants are generally provided from friends and
relatives, and herbalists are preferred as the second option. Dogu et al. [19] stated that cancer patients
usually prefer to shop from stores for herbal products. A survey from Western Australia indicated
that the majority of the breastfeeding women had purchased their herbal medicines from community
pharmacies [44]. According to our results, the place of residence affects the supply of plants.
Unconscious consumption of plants that are sold in herbalists, various markets and TV-Internet, may
be concluded with serious conditions. Patients should primarily prefer pharmacies to obtain the
medicinal plants. Since the information about the use of plants is largely learned by the relatives and
friends, it is critical for the public health to use the proper plants under the control of the doctor and
the consultancy of the trained pharmacist [42]. Most patients spend money around 0-50 TL for
purchase herbs. Supporting this outcome, it is seen that the most frequently used plants in respiratory
diseases are everyday household or easily accessible products, which reduces costs.

There are also several limitations that should be mentioned. The survey population was
relatively small, study was carried out in a single institution involving generally defined populations
of respiratory diseases patients. Healthcare professionals should have been involved in this study.
Although we account for several variables in our statistical analyses, other sociodemographic and
related factors that were not taken in questionnaire may better account for medicinal plant use. While
further studies may be warranted to investigate the attitudes toward medicinal plants in larger
populations and with more variables, this present study offer useful information on the overall
medicinal plant use in respiratory diseases.

This survey demonstrates a high prevalence of medicinal plant use among patients suffered

from respiratory diseases. In total, 14 different plants-plant mixture were determined, most frequently
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used were lemon-mint, licorice, linden and rosehip. It is known that medicinal plants are candidate
for a source of biological and pharmacological products for the future. Although there is a lack of
clinical studies in medicinal plants for many respiratory diseases, the general safety and efficacy data
that do exist can lead us in its potential use or further investigation. More pharmacological studies,
especially clinical studies regarding the efficacy and safety of medicinal plants are needed. While
treatment with plants are even more popular, perceived as moderately effective and inexpensive,
doctors should be routinely inquiring into its usage to avoid undesirable results. It is believed that by
increasing the knowledge on phytotherapy, the patient-doctor relationship can progress more
accurately in terms of treatment compliance and plant usage. This area deserve more careful selection
and monitoring due to pharmacological activity, improper use and inability to control their side

effects.
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ABSTRACT

Objective: The purpose of this study was to investigate the possible beneficial use of common hawthorn
Crataegus monogyna aqueous extract at 1.5g/Kg bw/day against chronic copper sulfate intoxication
(100mg/Kg bw) in Wistar rats.

Material and Method: Animals were divided into 6 groups; the untreated control (C), 2 positive
controls treated respectively with hawthorn fruits (F) and leaves (L), 1 group treated with copper (Cu) and
2 combined treatment groups treated with Cu and hawthorn-fruits (CuF) and Cu and hawthorn-leaves (CuL).
After 30 days of oral administration, testis weight and plasma testosterone levels were evaluated, in addition
to the epididymal sperm concentration, motility, vitality, velocity (VCL, VSL and VAP), the amplitude of
lateral head displacement (ALH), and the beat cross frequency (BCF). Testicular glutathione (GSH),
malondialdehyde (MDA), and glutathione peroxidase (GPx) were also evaluated.

Result and Discussion: Cu exposure reduced testosterone, sperm concentration, live sperm, VCL, VSL,
VAP, ALH, BCF, GSH, and GPx levels compared to control groups. Dead sperm and MDA levels were
increased in rats of Cu group compared to the untreated control. When compared to the Cu group, levels of
testosterone, sperm concentration, sperm motility, live sperm, VCL, VSL, VAP, ALH, BCF, GSH, and GPx
were much higher in the CuF and CuL groups, along with a significantly lower MDA concentration. In
conclusion, hawthorn, when co-administered as an aqueous extract with Cu, protected most biological
markers against copper toxicit, while positive control (s) boosted sperm concentration and velocity (VCL
and VAP).
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Amag: Bu calismanin amaci, Wistar sicanlarmmda, kronik bakur siilfat zehirlenmesine (100mg / Kg bw)
karsi yaygin alig Crataegus monogyna sulu ekstraktimin (1.59 | Kg bw/ giin) olasi faydalr kullanimin
arastirmaktir.

Gereg ve Yontem: Hayvanlar, tedavi edilmemis kontrol (C), sirasiyla alic meyveleri (F) ve yapraklar
(L) ile muamele edilmis 2 pozitif kontrol, bakir (Cu) ile muamele edilmis grup ve Cu ve ali¢ meyveleri (CuF)
ve Cu ve ali¢ yapraklar: (Cul) ile muamele edilmiy 2 kombine tedavi grubu olmak iizere 6 gruba ayrilmustir.
30 giinliik oral uygulamadan sonra, epididimal sperm konsantrasyonu, motilite, canlilik, hiz (VCL, VSL ve
VAP), dis yana bas deplasmaninin amplitiidii (ALH) ve sperm kuyrugu vurus sikliginin (BCF) yanisira testis
agwligi ve plazma testosteron seviyeleri degerlendirilmistir. Ayrica, testis glutatyonu (GSH), malondialdehid
(MDA) ve glutatyonperoksidaz (GPx) da degerlendirilmistir.

Sonug¢ ve Tartisma: Cu maruziyeti, kontrol gruplarmna kiyasla testosteron, sperm konsantrasyonu,
canlt sperm, VCL, VSL, VAP, ALH, BCF, GSH ve GPx seviyelerini azaltmigtir. Cu grubunun siganlarinda
olii sperm ve MDA seviyeleri, tedavi edilmeyen kontrole kiyasla artmistir. Cu grubuyla karsiastirildiginda,
testosteron seviyeleri, sperm konsantrasyonu, sperm motilitesi, canli sperm, VCL, VSL, VAP, ALH, BCF,
GSH ve GPx seviyeleri CuF ve CuL gruplarinda ¢ok daha yiiksek ve MDA konsantrasyonlart ise anlamll
olarak diisiiktiir. Sonug¢ olarak, ali¢, Cu ile sulu bir éziit olarak uygulandiginda, bakir toksisitesine kars:
¢ogu biyolojik belirteci korumug ve sperm konsantrasyonunu ve hizini (VCL ve VAP) arturmistir.

Anahtar Kelimeler: Bakir, C. monogyna, CASA, sperm, testosteron

INTRODUCTION

Copper is a trace element and important component of numerous metalloenzymes that are
involved in energy and antioxidant metabolisms. However, some of copper’s chemical forms, such
as copper sulfate are very toxic [1]. Copper binds to binding proteins in the bloodstream and,
distributes to all tissues especially the brain and the liver, which can secrete the excess of the metal
into bile. Hypercupremia may cause several oxidation reactions, inflammations, and tissues damage
by inducing free radical generations [2]. Copper can enter the body orally through food, by inhalation
into the lungs or through the skin by direct contact. Copper is used in agriculture as a fungicide,
herbicide, and insecticide [3]. Also, it is used as an electrical conductor in several industries, it has
many chemical applications, and is known as a coinage metal. In nature, copper exposure may be
caused by clouds of dust, volcanoes and forest fires. Copper dyshomeostasis has been linked to a
variety of disorders. For example, ATP7A and ATP7B are both involved in copper metabolism;
mutations of the former lead to Menkes’ disease, but that of the latter causes Wilson’s disease [4].

Previous studies showed that human spermatogenesis has decreased by up to 60% after 40
years [5]. In addition, many couples today are infertile [6]; this male sexual disorder may be related
to pollutants [7]. The discharge of heavy metals into the environment has led to a harmful
deterioration of the ecosystems [8]. Copper can cause several problems both in excess and deficiency.
Copper imbalance in both men and women might affect reproduction, and women are said to be

copper-dominant and men are zinc-dominant [1]. Excess copper harms male reproduction; metal
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contamination provokes certain pathophysiological alterations in humans and animals, affecting
sperm quality and causing infertility [9]. In its ionic form, copper is toxic to a variety of cells,
including human spermatozoa [10]. According to Wong et al. [11], a positive correlation between
blood Cu concentration and sperm motility dysfunction was found. However, cytosolic Cu is mainly
bound to metallothioneins that may reduce its toxicity to some extent. The hydroxyl free radicals
induced by the Fenton reaction of copper are very destructive to tissues [12] of the testis and
epididymis, and also reduce antioxidant biomarkers such as catalase, superoxide dismutase,
glutathione, and glutathione peroxidase. This oxidation can change sperm quality by modifying
spermatozoa shape and movement. In addition, copper’s effect on the pituitary receptor can provoke
hormonal imbalance. Copper exposure causes several symptoms such as erectile dysfunction,
anxiety, and testicular pain [1]. Furthermore, high copper levels can lead to a decrease in sperm
concentration, motility, and vitality [13].

Today, numerous plants are used as remedies in the treatment of many ailments [14].
Hawthorn Crataegus monogyna is a very common shrub plant in the Mediterranean basin that is used
by the local population in North Africa in certain traditional therapeutic applications including for
hypertension, heart disorders, diabetes, anxiety, cancer, and some abdominal symptoms. The
Crataegus spp have been used in medicinal treatments and as food [15]. Many studies conducted in
Europe, Asia, and the USA showed that hawthorn has a high content of phenolic compounds that
show antioxidant activity by scavenging superoxide anions, hydroxyl radicals, hydrogen peroxides,
and by reducing lipid peroxidation [16].

This study aims to investigate the possible protective role of common hawthorn Crataegus
monogyna aqueous extract against the induced toxicity of copper sulfate in Wistar rats by measuring

certain reproductive and oxidative stress markers.

MATERIAL AND METHOD

Plant preparation

Fruits and leaves of the common hawthorn Crataegus monogyna were harvested every 3
days from the region of Annaba in the northeast of Algeria in November. Each of the 2 aqueous
extracts of fruits (F) and leaves (L) was prepared daily by crushing 1.5g/kg bw (fruits and leaves) in
an appropriate volume of distilled water and letting the mixtures streep overnight (12 hours) at room
temperature in order to obtain 10 ml of filtered solutions of each of fruits and leaves in the morning.

The aqueous extracts were administrated to rats per os daily for a period of 30 consecutive days.
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Preparation of copper solution
Copper sulfate powder (Cu) was freshly dissolved in distilled water; this solution was
administered to animals by gavage at a dose of 100mg/kg bw/day for 30 days.

Experimental design

Wistar rats were purchased from the Pasteur Institute (Algiers), each weighing 19648 g.
Thirty-six males were divided into 6 equal groups: the control (C), the copper group (Cu) which
received 100 mg/kg bw/day, the fruits group (F) which received an aqueous extract of 1.5 g fruits/kg
bw/day, the leaves group (L) which recieved an aqueous extract of 1.5g leaves/kg bw/day, and 2
other groups that were treated with a combination of copper and fruits (CuF) or copper and leaves
(CuL). Rats received tap water and standard diet ad libitum. After 30 days of continuous treatment,
animals were sacrificed by decapitation; the blood was collected in heparinized tubes and then
centrifuged at 3000 rpm for 10min. The plasma obtained was stored at -20 °C along with the testes,
which had already been weighed, till further analysis. Animals’ treatments were authorized by the
Ethical Committee of Animal Sciences at the University of Badji Mokhtar-Annaba, before starting

the experimental work.

Measurement of testosterone

The Ultrasensitive TESTOSTERONE ELISA test (DRG instrument GnbH) is based on the
principle of a solid phase enzyme-linked immunosorbent assay. The assay system utilizes a unique
monoclonal antibody directed against a district antigenic determinant on the intact testosterone
molecule. Mouse monoclonal anti-testosterone antibody was used for solid phase (microtiter wells)
immobilization, and goat anti-testosterone antibody was used in the antibody-enzyme (horseradish
peroxidase) conjugate solution. The test sample was allowed to react simultaneously with the
antibodies. After 2 hours of incubation at room temperature with shaking, the solid phase and enzyme
were washed with distilled water to remove unbound labeled antibodies. A solution of
tetramethylbenzidine (TMB) was added and incubated for 20 minutes, resulting in the development
of a blue color. The color development was stopped with the addition of 1N HCI, and the resulting
yellow color was measured using a spectrophotometer at 450 nm. The concentration of testosterone

was directly proportional to the color intensity of the sample.

Semen analysis
Semen analysis was realized using the Computer-Assisted Sperm Analysis Method (CASA)
using Sperm Class Analysis (SCA®, Microptic, Barcelona, Spain). The epididymal semen was
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obtained immediately after sacrifice, and then a drop of semen (about 1ul) was diluted with a
physiological solution of NaCl 0.09%, and SuL of the mixture was placed in an empty chamber slide
(GoldCyto model). The slide was then placed on a Nikon Eclipse (Nikon E200-LED) microscope at
the phase objective (x4). The sperm markers of concentration, motility, vitality linearity (VCL, VSL),
velocity (VAP), the amplitude of lateral head displacement (ALH) and the beat cross frequency

(BCF) were automatically calculated.

Hypo-osmotic swelling (HOS) test

The HOST test was used to evaluate the integrity of sperm by exposing a drop of sperm,
derived from the epididymis cauda, to the hypo-osmotic solution composed of fructose and sodium
citrate [17], after which 100 spermatozoa were observed and the number of live sperms (as shown

by an inflation of the tail) were counted.

Measurement of oxidative stress parameters

Frozen stored samples of testis were thawed and 100mg of each sample was taken and
transferred to test tubes for the determination of glutathione (GSH) using the method of Cory and
Weckbecker [18]. The testicular total proteins were quantified according to the colorimetric method
of Bradford [19] by using the Coomassie Brilliant Blue G-250. Malondialdehyde (MDA) was
estimated by using the method of Ohkawa et al. [20]. The measurement of glutathione peroxidase
(GPx) was realized by the method of Flohe and Glinzler [21].

The dosage of glutathione (GSH) was carried out according to the method of Wekbeker and
Cory (1988). The principle of this assay is based on the measurement of the optical absorbance of
the acid 2-nitro-5-mercapturic. The latter results from the reduction of 5,5'-dithio-bis-2- acid
nitrobenzoique (Ellman's reagent, DTNB) by groups (-SH) of glutathione. For this deproteinization
of the homogenate is essential in order to keep only specific thiol groups of glutathione.

The tissues proteins were quantified according to the colorimetric method of Bradford (1967)
who uses Gloss Blue Coomassie G250 (BBC) as a reagent and the serum albumin of breef (BSA) as
standard. The BBC reacts with the amino groups (-NH2) for protein to form a complex of blue color.
The emergence of this color reflects the degree of ionization of the acid and intensity established the
concentration of protein which is measured spectrophotometrically at 595nm.

MDA is a product of lipid peroxidation reactions that forms during the attack of
polyunsaturated lipids by reactive oxygen species generated by certain contaminants. In our study,
testicular MDA levels were assessed using the method of Ohkawa et al (1979). The dosage is based

on the formation in an acidic and hot environment (100 ° C) between MDA and thiobarbituric acid
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(TBA) of a colored pigment absorbing at 530 nm, extractable by organic solvents like butanol.

The enzymatic activity of glutathione peroxidase (GPx) was measured by the method of
Flohe and Gunzler (1984). This method is based on the reduction of hydrogen peroxide (H 202) in
the presence of reduced glutathione (GSH), the latter is transformed into (GSSG) under the influence
of the GPx.

Statistical analysis
Statistics was realized using (MINITAB 18 Software ANOVA Tukey). Results are expressed

as mean +standard deviation. The significant test was considered at p<0.05.

RESULT AND DISCUSSION

Testicular weights and testosterone

Results presented in Table 1 showed that differences between the absolute testicular weights
of all groups were statistically non-significant when compared to the control. Testosterone
concentration (Table 1) was significantly lower in Cu group compared to the untreated control. When
compared to the Cu group, testosterone was significantly higher in the CuF and CuL groups.
Testosterone levels of the positive control F and L groups were significantly lower compared to the

control.

Table 1. Mean testicular absolute weights (g), and testosterone level (ng/ml) in wistar rats treated

with copper sulphate and C. monogyna leaves and fruits extracts for one month. Results are expressed

as mean=SD.
Groups Testis (g) Testosterone (ng/ml)
Control 1.67+0.312 5.80+0.0072
Cu 1.67+0.0152 1.32+0.150f
F 1.67+£0.012 5.55+0.121°
L 1.69+0.028 5.23+£0.012°¢
CuF 1.67+0.0122 3.10+0.008¢
CuL 1.67+0.012 4.10+0.003¢

Means that do not share the same letter are significantly different at p<0.05.

Sperm concentration

Results of semen analysis indicated a significant lower sperm concentration in the Cu group
compared to the control, Sperm concentration showed no significant difference between the F group
and the control but was significantly higher in the L groupthan in the control, and significantlyhigher

in the CuF and CuL groups compared to the Cu group (Figure 1).
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Figure 1. Evaluation of sperm concentration (Millions/ml) of Wistar rats exposed to copper sulphate
and C. monogyna leaves and fruits for one month. Results are expressed as mean+SD. Means that do
not share the same letter are significantly different at p<0.05.

Sperm motility

Sperm motility was significantly lower in both the Cu group and the F group compared to
the untreated control. Motility was also significantly lower in the CuF and CuL groups compared to
the control but higher than the Cu group (Figure 2).
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Figure 2. Evaluation ofsperm motility percentage (%) of Wistar rats treated with copper sulphate
and C. monogyna leaves and fruits for one month. Results are expressed as mean + SD.Means that

do not share the same letter are significantly different at p<0.05.
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Dead and live sperm

Percentage of dead sperm in the Cu group was significantly higher compared to the control,
while F, L, CuF, and CuL group showed levels close to that of the control (Figure 3). On the other
hand, percentage of dead sperm was remarkably lower in the combined treatments of CuF and CuL
groups compared to the Cu exposed group. Live sperm of the Cu group was slightly decreased when
compared to the control, with a weak reduction in the CuF and CuL groups, whereas F, CuF and CuL

have kept in close percentage as that of the control (Figure 3).
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Figure 3. Evaluation of sperm vitality (dead sperm and live sperm percentage %) of Wistar rats
exposed to copper sulphate and C. monogyna leaves and fruits for one month. Results are expressed

as mean + SD. Means that do not share the same letter are significantly different at p<0.05.

Sperm velocity

The VCL, VSL, and VAP of spermfrom the Cu group were significantly lower compared to
the control. VCL, VSL, and VAP of spermin the CuF and CuL groups were significantly higher than
the Cu group, and not statistically different fromthe control group (Figure 4). The VCL and the VAP

of theL positive control were significantly higher than that of the control group.
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Figure 4. Evaluation of sperm velocity (VCL, VSL and VAP) of Wistar rats exposed to copper
sulphate and C. monogyna leaves and fruits for one month. Results are expressed as mean+SD.

Means that do not share the same letter are significantly different at p<0.05.

Amplitude of lateral head displacement
The sperm ALH was significantly lower in the Cu group compared to the control (Figure 5).

Sperm ALH in the other groups were not significantly different from that of the control.
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Figure 5. Evaluation of sperm amplitude lateral head displacement (ALH) of Wistar rats exposed to
copper sulphate and C. monogyna leaves and fruits for one month. Results are expressed as

mean+SD. Means that do not share the same letter are significantly different at p<0.05.
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Beat cross frequency
The BCF was lower in the Cu group compared to the control, while F, L, CuF and CuL
groups did not differ significantly from the control (Figure 6).
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Figure 6. Evaluation of sperm beat cross frequency (BCF) of Wistar rats exposed to copper sulphate
and C. monogyna leaves and fruits for one month. Results are expressed as mean+SD. Means that

do not share the same letter are significantly different at p<0.05.

Oxidative stress markers

The MDA level was significantly higher in Cu group compared to the control group, but it
was significantly lower in the CuF and CuL groups compared to the Cu group (Table 2). The CuF
group showed significantly higher levels than the control, while the CuL group was not significantly
different from the control.

In contrast, the GSH and GPx levels were significantly lower in the Cu group compared to
the control. These levels were significantly higher in the CuF and CuL groups compared to both the
Cu groupand the control (Table 2). There were no differences in the MDA, GSH and GPx of the
positive controls F and L and that of the control.
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Table 2. Mean testicular levels of MDA (nmol/g tissue), GSH (nmol/mg proteins), and GPx (umol
GSH/mg proteins) of wistar rats treated with copper sulphate and C. monogyna leaves and fruits for

one month. Results are expressed as mean=SD.

MDA (nmol/g tissue) GSH (nmol/mg proteins) GPx (umol GSH/mg
proteins)
Testis Testis Testis
Control 0.015+0.001° 0.2060.005% 0.067+0.0072
Cu 0.018+0.0022 0.066+0.001° 0.026+0.0024
F 0.015+0.005°¢ 0.209+0.0012 0.071+0.0012
L 0.015+0.002°¢ 0.203+0.001° 0.070=+0.0092
CuF 0.016+0.002° 0.110+0.001¢ 0.057+0.008P
CuL 0.015+0.002° 0.179+0.002° 0.035+0.008¢

Means that do not share the same letter are significantly different at p<0.05.

Results indicated a no difference in the absolute testicular weights of rats exposed to Cu for
one month compared to the control group, which agrees with the finding of Chattopadhyay et al.
[22]. Other researchers showed a slight decrease of rat testicular weight, in addition to a degenerative
and necrotic effect of Cu on the seminiferous tubules and loss of spermatid from the center of the
tubules [23]. In humans, Cu can produce adverse effects, including prostate enlargement, prostate
infections, erectile dysfunction, depression, anxiety, testicular pain, and testicular cancer [1].

In this study, Cu was associated with lower testosterone concentration in rats; this result is
in line with previous research showing that overdose of copper may affect the pituitary receptors,
causing a reduction in the concentrations of LH and FSH, the key hormones in controlling
testosterone release [24]. As a copper an antagonist of zinc, high copper levels can reduce zinc
concentration; notably, zinc plays an important role in the formation of androgens [25]. The
accumulation of heavy metals in the testis may lead to the inhibition of steroidogenesis [26].

In this investigation, rats exposed to copper had poorer sperm motility, velocity (VCL, VSL,
and VAP), lateral head displacement, beat cross frequency, and vitality. This suggest that
accumulation of copper in the epididymis, prostate, and seminal vesicle may inhibit sperm motility,
BCF, and ALH, possibly by affecting the spermatozoa energy source, and by modifying the sperm
tail shape, which can explain the decrease of the velocity measures VCL, VSL, and VAP. Moreover,
Cu ions may accumulate in sperm mitochondria due to attraction to sulfhydryl groups, causing less
ATP production, which can reduce sperm motility [27,28]. A high copper level in the reproductive

organs is probably responsible for lowering the pH of seminal plasma, which was reported to
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decrease sperm motility and the percentage of live sperm [13]. Other authors have found that a pH
between 6.2 and 5.2 decreased sperm concentration, movement, and velocity measures VCL, VSL
and VAP [29] by deregulating the Na/K ATPase activity [30] that blocks the entrance of calcium,
which is responsible for improving the amplitude of flagellar beat [13]. Moreover, as copper is an
antagonist of zinc, the deficiency of the latter may lead to low sperm concentration. Compared to
other cells, spermatozoa contain less cytoplasm. As the latter is where the antioxidants system is
found, having less cytoplasm makes spermatozoa susceptible to oxidative stress through lipid
peroxidation [31], which affects the acrosome reactivity reactivity, and increases DNA damage [32].
This may explain the increase in dead sperm observed in the copper treated-group.

In the Fenton reaction, the cupric ions Cu+2 is reduced to cuprous Cu+; the latter is able to
catalyze the hydroxyl radical, which is highly reactive, and form lipid radicals from fatty acids [12].
In our study, the group treated with Cu showed higher MDA levels, suggesting that copper ions
inhibited the antioxidant reactions [33]. Copper as a destructive metal to tissues can cause lipid
peroxidation, which can increase the testicular MDA levels [34].

We expected that high levels of copper in different tissues could produce reactive oxygen
species (ROS), DNA damage, and lipid peroxidation [35]. In the present study, the observed low
levels of GSH and GPx in the Cu exposed rats were likely to be caused by ROS production [36], and
by cellular usage of GSH and GPx in the metabolism and detoxification of copper [23]. In addition,
GPx is involved in scavenging hydrogen peroxide and lipid peroxidase caused by copper ions [37].

Although the hawthorn has been reported to treat sexual weakness in Noth Africa [38,39],
there are not many studies about the effect of this plant on male fertility. The positive control of L
showed higher sperm concentration and VCL in rats after a one-month treatment. As a powerful
antioxidant, the fruits of hawthorn (Crataegus spp) may protect Sertoli cells from oxidative stress
and may improve sperm quality due to the presence of phenolic compounds, oils, and vitamins.
Previous findings showed the existence of vitamin C in the hawthorn and established the role of
vitamin C on sperm characteristics [40], and the improvement of sperm concentration in male rabbits
[41]. Similarly, our results showed an improvement in sperm quality in the CuL and CuF groups over
the Cu group. The vitamin C in Crataegus spp. and in Rosaceae plants in general [40] helps in
neutralizing hydroxyl, superoxide, and hydrogen peroxide radicals to prevent sperm agglutination
[42]. In addition, vitamin C can both inhibit copper intestinal absorption, and increase its excretion
[43]. The ability of vitamin C to scavenge free radicals could explain the remarkable lower levels of
MDA observed in theCuL and CuF groups.

Furthermore, the augmentation in sperm motility in the CuL group is in line with the finding

of Hu and Xiong [44] who observed that sperm from patients with asthenospermia showed increased
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motility when co-incubated with extracts from the genus hawthorn (Crataegus spp). Studies on the
chemical composition of C. monogyna revealed the presence of vitamins, flavonoids, and oils
[40,45,46] that can act as a source of energy to boost sperm movement, increasing VSL and VAP
[46]. This is probably why, in this study, the velocity measures (VCL, VSL, and VAP), ALH, and
BCR were higher in the groups administered with C. monogyna extract.

Researchers previously found an effective role of C. monogyna extracts as an antioxidant
[47,48] through the scavenging of free radicals and the inhibition of LDL oxidation [49].
Furthermore, the vitamin E in C. monogyna [45] can act as chain-breaking antioxidant [50], and
prevents lipid peroxidation and tissue damage [42]. The occurrence of linoleic acid (omega-6); oleic
acid (omega-9); oxalic acid bis (trimethylsilyl) ester; palmitic acid; and tetramethyl-
cyclodecasiloxane that show powerful antioxidant activity [46] in C. monoyna might explain the
lower levels of MDA and the higher levels of both GSH and GPx in the CuF and CuL groups.
Previous results showed that omega-6 fatty acids can improve sperm motility [51], which may have
contributed to the improvement of VCL, VSL, VAP, ALH and BCF levels in this study.

Quercetin was found in hawthorn, has been reported to act as a growth inhibitor for several
malignant tumor cell lines, such as human epididymal cancer [52] by scavenging free radicals and
chelating divalent cations [53]. Such a compound might have a role in reducing hydrogen peroxide,
increasing sperm antioxidant defenses and preventing DNA damage induced by oxidative stress [54].
Moreover, quercetin may improve sperm quality by preserving the sex organs’ functions [55].
Similarly, catechin polyphenols from C. monogyna, on the other side, were shown to reduce ROS by
guenching free radicals and chelating transition metals [56], while catechins from green tea were
shown to boost reproductive parameters [57]. This may explain the observed improvement of sperm
concentration, motility, live sperm, velocity, ALH and BCF in the present study, especially in the
CuL group.

In conclusion, copper induced oxidative stress, affecting testicular MDA, GSH, and GPx
levels, and sperm quality parameters. The co-administration of extracts of C. monogyna fruits and
leaves kept oxidative stress markers to almost their normal physiological ranges and improved semen

quality, perhaps by mitigating the copper toxicity.
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ABSTRACT

Objective: In order to examine the interactions of some benzamide derivatives, which are thought to
exhibit anti-cancer activity, with human Topo I and Ilo. enzymes at the molecular level, docking studies were
carried out on these enzymes.

Material and Method: In conducting the docking studies, the protein was selected from the protein
data bank for Topo I (1K4T) and for Topo llo. (SGWK). Doking was performed with the CDocker method
using the Discovery studio 3.5 program, and the binding energies of benzamide derivatives to enzymes were
calculated and their molecular interactions were revealed.

Result and Discussion: As a result of the docking process on Topo I and Ilo, it was found that
benzamide derivative compounds have higher affinity for Topo Ila enzyme. For Topo I compounds 4N6, SNS5;
for Topo lla compounds 5N3, 5N7 have been identified as promising compounds in terms of anticancer
activity.

Keywords: Anticancer, Benzamide, Docking, Topoisomerase I, Topoisomerase lla
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Amac: Antikanser aktivite gosterecegi diistiniilen Bazi benzamid tiirevierinin insan Topo I ve Illa

enzimleri ile molekiiler diizeydeki etkilegimlerinin incelenmesi amaciyla bu enzimler iizerinden doking
calismalar: gerceklestirilmistir.
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Gerec ve Yontem: Doking ¢calismalarinin gergeklestirilmesinde protein veri bankasindan Topo 1 i¢in
(1K4T) ve Topo lla igin (5GWK) se¢ilmistir, Discovery studio 3.5 programi kullanilarak CDocker yontemiyle
doking islemi yapilmis ve benzamid tiirevlerinin enzimlere baglanma enerjileri hesaplanmis ve molekiiler
etkilesimleri ortaya ¢ikartilmistir.

Sonu¢ ve Tartisma: Topo [ ve lla iizerinden yapilan docking iglemi sonucunda benzamid tiirevi
bilesiklerin Topo Ila enzimine afinitesinin daha yiiksek oldugu bulunmustur. 4N6, 5SN5 bilesikleri Topo I
5N3, 5N7 bilesikleri de Topo Il inhbitorleri olarak antikanser aktivite gostermesi agisindan umut verici
bilesikler olarak belirlenmistir.

Anahtar Kelimeler: Antikanser, Benzamid, Doking, Topoizomeraz |, Topoizomeraz Ila

INTRODUCTION

DNA topoisomerases are the enzymes which play key roles on cellular processes such as
replication, transcription, recombination and repair, and chromatin assembly by solving these
topological problems of genomic DNA[1-7]. Because of their essential functions in cell cycle, they
are significant targets for killing cancer cells or pathogenic bacteria. DNA topoisomerases are
classified into two classes as Topo | and Topo I, depending on the number of broken strands of DNA
by the enzymes in one reaction cycle. All type of topoisomerases indicates their biochemical
functions by catalyzing DNA cleavage and relegation [8].

Topo | functions by generating transient single-stranded cuts in DNA supercoils relaxing
torsional strain that has accumulated during DNA replication and transcription [9, 10]. Intracellular
levels of Topo | are upraised in some human solid tumors, relative to the corresponding normal
tissues, suggesting that variations in Topo | levels are specific to the type of tumor [11-13]. DNA
Topo | inhibitors, have recently emerged as a prominent class of anticancer agents with a novel
mechanism of action, potent antiproliferative activity on a widespectrum of tumor cells including
multidrug-resistant lines, and fascinating activity in xenograft models [14]. At first, camptothecin
was discovered as a Topo | inhibitor in 1966, but could not be used in the clinic due to unpredictable
and severe myelo suppression, gastrointestinal toxicity, and hemorrhagiccystitis [15]. Afterwards, it
was found that the FDA approved anticancer agents topotecan and irinotecan, which are the analogue
of camptothecin, inhibited the Topo | activity by intercalating into the cleavage complex and
preventing the religation step of the catalytic cycle [16, 17].

Topo Il cuts both strands of DNA by the enzymes in one reaction circle. Human Topo Il have
two available isoforms as a and . Both of them sharing a similar tertiary structure and primary
sequence, and perform similar functions but their levels differ depending on the replicative activity
and type of tissue [18-20]. They also show various cellular functions, Topo Ila overexpressed in
proliferating cells and generally located in the nuclearplasma. Topo IIf plays apparent roles in

transcriptional regulation, cell development, and differentiation, but not essential for cell
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proliferation and survival. Although human Topo Ila relaxes negatively supercoiled plasmid slower
than positively supercoiled plasmids, but Topo IIp is not. Thus selective Topo Ila inhibitors have
been of particular interest in cancer therapy, as they may represent a more targeted approach to highly
proliferative cells [21-24]. Doxorubicin and Etoposide, classified as DNA Topo Il inhibitors, have
recently emerged as a prominent class of anticancer agents. Topo Il inhibitors prevents re-ligation of
the DNA strands, and breaks the DNA strands. Cancer cells depend on this enzyme more than healthy
cells, for that they divide more rapidly. Therefore, this generates errors in DNA synthesis and
promotes apoptosis of the cancer cell [10, 25].

Recently, amide derivatives received significant attention for their antitumor properties,
especially the compounds which containing benzamide pharmacophore. The benzamide derivatives
have been reported for their wide range of pharmacological activities including antitumor [26],
histone deacetylase inhibition [27] and CYP24A1 inhibitory activity [28]. In addition to these
activities some benzamide derivatives were used as HDAC inhibitors [29], glucokinase activators
[30], antiprion agents [31] and topoisomerase inhibitors [32, 33] etc.

Recent developments in the field of cell biology want to introduce selective anticancer agents
with low side effects to the pharmaceutical market, and the promising bioactive diversity of
benzamide derivatives made us think that these derivatives will act as topoisomerase inhibitors, and
in this study, the docking studies were performed to elucidate the interactions between various
previously synthesized benzamide derivatives [34] and human Topo | and Ila enzymes and were
aimed to identify a new type of anticancer drug candidates which have suitable properties to be

promising oral human Topo I and Ila inhibitors.

MATERIAL AND METHOD

Preparation of the enzyme

Human Topo | has monomer structure and composed of 765 amino acids and human Topo
Ila has a homo dimer structure and its monomer is composed of 1531 amino acids including four
sections DNA-gate, Ngate, C-gate, and CTD [35]. The X-ray crystallographic structure of Topo |
(PDB: 1K4T) and Topo Ila (PDB: SGWK) are available in Protein Data Bank and further modified
for docking calculations [36]. For preparation of protein Discovery Studio 3.5 software [37] was
used. The target proteins were taken, hydrogens were added and their positions were optimized using
the all atom CHARMM [38] force field and the Adopted Basis set Newton Raphson (ABNR) method
[39] available in the D.S 3.5 protocol until the root mean square deviation (RMSD) gradient was

<0.05 kcal/mol A2. The minimized protein was defined as the receptor using the binding site module.
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The binding site was defined from current selection around the ligand inside. The binding sphere
were selected for 1K4T 6.12, 47.51, 26.54, 14.67 (Figure 1A) and for 5GWK 31.34, -23.16, -57.75,
10.32 (Figure 1B) from the active site using the binding site tools.

Figure 1. A. Topo | (pdb:1K4T) enzyme, the active site is located inside the sphere marked in yellow,
superimpose position of Camptothecin with RMSD:1.2424. B. Topo lla (pdb:5GWK) enzyme, the
active site is located inside the sphere marked in yellow, superimpose position of Etoposide with
RMSD:1.7219.

Preparation of ligands

Benzamide derivatives [34] given in Table 1, selected inhibitors Camptothecin and
Etoposide were sketched with ChemDraw Professional; all-atom CHARMM force field
parameterization was assigned and then minimized using the ABNR method as described above.

Table 1. Benzamide derivatives tested in molecular docking process

R DEOHO N
R' N R
H
O
Ry
COMPOUND | R R R; R, R3; R,
4AN1 NO, | H H H CsHqg H
4N2 NO, | H H |H C(CHa); | H
4AN3 NO, | H H H OC;Hs H
AN4 NO, | H H H OC4Hqg H
ANS NO, | H H CHs H CH3
4ANG6 NO, | H H OCH; | H OCHg3;
5N1 H NO, | H H C,Hs H
5N2 H NO, | H H C(CH3); | H
5N3 H NO, | H H OC;Hs H
5N4 H NO, | H H OC4Hy H
5N5 H NO, | CH; | H CH3 H
5N6 H NO, | H CH3 H CH3
5N7 H NO, | H OCH; | H OCHg3;
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Validation of Docking Process

In order to validate the accuracy of the process, docking studies were performed using the
CDOCKER method [40] to the region determined on the proteins of the ligands carried by the
enzymes. RMSD values were calculated by overlapping the obtained poses with the ligand found in
the X-ray crystallography of the protein. The RMSD values expressing the difference between the
optimal conformation of the ligand and X-ray crystallography were found to be 1. 2424 (Figure 1A)
and 1.7219 (Figure 1B) for 1K4T and 5GWK, respectively.

Molecular Docking

Docking process was performed using the CDOCKER method in which the ligand moves
flexibly while keeping the receptor stable. Ligands were interacted in 3000 different conformations
in the active site of the enzyme. After the validation step, docking processes of benzamide derivatives
and selected inhibitors were performed. Among the poses obtained as a result of these processes, the

most suitable ones were determined, and their binding energies were calculated.

RESULT AND DISCUSSION

The interactions of benzamide derivatives with Topo | and llo. enzymes have been elucidated
by applying molecular docking processes, and it has been found that the compounds generally show
a better interaction with the Topo lla enzyme. When benzamide derivatives and Camptothecin were
docked in the active site of the 1K4AT enzyme selected from pdb as the Topo | enzyme, they show
various interactions with residues DT10, DG12, DA113, DC112 and TGP11 of DNA and amino
acids ASN352, GLU356, ARG364, TRP416, LYS425 and THR718 of enzyme as given in Table 2
and the binding energies of these compounds also range between -57,7457 and 97.388 kcal/mol. The
interactions of Camptothecin, Topo | enzyme inhibitor, were examined, it was observed that it binds
to the enzyme with -16,5852 kcal/mol binding energy and interacted with LY S425 amino acid and
DT10, DA113, DC112, TGP11 residues, as given Figure 2A. Compounds 4N6, 5N5, 4N2, 5N4,
4N4, 4N3 and 5N3 were interacted with lower binding energies than Camptothecin to the enzyme
respectively, while other compounds exhibited positive binding energies. The compound 4N6 gave
the best binding energy (-57,7457 kcal/mol) with Topo | enzyme and interacted with GLU356,
TGP11, DC112, DA113 residues through phenyl and hydroxyl groups in the molecule, as given
Figure 2B. The compound 5N5 showed a good interaction with Topo | enzyme with its binding

energy of -50,3612 kcal/mol and made H bond to DA113 residue with its hydroxyl group and showed
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pi interactions between phenyl rings and DT10, TGP11, DC112, DA113 residues, as given Figure

2C.

Table 2. Interaction properties of benzamide derivatives with Topo |

binding

energy conventional carbon
Compound (kcal/mol) | Hydrogen Bond Hydrogen bond Pi Interactions
4N1 97.388 THR718, TGP11 DG12 DC112, DA113
4N2 -37,6963 - DA113 TGP11, DA113, LYS425
4N3 -23,5498 ASN352 DT10 DA113, TGP11,
4N4 -32,0942 ASN352 DT10 DA113
4N5 30,0267 DC112, DA113, ARG364 | TGP11 DT10
4N6 -57,7457 - GLU356, DC112, DA113 | TGP11
5N1 -19,2227 TGP11 - TRP416, LYS425
5N2 0,04961 TGP11 - DAL13, TRP416, LYS425
5N3 -22,824 DT10 - DC112, DA113

GLU356, TGP11, DC112,

5N4 -35,4994 | ASN352 DT10 DA113
5N5 -50,3612 DA113 - DT10, TGP11, DC112
5N6 15,7991 - TGP11 TGP11, DC112, DA113
5N7 2,02614 ASN352 DT10, DA113, TGP11 -
Camptothecine | -16,5852 - LYS425 DT10, TGP11, DC112, DA113

lonizability

Basic

Acidic .

Figure 2. Molecular interactions of the Topo | enzyme A. Docked pose of Camptothecine, B. Docked

pose of compound 4N6, C. Docked pose of compound 5N5.
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When benzamide derivatives and Etoposide were docked in the active site of the 5GWK
enzyme selected from pdb as the Topo lla enzyme, they show various interactions with residues
DC8, DT9, DG10, DC11, DA12, DG13 and DC14 of DNA and amino acids GLY462, ARG487,
GLY760, MET762 and TYR805 of enzyme as given in Table 3 and the binding energies of these
compounds also range between -114,71 and -60,1444 kcal/mol. The interactions of Etoposide, Topo
Il enzyme inhibitor, were examined, it was observed that it binds to the enzyme with -114,71
kcal/mol binding energy and made H bond to DG13 residue with its hydroxyl group. It also interacted
with LYS440, ARG487 amino acids and DT9, DA12, DG13, ARG487 residues, as given Figure 3A.
The binding energies of benzamide derivatives were higher than etoposide, but it was observed that
all molecules interacted with the enzyme with low binding energies. Compounds 5N3 and 5N7
indicated good interactions with the Topo Ilo. enzyme with binding energies of -94,3762 and -
92,0598 kcal/mol, respectively. The compound 5N3 made H bond to DG13 residue with its nitrogen
atom in amide group and also interacted with ARG487, DC8, DT9 residues, as given Figure 3B. The
compound 5N7 made H bond to ARG487 with its methoxy group and showed pi interactions with
DC8, DT9, DA12, DG13 residues, as given Figure 3C.

Table 3. Interaction properties of benzamide derivatives with Topo Il

binding energy conventional carbon
Compound | (kcal/mol) Hydrogen Bond Hydrogen bond Pi Interactions
4N1 -74,4069 DT9, ARG487 DG13 DC8, DA12
4N2 -74,456 TYR805 GLY462 ARGA487, DG13
4N3 -65,2691 DT9 DG13 ARG487, MET762, DG8, DG13
4AN4 -88,0887 DT9 DG13 DC8, DA12
4N5 -62,9599 DG13 GLY760 DA12
4ANG -65,1616 DT9 DG13 DC8, DA12
5N1 -75,7866 DT9, ARG487 MET762, DC8, DT9, DG13
5N2 -61,5032 DC8, DT9
5N3 -94,3762 DG13 ARG487 DC8, DT9
5N4 -90,2323 DT9, DC14 DC8, DT9, ARG487
5N5 -60,1444 DG13 GLY760 ARG487, DC8, DT9
5N6 -87,8215 DG13 DC8, DT9
5N7 -92,0598 ARG487 DC8, DT9, DA12, DG13
DG10, DC11, DA12, LYS440,
Etoposide -114,71 DG13 ARGA487 DT9, DA12, DG13, ARG487
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lonizability

Basic

Acidic .

Figure 3. Molecular interactions of the Topo ITo. enzyme A. Docked pose of Etoposide, B. Docked

pose of compound 5N3, C. Docked pose of compound 5N7.

As a result of the docking studies on Topo | and lla enzymes of benzamide derivatives,
which are thought to have anticancer activity as topoisomerase inhibitors, it has been shown that the
compounds have higher affinity for the Topo lla enzyme, but have a lower effect than the reference
compound. However, most of the compounds docked on Topo | enzyme were performed better
results than the reference molecule. The performed docking studies should be supported by
experimental results, but its clear that the accompanying results represent that compounds are

promising inhibitors for Topo | and llo enzymes.
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ABSTRACT

Objective: This study was aimed to obtain spherical matrix pellets of isosorbide dinitrate with different
dissolution kinetics to create a multidosage medicinal form with controlled release of the active substance.

Material and Method: Spherical matrix granules were obtained by extrusion-spherinization and
coated with different amounts of polymer shell. Dissolution profiles of the obtained spheroids were compared
with reference drug tablets.

Result and Discussion: The results showed that the combination of spherical granules provides an
isosorbide dinitrate release profile similar to the dissolution of Cardicet Retard tablets. The target
dissolution profile is achieved using a combination of uncoated spherical granules and spheroids with a 10%
film coating. The similarity coefficient (f2) is 73.6.

Keywords: Isosorbide dinitrate, release profile, spherical matrix pellets

0z
Amac: Bu calisma, etkin maddenin kontrollii salimini yapan ¢ok dozlu bir tibbi form olusturmak igin
farkl ¢oziinme kinetiklerine sahip izosorbit dinitratin kiiresel matris pelletlerini elde etmeyi amaglamuistir.
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Gerec ve Yontem: Kiiresel matris graniiller ekstriider-sferonizer yontemi ile elde edilmis ve farkl
miktarlarda polimer kabuk ile kaplanmustir. Elde edilen kiirelerin ¢éoziinme profilleri, referans ilag tabletleri
ile karsilastirimustir.

Sonu¢ ve Tartisma: Sonuclar, kiiresel graniillerin kombinasyonunun, Cardicet Retard tabletlerinin
¢oziinmesine benzer bir izosorbit dinitrat salim profili sagladigini géstermistir. Hedef ¢oziinme profili,
kaplanmamus kiiresel graniiller ve % 10'luk film kapli kiirelerin bir kombinasyonu kullanmlarak elde
edilmistir. Benzerlik katsayisi (f2) 73.6'dir.

Anahtar Kelimeler: Isosorbit dinitrat, salum profili, kiiresel matriks pelletler

INTRODUCTION

Isosorbide dinitrate belongs to the group of first choice drugs for the treatment of angina
pectoris. Prolonged forms of isosorbide dinitrate have high preventive efficacy. Modified-release
drugs can combine high pharmacological activity, a long period of therapeutic action, and serious
side effects absence, which are characteristic to all nitrate group drugs. The need of up-to-date cardiac
drugs with a high level of efficacy and safety necessitates the development of modified-release drugs,
primarily for oral administration [1,2].

Multicomponent medicinal forms are becoming more widely used, in comparison with
monolithic medicinal forms. They have a number of potential benefits, such as predicted
gastrointestinal movement, overdose risk absence, ability to manage the release profile, increased
bioavailability, and also less intra-subject and inter-subject variability in pharmacokinetic
characteristics [3,4].

Pellets, or spherical granulas, are one of the most popular medicinal multidosage forms.
Granulation is an agglomeration process, that converts fine powders or particles of drugs and
additional components into small spherical or hemispherical pellets. Pelletizing technologies provide
a large corridor of capabilities and can be performed in various required dosages without changing
the manufacturing process. Typically, spherical pellets are 0.5 to 1.5 mm in size and are generally
used to achieve sustained release. After receiving the drug, the pellets are evenly distributed over a
large volume of the gastrointestinal tract, which leads to the release of the active component with
reduced risk of local irritation and minimizes the possibility of overdose [4,5].

The purpose of this study is to obtain spherical matrix pellets of isosorbide dinitrate with
different dissolution kinetics to create a multidosage medicinal form with controlled release of the
active substance. Matrix tablets, despite the simplicity of the technology, have the risk of dose
breakthrough and overdose, which is especially critical for substances with a narrow therapeutic
range, such as nitrates. Unlike matrix tablets Cardiket Retard, this innovative form will allow you to

create the necessary release profile of the active ingredient through the combination of granules
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without the risk of possible overdose.

Extrusion-spheronization technology is the most popular method of the pellet production.

The advantages of the extrusion-spheronization in comparison with other methods are [6,7]:

- the possibility of achieving higher content of the active component;

- in the pellets some ratio of several active substances can be combined in;

- the possibility of leveling unwanted physical characteristics of the active ingredients (low
bulk density, hygroscopicity) through the use of various inert fillers;

- high density of the obtained pellets and narrow size distribution;

- smoother pellet surface in comparison with other technologies.

For the manufacturing of isosorbide dinitrate pellets, it is advisable to use the extrusion-

spheronization method to obtain dense smooth pellets with a high drug content [8].

MATERIAL AND METHOD

Reference drug
In order to determine the reference release profile of isosorbide dinitrate for matrix granules,
prolonged-release tablets "Cardiket Retard" 40 mg (Aesica Pharmaceuticals GmbH, Germany) were

used.

Excipients, which were used
Isosorbide dinitrate (RPF "MICROKHIM", Ukraine)
Polyacrylate dispersion of Eudragit NE 30D (Evonik, Germany)
Microcrystalline Cellulose HEWETEN 101 (JRS Pharma, USA)
Lactose monohydrate Pharmatose 200M (DFE Pharma, Germany)
Hydroxypropylmethylcellulose Mantrocel E-6 (Mantrose-Haeuser, USA)
Talc (Imifabi, USA)

Obtaining of spherical pellets

Spherical matrix pellets of isosorbide dinitrate were obtained by the extrusion-spheronization,
by means of Eudragit NE 30D as a polymer, that provides modified release.

The weighed amounts of the solids were mixed in a drum mixer HSD5-100 (SaintyCo, China).
The resulting dry mixture was moistened with an aqueous Eudragit NE 30D dispersion and mixed in
a planetary granulator-mixer XF DH-5L (Nantong KMM, China). The resulting plastic mass was

extruded on a screw radial extruder YC-910 (Pilotech, China) with a screen diameter of 0.75 mm.
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The obtained extrudate was spheronized in a laboratory unit for spheronization and film coating on
spherical granules YC-910 (Pilotech, China) equipped with a 250 mm diameter corrugated disc with
a 2 mm corrugation step (900 rpm).

After spheronization, the pellets were dried in a shelf oven at 40°C for 24 hours.

Screening of spherical pellets
To determine the particle size composition of the obtained spherical granules and separation
them into fractions, a set of stainless steel laboratory sieves with a mesh size of 0.25 mm, 0.5 mm,

0.8 mm and 1.0 mm was used [9].

Obtaining of coated spherical pellets

Coating of spherical pellets with a film sheath was carried out on a laboratory unit for
spheronization and film coating on spherical granules YC-910 (Pilotech, China), equipped with a
smooth disk (600 rpm) and a top spray nozzle with a nozzle of 1.2 mm.

After coating, the pellets were dried in a shelf oven at 40 ° C for 6 hours.

Quantitative determination

The content of the isosorbide dinitrate in the obtained matrix pellets was determined, by means
of their own validated analytical HPLC — technique. The analysis was performed on a Shimadzu LC-
20AD XR liquid chromatograph with a diode-array detector under the following conditions: Supelco
Discovery C18 chromatographic column (150 x 4.6 mm, 5 um); mobile phase - water R - buffer
solution (pH 4.7) - methanol R2 (35:10:55); elution mode - isocratic; mobile phase velocity - 1.0 ml
/ min; the detection wavelength is 220 nm [10].

To prepare buffer solution (pH 4.7) 15.4 g of ammonium acetate R was made into a volumetric
flask with a capacity of 1000.0 ml, was added 300.0 ml of water R, 11.5 ml of glacial acetic acid R,
mixed and adjusted the volume solution with water to the mark. The pH of the solution was adjusted
as needed with glacial acetic acid R.

To prepare a comparison solution of 0.120 g (exact portion) CRS isosorbide dinitrate was
added to a volumetric flask with a capacity of 500.0 ml, was added 300 ml of methanol R2 and kept
in an ultrasonic bath for 10 minutes, bring the volume of the solution to the mark methanol R2 and
mixed thoroughly.

To prepare the test solution, about 0.24 g (exact portion) powder of ground matrix granules
was made into a volumetric flask with a capacity of 200.0 ml, was added 100 ml of methanol R2 and

kept on ultrasound bath for 30 minutes at 40-50°C, adjusted the volume of the solution to the mark
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with methanol R2 and mixed thoroughly. 25.00 ml obtained the solution was transferred to a
volumetric flask with a capacity 50.0 ml and adjusted the volume of the solution with the mobile
phase to the mark, mixed thoroughly and filtered through the PES syringe filter (d = 25 mm, 0.45

um) or similar, discarding the first portions of the filter installment [10].

Dissolution of matrix pellets

Dissolution Tester - COPLEY DIS 6000 (Copley, UK).

For testing apparatus 1 - with a basket was used.

The rotation speed of the basket is 100 rpm.

The dissolution medium is water.

The volume of dissolution medium is 500 ml.

The temperature of dissolution medium is 37 + 0.5 ° C.

The dissolution time is 12 hours.

To test 100 mg of matrix pellets (which approximately corresponds to 40 mg of isosorbide
dinitrate) or 1 tablet "Cardiket Retard" 40 mg were placed in baskets. All 6 baskets are lowered into
glasses, so the entire volume of the basket, along with the contents, is completely immersed in liquid.
After 1 hour of dissolution 10 ml of solution was selected from the center of the glass, filtered through
a paper filter "blue ribbon", discarding the first portions of the filtrate. The sample was diluted 1:1
with water R. After 1, 2, 4, 6, 8, 10 and 12 hours from the beginning of the dissolution, the samples
were repeated in a similar manner.

Preparation of standard isosorbide dinitrate solution is: a sample of isosorbide dinitrate CRS
equivalent to 0.050 g of 100% isosorbide dinitrate is placed into a 50.0 ml volumetric flask, 2/3 flask
of methanol R2 is added, it is kept in an ultrasonic bath for 10 minutes, it is brought by the volume
of methanol R2 to the mark and stirred. 1 ml of the resulting solution is transferred into a volumetric
flask with a capacity of 25.0 ml, bring the volume of the solution with water R to the mark and mix.

Preparation of a buffer solution with a pH of 4.7: 15.4 g of ammonium acetate R is placed in
a volumetric flask with a capacity of 1000.0 ml, it is added 300.0 ml of water R, 11.5 ml of glacial
acetic acid, mix and bring the volume of the solution water R to the mark. If necessary, the pH of the
solution with glacial acetic acid R is adjusted potentiometrically.

50 pl of the test solution and 50 pl of the standard isosorbide dinitrate solution are
chromatographed on a liquid chromatograph with a UV detector, receiving at least 3
chromatograms for each of the solutions under the following conditions:

- a column of 150x4,6 mm in size is filled with LS-18 sorbent;
- mobile phase: water R is a buffer solution with pH 4.7 is methanol R2 (350: 100: 550);
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- the speed of the mobile phase is 1.0 ml /per min;
- detection at a wavelength is 210 nm.

Comparison of dissolution profiles
To compare the dissolution profiles of matrix granules and tablets, the similarity factor f2

was calculated according to the formula [11]:

-0,5
f, =50 -log {1+(1/11)Z|Ri—Ti |3} 100 ¢,
i=1

where n is the number of time points; Ri is the amount of active substance transferred to the solution
from the comparison drug at the i-th time point (on average, %); Ti is the amount of active substance
transferred to the solution from the test drug at the i-th time point (on average, %).

The value of f2, which is in the range from 50 to 100, indicates a similar dissolution kinetics of drugs.

RESULT AND DISCUSSION

Selection of excipients

As an excipient for the manufacture of granules by extrusion-spheronization is most often used
microcrystalline cellulose (MCC). Water is an acceptable moisturizer for use with microcrystalline
cellulose. The use of lactose as a filler is unacceptable when moistened with water due to its high
solubility. However, binary mixtures of microcrystalline cellulose and lactose retain the absorption
and adsorption properties of MCC, which are absent or minimal in the compositions with lactose [7].

Lactose was included into the pellets to provide complete leaching from the matrix of the
active component, because isosorbide dinitrate has low solubility in agueous media, and virtually all
other components of the composition are insoluble in water. Lactose is taken in an amount about in
10 times smaller, then microcrystalline cellulose. This approach allows to preserve as much as
possible for the mixture the physical and technological properties of the MCC to ensure an efficient
process of the extrusion-spheronization.

As the polymer, that modifies the release of the active component, polyacrylate copolymer in
the form of an aqueous 30% dispersion of Eudragit NE 30D was selected. This polymer is insoluble
in water, has low permeability and its properties are independent of the pH of the medium. The

Eudragit NE 30D is also highly ductile and it doesn’t require plasticizer. The product does not require
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the use in organic solvent technology and it is therefore absolutely safe. These properties make
polyacrylate dispersion the most suitable product for both wet granulation and film coating, which
regulates the release of the active substance [12].

Low viscosity hydroxypropylmethylcellulose (HPMC) is added to the composition to create
stickiness. To ensure the necessary properties, the HPMC was taken in a mass ratio of 1:19 to

microcrystalline cellulose [13].

Obtaining of spherical pellets

The number of components per 1 extrusion-spheronization operation is shown in table 1.

Table 1. Downloaded component masses per one extrusion-spheronization operation.

Component g %
Isosorbide dinitrate 120 40
Microcrystalline cellulose 114 38
Lactose monohydrate 15 5
Eudragit NE 30D 150 (45 anhydrous) 15
Hydroxypropylmethylcellulose 6 2
Together: 405 100

The resulting spherical pellets were dried, then the combined number of spheroids from 10

operations were scattered on laboratory sieves. The scattering results are shown in table 2.

Table 2. Fractional composition of spherical matrix pellets.

Fraction of pellets, mm g %
<0,25 7,3 0,24
0,25-0,5 94,3 3,14
05-0,8 2027,6 67,59
08-10 763,9 25,46
>10 354 1,18
Together : 2928,5 97,61

The main part of the obtained spherical matrix pellets, as expected, was represented by a
fraction of 0.5 mm to 1.0 mm. Mechanical loss (the "dead" residue in the extruder; the mass adhered
to the disk, etc.) was about 2% of the mass. The total yield of fractions 0.5 - 0.8 mm and 0.8 - 1.0
mm is more than 90%. Pellets of these sizes were of interest for further use in modified release
medicinal forms.

The release profiles of isosorbide dinitrate from the obtained pellets are presented in table 3

and on the figure 1.
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Table 3. Results of matrix pellets’ dissolution of isosorbide dinitrate and tablets Cardiket Retard 40

mg
0.5-0.8 mm 0.8-1.0mm
Index fraction fraction Cardiket Retard
Quantitative determination, % 39,7 39,5 40 mg
Dissolution time, hours % released isosorbide dinitrate + SD
0 0,0 0,0 0,0
1 4522 +2,14 39,94 +2,13 22,27 +2,04
2 60,69 + 2,23 53,57 +2,36 34,08 +2,73
4 79,50+2,74 73,19+ 3,16 53,23+ 2,56
6 91,24 + 3,42 84,12+ 3,21 66,55 + 3,20
8 97,53 +4,03 92,82 + 3,67 75,92 + 3,58
10 100,38 + 4,15 97,83 +3,79 83,31+ 4,07
12 101,41+ 4,43 99,68 + 4,29 88,60 4,74

In 12 hours, almost complete dissolution of the tablet Cardiket Retard (about 90%), which is
consistent with the instructions for use of the drug (taken 1-2 times a day).

More than 80% of the dose of isosorbide dinitrate is released from the obtained matrix granules
in 6 hours. For more effective prolongation on the matrix granules it is necessary to apply a shell that
regulates the dissolution rate of the active ingredient.

100 -
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|

Release (%)

o
o

—@—fr.0.5-0.8 mm
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o
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6 7
Time (h)

Figure 1. Isosorbide dinitrate release profiles from matrix pellets and tablets Cardiket Retard 40 mg.
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Obtaining of coated spherical pellets

Spheroids of 0.5 - 0.8 mm fraction were used to obtain coated matrix granules. Spheroids of

the fraction of 0.8 - 1.0 mm can be used without coating for combination with coated granules, as

their dissolution profile is slightly lower.

In order to select the optimal amount of coating on the spheroids applied different portions of

the polymer shell (5, 10, 15 and 20% by weight of the granules). For each of the variants of the

amount of coating did 2 application operations. For 1 operation took 250 g of granules. The

composition of the suspension, which was applied to the matrix spheroids, is shown in table 4.

Table 4. The composition of the suspension applied on the matrix pellets

Component Composition per 1 liter of suspension for coating
Eudragit NE 30D 500 g (150 g of dry polymer)
Talc 150 g
The purified water up to 1000 ml

The parameters of the film coating process, regulating the release of the active component are

shown in table 5.

Table 5. Parameters of the film coating process on spherical matrix pellets

Process parameters Value
Disk rotation speed 600 rpm
Supplied air temperature 29-31°C
Air consumption 40 m*/ h
Qutlet air temperature 24 — 26 °C
The spray pressure on the nozzle 1,7 bar
Consumption of the applied suspension 3 ml/ min

The release profiles of isosorbide dinitrate from the obtained coated pellets are presented in

table 6 and on the figure 2.

Table 6. The results of coated matrix pellets dissolution of isosorbide dinitrate

Index coated 5% coated 10% coated 15% coated 20%
Quantitative determination,
% 38,2 36,3 34,6 33,1
Dissolution time, hours 9% released isosorbide dinitrate + SD

0 0,0 0,0 0,0 0,0
1 19,76 £ 2,42 11,90 £ 2,73 4,28+ 2,54 3,26 + 2,28
2 33,36 +£2,45 21,12 +2,62 9,13+ 2,09 5,73+2,39
4 55,71+ 2,88 40,36 +£ 2,54 20,74 + 2,49 14,68 + 3,36
6 71,66 + 3,23 53,82 + 3,09 31,14 + 3,56 23,29 + 3,52
8 86,77 + 3,93 65,17 + 3,97 40,82 +£4,12 30,12 + 3,33
10 96,48 + 4,50 75,65 + 4,37 50,73 £ 3,97 39,16 +4,54
12 98,13 + 4,67 86,02 + 4,18 59,70 +5,15 4585 +5,16




490 Oliinykov et al. J. Fac. Pharm. Ankara, 44(3): 481-493, 2020

100 - T 1
80 - P >
SN =
S o
> 60 - ,,
)
8 4 A
>
o 40 - " uncoated
] —— coated 5%
20 1 /) —4&— coated 10%
| / —&— coated 15%
0 ] —4— coated 20%
0 1 2 3 4 S5 ifeqh 8 9 10 11 12

Figure 2. Release profiles of isosorbide dinitrate from coated matrix pellets

Granules with 5% coating provide the closest release profile to the comparison drug. Spheroids
with a large amount of applied coating do not have time to release even 90% of the active component
in 12 hours.

To reproduce the dissolution of Cardiket Retard tablets, it is advisable to use either spheroids
with a 5% coating or a combination of uncoated and coated granules.

Spheroids with 10% film coating were used for combination with uncoated granules (fr. 0.8 -
1.0 mm). The granules were taken in the ratio in which they were obtained after operation (25,4:
67,59).

Comparative profiles of the release of isosorbide dinitrate from different combinations of
granules are presented in table 7 and figure 3.

Table 7. Comparative results of dissolution of different combinations of matrix granules

Index Combinations of Coated granules Cardiket Retard 40 mg
granules (5%)
Dissolution time, % released isosorbide dinitrate = SD

hours
0 0,0 0,0 0
1 19,60 + 2,17 19,76 £ 2,42 22,27 £ 2,04
2 30,04 +2,12 33,36 = 2,45 34,08 +2,73
4 49,42 + 2,54 55,71+ 2,88 53,23 + 2,56
6 62,13 + 3,45 71,66 + 3,23 66,55 = 3,20
8 72,79 + 4,06 86,77 = 3,93 75,92 + 3,58
10 81,71+ 4,59 96,48 + 4,50 83,31 + 4,07
12 89,77 + 4,34 98,13 + 4,67 88,60 + 4,74
f2 | 73,6 | 55,3 | -
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The combination of coated and uncoated granules provides a more Cardiket-like release profile
than using only coated granules with a 5% shell. The ratio of granules in the test sample corresponds
to the fractional distribution of spheroids during their operation.

For further work on the development of a multidose dosage form of isosorbide dinitrate, it was
chosen to use uncoated spheroids of the fraction 0.8 - 1.0 mm and spheroids of the fraction 0.5 - 0.8
mm with a coating of 10% by weight of the granules. The use of combination spheroids allows you

to create different variations of release profiles within a 12-hour time interval.

100
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Figure 3. Comparative release profiles from different combinations of granules

Conclusions
The laboratory technology of production of matrix spherical granules of isosorbide dinitrate
by extrusion-spheronization method was worked out in the work. The fractional composition of the

obtained spherical granules is estimated - more than 90% of spheroids is a fraction from 0.5 mm to
1.0 mm.
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The release profiles of the active substance from the obtained matrix granules, uncoated and
coated with different amounts of applied polymer shell, were studied.

The use of a combination of uncoated and coated matrix granules makes it possible to achieve
the required dissolution profile for multidose dosage forms.
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Ilging KIZILPINAR TEMIZER"", Aytac GUDER!, Birol BASER?

Giresun University, Vocational High School of Health Services, Giresun, Turkey

2Bitlis Eren University, Faculty of Science and Art, Department of Biology, Bitlis, Turkey

ABSTRACT

Objective: In this paper, we aimed to evaluate the pollen composition and antioxidant activity of 4
randomly selected honey samples from the Bitlis region in 2017.

Material and Method: The melisopalynological analysis was used standard protocol without
acetolysis. The antioxidant activity of samples were evaluated using several in vitro methods, 1,1-diphenyl-
2-picrylhydrazyl free radical scavenging activity (DPPH), hydrogen peroxide scavenging activity (HPSA),
Ferrous ions chelating activities (FICA), 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid radical
cation scavenging assays (ABTS) and the ferric reducing antioxidant power assays (FRAP).

Result and Discussion: All the samples were determined as multifloral honey. Outcomes obtained
declared that the antioxidant activity changed remarkably from honey to honey. ABTS and FICA of samples
differ slightly each other’s. DPPH, HPSA, and FRAP were ranged from between 54.45 — 387.60 ug/mlL,
212.11 — 246.64 ug/mL and 47.20 — 78.23 %, respectively. In addition, total phenol and total flavonoid
contents were determined. Comparatively, Sample 3 showed highest levels of phenolic and flavonoid content
(626.48 mg GAE/100 g and 4.4 mg CAE/100 g, respectively) in ethanol extract. Almost all the samples are
well source for antioxidants.

Keywords: Antioxidant, ethanol, multiflora, palynology

0z

Amag: Bu makalede 2017 yilinda Bitlis bolgesinden rastgele segilen 4 bal drneginin polen
kompozisyonunu ve antioksidan aktivitesini degerlendirmeyi amagladik.

Gereg ve Yontem: Melisopalinolojik analizde asetolizsiz standart protokol kullanilmistir. Numunelerin

antioksidan aktivitesi, 1,1-difenil-2-pikrilhidrazil serbest radikal giderme aktivitesi (DPPH), hidrojen
peroksit giderme aktivitesi (HPSA), demirli iyon selat aktiviteleri (FICA), 2,2'-azino-bis-3-etilbenztiyazolin-

* Corresponding Author / Sorumlu Yazar: flging Kizilpmar Temizer
e- mail / e- posta: ilginc.kizilpinar@giresun.edu.tr

Submitted / Gonderilme: 09.07.2020 Accepted / Kabul: 29.09.2020



(-]

. Fac. Pharm. Ankara, 44(3): 494-505, 2020 Kizilpinar Temizer etal. 495

6-siilfonik asit radikal katyon temizleme deneyleri (ABTS) ve ferrik indirgeyici antioksidan gii¢ deneyleri
(FRAP) gibi birkag in vitro yontem kullanilarak degerlendirilmigtir.

Sonu¢ ve Tartisma: 4 balin polen kompozisyonu degerlendirildiginde ballarin multifloral oldugu
goriilmiistiir. Elde edilen sonuglar, antioksidan aktivitesinin baldan bala belirgin bir sekilde degistigini
gastermistir. ABTS ve FICA drnekleri birbirlerinden biraz farkli, DPPH, HPSA ve FRAP swraswyla 54.45 -
387.60 ug / mL, 212.11 - 246.64 ug / mL ve % 47.20 - 78.23 arasimnda bulunmugstur. Ek olarak, toplam fenol
ve toplam flavonoid icerikleri belirlenmistir. Ornekler kiyaslandiginda 3, en yiiksek fenolik ve flavonoid
icerigi (626.48 mg GAE /100 g ve 4.4 mg CAE / 100 g-etanol) géstermistir. Hemen hemen tiim numunelerin
iyi bir antioksidan kaynagi oldugu tespit edilmistir.

Anahtar Kelimeler: Antioksidan, etanol, multifloral, palinoloji

INTRODUCTION

Honey is sweet solution that consists of fructose, glucose and sucrose but also contains other
natural macro- and micro-nutrients [1]. Each honey has unique different characteristics [2]. The
physical and biochemical properties of honey are affected by the plant composition of the region
where the hives are located [2-4]. Bitlis is located at the Irano-Turanian floristic region which has
plentiful plant biodiversity. Asteraceae, Fabaceae, Poaceae Caryophyllaceae, Ranunculaceae and
Brassicaceae in Bitlis are seen most commonly families. In addition, Alyssum L., Centaurea L.,
Astragalus L., Trifolium L., Vicia L, Ranunculus L., Veronica L., Gypsophylla L., and Silene L. are
widely present genus [5-9]. These taxa constitute very important nectar and pollen sources for honey
bees of Bitlis region. However, there are few reports about botanic origins on honeys from Bitlis.

Honey is the most widely produced and consumed in the worldwide since ancient times. It
has been used different purpose such as therapy and food because of its strong antioxidant capacity
[1].

Antioxidant compounds play a crucial factor in the defence act of living against pathogens.
Antioxidants protect our body against the harmful effects of free radicals by giving a hydrogen atom
and a single electron or with various mechanisms such as metal chelating feature [10]. In this study,
in order to show the antioxidant profile of honey samples, DPPH free radical scavenging activity,
metal-chelate activity, hydrogen peroxide scavenging activity, ABTS radical cation scavenging
activity, ferric reducing antioxidant power, as well as total phenolic and flavonoid substance contents
that play a very important role in antioxidant capacity were detected.

Beekeeping in Bitlis is varying from amateur to career, becoming always more creative,
technical and generative. For this, there is still a lot to learn and develop related to the properties and
structures of bee products. However, there is not enough scientific knowledge about the botanic
origin and antioxidant activity of Bitlis honey. The goal of this study is the estimation of botanic

origin, total phenolic, total flavonoid content, and antioxidant properties of honey produced in Bitlis.
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MATERIAL AND METHOD

Honey samples
The study was done on 4 honeys collected directly from beekeepers of Bitlis in 2017 (Figure

1). The botanical origin of the honey samples was approved by melisopalynological examination.

Figure 1. Location of honey samples collected from Bitlis (Google Earth)

Palynological analysis

A 10 g sample of each honey was done following scientifically accepted method without
acetolysis [11]. The botanic classifications of each honey sample were carried out by microscopic
pollen analysis. The terms were allocated for frequency classes: predominant pollen (>45%),
secondary pollen (16-45%), important minor pollen (3—15%) and trace pollen (<3%) [12]. The
following equation (Eq. 1) was used to declare the frequency per taxon.

Total number of peollen of a particular species

x100

Frequency (%) =
q - { :J Total number of observed pollen (1)

Antioxidant analyses
A 10 g of honey was added to 50 mL of distilled water and kept in a water bath until the
honey dissolved. Finally, total volumes are adjusted to 100 mL by using distilled water. All the

reagents and chemicals used in the experiments were of analytical grade.
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TFC assays

Total flavonoid contents of samples were done via colorimetric method with minor
modifications [13]. In this assay, sample solutions (0.5 mL) were mixed with 1.5 mL of pure ethanol.
And then AICI3.6H20 (0.1 mL, 10.0%) and potassium acetate (0.1 mL, 1.0 mol / L) were added.
Distilled water was used for bringing the total volume to 5.0 mL. 30 min later, the absorbance values
were read at 415 nm. The found results were calculated as pg catechin equivalent by using catechin

standard calibration graphic (R2=0.9979).

TPC assays

Total phenolic content assays were performed according to previous method [14]. For this
assay, sample solutions (0.5 mL) were added to distilled water (7.0 mL) and Folin C reagent (0.5
mL), respectively. 3 min later, sodium carbonate solution (3.0 mL, 2.0 %) was mixed with this
solution. Colour change expected during 1 h and the absorbance values were recorded at 760 nm.
For evidence of the total phenolic contents, standard Gallic acid graphic was used (R2= 0.9995).

DPPH assays

The DPPH radical scavenging activity assays were carried out according to previous method
with minor modifications [15]. For this reason, the diluted samples (3.0 mL) at the varied
concentrations (10-100 pg/mL) were mixed with stable DPPH radical solutions (1.0 mL, 0.2 mM in
ethanol). The mixtures were shaken vigorously and left to stand for 30 min at RT and in an unlit
environment. Finally, absorbance values were measured 517 nm. The radical scavenging activity

results were evaluated as SC50 (ng/mL).

HPSA assays

The hydrogen peroxide scavenging activities of samples were tested out by using
spectrophotometric method described by Ruch et al. (1989) [16]. According to this method, the
samples (3.4 mL) were added to hydrogen peroxide (0.6 mL, 40 mM). The results were given as

SC50 values (ug/mL) with absorbance values at 230 nm.

FICA assays

Ferrous ions chelating activities were examined by using previous method [17] with slowly
modifications. Briefly, the tested solutions (0.4 mL) added to FeCI2 solution (0.05 mL, 2 mM) and
kept at the room temperature for 10 min. Finally, ferrozine solution (0.2 mL, 5 mM) and pure ethanol
(3.3 mL) were mixed with this solution, respectively and all tubes were vortexed about 5 min. After

these mixing processes, absorbances were recorded at 562 nm and FICA values were expressed as
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activity (%).
Ferrous Ions Chelating Activity (%) =[1 — (As/Ac)] x 100 2

ABTS assays

ABTS radical cation scavenging assays were performed via spectrophotometric method [18].
In this experimental method, ABTS (2.0 mM) and potassium persulfate (2.45 mM) was stirred to
product ABTSe+. The fresh prepared solution was stand up for 16 h at room temperature and in an
unlit environment. The absorbance of this solution was fixed to 0.750 + 0.020 at 734 nm. Therefore,
dilution process was realized by using the PBS (0.1 M pH 7.4). The obtained ABTS radical cation
solution is stable for 2 days. For determination of activity, the adjusted ABTSe+ (1.0 mL) was added
to serially diluted sample solutions (3.0 mL) at the different concentrations (1-10 ug/mL in PBS).

The activities were enounced as SC50 values (ug/mL).

FRAP assays

The ferric reducing antioxidant power assays were exerted according to Oyaizu method [19]
with minor modifications. Firstly, PBS (2.5 mL, pH 6.6, 0.2 M) and potassium ferricyanide (2.5 mL,
1.0%) were stirred with samples (2.5 mL), respectively. Later, the coloured mixture solutions were
incubated for 20 min at 50°C. Then, TCA (2.5 mL, 10%) were mixed with this solution. Lastly, this
solution (2.5 mL) was stirred with FeCI3 (0.5 mL, 0.1%) and distilled water (2.5 mL). The
absorbance value of the obtained solution was recorded at 700 nm. The ferric reducing antioxidant
power results were given as %.

FRAP (%) = (As/Ac) x 100 (3)

RESULT AND DISCUSSION

The detected pollen types and their taxa were summarised in Table 1. According to the
palynological analysis 16 families, 19 genus and 3 pollen types in samples were identified and
detected no predominant taxa. Onobrychis Adans., Trifolium L. and Vicia L. were observed as
seconder group. In addition, the frequently observed pollens were belonging to Asteraceae,
Brassicaceae, Boraginaceae, Cistaceae and Fabaceae families. These families were in agreement with
Bitlis vegetation and were generally consist of melliferous plants. The taxa determined in samples

match the results declared by other authors for botanic origin of honeys [20-22]
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Table 1. Pollen profile in samples and samples having the corresponding frequency class
Sample 1 Sample 2 Sample 3 Sample 4
Apiaceae
Pimpinella sp. M M
Asteraceae
Helianthus type M M
Senecio type M M
Artemisia type M M M M
Berberidaceae

< L

Berberis sp. T T
Betulaceae

_|
_|

Betula sp.

<
<
<
<

Brassicaceae
Boraginaceae M M M
Echium sp. M

Cistaceae

Cistus sp. M T T T
Cupressaceae

Juniperus sp. T

Fabaceae

Astragalus sp. M

Coronilla sp.

Glycyrrhiza sp.

Onobrychis sp. S M

%)
<

Trifolium sp.
Vicia sp. M S M

Fagaceae

wn
S v n 4 Z2

Alnus sp. T
Moraceae

Morus sp. T

Lamiaceae (6-colpate) M M
Juglandaceae

Juglans sp. T

Primulaceae

Primula sp. T T

Ranunculaceae

Ranunculus sp. M

Thalictrum sp. M

Rosaceae M M

Sanguisorba sp. T

Undetermined T T T
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In the present investigation, the commonly accepted assays HPSA, FICA, ABTS, FRAP and
DPPH were used for the evaluation of antioxidant power of samples. Moreover, TPC and TFC were
determined (Table 2). FICA and ABTS activity results of the samples are very close to each other.
Therefore, comparisons between these activities of the samples were not considered appropriate.
ABTS of the samples varied from 20.05 to 20.12 pg/mL. In literature, a research group investigated
the ABTS radical removal activities of Saudi Arabian honey samples as 0.36 — 1.2 ug / mL [23].
Their ABTS radical cation scavenging activity is higher than our result. In another study, ABTS
radical cation scavenging activities of honey samples were determined in terms of SC50 as 54.33 -
99.40 ug/ mL and 10.33 - 41.20 ng/ mL [24]. Alzahrani et al. (2012) investigated three types honeys
and results ranged from 43.25-202.26 ug / mL [25]. These results can be seen to be quite low
compared to the results of our samples. ABTS radical cation removal activities of the standards we

use are too small to be compared with our samples.

The FICA of samples was closely values, between 93.38 and 94.03%. Temizer et al. (2018)
were carried out three chestnut honeys’ antioxidant activity. Their FICA results were determined as
36.7 — 36.9 % [26]. Sherin et al. (2015) determined the metal chelation activities for honey samples
as 54.2% [27]. These results are considerably lower than the FICA values of our samples. FICA

results of the standard antioxidant substances we use were found lower than our samples.

The antioxidant capacity of ethanoic extracts of honey samples reacted with DPPH radical
and was highly diverse SC50, from 54.45 to 387.60 (ug/mL). Salgueiro et al. (2014) found DPPH
radical removal activities of eleven different honey samples in the range of 278.61-1601.8 pg / mL
[28]. Pontis et al. (2014) expressed DPPH radical scavenging activity of honey samples as 3170 —
8790 ug / mL [29]. DPPH radical removal activities were found as 2.15 - 3.68 ug / mL in the study
done in Saudi Arabian honey samples [30]. In another study, DPPH radical removal activities of
honey samples were determined in the range of 29.388 - 458.450 pug / mL. Yegin et al. (2018) found
DPPH radical removal activities in the range of 76.50 — 275.48 pug / mL in nine multifloral honey
samples. [31]. In another study, DPPH free radical removal activities of honey samples were
determined in terms of SC50 as 54.33 - 99.40 pg / mL [24]. Sample 3 showed a DPPH radical
scavenging activity at a level comparable to these results. DPPH radical removal activities of our

standards were determined higher than our samples.
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Table 2. Biochemical profile of samples (*mg GAE/100 g, 2mg CAE/100 g, %, *SCsp ng/mL)

TPC! TFC? FICAS HPSA* ABTS* DPPH* FRAP 3

Sample 1 485.89 1.13 93.38 229.12 20.12 373.83 53.01
Sample 2 370.96 3.30 93.86 213.06 20.05 387.60 47.20
Sample 3 626.48 4.40 93.53 21211 20.09 54.45 78.23
Sample 4 225.24 1.26 94.03 246.64 20.12 330.58 54.15
BHA 84.25 72.05 193.27 8.42 8.47

RUT 86.80 92.66 122.98 15.54 16.90
TRO 69.44 53.04 445.06 4.18 26.74

The results get from FRAP indicated large variability, from 47.2 to 78.23. In the literature,
FRAP activities of three chestnut honey samples were determined between 71.30 — 73.70 % [26]. In
another study, FRAP activities were determined in a study with multifloral honey samples [31].When

we compare the FRAP activities of our standards with our examples, they were found quite low.

The HPSA of samples were slightly variety in terms of SC50, between 212.11-246.64
pg/mL. In the previously research, hydrogen peroxide scavenging activities of nine multifloral honey
samples were found between 57.70 — 197.24 pg/mL [31]. In another literature, HPSA of three
chestnut honey samples were determined as 252.0 — 258.6 pug/mL [26] According to these results,
the HPSA values of our sample and the literature data are compatible. HPSA values of our samples

are lower than the standards when compared with the standard antioxidant substances used.

The lowest phenolic content was detected in sample 4 while the highest in sample 3 (225.24
and 626.48 mg GAE/100 g, respectively). Silici and Ulgen (2019) determined TPC of eighteen honey
samples as 70.60 — 212.06 mg GAE/100 g honey [32]. TPC of honey samples from Brazil were found
as 25.00 — 54.80 mg GAE/100 g [29]. Temizer et al. (2018) found TPC of honey samples between
93.80 — 173.20 mg GAE/100g [26]. Juszcak et al. (2016) argued that TPC of honey samples range
from 21.73 to 50.12 mg GAE/100g [33]. Dzugan et al.,(2018) found TPC of samples 23.94 — 187.58
mg GAE/100 g [34]. Yegin et al. (2018) determined TPC values between 26.57 — 184.85 mg
GAE/100 g [31]. Stagos et al. (2018) determined TPC of the honey samples between 55 — 92 mg
GAE/100 g [35]. TFC of ten monofloral honey samples obtained from Bangladesh ranged from 1.146
t0 11.67mg CAE/100 g [36] . Temizer et al. (2019) determined that total phenolic and total flavonoid
amounts of Ordu honeys varied from 32.5-171.05 mg GAE/100g [2]. Nayik and Nanda (2016)
declared that TPC of Indian honey samples between 37 — 117 mg GAE/100 g for 37 samples [37].
The mean value of TFC ranged from 1.13 to 4.4 mg CAE/100g of honey (Table 2). Yegin et al.
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(2018) declared that TFC of nine multifloral honey samples were 3.13 — 20.26 mg CAE/100 g[31].
In another study, TFC of honey samples were found as 8 — 17 mg QE/100 g [37]. Temizer et al.
determined TFC of Ordu honeys as 1.65 — 38.75 mg CAE/100g [2]. Temizer et al. (2018) found TFC
of honey samples between 5.5 — 8.3 mg CAE/100 g [38]. The TPC and TFC values obtained from
our honey samples are compatible with the total phenolic and flavonoid substance contents of the
honey samples studied in the literature. Temizer et al. (2020) studied five honey samples to determine
the antioxidant activity and botanic origin. The antioxidant activity results of honey samples are

compatible with our Bitlis honey samples [39].

As a result of the pollen analysis of honey samples, it was determined that Fabacae and
Asteraceae families in the region are important food for bees. According to antioxidant test results,
4 honey samples showed different antioxidant activity due to their pollen components. Bitlis honey
samples can be consumed to protect our health from endogenous and exogenous reactive species in

normally produced in daily metabolic functions.
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ABSTRACT

Objective: In this context, a rapid and powerful signal processing approach, a ratio-derivative
spectrophotometry (RDS) method were developed for the simultaneous determination of irbesartan (IRB)
and hydrochlorothiazide (HCT) in a tablet.

Material and Method: The RDS method was applied to the UV spectra of the IRB and HCT. The
calibration equations were obtained by measuring amplitudes at 236.3 nm for the IRB determination and at
260.0 nm for the HCT determination, respectively. The proposed method was validated by using the recovery
studies, intra-day and inter-day assays and standard addition technique.

Result and Discussion: This study aims to apply a rapid and powerful signal processing method to the
simultaneous quantification of IRB and HCT in their synthetic mixtures and tablets. As can be seen, the UV
spectra of two drugs overlapped strongly in same spectral region. Direct conventional absorbance
measurements do not give expected results for the IRB-HCT tablet analysis mainly due to the spectral
interference. However, in order to reach a reasonable spectral analysis outcome, we focused mainly on the
application of the ratio-derivative spectra treatment to the quantitative resolution of IRB-HCT mixtures
without having to a separation procedure.
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Amac: Bu ¢alismada, tablette irbesartan (IRB) ve hidroklorotiyazidin (HCT) ayni anda miktar tayini
icin hizli ve giiclii bir sinyal isleme yaklasumi, spektrum oranlari tiirev spektrofotometri (RDS) yontemi
gelistirilmistir. RDS yontemi, IRB ve HCT'nin UV spektrumlarina uygulanmigstir.

Gerec ve Yontem: Kalibrasyon denklemleri, sirasiyla IRB tayini icin 236.3 nm'de ve HCT tayini i¢in
260.0 nm'de élgiilerek elde edilmistir. Onerilen yontem, geri kazanim ¢alismalar, giin ici ve giinler arast
testler ve standart ekleme teknigi kullanilarak dogrulanmistir.

Sonug ve Tartisma: Bu ¢alisma, IRB ve HCT'nin sentetik karigimlar: ve tabletlerinde ayni anda miktar
tayini i¢in hizli ve giiclii bir sinyal igleme yéntemi uygulamayr amaglamaktadir. Goriilebilecegi gibi, iki ilacin
UV spektrumlar: ayni spektral bélgede giiclii bir sekilde ortiismektedir. Dogrudan geleneksel absorbans
Olgiimleri, spektral girisim nedeniyle IRB-HCT tablet analizi i¢cin beklenen sonuclart vermemektedir.
Bununla birlikte, makul bir spektral analiz sonucuna ulasmak igin, esas olarak spektrum oranlart tiirev
spektrofotometri isleminin IRB-HCT karisimlarimin kantitatif tayinine bir ayirma prosediiriine gerek
kalmadan uygulanmasina odaklaniimistir.

Anahtar Kelimeler: Kantitatif tayin, spektrofotometri, sinyal isleme, tiirev, validasyon

INTRODUCTION

New analytical methods or approaches play an increasingly important role in practical
applications such as biomedical, clinical, pharmaceutical analysis, environmental monitoring, quality
control of industrial manufacturing and forensic science. For these purposes, analytical chemists
work to develop more powerful methods and to improve the reliability of existing analytical
techniques to meet the demands for better chemical measurements in many fields of science as well
as the above mentioned areas [1-3].

As described above, the analytical methods e.g. spectrophotometry [4], mass spectrometry
[5], chromatography [6], electrophoresis [7], electrochemistry [8] and their combined devices have
been used for analytical aims. For example, the separation techniques, LC and CE combined with
various spectroscopic systems (hyphenated techniques namely LC-MS and CE-MS) have been
applied to provide additional chemical information and to decrease the complexity of
multicomponent mixtures in material analyses. In addition, LC method has been proposed as main
or comparison method for the analysis of active compounds in pharmaceutical preparations and other
samples. In applications, these chromatographic analysis approaches require a preliminary separation
and other tedious analytical processes during analysis for searching optimal separation and other
chromatographic conditions. In addition to that, these methods using the combined devices bring
high cost and time-consuming for analysis [9-11]. Therefore, the separation methods based on high
technology may not provide successful analytical results in some cases.

Due to the mentioned disadvantageous of the above separation techniques or combined

analytical devices, analytical chemists prefer the spectroscopic methods (instead of separation
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techniques) for rapid analysis with low cost and successful outcome. Particularly derivative
spectrophotometry and its modified versions have been intensively utilized in fast quantitative
resolution of multi-component mixtures without separation step. However, in all cases, these spectral
methods may not lead good analytical results due to characteristics of strongly overlapping spectra
of compounds, interference of main peaks with noise, baseline problems, decreasing signal intensity
and worsening signal-to-noise ratio (S/N) for higher derivative orders [12]. In this context, to
overcome the drawbacks of the above traditional methods, analytical chemists need to develop new
signal analysis techniques, approaches or methods for the efficient quantitative resolution of complex
mixtures. Recent developments in signal processing methods give us more opportunity for the better
guantitative resolution of the complex analytical problems as well as other areas of science [13,14].
One of the newest additions is ratio-derivative spectrophotometry (RDS) method for the spectral
guantification of compounds in mixtures [15]. Ratio-derivative spectrophotometry (RDS) method
has gained wide acceptance as a valuable tool for signal processing tasks, due to their wide range of
applications.

Several analytical methods, including derivative spectrophotometric methods (16-18) and
high performance liquid chromatographic methods (19-22) were reported for the analysis of IRB and
HCT in pharmaceutical and biological studies.

In this context, a rapid and powerful signal processing approach, a ratio-derivative
spectrophotometry (RDS) method were developed for the simultaneous determination of irbesartan
(IRB) and hydrochlorothiazide (HCT) in a tablet. IRB and HCT mixture is a combination of an
angiotensin-Il receptor antagonist, irbesartan, and a thiazide diuretic, hydrochlorothiazide. The
binary mixture of IRB and HCT, which have closely overlapping spectra. Direct conventional
absorbance measurements do not give expected results for the IRB-HCT tablet analysis mainly due
to the spectral interference. However, in order to reach a reasonable spectral analysis outcome, we
focused mainly on the application of the ratio-derivative spectra treatment to the quantitative
resolution of IRB-HCT mixtures without having to a separation procedure. The proposed method
was validated by using the recovery studies, intra-day and inter-day assays and standard addition

technique.

MATERIAL AND METHOD

In the UV data collection, the absorption spectra of the compounds and their samples in the
spectral region of 200-305 nm were recorded by using a Shimadzu UV-1601 double beam UV-VIS

spectrophotometer having a fixed slit width (2 nm) connected with a computer loaded with Shimadzu
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UVPC software and a LEXMARK E-320 printer. In the application of the approaches, the Microsoft
EXCEL and Wavelet Toolbox in Matlab 7.0 software were used for data treatments, regressions and
statistical analysis.
Chemicals and commercial tablet product

A commercial tablet formulation (KARVEZIDE® Tablet, Sanofi-Aventis. Ind., Istanbul,
Turkey), containing 150 mg of IRB and 12.5 mg of HCT per tablet was collected from local Turkish
market. IRB and HCT reference substances were kindly donated from National Pharm. Ind.
Companies, Turkey).
Preparation of standard solutions

A stock standard solution of IRB and HCT was separately prepared by dissolving 25 mg of
each drug in 100 mL methanol. For the spectral analysis, a calibration series for each drug between
4.0-32.0 ug mL* for IRB and 2.0-9.0 pg mL* for HCT in the above solvent was prepared from the
standard stock solutions. For the standard addition technique, the sample solutions were prepared by
adding the stock solution of each compound to tablets at three different concentration levels for six
replicates to evaluate the interference of excipients on the analysis. In addition, the sample solutions
at three different concentration levels for six times were prepared for testing intra-day and inter-day
analysis.
Sample solutions preparation

For analysis of commercial tablets; twenty tablets containing IRB and HCT were weighed
and crushed into fine powder. A quantity of powder equivalent to one tablet was transferred to in 100
ml volumetric flask and then volume was made up to mark with methanol. The content of the flask
was mechanically shaken for 30 min. After filtration, the supernatant was diluted with methanol to

obtain final concentrations.

RESULT AND DISCUSSION

This study aims to apply rapid and powerful signal processing method to the simultaneous
guantification of IRB and HCT in their synthetic mixtures and tablets. The UV spectra of IRB and
HCT standard series and tablet solution were recorded between 200-305 nm as shown in Figure 1.

As can be seen, the UV spectra of two drugs overlapped strongly in same spectral region.
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Figure 1. The UV absorption spectra of 4.0-32 ug mL* IRB (---) and 2.0-9.0 ug mL* HCT (—) in
methanol

Direct conventional absorbance measurements do not give expected results for the IRB-HCT
tablet analysis mainly due to the spectral interference. However, in order to reach a reasonable
spectral analysis outcome, we focused mainly on the application of the derivative spectra treatment
to the quantitative resolution of IRB-HCT mixtures without having to a separation procedure.

The UV spectra of the IRB and HCT, and their tablet solution were recorded in the range
200.0-305.0 nm and divided by the standard spectrum of 16 pg mL* IRB. The same procedure was
repeated for the standard spectrum of 4 pg mL™* HCT as a divisor, respectively. The obtained ratio

spectrum was also presented in Figure 2. and Figure 3.
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Figure 2. RDS of IRB (---) (4.0-32 ug mL) and HCT (—) (2.0-9.0 pg mL™) in methanol (Div:
16 pgmL? IRB) (AA=10 nm))
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Figure 3. RDS of IRB (---) (4.0-32 pg mL*) and HCT (—) (2.0-9.0 pg mL™) in methanol (Div: 4
ng mL™t HCT) (AA=10 nm))

Obtained regression analysis results can be seen in Table 1.

Table 1. Linear regression analysis and its statistical results for the proposed method

Method RDS
Parameter IRB HCT
A (hm) 236.3 260.0
m -7.03x1072 2.26x10?
n -5.43x1072 3.00x10°%
r 0.9993 0.9996
SE(m) 1.07x10® 2.58x10*
SE(n) 8.16x10° 1.54x10
2.77x1072 1.67x10°
SE(r)
LOD (ug mL?) 0.98 0.58
LOQ (ug mL?) 3.28 1.92
m: Slope
n: Intercept

r: Correlation coefficient

SE(m): Standart error of slope

SE(n): Standart error of intercept

SE(e): Standart error of regression constant
LOD: Limit of detection

LOQ: Limit of quantification

The amount of IRB and HCT in the samples were calculated using the calibration equations

calculated according to the linear regression analysis in the Table 1.

Validation of the Proposed Method
For the validation of the RDS method, a validation set consisting of 16 artificial mixture

solutions at different concentrations was prepared in methanol, within the working range of 4.0-32.0
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ug mL* for IRB and 2.0-9.0 ug mL* for HCT. The precision and accuracy of the RDS method was

tested using this validation set. The results obtained by applying the RDS method to artificial

mixtures prepared as the validation set can be seen in Table2.

Table 2. Recovery results obtained in synthetic mixtures

RDS
Added Found Recovery
(ng mL?) (ng mL™) (%)

IRB HCT IRB HCT IRB HCT
30 2.0 28.98 1.94 96.6 96.9
30 3.0 28.73 2.93 95.8 97.6
30 4.0 28.90 3.95 96.3 98.7
30 5.0 28.73 5.01 95.8 100.3
30 6.0 28.81 5.99 96.0 99.9
30 7.0 28.72 6.96 95.7 99.4
30 8.0 28.82 7.81 96.1 97.7
30 9.0 28.65 8.85 95.5 98.3
4.0 25 4.09 2.52 102.3 100.6
8.0 25 7.86 2.46 98.2 98.5
12 25 12.11 2.53 100.9 101.3
16 25 16.28 2.47 101.7 98.7
20 25 20.41 2.43 102.0 97.1
24 25 24.25 244 101.1 97.7
28 25 27.98 2.45 99.9 97.9
32 2.5 31.42 2.46 98.2 98.5

X 100.6 98.5
SD 141 1.46
RSD 1.40 1.48

SD= Standard deviation

RSD= Relative standard deviation

To evaluate the accuracy and precision of the RDS method, intra-day and inter-day precision

and accuracy studies were performed at three different concentrations (4.0, 16.0 and 30.0 pg mL*

for IRB and 2.0, 5.0, and 8.0 ug mL* for HCT) within the calibration concentration range. 6 different

solutions were used for concentration, and the solutions prepared on the same day and inter days

were used (Table 3).

Table 3. Results obtained from the analysis of intra-day and inter-day samples by the proposed

method
Intra-day (n=6) Inter-day (n=6)
Added Found o Found o
(e mLY) (g mLY) SD RSD RE Rec. (%) (ug mLY) SD RSD RSE Rec. (%)

o 4.0 3.92 0.08 1.92 -1.90 98.1 3.93 0.08 2.01 -1.72 98.3

x 16.0 15.89 0.12 0.77 -0.66 99.3 15.82 0.13 0.81 -1.11 98.9

8 - 30.0 29.79 0.46 1.56 -0.69 100.1 29.67 0.45 151 3.57 96.4
4 = 2.0 1.99 0.01 0.63 -0.53 99.5 1.96 0.06 2.84 -1.11 98.9
% 5.0 4.90 0.10 1.95 -2.08 97.9 4.83 0.07 1.35 -3.34 96.7

8.0 7.93 0.13 1.60 -0.82 99.2 7.75 0.18 231 -3.34 96.8

SD= Standard deviation

RSD= Relative standard deviation

RSE= Relative standard error



J. Fac. Pharm. Ankara, 44(3): 506-516, 2020 Ustiindag and Ding 513

Before applying the RDS signal processing method to the real commercial pharmaceutical
preparation, the interference effects of tablet excipients on IRB and HCT compounds were tested.
Standard addition technique was used for this purpose (Table 4).

Table 4. Results obtained from the analysis of the standard addition samples by the proposed method

Added Recovery Mean SD RSD RE

o 40 98.6 100.5 98.7 102.1 100.8 100.1 1.49 1.48 0.14

4 8.0 103.7 104.8 104.8 103.5 103.3 104.0 0.73 0.70 4.02

2 - 12.0 102.1 103.5 103.7 103.0 103.2 103.1 0.62 0.60 312
o = 20 103.2 105.4 104.3 104.8 104.8 104.5 0.82 0.78 4,53
O 4.0 102.8 103.4 102.8 102.0 102.0 102.6 0.59 0.57 2.60

T 8.0 99.6 100.2 100.3 100.2 100.2 100.1 0.26 0.26 0.09

SD= Standard deviation
RSD= Relative standard deviation
RE= Relative error

Recovery and other calculations were made for IRB and HCT in the added standards by
deducting the amount of IRB and HCT coming from the preparation. These studies were carried out
with five repetitions at three different concentration levels.

Tablet Results

Experimental results obtained by the application of the proposed signal processing method
to the IRB-HCT tablet samples were indicated in Table 5. Successful results were obtained for the
guantitative analysis of commercial tablets containing IRB and HCT compounds. In the tablet
analysis, the interference of the tablet excipients on the determination of the related compounds was

not observed in application of proposed method to the commercial tablets.

Table 5. Analysis results of tablets containing IRB and HCT by the proposed method

Method RDS
IRB HCT
(mg) (mg)
Mean 147.12 £ 0,32 12.05 + 0,04
SD 1.01 0.12
RSD 0.69 1.01
CL 0.63 0.08

SD= Standard deviation,
RSD= Relative standard deviation
CL= Confidence limit

In conclusion, a rapid and powerful hyphenated signal processing approach, RDS were
developed and applied to the simultaneous spectral quantification of IRB and HCT in their synthetic

mixtures and tablets. This signal processing method does not require any separation step for the
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analysis of both compounds having the strong overlapping spectra in the same spectral region (see

Figure 1). In order to demonstrate the validity and applicability of the methods, the optimal control

processes of the proposed methods were performed by using the analytical validation parameters.
The proposed methods can be used for the quantitative estimation and routine quality control

of the tablets containing mentioned drugs.
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ABSTRACT

Objective: This study was aimed to develop and characterize, mucoadhesive-thermosensitive gel
formulation containing metronidazole that can quickly gel at the buccal mucosa temperature for treatment
of oral mucositis.

Material and Method: In this study, the combinations Poloxamer 407 (P407), Poloxamer 188 (P188)
and Hydroxypropyl methylcellulose (HPMC) were used in certain concentrations to form a gel in buccal
mucosa. Optimum formulations were selected by measuring the gelling time and gelling temperature of the
formulations prepared. The hardness, adhesiveness, cohesiveness, resilience, sprayability, mucoadhesion
and release properties of selected formulations were evaluated.

Result and Discussion: The results showed that F1 and F3 formulations, which quickly turn into gel
form at 33 °C, could be the optimum formulations. These two formulations showed controlled release for 8
hours. Texture profile analysis (TPA), mucoadhesion studies and sprayability studies have shown that F1
formulation which the mixture of P407 (15%), P188 (20%) and HPMC (5%) is the optimum formulation for
the buccal mucosa. In conclusion, mucoadhesive-thermosensitive gels containing metronidazole may be a
good alternative in the treatment of oral mucositis.
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Amac: Bu calismada oral mukozit tedavisi ic¢in bukkal mukoza sicakliginda hizla jellesebilen,
metronidazol iceren mukoadhesif-isiya duyarll jel formiilasyonu hazirlanmasi ve karakterize edilmesi
amaclanmustir.

Gereg ve Yontem: Bu calismada, belirli konsantrasyonlarda poloksamer 407 (P407), poloksamer 188
(P188) ve hidroksipropil metilseliiloz (HPMC) kombinasyonlari, bukkal mukozada jel olusturmak igin
kullamlmigtir. Optimum formiilasyonlar hazirlanan formiilasyonlarin jellesme siiresi ve jellesme sicaklig
olgiilerek segilmistir. Secilen formiilasyonlarin sertlik, adhezif, kohezif, esneklik, piiskiirtiilebilirlik,
mukoadhezif ve salim ézellikleri degerlendirilmigtir.

Sonug ve Tartisma: Sonuglar, 33 °C'de hizla jel formuna doniisen F1 ve F3 formiilasyonunun optimum
formiilasyonlar olabilecegini gostermigtir. Bu iki formiilasyon 8 saat boyunca kontrollii salim géstermistir.
Doku profili analizi (TPA), mukoadhezyon ve piiskiirtiilebilirlik ¢alismalar:, F1 formiilasyonun, P407 (%
15), P188 (% 20) ve HPMC (% 5) kombinasyonu, bukkal mukoza icin optimum formiilasyon oldugunu
gostermistir. Sonug olarak, metronidazol iceren mukoadhezif-istya duyarli jeller oral mukozit tedavisinde iyi
bir alternatif olabilir.

Anahtar Kelimeler: Metronidazol, mukoadhezif-isiya duyarii jel, oral mukozit, poloksamer

INTRODUCTION

Mucositis, an inflammation of the oral mucosa, appeared in the 1980s. Oral mucositis occurs
in almost all head and neck cancer patients receiving high doses of chemotherapy or radiotherapy, in
about 70% of patients receiving treatment for stem cell transplantation and in about 30% of patients
receiving conventional chemotherapy. Oral mucosal epithelial cells, which have the ability to divide
faster than other cells, are the most affected cells during chemotherapy [1-4]. In addition, as oral
mucositis makes the patient vulnerable to infections, it causes the development of opportunistic
infections and increases the cost of treatment by extending the mortality and length of hospital stay.
Mucositis in cancer patients can decrease the patient’s quality of life. It causes inadequate oral intake
and loss of body weight [5]. Since there is no effective treatment for mucositis or the pain it causes,
many studies have been conducted in this area. Various strategies have been developed for treatment,
such as low-level laser therapy, anti-inflammatory agents, oral decontamination, analgesics, or
washing with opioids [6]. In the treatment of pain caused by oral mucositis, mixtures of oral
solutions, commonly known as 'Magic Mouth Water', containing different amounts of
diphenhydramine, viscous lidocaine, bismuth subsalicylate, and corticosteroids can be used [7].
There are products in the pharmaceutical market in the form of oral gels and liquids, such as Peridex®
and Gelclair® [8,9].

Numerous bacteria that form normal oral flora can become pathogenic by immunosuppression.
Examples of these bacteria are Actinobacillus, Fusobacterium, Actinomycetemcomitans species,

which are usually found in the gram-negative anaerobic group and cause oral mucosal infection.
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Metronidazole has a lethal effect on these gram-negative anaerobic bacteria, which can become
pathological as a result of immunosuppression. The use of metronidazole in the treatment of oral
wounds can be preferred due to its limited side effects and inexpensiveness. Many studies have been
conducted on the use of metronidazole topically in the treatment of various oral infections, such as
periodontitis and gingivitis [10].

Topical treatment is frequently used for the prevention or treatment of diseases locally [11,12].
Gels are commonly preferred because they are easy to prepare and can be used as carrier systems for
both lipophilic and hydrophilic agents. Gels are systems that consist of two components which are
cross-linked in 3D. The gel structure can consist of inorganic molecules, primarily polymers or
organic macromolecules [13]. Hydrogels are often preferred because they have advantages such as
high patient compliance, while the aqueous structure provides ease of application and preparation
[14]. Poloxamers, which are nonionic poly (ethylene oxide) (PEO)-poly (propylene oxide) (PPO)
triblock copolymers, are used very frequently in pharmaceutical formulations as surfactants,
emulsifying agents, solubilizing agents, dispersing agents, and in vivo absorbance enhancers [15].
Poloxamers, which are approved by FDA, also called "functional excipients" because they are
essential ingredients and play an important role in the formulation [16]. Due to their inverse
thermosensitive properties, especially poloxamer 188 (P188) and poloxamer 407 (P407) are
frequently used in pharmaceutical formulations [17]. While P407 contains 70% hydrophilic PEO and
30% hydrophobic PPO, P188 contains approximately 80% POE units and 20% PPO units [18-20].
Mucoadhesive polymers can be added to pharmaceutical formulations prepared with poloxamers and
are planned to be administered mucosally. Mucoadhesive polymers are widely used in
pharmaceutical formulations to increase the residence time of the prepared formulation on the
mucosa. Examples of these polymers are polyacrylic acid derivatives such as carbomer and
polycarbophil, cellulose derivatives, chitosan and its derivatives, hyaluronic acid, alginate,
carrageenan and guar gum [21,22].

In this study, mucoadhesive-thermosensitive gels containing metronidazole were developed to
the buccal mucosa for the treatment of oral mucositis. This study also, instead of using high doses of
metronidazole for systemic effect was based on the idea that it would be more effective to reduce
side effects and increase patient compliance by developing a topical formulation at low doses. It was
thought that when metronidazole was used in low doses, a homogeneous unit dose content could be
provided as it dissolved in the prepared gel. Based on these considerations, the lowest (0.5%)
metronidazole dose used in commercial products is intended to be used in gel formulations
developed. Poloxamers are polymers that do not have a mucoadhesive feature, and therefore retention

times in mucosal tissues are short. Thus, mucoadhesive substances can be added to the gel structure
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to improve their mucoadhesive properties. In our study, hydroxypropyl methylcellulose (HPMC), a
cellulose derivative, was used as a mucoadhesive polymer. The goal was to develop a formulation
that can be sprayed at room temperature, is able to provide controlled metronidazole release and
applied once a day. Thus, patient compliance will be increased, and one of the side effects that the
patient is exposed to in cancer treatment can be reduced. Primarily, gelling temperature and gelling
time tests were performed on the prepared gel formulations. Afterwards, rheological studies, texture
profile analysis, mucoadhesion studies, in vitro drug release study, and sprayability studies were

performed in the selected formulations.

MATERIAL AND METHOD

Materials

Metronidazole was obtained from Abdi Ibrahim Pharmaceutical Company (Turkey).
Poloxamer 188 (Lutrol® F68), poloxamer 407 (Lutrol® F127) and hydroxypropyl methylcellulose
(HPMC, Methocel K100MCR Premium USP/EP) were provided from BASF (Germany) and
Colorcon (UK), respectively. All other chemicals and reagents were of analytical grade.

Simulated Saliva (SS) at pH 6.8 was prepared. One liter of SS had the following composition:
Na;HPO, (2.38 g) KH2PO4 (10.19 g), NaCl (8.00 g), HsPO4 to adjust the final pH to 6.8 (pH meter,
Schott CG 840, Germany), distilled water (1000 ml) [23].

Preparation of mucoadhesive-thermosensitive gel formulations

The mucoadhesive-thermosensitive gels were prepared according to cold method [24]. First,
metronidazole was dissolved in distilled water at a concentration of 0.5% (w/w). Then, 0.5% (w/w)
of HPMC was slowly added into metronidazole solution under magnetic stirring (600 rpm) at room
temperature. This mixture was stirred at the room temperature for 1 h to obtain a homogeneous
solution. Then P407 and P188 were slowly added to the HPMC solution containing metronidazole
in an ice bath and under magnetic stirring (1000 rpm). The mixture was maintained under mild

magnetic stirring (400 rpm) in ice bath overnight to allow complete dissolution.

Characterization of mucoadhesive-thermosensitive gel formulations
Appearance
Mucoadhesive-thermosensitive formulations were visually evaluated in terms of clarity,

color and particle content in sol and gel states.
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Determination of sol/gel temperature and time (T soi-gel)

The formulation prepared as 20 g in a beaker at room temperature was mixed at 50 rpm by
throwing a magnet on a heated magnetic stirrer. The temperature was gradually increased and
controlled with the probe of the mixer. The temperature, at which the magnet in the formulation
stopped due to gelation, was reported as gelation temperature (Tge (°C)) [25]. The transition time
(Tgel (sec)) from sol to gel was determined by holding the stopwatch. Experiments were carried out

at least three times.

Drug content uniformity

0.2 g gel formulation containing metronidazole was weighed with high precision. The
weighted gel formulation was mixed in a 100 mL of pH 6.8 phosphate buffer for 24 hours at room
temperature and 100 rpm on a magnetic stirrer. Metronidazole concentration was measured at 320

nm via UV spectrophotometer [26].

Rheological studies of the mucoadhesive-thermosensitive gel formulations

The rheological analysis of the formulations was performed both at 25 °C and 33 °C using
Brookfield DV — IIT + Rheometer. The formulations were kept at room temperature (25 °C) and 33
°C in a water bath, and shear stress values were measured as a function of different shear rate values.
Viscosities were calculated using shear rate (y) and shear stress (os). For pseudoplastic (shear-
thinning) and dilatant (shear thickening) systems, the relationship between shear stress and shear rate
is expressed by a power law model (also known as The Ostwald de Waele model). K is the
consistency coefficient and n is the non-Newtonian index (Eg. 1). As K increases, the viscosity of
the system increases. The power law index n characterizes the rheological behavior of the samples.
For the pseudoplastic systems n<1, for the dilatant systems n>1, and for the Newtonian systems
n=1[27].

os =K (¥)" (Eq. 1)

The curve of the logarithms of the shear stress versus the logarithms of the shear rates is

expressed a slope of n and an intercept of K (Eq. 2).

Log(os) = logK + n log(y) (Eq. 2)

Determining mechanical parameters of the mucoadhesive-thermosensitive gel formulations
Mechanical parameters such as hardness, adhesiveness, cohesiveness and resilience of chosen

gel formulations were determined using a TA-XT Plus Texture Analyzer (Stable Micro Systems,
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London, UK) equipped with a 5 kg load cell in TPA mode [28]. The gels were placed in a water bath
to maintain at 33 °C. The 50 mm diameter back extrusion rig is immersed in chosen gel formulations
at a speed of 2 mm/s by 15 mm. The hardness (N), adhesiveness (N mm), cohesiveness and elasticity
of the gel formulations were determined using the force—time plot [24,29]. The adhesiveness is a
necessary property to detaching the probe from the sample. Adhesiveness is a property related to
mucoadhesion [28]. Hardness expresses the force required to attain a given deformation.
Cohesiveness is the ratio of the area under the force-time curve produced on the second compression
cycle to that produced on the first compression cycle [30]. The resilience defines the rate at which

the deformed formulation returns to its undeformed condition.

Ex-vivo mucoadhesion studies of the gel formulations

The ex-vivo mucoadhesion test of the optimum poloxamer-HPMC gels were performed using
a TA-XT Plus Texture Analyzer with a holder. Bovine cheek mucosa frozen at —20 °C was brought
to 33 °C and a 2 mm thick section was taken through the surface of this mucosa and attached to the
lower end of the device probe. About 1 g of gel and mucosa were contacted for 30 seconds. The
instrumental parameters were specified in a previous study [25]. Mucoadhesion data were obtained
by calculating the area under the curve from the force-distance plot as the work of mucoadhesion
[24]. The Eq. 3 was used to calculate the work of mucoadhesion per cm? (mJ-cm2). (nr?: the area of

the mucosal surface being in contact with hydrogel)

Work of mucoadhesion (mJ/cm?): % (Eq.3)

In vitro drug release study

The in vitro drug release study was carried out with dialysis membrane in SS medium pH 6.8
at 33 °C by using Franz diffusion cell. At predetermined time intervals (0.25, 0.5, 1, 2, 3,4, 6 and 8
h), 2.5 mL release medium was taken out for analysis and completed with fresh buffer (n=3). Samples
were measured spectrophotometrically at 320 nm.
Drug release kinetic profiles

To study the drug release kinetics and mechanism of gel formulations containing
metronidazole, the in vitro data was evaluated to find a suitable mathematical model to fit zero order,
first order, Higuchi, Korsmeyer-Peppas, Hixson-Crowell, Weibull release kinetic models by
DDsolver software. Adjusted coefficient of determination (r2.;), Akaike information criterion (AIC)

and model selection criteria (MSC) were used as fitting parameters [31].
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Spraying ability assay

F1 and F3 formulations were cooled in the refrigerator, filled in 50 mL polyethylene bottles in
fluid form, and closed with a spray pump. Spraying of the formulations from the spray pump was
recorded with a video camera [32].

RESULT AND DISCUSSION

Preparation of mucoadhesive-thermosensitive gel formulations

Poloxamers are amphiphilic triblock copolymers that show in situ gelling at different
temperatures when mixed in different proportions in the presence of different additives. It is possible
that the prepared formulation can be locally effective by in situ gelling in the buccal region. In situ
gelling, as well as easy of application, can provide that the formulation remains on the local lesions
of the oral mucositis for a long time and can achieve antimicrobial agents such as metronidazole
more successfully in the treatment of local lesions. Different poloxamer types and proportions were
tried for preparing mucoadhesive-thermosensitive gel (Table 1).

While all formulations were transparent and in the fluid form at refrigerator temperature, some
of the formulations started to gel at room temperature and transformed into a slightly cloudy gel
form. No particle content was observed in any of the sol and gel forms. After metronidazole addition,

colors of the mixtures turned to slightly yellow.

Table 1. Composition of different gel formulations

Formulation code | P407 concentration (% w/w) | P188 concentration (% w/w) | HPMC concentration (% w/w)
F1 15 20 0.5
F2 15 20
F3 20 15 0.5
F4 20 15
F5 15 - 0.5
F6 15 -

F7 20 - 0.5
F8 20 -

F9 - 20

F10 - 15

F11 - 20 0.5
F12 - 15 0.5
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Characterization of gel formulations

Determination of poloxamer ratios and measurements of sol/gel transition temperature and
time

Oral mucosa temperature is 35.8-37.3 °C [33]. However, the temperature changes during the
24-hour period depending on various factors (such as mouth breathing, food intake, etc.) [34]. In
order to take these temperature changes into account, the temperature inside the mouth was accepted
as 33 °C. Gel formulations are intended to have a gelling temperature of 28-33 °C for complete gelling
in the mouth. The optimum formulation was determined by taking into account the gelling
temperature. In a previous study, the gelling temperature in this range was achieved with a ratio of
about 20% (w/w) P407 [22]. In addition to 20% (w/w) P407, addition of P188 was found to be
important for keeping the gelling temperature in the range of 30-33 °C. According to results of
previous studies, it was found that the increase of P188 ratio did not cause a regular increase in
gelling temperature. It was aimed to increase the viscosity by increasing the total polymer
concentration in order to prolong the gel formulation residence time in the oral mucosa. For this
reason, P188 ratio was chosen as 15% [35,36]. The gelling time and temperatures of the formulations
were compared with 20%, 15% and 0% (w/w) P407 and P188, and in the presence and absence of
0.5% (w/w) HPMC (Table 2).

Table 2. Gelation time (Tgel (sec)) and temperature (Tge (°C)) of formulations with or without
HPMC containing different proportions P407 and P188 (n=3).

Formulations | P407 % (w/w) P188 % (w/w) HPMC % Tgel (C°) Tgel (sec) (Room
(wiw) Temperature to 33 °C)

F1 15 20 0.5 31.87+2.48 107.67+3.68
F2 15 20 - 36.5+1.15 600<
F3 20 15 0.5 28.13+0.95 68.00+6.38
F4 20 15 - 24.00+4.68 138.00+20.85
F5 15 0.5 20.60+0.53 13.66+4.64
F6 15 - 22.90+3.06 26.33+14.38
F7 20 0.5 19.80+1.80 3.33+4.71
F8 20 - 20.80+0.87 13.66+4.64
F9 20 - 85< 600<
F10 15 - 85< 600<
F11 20 0.5 85< 600<
F12 15 0.5 85< 600<
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According to the results obtained, it was observed that the gelling time and temperature of F1
formulation containing 15% (w/w) P407, 20% (w/w) P188 and 0.5% (w/w) HPMC were in the
desired range. In formulations containing only P407 without P188 the presence of HPMC were seen
to reduce the gelling temperature. The effect of HPMC addition on the gelling temperature was
different in the F1 and F3 formulations. The gelling temperature in F1 decreased with the addition
of HPMC but increased in F3. In another study which P407 was used alone it was noted that the
addition of HPMC reduced the gelling temperature [36]. Ban et al. have shown that addition of
PEG400 to formulations containing P407 and P188 reduces the gelling temperature [35]. Koffi et al.
found that propanediol-1,2 decreased the gelling temperature of the formulations prepared with P407
alone, while the addition of HPMC increased the gelling temperature of P407 and propanediol-1,2
formulations. However, the increase in the amount of HPMC caused a reduction in the gelling
temperature [38]. These results support the conclusion that the presence of HPMC (as a different
additive like PEG or propanediol-1,2) reduces gelling temperature in the formulations that we used
P407 alone. In formulations containing only P188, T4 could not be detected because the magnet did
not stop at any temperature. It has been determined that the increase in P188 concentration cause an
increase in the gelling temperature and gelling time (Figure 1 and Figure 2). Studies have shown that
the increase of P188 concentration at constant P407 concentration does not cause a regular increase
in gelling temperature [36,39]. The addition of HPMC reduced gelling time in all formulations.
(Figure 2).

During this study, room temperature was not controlled as the formulations would have been
under real conditions of use. Depending on the instantaneous room temperature, formulations with
low gelling temperature were able to maintain their sol state. As a result, the gelling times of all
formulations were measured. When the formulations were ranked according to the decreasing P407
ratio as the primary ranking criterion and the increasing P188 ratio as the secondary ranking criterion,
the gelling times of the formulations showed a regular increase (Figure 2). However, the gelling
temperature did not increase regularly. (Figure 1). Subsequent studies were carried out on F1 and F3
formulations due to the desired gelling temperature and acceptable gelling time. After the addition
of metronidazole, a decrease was observed in the gelling temperatures and times of F1 and F3
formulations. The gelling temperature of the F1 formulation remained within the desired range
(Table 3). Formulations F1 and F3 were chosen to evaluate rheological, mucoadhesive, textural and

release properties.
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Figure 1. The formulations were sorted against gelling temperature according to the decreasing P407
ratio as the primary ranking criterion and increasing P188 ratio as the secondary ranking criterion.
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Figure 2. The formulations were sorted against gelation time according to the decreasing P407 ratio

as the primary ranking criterion and increasing P188 ratio as the secondary ranking criterion.
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Table 3. Gelation time and temperature of F1 and F3 formulations after metronidazole addition (n=3)

Form ) Tgel (sec) (Room
. P407 % P188 % HPMC % Metronidazole %
ulatio Tgel (C°) Temperature to
(wiw) (wiw) (w/w) (w/w)
ns 33°0)
F1 15 20 0.5 0.5 30.4+0.58 92.3£19.0
F3 20 15 0.5 0.5 26.4+0.42 16.0+5.57

After addition of metronidazole, there was no significant difference between Tgel (C°) values
(p<0.05).

Drug content uniformity
The used spectrophotometric method for metronidazole analysis was found to be linear (r> = 0.9954).
Finally, the amount of metronidazole in the F1 and F3 formulations was found as 106+2.09% and

104+1.10%, respectively.

Rheological Studies
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Figure 3. Viscosity (mPa.s)-Shear rate (1/sec) rheogram of F1 and F3 formulations at 25 °C (n=3).
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Figure 4. Viscosity (mPa.s)-Shear rate (1/sec) rheogram of F1 and F3 formulations at 33 °C (n=3).

Semi-solid systems have the advantage of ensuring that the formulation comes out of the
package in the desired amount and remains in the infection area for the desired time. However, oily
systems such as ointments and creams are not well tolerated by patients when applied to the mouth
area due to their high viscosity values. For this reason, it will be advantageous to prepare the oral
formulation as a water-based gel. Rheological properties are important factors that determine the
gelling properties of thermosensitive hydrogels. The formulation should have low viscosity at room
temperature and high viscosity to prevent flow and removal at 33 °C [40].

All prepared formulations were in liquid form at refrigerator temperature. F1 and F3
formulations exhibited non-newtonian rheological behavior at 25 °C (Figure 3) and 33 °C (Figure
4). According to power law equation, n and K values were calculated and were shown in Table 4. F1
and F3 formulations were determined based on the n <1 value obtained from the power law equation
where it shows shear thinning properties in viscosity measurements at 25 °C. In thermosensitive
hydrogels, the viscosity increases as the temperature increases to form an expected gel structure. At
33 °C, both formulations gelled above the sol/gel transition temperature. F1 formulation continued
to show shear thinning properties (Figure 3), while F3 formulation has started to show shear
thickening properties (Figure 4). As Todica et al. found that the K value and viscosity increased as
the temperature increased at constant gel concentration. As the gel concentration increased, K value
and viscosity increased as expected [41]. Similarly, as shown in a study by Rahimi S. and Natan B.,

it appeared that the K value increased with increasing gel concentration and temperature [42]. The
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higher viscosity of the F3 formulation than the F1 can be explained by the higher P407 ratio, which
has a higher molecular weight and has a different PEO/PPQ ratio than the P188 [43].

In F1 and F3 formulations, containing 5% HPMC, ratio of P407 and P188 changed but the
total polymer amount kept constant. While the F3 formulation was expected to exhibit a shear
thinning property such as F1, it showed a shear thickening property as the rheological properties
were dependent on the polymer type rather than the total polymer ratio. This may be due to the
increased probability of intermolecular contact, which leads to an increase in physicochemical
interactions due to the increase in flow rate. Increased physicochemical interactions may cause shear
thickening behavior [44].

Table 4. K, n, R?and Standard Error (+SE) values obtained by applying power law equation to the

results of viscosity measurements at 25 °C and 33 °C.

Power Law Equation F1 F3
K 4084 3662
n 0.75 1.14
33°C R? 0.9758 0.9737
+SE 0.02 0.01
K 1096 841
n 0.87 0.86
25°C
R? 0.9115 0.9168
+SE 0.01 0.01

Texture profile analysis of formulations

Some features of the developed formulation such as ease of removability of the product from
the container, good spradability and mucoadhesion, and acceptable viscosity contribute to easy
administration and increase in patient compliance. Texture profile analysis is important for the gel
formulations developed to show the desired properties in the oral mucosa. Low hardness, high
residence time on mucosa and easy application are among the desired properties in oral gel
formulations [28]. Lower values of resilience in TPA express greater formulation elasticity [45].
Adhesiveness determines proper gel contact and retention at the mucosal surface. The cohesiveness
determines the reconstruction ability of the gel after application. The high cohesiveness value
increases the performance of the product. High gel adhesiveness and cohesiveness provide prolonged
adhesion of the gel onto the oral mucosa and full structural recovery of the gel following application

[46]. The values of hardness, adhesiveness, cohesiveness, and resilience were shown in Table 5. The
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effect of the poloxamer type was evaluated in the formulations. For F1 formulation, containing
P407/P188 (15%:20% w/w), mechanical properties such as hardness, cohesiveness and adhesiveness
were found to be lower than for F3 formulation which contains P407/P188 (20%:15% wi/w). F1
exhibited minimum hardness, adhesiveness, cohesiveness, and maximum resilience with
decreasing concentration of P407. Baloglu et al. also showed that the decrease in P407 caused low

hardness, cohesiveness, adhesiveness and high resilience [15].

Table 5. Hardness, adhesiveness, cohesiveness and resilience values obtained from texture profile
analyses of the F1 and F3 formulations at 33 °C (n=3).

Formulatio Hardness Adhesiveness Cohesiveness Resilience
" © (9se0) (9.e9)
F1 251+£32.5 =783 £12.5 0.94 +0.05 0.14 +0.03
F3 845+ 89.2 -263 + 146 1.03 £0.35 0.24 +0.03

Evaluation of ex-vivo mucoadhesion studies of the gel formulations

The mucoadhesive characteristics are important to provide prolonged residence time of gel
formulations on the mucosal surface. In this study, HPMC was used as a mucoadhesive polymer.
The effects of poloxamer types on mucoadhesion properties were evaluated. The values of
mucoadhesion of formulations were shown in Table 6. Mucoadhesive properties of F1 formulation
were found to be lower than F3 formulation. According to the results obtained, the mucoadhesive
force and work of mucoadhesion of the formulations increased with increasing P407 concentration.
Baloglu et al. also showed that P407 increased the mucoadhesive force of the formulations [15].
Mucoadhesion is related to the elasticity of the polymer chains thus a high elasticity is required for
strong mucoadhesive between the polymer and the mucosal surface [47]. Although the F1
formulation showed better elasticity, the higher P407 ratio and adhesiveness of the F3 formulation

may have resulted in a better mucoadhesive property.

Table 6. Adhesiveness and work of mucoadhesion values obtained from ex-vivo mucoadhesion
studies of the F1 and F3 formulations on bovine cheek at 33 °C (n=3).

Formulations Peak Force (Adhesiveness) (N) Work of Mucoadhesion (N.sec)

F1 0.01 £0.00 0.01 £0.00

F3 0.18+0.01 0.218-+0.02
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In vitro drug release study

F1 and F3 formulations showed similar profiles in an in vitro release study conducted with the
method of Franz diffusion cell in SS pH 6.8 saliva medium at 33 °C. In the 8-hour period, the F1
formulation released 43.02% of the Metronidazole it contains, while the F3 formulation released
41.37% (Figure 5). In a recent study, metronidazole release at pH 6.8 medium from the formulation
containing 15% HPMC was resulted with 23.37% after 3 hours. [48]. In our study we obtained similar
release data at the end of 3 hours with the same release medium. lbrahim et al. developed a vaginal
gel containing metronidazole using P407 and P188 in the same proportions as F1 formulation, and
metronidazole release was observed to be above 80% within 1.5 hours. They also found that
metronidazole release in gels containing P407 and P188 in the same proportions as F3 formulation
was around 40% within 1.5 hours. The difference in release rates may have been caused by different
conditions, such as higher temperature (37 °C) or higher acidity (pH 4.5) [39]. In addition, HPMC
used in gel formulations that we developed may decrease metronidazole release rate due to the
tightening of the polymeric matrix structure of the gel and extending the diffusion distance of
metronidazole [37].
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Figure 5. In vitro drug release studies from F1 and F3 formulations containing Metronidazole (0.5
% wiw) from dialysis membrane at 6.8 phosphate buffer medium and 33 °C (n=3). The square

represents the F1 formulation and the circle represents the F3 formulation.
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Drug release kinetic profiles

I%agj, AIC and MSC were chosen as fitting factors to determine the appropriate model. The AIC
value is desired to be low while the MSC value is desired to be high, and the r%g; value close to 1
indicates the suitability of the model [31]. Considering these criteria, it was determined that F1
formulation fit Korsmeyer-Peppas and F3 formulation fit to both Korsmeyer-Peppas and Weibull
models (Table 7). Although F1 formulation shows the compatibility of r%q and MSC values to
Weibull model, it is not accepted to be suitable for this model due to its high AIC value.

In the Korsmeyer-Peppas model, n value is used to explain the mechanism of release. The n
value of 0.5 indicates that the release mechanism is Fickian diffusion. If it is in the range of 0.5-1,
this indicates that the release occurs with non-Fickian diffusion. n=1 indicates that it fits to the Case
I (Zero Order) model [49]. The n values of the F1 and F3 formulations were determined as 0.7590
and 0.6966, respectively. It was observed that the release from both formulations occurred by the
non-Fickian diffusion mechanism.

B3 value (B <0.75 Fickian release, 0.75 <3 <1 combined release mechanism and 3>1 complex
release mechanism) is the constant that describes the release mechanisms of the active substance in
the Weibull model. The B constant in the Weibull model of the F3 formulation was found to be
0.7613. This value indicates that the release occurs with the combined release mechanism [50]. Both
the B and the n values of the F3 formulation indicate that the release mechanism is non-fickian.

Inal et al. suggested that the poloxamer formulations fitting the Korsmeyer-Peppas model
conform to this model due to the release by gel erosion mechanism [37]. There are various poloxamer
gel formulations in the literature that fit different release kinetics such as zero order and Higuchi
model [51,52].

The first order kinetics used to describe the form of release was found to be the most suitable
model for release profiles of both formulations. The non-fickian release mechanism obtained from
the Korsmeyer-Peppas and Weibull models supports that the release can be achieved by first order.

In the equation of the curve obtained by applying Korsmeyer-Peppas model to in vitro
experimental drug release data of F1 formulation, when t=24 h, the percentage of the drug release
was found to be 98.44% (not-shown). This result indicates that the continuous presence of

metronidazole in the oral mucosa can be achieved by once a day administration.
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Table 7. Adjusted coefficient of determination (r?adj), Akaike information criterion (AIC) and model
selection criteria (MSC) for different release kinetic models collected from DDsolver® by applying

experimental in vitro drug release data.

Mathematical Models Compliance Formulations
Criteria
F1 F3
Zero Order Iadj 0.9726 0.9356
AIC 36.8961 43.8792
MSC 3.2057 2.3088
First Order Iadj 0.9936 0.9751
AIC 22.8298 35.3071
MSC 4.7686 3.2612
Higuchi Iadj 0.9329 0.9639
AIC 45.0320 38.6836
MSC 2.3017 2.8861
Korsmeyer-Peppas I2adj 0.9979 0.9987
AlC 13.7807 8.0370
MSC 5.7741 6.2913
n 0.7590 0.6966
Hixson-Crowell Iadj 0.9892 0.9648
AIC 27.9657 38.4336
MSC 4.1980 2.9139
Weibull Iadj 0.9956 0.9985
AIC 21.3049 8.8481
MSC 4.9381 6.2011
B 0.9231 0.7613

Spraying ability assay

F1 formulation was observed to be easily sprayable both at room temperature and after being
removed from the refrigerator (Figure 6A and C). On the other hand, the F3 formulation was not
sprayed as desired after it was freshly removed from the refrigerator (Figure 6D). At room
temperature, no spraying occurred and F3 formulation came out as a leak from the pump (Figure
6B). The failure of the F3 formulation to be sprayed can be explained by its higher viscosity than the
F1 formulation [53].



534 Ongun etal. J. Fac. Pharm. Ankara, 44(3): 517-539, 2020

L

Figure 6. A) Spraying of the F1 formulation at room temperature, B) Spraying of the F3 formulation
at room temperature, C) Spraying of the F1 formulation after removing it fresh from the refrigerator

and D) Spraying of the F3 formulation after removing it fresh from the refrigerator.

In this study, we aim to develop thermosensitive and mucoadhesive gel formulations for oral
mucositis treatment containing metronidazole, poloxamer and HPMC. We selected the optimum
formulations by comparing free gel formulations with the appropriate gelling temperature and gelling
time for the oral mucosa. The addition of metronidazole caused changes in the gelling temperature,
and F1 formulation was within the desired range, while the F3 formulation fell below it. In addition
to the gelling temperature, the lower hardness, lower resilience, better spraying ability, and
pseudoplastic viscosity properties of the F1 formulation were more suitable for application to the site
of action. The release of around 43% in 8 hours indicates that the desired controlled release has been
achieved with optimum formulation. F1 formulation, which has the desired properties in the majority
of the studies, has been determined as a candidate formulation for the future studies.
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HARPAGOPHYTUM PROCUMBENS VE FITOTERAPIDE
KULLANIMI

HARPAGOPHYTUM PROCUMBENS AND USE IN PHYTOTHERAPY
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1Gazi Universitesi, Eczacilik Fakiiltesi, Farmakognozi Anabilim Dali, 06330, Ankara, Tiirkiye

0z

Amac: Bu derlemede, Harpagophytum procumbens ile ilgili genel bilgi verilip analjezik ve
antienflamatuvar aktiviteleri iizerinde yapilmig in Vitro, in vivo ve klinik ¢alisma bulgular sunulacaktir.

Sonu¢ ve Tartisma: H. procumbens kokleri Giiney Afrika’da geleneksel halk tibbinda, romatizma ve
agri tedavisinde uzun yillardan beridir kullanilmaktadir. Giiniimiizde, standardize edilmis kok ekstrelerinin
(%1 harpagozit icerir) antienflamatuvar etkilere sahip olmasindan dolayr osteoartrit hastalarinda akilc
fitoterapi uygulamalar: kapsaminda kullanilmaktadir. Harpagozitin, niikleer faktor-kappa B yi inhibe ederek
lipopolisakkarit kaynakli indiikienebilir nitrik oksit sentaz ve siklooksijenaz-2 ekspresyonu iizerinde
inhibisyon saglayarak antienflamatuvar etki gosterdigi tespit edilmistir. Ayrica standardize ekstreler,
kikirdak degredasyonunda anahtar rol oynayan matriks metalloproteinaz ve elastaz enzimlerini inhibe
ederek kondroprotektif etkiler gostermektedir. Osteoartrit hastalarinda minimum 2-3 ay kullaniimasi
gerektigi onerilen ekstrenin, herhangi bir ciddi ilag etkilesmesi olusturmadigr da belirtilmektedir. Kanita
dayali fitoterapi uygulamalar: acisindan, standardize H. procumbens kik ekstrelerinin osteoartritli
hastalarda kullanimi ile ilgili yapilmus klinik ¢calismalar mevcuttur ve ¢calismalar devam etmektedir.

Anahtar Kelimeler: Fitoterapi, Harpagophytum procumbens, osteoartrit, seytan pengesi

ABSTRACT

Objective: In this review, general information about Harpagophytum procumbens will be given and
findings of in vitro, in vivo and clinical studies on analgesic and anti-inflammatory activities will be
presented.

Result and Discussion: For many years, H. procumbens roots have been used to treat rheumatism and
pain in traditional folk medicine in South Africa. Today, it is used within the scope of rational phytotherapy
applications in osteoarthritis patients, since its standardized root extracts (containing 1% harpagozite) have
anti-inflammatory effects. It has been found that harpagozite has an anti-inflammatory effect by inhibiting
nuclear factor-kappa B, providing inhibition on the expression of lipopolysaccharide-inducible nitric oxide
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synthase and cyclooxygenase-2. In addition, standardized extracts show chondroprotective effects by
inhibiting matrix metalloproteinase and elastase enzymes, which play a key role in cartilage degredation. It
is also stated that the extract, which should be used for a minimum of 2-3 months in patients with
osteoarthritis, does not cause any serious drug interaction. In terms of evidence-based phytotherapy
applications; there are clinical studies on the use of standardized H. procumbens root extracts in patients
with osteoarthritis, and studies are ongoing.

Keywords: Phytotherapy, Harpagophytum procumbens, osteoarthritis, devil’s claw

GIRIS

Harpagopyhtum procumbens DC. ex Meisn. (Pedaliaceae), Giliney Afrika'nin Kalahari Colii
bolgesinde yetisen, yaygin tibbi kullanimi olan bir bitkidir [1]. Meyvesinin goriiniisii nedeniyle
seytan pengesi olarak adlandirilan H. procumbens geleneksel tipta, artrit ve romatizmal hastaliklarda
antienflamatuvar o6zelliklerinden dolay1 kullanilmaktadir [2]. Giiniimiizde H. procumbens’in en stk
kullanim alan1 osteoartrittir [3].

Kronik hastaliklar arasinda yer alan ve dejeneratif eklem hastaligi olarak tanimlanan
osteoartrit, sinovyal eklem kikirdaklarinda bozulma, eklem yiizeyleri ve kenarlarinda yeni kemik
olusumu ile karakterize kronik, non-enflamatuvar bir eklem hastaligidir [4]. Radyolojik tani ile
erigkinlerin %33’iine, yaslilarin ise %90’ina osteoartrit teshisi konulmaktadir [5]. Agr1 bu
rahatsizligin en yaygin semptomudur. Genel olarak; analjezikler, merkezi sinir sistemine veya
periferik agri mekanizmalarina etki ederek, bilinci 6onemli 6l¢lide degistirmeden agriy1 hafifletir.
Agrimin tedavisi i¢in terapéOtik ilaglarin etkinligi ve giivenligi smurlidir. Non-steroidal
antienflamatuvar ilaglarin (NSAII) siklikla kullanilmasi; gastrointestinal lezyonlar, bobrek ve
karaciger yetmezligi gibi olumsuz etkilere neden olabilmektedir [1]. NSAIl’lerin advers etkilerinin
siklikla goriilmesi nedeniyle alternatif arayislara ilgi biyiktir [6]. H. procumbens ekstreleri, hem
antienflamatuvar hem de analjezik etkileri sebebiyle bu arayista ilgi odagi olmustur. Bu derlemede,
H. procumbens kok ekstrelerinin osteoartrit tedavisini desteklemek {izere analjezik ve

antienflamatuvar aktiviteleri ile ilgili yapilmis in vitro, in vivo ve klinik ¢aligmalar rapor edilecektir.

Botanik ozellikleri

Bitki Tiirkiye’de yetismemektedir. En ¢ok Gliney yarimkiirede Namibya, Botswana, Gliney
Afrika, Angola'da 15° ile 30° enlemler arasinda ve daha az oranda Zambiya, Zimbabwe ve
Mozambik'te yetismektedir. Genellikle, Kalahari Coli'niin kirmizi kumlu topraklar gibi yillik yagis
miktar1 diisiik olan (150-500 mm/y1l) bolgelerde yetismektedir [7].

Harpagophytum procumbens ¢ok yillik, yabani bir otsu bir bitkidir. Bir¢ok i¢i bos dallara

sahiptir ve stimiiksii, yapiskan bir 6zsu yayan salgi tiiyleri ile kaplidir. Etli bir ana¢ kokten yayilan
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stiriinen bir govdeye sahiptir. Yanal koklerinin tizerinden olugan yumrulari olan etli bir kazik kdke
sahiptir. Yumrular, 2 m derinlige kadar inebilen kalic1 primer kdkten filizlenir. Sekonder yumrular,
6 cm c¢apinda ve 25 cm uzunlugunda olabilir. Yapraklar biiyiik ve kalp seklindedir. Alternan dizilisli
yapraklar mavi-grimsi yesildir ve diizensiz olarak 3-5 loba ayrilmistir. Cigekler tiip seklinde, sar1 ve
beyaz bogazi olan soluk pembe, kirmizi, mor renklidir. Korolla 25-40 mm ¢apindadir. Meyve etli bir
tabaka ile gevrili odunsu bir i¢ kisma sahip olan sert bir kapsiildiir, 7-20 cm. uzunlugunda, 6 cm.
capindadir. Meyveler, karakteristik olarak uzun, keskin, kiska¢ benzeri kancalar1 olan ¢ikintilara ve
ayrica ust yiizeyde iki diiz dikene sahiptir. Yaklasik 50 adet siyah tohum igerir [8-11].

H. procumbens, Devil's Claw (seytan pengesi) ismi ile bilinmektedir. Ayrica bitkiye “Grapple
plant, Harpago” isimleri de verilmistir [12]. Bitkinin drog olarak kullanilan kisimlar1 yumrulu

sekonder kokleridir ve bu kism1 Avrupa Farmakopesi’nde “Harpagophyti radix” olarak bilinir [13].

Kayith oldugu Farmakope ve Monograflar [13-16]
e African Herbal Pharmacopoeia
e British Herbal Pharmacopoeia
e European Medicines Agency (EMA) Monograflari
e European Pharmacopoeia
e European Scientific Cooperative on Phytotherapy (ESCOP) Monograflari
e German Comission E
e State Pharmacopoeia of Ukraine (SPhU) 2.0
e World Health Organization (WHO)

Geleneksel Kullanimi

Giiney Afrika'daki yerli San ve Khoi halki, Harpagophytum procumbens yumrularini
yiizyillardir ilag olarak kullanmustir. Ayrica Bantu halkinin geleneksel bilgi sistemlerinde de
kullanimlar kayitlidir. Watt ve Breyer-Brandwijk (1962) ve Van den Eynden ve arkadaglar1 (1992),
San, Khoi, Bantu Halki gibi, Afrika’da karisik kdkenli topluluklarda bitkinin sekonder yumrularmin
kaynatilarak veya tentiir, toz, 0ziit seklinde ¢ok c¢esitli saglik problemleri i¢in kullanildigini rapor
etmistir. H. procumbens Avrupali bilim insanlar1 tarafindan, 1820'de toplanmis ve tanimlanmustir.
Ancak, daha sonra 1900'lerin baslarinda G.H. Mehnert, Namibya'daki San ve Nama halklarmdan
bitkinin geleneksel tibbi kullanimini 6grenmistir [8,17]. Daha sonra yumrular Almanya'ya
gotiiriilerek incelenmistir. Yumrular 1962 yilindan itibaren ihrag edilmeye baglanmis ve Almanya bu

yumrulari ithal etmistir [17]. Artrit ve agr1 tedavisinde oral ve topikal kullanimlarina ek olarak, diger
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geleneksel kullanimlar arasinda; dispepsi, ates, kan hastaliklari, idrar yolu enfeksiyonu, dogum
sonrasi agri, yara, ilser, ¢iban sayilabilir. Kuru, toz haline getirilmis sekonder yumru, dogrudan bir
yara sargist olarak kullanilir; yara ve yanik iyilestirici merhem yapmak icin hayvansal yag veya

vazelinlerle de karistirilabilir [7].

Kimyasal Bilesimi

Koklerde bulunan ana kimyasal bilesikler; iridoid glikozitleri, sekerler (6zellikle tetrasakkarit,
stakioz), triterpenoitler (oleanolik ve ursolik asit), fitosteroller (beta-sitosterol), aromatik asitler
(kafeik, sinnamik ve klorojenik asitler) ve flavonoitlerdir (luteolin ve kemferol) [14].

Baslica aktif bilesenleri iridoit glikozitleridir. Bunlar; harpagozit ve daha az miktarlarda
harpagit ve prokumbittir. Harpagophytum procumbens %0.5-3.3 oraninda total iridoit glikoziti igerir.
Avrupa'daki standart iiriinlerde minimum %1.2 harpagozit bulunmasi istenir [18]. 2002 y1linda Boje
ve 2003 yilinda Munkombwe tarafindan yapilan ¢aligmalarla yeni koaktif bilesenler tanimlanmistir
[19]. Sekonder yumru kokler, primer yumru koklerden yaklasik iki misli oranda harpagozit
icermektedir [20].

H. procumbens kok ekstresinin antienflamatuvar etkisinden harpagozit sorumlu tutulsa da
yapilan ¢aligmalar etkiyi agiklamak icin harpagozitin tek basina yeterli olmadigini, etkinin diger

bilesiklerle harpagozitin sinerjist etkilesiminden kaynaklandigini diisiindiirmektedir [18].

Standardizasyon
ESCOP, koklerin yumrularin en az %1.2 oraninda harpagozit icermesi gerektigini bildirir.
Standardize ekstreler en az %2.2 total iridoit glikoziti veya %1 harpagozit igermelidir. Sulu ekstre

veya cay genellikle %1.1 ila %3.6 arasinda harpagozit icerir [20-22].

Antienflamatuvar ve Analjezik Aktivite Calismalar
In vitro calismalar

Ik in vitro calisma, H. procumbens’in belirgin antienflamatuvar/analjezik etkilerinin
mekanizmasinin aydinlatilmasina yonelik bir arastirmadir. Whitehouse ve arkadaslar1 (1983) bu
caligmada, H. procumbens’in proenflamatuvar enzim olan siklooksijenazi (COX) inhibe etme
ozelligini degerlendirmistir. Bitkinin prostaglandin sentetaz aktivitesi lizerine etkisinin olmadig
bulunmustur [23].

H. procumbens %80’lik etanolle hazirlanmis kok ekstresinin kalsiyum iyon kanallarini
(A23187) uyardiginda sisteinil 16kotrien (Cys-LT), 16kotrien (LTC4, LTD4, LTE4) ve tromboksan

B2 (TXB2) sentezlerini baskiladigi kanitlanmustir. Calismalarda eikozanoid inhibisyonunun,
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%80’lik etanollii ekstrenin harpagozit konsantrasyonuna bagli oldugu ancak ekstre halinde
kullaniminin tek basina harpagozit kullanimindan daha iyi sonug verdigi goriilmiistiir. Artritte; bag
dokunun nétrofil elastaz tarafindan bozuldugu goriilmiistiir [24]. 2003 yilinda Boje ve arkadaglart
tarafindan yapilan in vitro ¢caligmada, H. procumbens’in doz bagimli olarak insan 16kosit elastazini
inhibe ettigi gosterilmistir [25].

Inaba ve arkadaslarinin 2010 yilinda farelerin makrofaj RAW 264.7 hiicreleri iizerinde
yaptiklari in vitro ¢alismada bitkinin yumru ekstresi, lipopolisakkarit (LPS) nedenli interlokin (IL-
1B, IL-6) ve tiimdr nekroz faktorii-oo (TNF-a) tiretimi iizerine etkilerini degerlendirmislerdir. H.
procumbens’in enflamatuvar sitokinlerin {iretimini inhibe ettigi sonucuna varilmistir [26].

Mevcut in vitro ¢alisma bulgulari goz Oniine alindiginda, H. procumbens’in birgok
proenflamatuvar bilesik tizerinde 6nemli etkileri oldugu agiktir. Bununla birlikte, H. procumbens igin
gozlenen antienflamatuvar/analjezik etkilerden sorumlu mekanizmalarinin tam olarak agiklanmasina

yardimc1 olmak igin daha fazla arastirma yapilmasi gerekmektedir [27].

In vivo ve ex vivo calismalar

1992 yilinda Lanhers ve arkadaslari, %1.8 harpagozit ihtiva eden standardize kuru H.
procumbens ekstresinin (50, 100, 200 ve 400 mg/kg) ve harpagozitin (5 ve 10 mg/kg) analjezik
aktivitesini fareler lizerinde yaptiklar bir ¢aligma ile test etmislerdir. Asetil salisilik asit (68 mg/kg)
ve morfin siilfat (1, 15 mg/kg) referans bilesik olarak kullanilmistir. Hayvanlarda goriilen kivranma
ve gerilme reflekslerine karsi en yiiksek korumayi; ekstre 400 mg/kg (%78 koruma) dozda;
harpagozit ise agr1 uyarimina karst koruyucu etkiyi 10 mg/kg dozda (400 mg ekstredeki harpagozit
miktarinin iki misline esdegerdir) gostermistir. Ayrica intraperitoneal (i.p) yoldan uygulanan %1.5
harpagozit igeren %60’lik H. procumbens kuru etanol ekstresinin antinosiseptif etkileri, sicak plaka
testi kullanilarak siganlarda incelenmistir. Akut ve kronik tedavi sonrasinda pence cekme
zamanindaki gecikmede artiglar goriilmiistiir. Yine farelerde zimosan nedenli artirit modelinde, 10
giin boyunca periton igine verilen 20 mg/kg dozda harpagozit; kikirdak kaybi, kemik rezorpsiyonu
ve sinovyal kavite i¢cindeki hiicre infiltrasyonunda histolojik skorlarda azalma olusturmustur [28].

Ugiincii ve arkadaslar1 (2015) deneysel romatoid artrit hayvan modelinde, hayvanlara oral
olarak 30 giin boyunca H. procumbens ekstresi ile kombine bromelain ekstresi, glukozamin
hidrokloriir, kondroitin siilfat ve metilsiilfonilmetan birlikte vermislerdir. %3 harpagozit i¢eren
ekstre, bu kombinasyonla kikirdak yikimini 6nlemistir. Bu ajanlarin farmakolojik etki iligkisi
incelendiginde, malondialdehit (MDA), nitrik oksit (NO), 8-hidroksiguanin seviyelerini ve
proenflamatuvar sitokin gen seviyelerini diisiirerek ortaya ¢ikan oksidatif stres ve enflamasyonu

baskiladiklar1 tespit edilmistir [29].
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Saglikli goniilliiler tizerinde 21 giin siiren bir ex vivo deneme yapilmistir. %3 iridoglukozit
iceren H. procumbens ekstre kapsiillerinin (2000 mg/giin) kullanilmasindan 6nce ve sonra eikosanoid
{iretimi dl¢iilmiistiir. Olgiilen parametrelerin hicbiri (Prostaglandin E2 (PGE2), TXB2, 6-keto-
prostoglandin F1a ve 16kotrien B4), H. procumbens tedavisinden sonra énemli 6l¢iide degismemistir.
Bu bulgular, saglikli bireylerde tedavinin, COX veya 5-lipoksijenaz (5-LOX) yoluyla eikosanoid
tretimini degistiremedigini gostermistir. %9 harpagozit iceren H. procumbens ekstresinin
eikozanoidlerin sentezi iizerine olan etkisini incelemek amaciyla yapilan ex vivo baska bir ¢alismada,
14 giin boyunca 600, 1200 ve 1800 mg/kg dozlarda H. procumbens ekstresi igeren tabletleri kullanan
saglikli erkek hastalarda giin igerisinde ¢esitli zamanlarda alinan kan 6rneklerinde bazal ve uyarilmig
Cys-LT diizeyinde, 4. saatte %28 ve 8. saatte %58 azalma oldugu gorilmiistiir. Farmakokinetik
arastirmalar, maksimum harpagozit seviyesinin 1.3 ile 2.5 saat sonra elde edildigini ve serum
harpagozit seviyeleri ile LT inhibisyonu arasinda bir iligki oldugunu ortaya ¢ikarmustir. Saglikli
erkeklerde bazal Cys-LT'deki bifazik azalma ile eikosanoid sentezinin azaldig1 goriilmiistiir. Ayrica
siganlarin mezengial hiicrelerinde yapilan ¢aligmada, harpagozit konsantrasyonuna bagli olarak nitrit
ve indiiklenebilir nitrik oksit (iNOS) saliniminin inhibe edilerek antienflamatuvar etki gosterdigi
belirlenmistir. Yapilan ¢alismalar, H. procumbens’in proenflamatuvar sitokinleri ve COX-2 enzimini
dogrudan inhibe ettigini gostermistir [30].

Bitkinin analjezik aktivitesini degerlendirmek i¢in de gesitli in vivo ¢alismalar yapilmustir.
Mahomed ve arkadaslar1 (2004) yaptiklar1 ¢alismada, H. procumbens kokiiniin sulu ekstresini 50-
800 mg/kg dozlarda farelere intraperitoneal uygulandiktan sonra termal ve kimyasal nedenli agriya
kars1 belirgin bir analjezik etki gosterdigini bildirmistir [22]. H. procumbens'in sekonder
yumrularindan hazirlanmig olan sulu ekstre (50-800 mg/kg), farelerde termal olarak sicak plaka
yontemi ve kimyasal olarak da asetik asit yontemiyle nosiseptif agr1 uyaricilarina karst 6nemli
analjezik etkiler tiretmistir. Ahmed ve arkadaslar tarafindan (2005) yapilan ¢alismada, farelere 400
mg/kg dozda sulu H. procumbens ekstresi intraperitonal olarak verilmis ve agri1 nedenli kivranma
sayisinin onemli Olgiide azaldigi tespit edilmistir [31]. Baska bir ¢alismada H. procumbens
ekstresinin, farelerde formalin testinde 6nemli antinosiseptif etkiler gosterdigi bildirilmistir. 30-300
mg/kg'lik dozlarda tatbik edilen ekstre, farelerde formalin enjeksiyonu nedenli agrida; agr siirelerini
doza bagh bir sekilde azaltmistir. Formalin enjeksiyonunun neden oldugu fare omuriligindeki
nitrit/nitrat icerigindeki 6énemli artis H. procumbens ekstresi tarafindan belirgin dl¢lide azaltilmigtir
[32]. Lim ve arkadaslar1 (2014), siyatik sinir agri modelinde siganlarda ndropatik agri, plantar
insizyon modeli ile postoperatif agr1 olusturmustur. Daha sonra 300 mg/kg dozda H. procumbens
etanol ekstresi 21 giin boyunca oral olarak verilmistir, referans olarak intraperitoneal uygulama ile

30 mg/kg naproksen kullanilmistir. Uygulamadan sonra elde edilen sonuglar degerlendirildiginde,
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H. procumbens ekstrelerinin, si¢canlarda akut postoperatif agri ve kronik ndropatik agri
durumunda potansiyel analjezik etki olusturdugu goriilmiistiir [1]. Parenti ve arkadaglar1 (2015) 800
mg/kg dozda H. procumbens ekstresinin intraperitoneal uygulama ile siganlarda karragen nedenli
agriy1 6nemli Olciide azalttigini tespit etmislerdir [33]. Yine ayni grup 2016 yilinda sicanlarda
deneysel olarak olusturulan néropatik agrida, H. procumbens ekstresi ve morfin kombinasyonunun

olusan siddetli agriya kars1 sinerjistik bir sekilde analjezi olusturdugunu belirlemislerdir [34].

Klinik calismalar

Kas-iskelet sistemi agrilarinin tedavisinde H. procumbens preparatlarin etkinligini ve
giivenligini belirlemek amaciyla yapilan klinik caligmalar giderek artmaktadir. Calismalarin
tasarimi, kullanilan tedavi dozu ve kullanilan ekstraksiyon yontemi agisindan gesitliligi, izlenen
klinik kosullara ek olarak, dogrudan karsilagtirmalarin yapilmasini zorlagtirmakta ve sonug
Olciimlerinin nicel degerlendirmesini engellemektedir. Bu faktorlere ragmen, klinik denemeler, bir
tedavinin etkinligini gostermenin en ikna edici araci olarak kabul edilmektedir. H. procumbens
denemelerinin birgogunun farkli olmasina ragmen, bulgulari tartisilabilmektedir. Kalga ve dizlerinde
osteoartrit, romatoid artikiilasyon, bel agrisi veya gesitli kas-iskelet sistemi agrisi olan hastalar klinik
caligmalar i¢in bitkinin etkisinin degerlendirilmesinde kullanilmaktadir [35].

Chrubasik ve arkadaslar1 (2003) yapmis olduklar1 derlemede, 20 klinik c¢alismay1
degerlendirmiglerdir. Bu 20 c¢alismadan yalnizca 10 tanesi ¢ift kor, randomize ve kontrollii
calismadir. Kontrol grubu olarak 8 tanesinde plasebo ve 2 tanesinde NSAII (rofecoxib ve diacerein®)
kullanilmigtir. Yapilan randomize kontrollii ¢alismalardan biri H. procumbens preparati olarak
Doloteffin® ve NSAII olarak rofecoxib kullanilarak gerceklestirilmistir. Kisi sayisinin azligindan
kesin sonuglara varilamamigstir. Diger bir ¢alisma ise diacerein® kullanilarak yapilmistir. H.
procumbens ekstresi en az NSAII ilag olan diacerein® kadar etkili olduguna dair kanit bulunmustur.
Giinliik dozda en az 50 mg harpagozit igeren iiriinlerin daha az miktarda harpagozit igeren {irlinlere
kiyasla daha iyi oldugu sonucuna varilmigtir [36]. Gagnier ve arkadaglar1 (2004) 12 kisiden olusan
klinik caligmada, diz ve kalca osteoartritinin tedavisinde giinde 30 mg harpagozitten az harpagozit
iceren H. procumbens’in etanollii kuru ekstresi i¢in kanitlarin siirligi oldugu sonucuna varmstir. 60
mg harpagozit iceren H. procumbens tozu kullanimmin omurga, kalca ve diz osteoartritinde
iyilestirici etkisi olusturdugu; giinliik 100 mg harpagozit igeren H. procumbens sulu kuru ekstresinin
kronik nonspesifik bel agrisinin akut alevlenmelerinin tedavisinde iyilestirici etkisinin oldugu; 60
mg harpagozit igeren H. procumbens‘in sulu kuru ekstresinin kisa bir siire iginde kronik nonspesifik

bel agris1 tedavisinde 12.5 mg rofecoxib'e denk etki gésterdigi goriilmistiir [37]. Brendler ve
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arkadaslar1 (2006) yaptiklart derlemede H. procumbens‘in dejeneratif eklem hastaliginda,
osteoartritte, bel agrisinda etkisinin kanitlandigini; istah agici ve sindirime yardimei olma etkisinde
ise kanit olarak gosterilebilecek yeterli veri elde edilemedigini rapor etmistir. Dejeneratif eklem
hastalig1 veya osteoartritle iliskili kisa siireli agr1 yonetiminde kullanim ile ilgili olarak yazarlar H.
procumbens’in ila¢ tedavileri olan NSAII’ler kadar etkili olabilecegini beyan etmistir. Bununla
birlikte, mevcut ¢aligmalarin bir¢ogu metodolojik olarak sinirli oldugunu ve H. procumbens‘in
etkinligini ve uzun vadeli giivenligini belirlemek icin 8-12 haftadan uzun siiren ek arastirmalar
yapilmast gerektigini belirtmek gerekir [38]. Gagnier ve arkadaglar1 (2007) yaptiklar1 ¢aligmada,
giinde 50 mg veya 100 mg standardize harpagozit iceren H. procumbens ekstresi kullanan hastalarda,
agr1 tedavisinde giinde 12.5 mg rofecoxib kullanan hasta grubunda goriilen iyilesme parametrelerini
gbzlemlemislerdir [39]. Gagnier’in 2010 yilinda yaptig1 bir diger ¢aligmada ise giinde 50 mg ve 100
mg harpagozit iceren H. procumbens sulu kuru ekstresinin agriy1 plasebodan daha fazla azalttigina
dair giiclii kanitlar bulunmustur [40].

Tablo 1 ve 2’de H. procumbens iizerinde yapilan klinik ¢alismalar ve sonuglar1 gosterilmistir.

Tablo 1. H. procumbens’in sirt agris1 iizerine etkisini géstermek i¢in yapilan galigmalar

Calis ozellikleri Katiimci Sayisi (n) Teshis Doz ve Siire Sonug Kaynak
Randomize Cift kor HP: n=54 Bel agrist (enaz | 50 mg harpagozit iceren 800 mg iki grup arasinda fark [41]
Plasebo kontollii Plasebo: n=55 6 ay siire ile) kurutulmus sulu ekstre yoktur
tid,4 hafta
Acik prospektif ¢aligma Grup J: n=51 Bel agrist (enaz | Grup J: 30 mg harpagozit igeren | Iki grup arasinda fark [42]
Grup K: n=51 6 ay siire ile) 600 mg sulu kuru ekstre, tid yoktur
Grup K: Konvansiyonel tedavi, 6
hafta
Randomize Cift kor HP 600 mg: Bel agrist (enaz | 50 mg ya da 100 mg harpagozit Her iki kontrol grubu [43]
Plasebo kontrollii n=65 6 ay siire ile) iceren 600 mg ya da 1200 mg da plasebo grubuna
HP 1200 mg: n=66 kurutulmus sulu ekstre, gore daha iyi yanit
Plasebo: n=66 4 hafta vermistir
Randomize HP: n=31 Kas gerginligi, | 480 mg etanollii kuru HP ekstresi | HP’nin etkisi [44]
Cift kor Plasebo: n=32 bel agrisi, | bid, 4 hafta plasebodan daha fazla
Plasebo kontrollii galisma omuz/boyun gozlenmistir
agrisi
Agik 614 hasta Dejeneratif kas | 480 mg etanollii kuru ekstre, bid, | Hastalarin [45]
Postmarketing ¢aligma iskelet sistemi 8 hafta %82.7’sinde iyilesme
semptomlari bildirilmigtir
Randomize HP: n=44 Bel agrist (enaz | 2400 mg kurutulmus sulu ekstre | Iki grup arasinda fark [46]
Cift kér NSAIl: n=44 6 ay siire ile) (60 mg harpagozit) yoktur
Pozitif kontrollii Kontrol: 12.5 mg/giin
Rofecoxib,
6 hafta
1 yillik takip ¢aligmasi HP: n=38 Rofecoxib: | - 60 mg harpagozit iceren 2400 mg | iki grup arasinda fark [47]
n=35 kurutulmus sulu ekstre, yoktur
54 hafta
Randomize 97 hasta Spesifik Grup 1: 240 mg etanolli HP | 3 tedavide esdeger [48]
Aktif  kontrolli  tek olmayan bel | ekstresi etkinlik goriilmiigtir
merkezli ¢alisma agrist bid
Grup 2: 75 mg, tid, Diklofenak
Grup 3: Giinde 1 kere 12.5 mg
Rofecoxib,
6 hafta

HP: H. procumbens, bid: giinde 2 kere, tid: giinde 3 kere
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Tablo 2. Dejeneratif eklem hastalig1, osteoartrit ile ilgili agrinin semptomatik tedavisi

Cahisma ozellikleri Katilimer Sayist Teshis Doz ve Siire Sonug¢ Kaynak
(n)
Agik galisma 43 hasta Dejeneratif romatizma 250 mg HP kok tozlar1 | Agri siddetinde belirgin bir | [49]
iceren kapsiil diisiis ve eklem hareketliliginde
2 kapsiil, tid, belirgin bir artis
60 giin
Agik galisma 553 hasta Kronik kas-iskelet 400 mg sulu kuru HP | Destekleyici oldugu goriilmiistir | [50]
sistemi hastalig1 ekstresi kapsiili, tid, 4
hafta
Agik galisma 1026 hasta Kas-iskelet sisteminin 480 mg HP etanollii | Destekleyici oldugu [51]
dejeneratif hastaligi kuru ekstresi (%60 h/h) | goriilmistir
bid,6 hafta
Cift kér Randomize HP: n=62 Osteoartrit 435 mg HP tozu igeren | HP’nin Diacerein®'den daha az [52]
Cok merkezli ¢galisma | Diacerein®: kapsiil etkili oldugu goriilmiistiir
n=60 2 kapsiil, tid
(57 mg harpagozit)
Diacerein®:  Giinde
100 mg, 4 ay
Agik galisma 675 hasta Osteoartrit 480 mg HP etanollii | Destekleyici oldugu [53]
kuru ekstre (%60 h/h), | goriilmistir
bid,
8 hafta
Gozlemsel caligma 583 hasta Diz veya kalga artrozu HP: 480 mg etanollii | Destekleyici oldugu goriilmiistiir | [54]
kuru ekstre (%60 h/h)
bid, 6 hafta
Cift kor Plasebo HP: n=24 Kalga osteoartriti HP: 480 mg etanollii | HP tedavisi, ibuprofen kullanim | [55]
kontrollii galiyma Plasebo: n=22 kuru ekstre (%60 h/h) | dozunu azaltmigtir
iceren tablet, bid,
20 hafta
Acik ¢alisma, 75 hasta Kalga ve/veya diz HP: Giinde Tipik klinik bulgularda iyilesme | [56]
Cok merkezli gozlem osteoartriti 50 mg harpagozite | gbzlenmistir
caligmasi esdeger 2400 mg sulu
kuru ekstre,
12 hafta
Agik galisma 259 hasta Artrit ve diger HP: 480 mg etanollii | Destekleyici oldugu goriilmiistiir | [57]
romatizmal durumlar kuru ekstre (%60 h/h)
bid, 8 hafta
Agik galisma 114 hasta Spesifik olmayan bel 400 mg sulu kuru HP | Destekleyici oldugu goriilmiistiir | [58]
agrisi veya diz/kalgada ekstresi,
osteoartrit agris Giinde 6 tablet
(giinlik doz 60 mg
harpagozit),
54 hafta

HP: H. procumbens, h/h: Hacim/hacim, bid: giinde iki kere, tid: giinde 3 kere

Antienflamatuvar ve Kondroprotektif Etki Mekanizmasi

Harpagozit, niikleer faktdr-kappa B’yi inhibe ederek LPS kaynakli iNOS ve COX-2
ekspresyonunun da inhibisyonunu saglayarak antienflamatuvar etki gosterir [59,60]. Bu
mekanizmanin, COX-2, l16kotrienler, TNF-o ve interlokin-1 (IL-1) gibi enflamatuvar mediatorlerin
inhibisyonu yoluyla H. procumbens’in analjezik ve kikirdak koruyucu etkisinden kismen sorumlu
olduguna inanmilmaktadir [61]. En iyi sonuglari veren arastirmalarda, giinde 50-100 mg harpagozit
iceren standardize H. procumbens sulu-alkollii ekstrelerinin kullanildig1 tespit edilmistir [3].

Kondroprotektif etki i¢in; COX-2, NO, TNF-a, IL-1p gibi enflamasyon mediyatorlerini inhibe
etmektedir. Ayrica kikirdak degredasyonunda anahtar rol oynayan matriks metalloproteinaz (MMP)

ve elastaz enzimlerini inhibe eder [52, 62].
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Harpagozit, IL-1B’ye cevap olarak aktivatdr protein-1 aktivasyonunu inhibe eder. Boylece, IL-
6 ve MMP-13 iiretimleri inhibe olur. IL-1B’nin uyardigi osteoartrit kondrositlerinde diger
sitokin/kemokinlerin ekspresyonunu da inhibe eder [63].

Endikasyonlari ve Giinliik Kullamim Dozlari
ESCOP, agrili osteoartrit tedavisinde her giin 2-5 g ham drog veya esdeger miktar ekstreyi
Onerir. Bel agris1 i¢in 4.5-9 g ham drog 6nerilir. 4.5-9 g ham drogdan hazirlanan ekstre giinliik doz
olarak kullanildiginda bel agrisinin alevlendigi zamanlarda doz bagimli olarak etki gosterdigine dair
kanitlar mevcuttur. Bu nedenle genel olarak osteoartrit agrilarinda ham ekstre dozunu 2-5 g ile
sinirlamak i¢in belirgin bir neden goriinmemektedir [21].
EMA verilerine gore H. procumbens, eklem agrilarinin ve hafif sindirim bozukluklariin
giderilmesi ve istah acici olarak kullanilmaktadir. Osteoartrit hastalarinda tavsiye edilen dozlarda 4

aya kadar kullanilir [20].

Gebelik ve Laktasyon Doneminde Kullanimi
Yeterli veri olmadigindan ve uterusta kasilmaya neden olabileceginden gebelerin kullanmasi
tavsiye edilmez. Ayrica yeterli veri bulunmadigindan laktasyon déneminde de kullanilmasi tavsiye

edilmemektedir [20].

Cocuklarda ve Ergenlerde Kullanimi

Yeterli veri yoktur.

Advers Etkileri
Klinik ¢aligmalarda hafif ve seyrek olarak gastrointestinal belirtiler rapor edilmistir [64]. Bu
advers etkilerin ne kadar siklikla goriilebilecegi bilinmemektedir. Bildirilen yan etkiler, bugiine kadar

calisilmis olan doz araliginda, doza bagimli olmaktan ziyade alerjiktir [19].

ila¢ Etkilesimleri

Bu zamana kadar H. procumbens i¢in ciddi bir ilag etkilesimi bildirilmemistir [20]. Ancak, H.
procumbens’in farmakolojisi ve etki mekanizmasi nedeniyle bazi ilaglarla etkilesimleri olabilir [3].
Kanitlar H. procumbens’in bir COX-2 inhibitérii oldugunu gostermektedir. Bu inhibisyon, NSAli'ler
veya antikoagiilanlar gibi kanama riskini artiran ilaglarla birlikte alindiginda kanama riskini daha da
artirabilecegi seklinde olabilir [S9]. H. procumbens kan sekeri seviyesini diisiirebilir bu sebeple

bitkinin diger hipoglisemik ilaglarla birlikte kullanildiginda dikkatli olunmasi 6nerilmektedir [22].
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H. procumbens mide asitligini artirabilir ve bu nedenle mide asit salgisini azaltmak igin kullanilan
ilaglari etkiyebilir. H. procumbens kalp ritmini ve kasilma giiciinii etkileyebilir, antiaritmik ilag veya

digoksin kullanan hastalarda dikkatli olunmasi 6nerilmektedir [38].

SONUC VE TARTISMA

Romatizmal hastaliklar, insan hayatin1 zorlastiran, hayat kalitesini diisiiren rahatsizliklardir.
Bu hastaliklarin en 6nemli bulgularindan olan agr1 6zellikle de kronik agri deneyimlerinin sik
yasanmasi kisilerin fiziksel, psikolojik ve sosyal olarak iyi olma halini olumsuz y6nde etkilemekte,
islevselliginin bozulmasina, isgiiciiniin diismesine yol agmaktadir. Agriy1 tedavi edebilmek igin
saglik harcamalarinda da ciddi artiglar olmaktadir. Agriy1 dindirme insanlarin integratif tibba
yonelim sebeplerinden biridir. Tibbi bitkisel iiriinlerin, koruyucu, gilinliik rahatsizliklar iyilestirici,
tedaviyi tamamlayici ve destekleyici olarak kullanilan en yaygin endikasyonlari; eklem, iskelet, kas
rahatsizliklaridir.

1800’lerden beri geleneksel kullanimi olan H. procumbens’in, NSAIli’lere kiyasla
azimsanamayacak derecede etkili oldugu goriilmiistiir. Advers etkilerinin goriilme ihtimali ve
siddeti, NSAIl’lere gore daha az olmasi ve uzun yillardir kullaniliyor olmasi H. procumbens’i
osteoartrit nedenli enflamasyon ve agr1 olgularinda iyi bir alternatif olarak 6ne ¢ikarmaktadir.

Bu derlemede kullanilan literatiirlerde sunulan bilimsel verilerden yola ¢ikilarak;

e ESCOP, H. procumbens kdoklerinin en az %1.2 oraninda harpagozit icermesi gerektigini
bildirirken; standardize ekstreler en az %2.2 total iridoit glikoziti veya %1 harpagozit
icermelidir. [20, 22]

e Antienflamatuvar etkiyi; harpagozitin niikleer faktor-kappa B’yi inhibe ederek LPS kaynakli
iNOS ve COX-2 ekspresyonu iizerinde inhibisyon olusturarak goésterdigi tespit edilmistir
[59,60]

e Bu mekanizmanin, COX-2, lokotrienler, TNF-a ve IL-1 gibi enflamatuvar mediatorlerinde
inhibe edilmesini saglayarak kok ekstrelerinin analjezik ve kikirdak koruyucu etki
gostermesine katki verdigine inanilmaktadir [61].

e Yine osteoartritte kikirdak koruyucu etkileri i¢in kikirdak degredasyonunda anahtar rol
oynayan MMP ve elastaz enzimlerini inhibe ettigi in vitro ¢alismalarla gosterilmistir [52,
62].
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e Bu etkileri gosterebilmesi icin standardize ekstrelerin 4 ay siire ile kullanilmasi
gerekmektedir Bu siire sonunda ara verilip 2 ay sonra tekrar kiir uygulamasina devam

edilmesi akilei fitoterapi uygulamalarinda 6nerilmektedir [20].

H. procumbens gibi geleneksel tipta kullanilan bitkilere; osteoartrit hastalarinda diisiik yan
etki olusturmalar1, klinik ve biyokimyasal fayda gostermeleri sebebiyle yonelim giin gectikce
artmaktadir. Bu yonelim, histolojik degerlendirme de dahil olmak {izere daha fazla arastirmayi
gerektirmektedir. Dejeneratif artropatilerin tamamlayici tedavisi olarak etkili bitkisel takviyelerin
arastirllmasi karmasik bir konudur ve caligmanin diizeni ve protokollerin zorlugu nedeniyle
giiniimiizde yeterli miktarda kaliteli calisma yoktur. Mevcut arastirmalar bitki ekstrelerinin,
hastaligin ilerlemesi iizerindeki etkisini veya artropatilerin agirlagmasini durdurup durdurmadigini
tam anlamiyla degerlendirememistir. Bu amagla, daha uzun siireli ¢aligmalar yapilmalidir. Mevcut
caligmalarin ¢ogu, sadece bitkisel tedavi nedenli semptomatik rahatlamanin degerlendirilmesine
odaklanmugtir.

Avantajlarina ragmen, bitkisel tedavilerin ilaglarla olan etkilesimleri, formiilasyon sikintilar
sebebiyle diigilk biyoyararlanimlari, standardizasyon eksikligi, ulusal ve uluslararasi farkli yasal
diizenlemeler nedeniyle dikkatle kullanilmalar1 gerekmektedir. Bitkisel tedavinin; osteoartrit ve
romatoid artritin tedavi rehberlerinde yer alabilmesi icin tibbi bitki etkinligi, giivenligi ve etki
mekanizmalarina iligkin daha fazla kanit gereklidir.

Giiniimiizde oldukga sik rastlanan osteoartrit semptomlarinin rahatlatilmasinda, bel ve eklem
agrilarinda kanita dayali sonuglar1 sunabilmek i¢in, H. procumbens preparatlari {izerinde daha uzun
siireli, yiiksek dozlarda, daha fazla katilimei ile kontrollii, randomize ve ¢ift korlii tasarlanmis klinik

caligmalara ihtiyag vardir.
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Amac: Aronia tiirleri bakka tipi (berry) meyvelere sahip olup, yapilarinda antosiyaninler basta olmak
lizere yiiksek miktarda fenolik bilesikler tasir. Zengin kimyasal iceriginden ve giicli antioksidan
aktivitesinden dolayt fonksiyonel gida olarak adlandiriimakta, diinya iizerinde kullanimi ve kiiltiirii
yayginlasmaktadir. Bu derleme ile Aronia meyvelerinin kimyasal bilesimi, biyolojik aktiviteleri ve konuyla
ilgili giincel arastirmalar sunulmustur.

Sonu¢ ve Tartisma: Aronia meyvelerinin geleneksel kullamimi yaminda, kimyasal bilesimi,
hastaliklardan korunma ve hastaliklarin tedavisindeki rolii incelenmistir. Biyoaktiviteden sorumlu baslica
molekiiller (siyanidin tiirevi glikozitler, flavonoidler, prosiyanidinler ve fenolik asitler gibi fenolik yapida
bilesikler) ve oranlar ile ilgili bilgiler verilmistir. Gii¢lii antioksidan aktivitesi nedeniyle bir¢ok kronik ve
dejeneratif hastalik iizerinde tedavi edici etkisi olduguna, ayrica antiinflamatuvar, antidiyabetik,
antimutajenik ve kardiyoprotektif aktivite gosterdigine iliskin detayli veriler bulunmaktadr.

Anahtar Kelimeler: Antioksidan, antosiyanin, Aronia melanocarpa, biyolojik aktivite, fenolik bilesikler

ABSTRACT

Objective: Aronia species have bacca (berry) type fruits and contain high amount of phenolics
especially anthocyanins. Due to their rich chemical content and strong antioxidant activity, they are called
functional food, their uses and cultivation is becoming widespread in the world. In this review, the data on
the chemical composition, biological activity of Aronia fruits, and current researches on the fruits are
presented.
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Result and Discussion: Besides the traditional use of Aronia fruits, their chemical composition and
their role in the treatment and protection of diseases have been presented. Information about percentages
and structures of main compounds (phenolic compounds such as cyanidin glycosides, flavonoids,
procyanidins, and phenolic acids) which are responsible for bioactivity of berries are mentioned. Detailed
data are available on the therapeutic effects of fruits on many chronic and degenerative diseases thanks to
the their strong antioxidant activity, Also there are substantial studies regarding anti-inflammatory,
antidiabetic, antimutagenic, and cardioprotective activities of Aronia fruits.

Keywords: Anthocyanin, antioxidant, Aronia melanocarpa, biological activity, phenolic compounds

GIRIS

Onleyici tedavi yaklasimlarma olan ilginin artmasi nedeniyle sagligi destekleyici dogal
kaynaklar ve igerikleri {izerinde yapilan ¢aligmalara olan ihtiya¢ artmistir. Giinliik diyette siklikla
kullanilan tizimsii meyveler (Fragaria vesca, Rubus fruticosus, Rubus idaeus, Ribes nigrum,
Vaccinium myrtillus, Sambucus nigra gibi) lezzetli, disiik enerjili, antioksidan etkili, lif ve
polifenolik bilesikler acisindan zengin meyvelerdir. Uziimsii (kirmiz1 ve mor meyveler, berry) tipte
meyveler kimyasal igerikleri nedeniyle potansiyel antioksidanlardir ve birgok dejeneratif hastaligin
korunma ve tedavi stireglerinde rol alirlar [1].

Rosaceae familyasina ait calimsi bir bitki olan Aronia melanocarpa tiiriiniin, meyve iiretimi
igin kiiltiirti yapilmaktadir. Aronia tiirleri, Kuzey Amerika ve Kanada'nin dogu bélgesinde dogal
olarak yetismektedir. Avrupa’ya yayilisi 1900’lerde Almanya’dan Rusya’ya dogru olmustur. Aronia
tiirleri 2-3 metreye kadar biiyiiyebilen ¢alimsi bitkiler olup Mayis-Haziran aylarinda gigeklenirler,
meyveleri olgunlastiginda parlak kirmizi veya siyah (6-13mm, 0,5-2 g) renktedir [2].

"Chokeberry" olarak bilinir ve taninmug iki tiirii vardir. Aronia melanocarpa (black
chokeberry) ve Aronia arbutifolia (red chokeberry) meyveleri yaygin olarak meyve surubu, meyve
suyu, yumusak marmelatlari, meyve regelleri, ekstre ve ¢ay iiretmek igin Avrupa'nin farkli
bolgelerinde kullanilmaktadir [2,3].

Aronia meyveleri zengin kimyasal i¢eriginden ve yiiksek antioksidan aktivitesinden dolay1
fonksiyonel gida olarak adlandirilmakta, diinya {izerinde kullanimi ve kiiltiiri yayginlagmaktadir.
Onemli derecede antioksidan aktivite gosterdiginden dolay1 bircok kronik ve dejeneratif hastaligin
onlenmesinde ve tedavisinde rol almaktadir [4-8].

Antosiyaninlerin saglik tizerine etkilerine olan ilgi zamanla daha da artmaktadir. Yiiksek
antosiyanin igerigine sahip Aronia meyveleri de bu etkileri agisindan arastirilmis ve insan sagligi
iizerinde, antioksidan ve diger biyolojik aktivitelerine dayanarak 6nemli derecede koruyucu ve

faydali etkilere sahip oldugu gosterilmistir [9].
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Aronia meyveleri antosiyanin, flavonol, flavanol, proantosiyanidin, fenolik asitler gibi
fenolik bilesikler agisindan ¢ok 6nemli bir kaynaktir [1,4,5]. Aronia agizda belirgin bir biiziilme
hissine (dokunsal, kuruma ve sikilagtirma etkisi) neden olur. Bu astrenjan etki igerigindeki kondanse
tanenlerden kaynaklanir [10].

Bitkinin meyvelerinin zengin igerikli bir gida olarak tiiketilmesinin yaninda, geleneksel
bitkisel ilag olarak da kullanimlar1 bulunmaktadir. Aronia meyveleri Rusya ve bazi Dogu Avrupa
tilkeleri basta olmak tizere antihipertansif ve anti-aterosklerotik etkileri nedeniyle kullanilmustir [11].
Aronia meyvelerinin basta antioksidan aktivite olmak fiizere, antiinflamatuvar, antidiyabetik,
antikanser, antimutajenik, antibakteriyel aktivitesi ile ilgili ayrica obezite, kardiyovaskiiler
hastaliklar, otoimmiin hastaliklar gibi gesitli hastaliklar tizerine etkisi ve terapotik potansiyeli ile ilgili
bir¢ok calisma yapilmistir [2,12]. Bu makalede, Tiirkiye’de ve diinya genelinde fonksiyonel bir besin
olarak kullanimi artan Aronia meyveleri ile ilgili su ana kadar yapilmis fitokimyasal ¢alismalar ve
biyolojik aktivite ¢alismalart derlenmistir. Bu sekilde Aronia bitkilerinin kiiltiiriiniin ve dogrudan
gida olarak veya cesitli iirlinleri seklinde kullanimimin yayginlagmasi siirecinde bir kaynak teskil

etmesi amaglanmustir.

Kimyasal Bilesimi

Aronia meyveleri diyet lifi, organik asitler, seker, yag protein, mineral (6zellikle ¢inko,
potasyum) ve vitaminler (vitamin C) ile birlikte yiliksek fenolik igerige sahiptir [13].

Meyvelerdeki fenolik bilesiklerin igerigi ve miktarinin incelenmesinde tek ve standart bir
metot olmamasi, arastirmalar sonucunda elde edilen verilerin karsilagtirilmasi gii¢liiglinii ortaya
cikarmaktadir. Bu arastirmalar, bazi pratik spektroskopik metodlar ile veya daha gelismis
HPLC/DAD, HPLC/ESI-MS gibi yontemler ile yiiriitilmektedir [14]. Ayrica meyvelerin kimyasal
kompozisyonu ve bu bilesiklerin miktarlari; bitkinin yetistirilme seklinden, giibrelenmesinden,
meyvelerin olgunlugundan, hasat tarihinden, habitatindan, saklanma ydnteminden ve diger tiim
cevresel kosullardan dolay1 degisiklikler gosterebilir [15,16].

Aronia meyveleri diger "berry" tipi meyvelerden yiiksek sorbitol ve polifenol igerigi ile
ayrilir [2]. Kurutulmus Aronia meyvelerindeki diyetsel lif icerigi katt hal NMR teknigi ile
incelenmistir. Buna gore total kiitlenin % 66,6’s1 ¢oziinemeyen lif (lignin, seliiloz, hemiseliiloz),
%5,4’1 ¢oziinebilir lif olmak tizere %72 oraninda diyetsel lif igermektedir [17]. Taze meyvelerdeki
diyetsel lif oran1 ise 5,62 g/100 g seklindedir [2].

Taze meyvelerdeki indirgen seker oran1 %16—18 arasinda bulunmustur. Baska bir ¢alismada
glikoz ve fruktoz orani taze agirlikta 13— 17,6 g/100 g arasinda bulunmustur. Taze meyvelerin yag

icerigi 0,14 g/100 g ve protein igerigi 0,7 g/100 g bulunmustur [2,7]. Meyvelerde ortalama su miktari
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%70-80 dolaylarinda olmakla birlikte bitkinin tiiriine, yetistigi yere ve yila gore degisiklikler
gostermektedir [18].

Aronia Meyvelerinin Fenolik Bilesenleri

Aronia meyvelerinin i¢erdigi ve meyvelere rengini veren antosiyaninler basta olmak iizere
fenolik bilesikler, bitkinin gosterdigi biyoaktivitelerden sorumlu major bilesiklerdir. Meyvelerin
kimyasal bilesimi incelendiginde, baslica (—)-epikatesin olmak {izere proantosiyanidinler Aronia
meyvelerinin polifenol igeriginin %66 ile en biiyiik kismini olusturur [19].

Meyvelerdeki siyanidin ve (—)-epikatesin bilesiklerinin kimyasal yapist Sekil 1.’de

verilmistir [2].

OH OH

OH OH

HO o®\ HO o) o
\‘\
O = 2
OR 70H
OH OH
(-)- Epikatesin

R= galaktoz Siyanidin-3-galaktozit
R=arabinoz Siyanidin-3-arabinozit

R=ksiloz  Siyanidin-3-ksilozit
R=glukoz  Siyanidin-3-glukozit

Sekil 1. Aronia melanocarpa tiiriiniin kimyasal bilesiminde bulunan siyanidin glikozitleri ve
epikatesin

Siyanidin glikozitleri, flavonoidler, prosiyanidinler, fenolik asitler gibi bitkinin fenolik

bilesenleri ve meyvelerdeki orani iizerine yapilan ¢alismalar Tablo 1.'de gésterilmistir.
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Tablo 1. Aronia meyvelerindeki fenolik bilesikler ve oranlari

BiLESiK GRUBU MIKTAR/BIiRIM KULLANILAN METOD KAYNAK
Total antosiyanin 4341,06+22 SGE mg.kg™ (TA) pH- diferansiyel metodu [13]

460,5+2,9 SGE mg.100 g™ (TA) pH- diferansiyel metodu [20]

4,28 SGE mg.g* (TA) pH- diferansiyel metodu [21]

1480,0 SGE mg.100g™ (TA) HPLC-MS/MS metodu [22]

4,5+ 0,20 SGE g'kg? (TA) pH- diferansiyel metodu [23]

SGE g-kg™ (TA) (kurutulmus)

3,1+0,1/1,4+0,1

SGE g-kg™ (TA) (meyve suyu)

0,7+0,01/0,4+0,02 /0,6+0,02

SGE g-kg™ (TA) (konsantre)

3,6 0,1

SGE g-kg™ (TA) (posa)

1 5
Total polifenol 10637,20+£571 GAE mg.kg™ (TA) Folin-Ciocalteau mikro metodu [[13]

690,2 + 8,8 GAE mg.100 g* (TA) Folin-Ciocalteau metodu [20]

25,56 GAE mg.g? (TA) Folin-Ciocalteu metodu [21]

GAE g.kg* (TA) Folin-Ciocalteu metodu [23]

13,3+0,03

GAE g.kg™ (TA) (kurutulmusg)

39,9+0,3/50,1+04

GAE g.kg™ (TA) (meyve suyu)

6,6 +0,1/6,5+0,03/6,3+0,04

GAE g.kg™ (TA) (konsantre)

29,6 +0,1

GAE g.kg™ (TA) (posa)

63,1 £0,5

20,1 GAE mg.g* (TA) Folin-Ciocalteu metodu [22]
[Total flavonoid 5,3 +0,2 KE g'kg™ (TA) Kolorimetrik metod [23]
Siyanidin-3-galaktozit [2794,74+ 4,0 mg.kg™ (TA) HPLC metodu [13]

12563 £ 11,5 pg.g’ (TA) HPLC metodu [21]

989,7 mg.100 g (TA) HPLC-MS/MS metodu [22]

2917,2 +129,3 mg-kg(TA) [Ters faz HPLC metodu [23]
Siyanidin-3-glikozit 121,69+0,1 mg.kg™ (TA) HPLC metodu [13]

16,9 2,5 ug.g (TA) HPLC metodu [21]

37,6 mg.100 g* (TA) HPLC-MS/MS metodu [22]

127 £ 5,4 mgkg™ (TA) ITers faz HPLC metodu [23]
Siyanidin-3-arabinozit [993,77<1,1 mgkg® (TA) HPLC metodu [13]

14243 + 18,2 pg.g* (TA) HPLC metodu [21]

399,3 mg.100 g* (TA) HPLC-MS/MS metodu [22]

1359,4 £0,2 mg kg (TA) [Ters faz HPLC metodu [23]
Siyanidin-3-ksilozit 146,02+0,3 mg.kg? (TA) HPLC metodu [13]

469,0 = 8,6 ng.g* (TA) HPLC metodu [21]

51,5 mg.100 g1 (TA) HPLC-MS/MS metodu [22]

165,8 + 1,3 mg.kg! (TA) Ters faz HPLC metodu [23]
Kersetin 71,13+1,5 mg.kg* (TA) HPLC metodu [13]
Kersetin-3-galaktozit  [302,4 + 6,4 pg.g* (TA) HPLC metodu [21]
Kersetin-3-glikozit 273,1 £5,7 ug.g™ (TA) HPLC metodu [21]
Kempferol 5,30£0,5 mg kg (TA) HPLC metodu [13]
Fenolik asit 669,03 mg.100 g* (KA) LC-MS, UPLC-PDA-FL [24]
Kafeik asit 14114 + 14,3 pg.gy(TA) HPLC metodu [21]
(-) Epikatesin 15,04 mg.100 gH(KA) HPLC metodu [19]

SGE: Siyanidin-3-glikozit ekivalani, GAE: gallik asit ekivalani, KE: katesin ekivalani, TE: trolox ekivalani, KA: kuru
agirlik, TA: taze agirlik

Biyoyararlanim
Aronia meyvelerinin sindirimi sirasinda, antosiyaninler hizla mikrobiyal katabolizasyona

ugrar. Antosiyaninler arasindan siyanidin-3-O-galaktozit hizli bir sekilde peonidin-3-O-galaktozite
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metabolize edilir. Katabolizasyon iriinleri biyoyararlanim sirasinda, plazma ve idrarda
antosiyaninlerin yaklasik 10 kat1 kadar olur. Antosiyaninler ve diger polifenol katabolitleri ile plazma

ve idrarda 1,0 ila 6,33 saat arasinda bir tmax ile yogun sekilde metabolize edilir [25].

Farmakolojik Aktivite
Antioksidan Aktivite

Serbest radikaller viicudun normal enerji metabolizmas1 sonucunda veya cesitli ¢cevresel
etkenlere (radyasyon, sigara kullanimi, ¢esitli ilaclar, ¢evre kirliligi) bagli olarak iiretilebilir. Bu
reaktif oksijen ve azot tiirleri viicudun ¢esitli fonksiyonlar1 i¢in gereklidir. Ancak bu radikallerin asir1
iiretiminde veya viicut tarafindan elimine edilemedigi durumlarda, viicuttaki dogal denge bozulur ve
oksidatif stres meydana gelir. Olusan oksidatif stres; kanser, otoimmiin hastaliklar, yaslanma,
katarakt, kardiyovaskiiler ve norodejeneratif (Alzheimer Hastalig1) hastaliklar gibi 6nemli kronik ve
dejeneratif hastaliklara neden olabilir [26].

Bu tiir hastaliklardan korunmada ve olusan hasarin diizeltilmesinde antioksidan etkili
bilesikler onemli rol oynar. Antioksidan aktivitenin belirlenmesi i¢in radikal siipiirme kapasitesinin
Olgiilmesine ve metal indirgeme etkisinin Olglilmesine dayanan ¢esitli in vitro metotlar
gelistirilmistir.

Antosiyaninler, flavonoidler gibi fenolik bilesiklerce zengin olan Aronia melanocarpa
tiriiniin meyveleri bu acidan degerlendirilmis ve 6nemli derecede antioksidan aktiviteye sahip

oldugu yapilan galigmalarda gosterilmistir (Tablo 2).

Tablo 2: Antioksidan aktivite deneyleri

METOT SONUC KAYNAK
DPPH Serbest Radikal Siipiiriicii Aktivitesi 1,8 + 0,3 (ECso) [20]
11,3+0,5 gkg® (TE) [23]
CUPRAC 67,7 g'kgt (TE) [23]
ABTS 11+0,04 gkg™ (TE) [23]
ORAC 160,2 pmol.g1 (TE) [21]
Ferric Reducing Antioxidant Power (FRAP) 36,64 £ 0,01 mM .100 g (TE),(KA) [24]
Lipofilik ORACFL metodu 2,42 umol.g* (TE) [22]
Hidrofilik ORACFL metodu 158,2 umol.g* (TE) [22]

ECso: Baslangigtaki DPPH- radikalinin 50%’sini giderecek meyve miktarmin miligram cinsinden degeri

DPPH: 1,1-Difenil-2-pikrilhidrazil, CUPRAC: Bakir (II) indirgeme esasl: antioksidan kapasite, ORAC : Oksijen radikal
absorbans kapasitesi, FRAP: Demir (III) iyonu indirgeyici antioksidan gii¢

TE: trolox ekivalani, KA: kuru agirlik, TA: taze agirlik
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Immiinomodiilator Aktivite

Inflamasyon viicuttaki degisikliklere, olusan hasara ve viicut homeostazisini etkileyebilecek
etkenlere karsi verilen bir yanit, dogal savunma mekanizmasidir. Makrofaj hiicreleri tizerindeki tool
like reseptorler (TLR) tarafindan patojen endotoksini veya lipopolisakkarit yapisinin taninmasi
sonrasinda inflamatuvar gen iliskili niikleer faktorii kappa B (NF-«xB) transkripsiyon faktori salinir.
NF-kB, inflamayon ve immiin yanit, hiicresel stres reaksiyonlari, karsinojenez, hiicre sagkalimi ve
apoptoz gibi bir¢ok fizyolojik ve patolojik siirecte rol oynar.

Immiin sitemin uyarilmasi ile interlokinler (IL), tiimdr nekrozis faktér (TNF)-a, reaktif
oksijen tiirleri (ROS), nitrik oksit (NO), prostaglandinler (PG) gibi bir takim proinflamatuvar
medyatdrler salinir ve inflamasyon siireci devam eder. Bu medyatorlerin asir1 veya kontrolsiiz
iretimi kanser, Alzheimer, otoimmiin hastaliklar ve diger kronik ve dejeneratif hastaliklarda rol
oynar. Inflamatuvar hastaliklarda kullanilan non-steroid antiinflamatuvar ilaglarm neden oldugu yan
etkiler nedeniyle, daha az yan etki gosteren dogal kaynakli, fenolik yapidaki antiinflamatuvar
bilesiklere olan ilgi artmustir [27].

Aronia meyveleri ve polifenollerinin primer C57/BL6 fare splenosit hiicreleri tizerindeki
antiinflamatuvar aktivite ¢alismasi ile A. mitschurinii ekstresinin 125 pg gallik asit ekivalani/ml’de,
A. arbutifolia ve A. prunifolia ekstrelerinin daha diisiik konsantrasyonlarda, lipopolisakkarit (LPS)
ile stimiille edilmis IL-6’y1 inhibe ettigi gosterilmistir [28]. Ayrica yapilan c¢alismalarda,
antiinflamatuvar aktivitenin bitkinin ¢ogunlukla flavonoid ve fenolik asit igeriginden kaynaklandigi
belirlenmigtir. Aktiviteden baslica sorumlu bilesiklerin kersetin, siyanidin 3-arabinozit ve
hidroksisinnamik asit tiirevi bilesikler oldugu belirtilmistir. [28, 29].

Yapilan bir diger arastirma, Aronia konsantresinin, insan periferik monositlerinde TNF-a,
IL-6 ve IL-8 salimmmini ve RAW264.7 makrofaj hiicrelerinde NF- kB yolagini1 inhibe ettigini
gostermistir. Ayrica, Aronia meyvelerinin NF-kB aktivasyonunda, sitokin saliniminin ve PGE2
sentezinin inhibisyonunda sodyum selenit ile sinerjize oldugu belirtilmistir [30].

A. melanocarpa tiiriinden izole edilmis proantosiyanidin bilesiklerince zengin fraksiyonlar
ve prosiyanidin C1, B5, B2 ve antosiyaninler, komplement modiilator aktiviteleri, LPS-indiiklenmis
RAW 264.7 makrofajlarin nitrik oksit {iretimini inhibisyon aktiviteleri ve hiicre canlilik testleri
acisindan incelenmistir. Buna gore, siyanidin, prosiyanidin B2, BS5, Cl1 ve proantosiyanidin
bilesiklerince zengin fraksiyonlar kompleman fiksasyon testinde oldukca aktif ¢ikmistir. Ayrica,
oligomerik prosiyanidinler, hiicre proliferasyonunu etkilemeden murin RAW 264.7 makrofajlarinda

LPS ile indiiklenen NO {iretimi iizerinde doza bagli inhibitor etkiler gostermistir [31].
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Obezite ve Diyabet Uzerine Etki

Aronia meyvelerinin, igerdikleri antiinflamatuvar ve antioksidan bilesenlerden dolay1
hiperglisemiye bagli oksidatif stresin ve bunun sonucunda ortaya g¢ikan komplikasyonlarin
azaltilmasinda faydali etkileri oldugu gosterilmistir [32].

Yine Aronia meyve ekstresinin, insiilin sinyali, adipogenez ve inflamasyon ile iligkili ¢oklu
yollar1 modiile ederek insiilin direnciyle ilgili risk faktorlerini azalttigi belirlenmistir [33].

Pankreatik a-amilaz, a-glikozidaz, lipaz gibi enzimler sindirim sirasinda, kompleks
molekiillerin daha kiigiik sindirilebilir forma doniistiiriilmesinde 6nemli rol oynar. Aronia ekstreleri
ve etkili bilesikleri, bu enzimlerin inhibisyonu ile, besinlerin biyoyararlanimini ve enerji degerini
diisiirdiigiinden dolay1 diyabet ve obezite tedavisinde etkili bir yaklasim teskil eder [34,35].

Yapilan klinik bir ¢aligma ile Aronia meyve suyunun Tip- 2 diyabetli hastalarin aglik kan
sekerini diislirdiigii gosterilmistir [36].

Bir diger calismada ise intraperitonal streptozotosin (50 mg/kg) uygulanarak siganlarda
diyabet modeli olugturulmus, Aronia melanocarpa meyve suyu 10 ve 20 ml/kg dozlarda, saglikli ve
hasta si¢anlara gavaj yolu ile uygulanarak deneklerin kan glikoz seviyeleri ve obezite parametreleri
incelenmistir. Diyabetik sicanlarda plazma glikozu ve trigliseritinde streptozotosine bagli
anormalliklerde Onemli Olgliide azalma goriilmiistiir. Diabetes mellitus ve diyabetle iligkili
komplikasyonlarin 6nlenmesi ve kontroliinde faydali olabilecegi belirlenmistir [37].

Aronia meyve suyu verilen diyabet modelli KK-Ay farelerde, plazma glikozu, viicut agirligi,
beyaz adipoz doku azalmigtir. Ayrica DPP IV inhibisyonu saglanmistir. Bu inhibisyon glikoz iliskili
insiilin sekresyonunun arttirilmasi, gastrik bosalmanin yavaslamasi ve postprandiyal glukagon ve

gida aliminin azaltilmasi gibi yollarla tip-2 diyabet tedavisinde dnemli bir yaklasim teskil eder [38].

Kardiyoprotektif Aktivite

Aronia meyveleri, lipit metabolizmasi, peroksidasyon, iltihaplanma siireci, pihtilagsma ve
oksidasyon iizerindeki ¢oklu aktiviteler nedeniyle kardiyoprotektif etkiler gosterir [39].

Metabolik sendromlu hastalar ile yapilan bir ¢alismada Aronia melanocarpa ekstresinin
kullanimu ile total kolesterol (TC), diisiik yogunluklu lipoprotein kolesteroliin (LDL-C), ve trigliserit
(TG) seviyelerinde belirgin diisiis kaydedilmistir. 1 aylik ekstre kullanimi sonucunda platelet
agregasyonunda onemli derecede inhibisyon goriilmiis ve ayrica piht1 olusumunda ve fibrinolizde
azalma gozlemlenmistir [40].

Aronia meyve suyunun arteriyel kan basinci ve lipid parametleri {izerindeki etkilerini

arastirmak tizere yapilan ¢alismada, diizenli Aronia suyu i¢ilmesinin, toplam kolesterol seviyesinin,
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LDL kolesteroliin ve trigliseritlerin azalmasina ve yiiksek yogunluklu lipoprotein 2 (HDL?2)
kolesteroliiniin artmasina neden oldugu gosterilmistir [41].

Aronia ekstresinin Caco-2 hiicrelerinde doza bagli bir sekilde, kolesterol akiginda rol alan
genlerin ekspresyonunu etkiledigi ve bir sekilde hiicresel kolesteroliin bagirsak liimenine akigini
tesvik ettigi bulunmustur. Bu calisma ile ekstrenin hipolipidemik etkileri, en azindan kismen LDL
tirevi kolesteroliin apikal atiminin artmasina ve bagirsakta azalmis silomikron olusumuna
baglanabilecegi ve sirtuinin spesifik izoformlarmin bu siirecte onemli bir rol oynayabilecegi
diistintilmektedir [42].

Miyokard enfarktiisii gecirmis en az alt1 ay statin tedavisi goren hastalar ile yapilan
calismada, hastalarda 6 hafta Aronia ekstresi kullanimi sonrasinda, kontrole karsi, statinlerden
bagimsiz olarak inflamasyon siddetinde azalmaya sebep oldugu gosterilmistir. Klinikte iskemik kalp
hastaliginin ikincil korumasinda kullanilabilecegi belirtilmistir [43].

Bir diger ¢calismada A. melanocarpa meyve zengin ekstreleri, yalnizca kardiyovaskiiler risk
faktorleri olan hastalarda siiperoksit tiretiminde énemli bir konsantrasyona bagli azalmaya neden
olurken, kontrol grubunda herhangi bir etki gozlenmemistir.

A. melanocarpa meyve ekstreleri, her iki ¢aligma grubunda da konsantrasyona bagli olarak
Oonemli bir antiagregan etki gosterilmis ve bu etkilerin siiperoksit tiretimini tizerindeki diizenleyici
etkiden bagimsiz olabilecegini gosterilmistir [44].

Antosiyaninle zenginlestirilmis ekstrelerin domuz koroner arterlerinde endotel bagimli
gevsemeyi sagladigi gosterilmistir. Buna gore Aronia ekstresi gibi polifenolce zengin ekstrelerin,

vaskiiler hastaliklarda 6nemli faydali etkilere sahip olabilecegini diisiiniilmektedir [45].

Antikanser ve Antimutajenik Aktivite

Yapilan birgok in vitro ve hayvan deneyi ¢alismalari, Aronia meyvelerinin ve ekstrelerinin
basta kolon kanseri olmak iizere anti-proliferatif veya koruyucu etkilerini gostermektedir [2].

Aronia melonocarpa meyvelerinden yar1 saflastirilmis antosiyanin bakimindan zengin
ekstresinin normal kolon ve kolon Kkanseri hiicre hatlari tizerindeki etkisi arastirildiginda, 50 mg
monomerik antosiyanin / ml Aronia ekstresine 24 saatlik maruz kalma sonucu, insan HT-29 kolon
kanseri hiicrelerinde % 60 biiyiime inhibisyonu gozlenmistir. Hiicrelerin, hiicre dongiistiniin G1/GO
ve G2/M fazlarinda bir blokaj gézlemlenmistir. Kolon karsinogenezinde koruyucu etkileri ve ¢coklu
etki mekanizmalar1 belirlenmistir [46,47]. Sitostatik etkide antosiyaninlerin kimyasal yapisinin
onemli rol oynadig1 belirtilmistir [48].

Aronia melanocarpa meyvelerinden izole edilmis antosiyaninlerin, Ames testi ile

antimutajenik aktivitesi oldugu belirlenmistir. Bu aktivitenin, esas olarak serbest radikalleri siipiiriicii
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aktivitesi yan sira promutajenleri aktive eden ve mutajenleri DNA-reaktif tiirevlere doniistliren

enzimlerin inhibisyonu yoluyla olustugu diisiiniilmektedir [49].

Diger Aktiviteler
Bitkinin ayrica hepatoprotektif, gastroprotektif, antibakteriyel, antiviral aktiviteleri ile ilgili

caligmalar yapilmistir [2,11].

SONUC VE TARTISMA

Sonug olarak giiniimiizde kullanimi yayginlasan Aronia melanocarpa basta olmak tizere
Aronia tiirleri iizerine yapilan ¢alismalar gostermistir ki; Aronia meyvelerinin yiiksek fenolik
iceriginden dolay1 ve potansiyel terapdtik faydalari nedeniyle fonksiyonel bir gida olarak kullanimi
onem kazanmaktadir. Antosiyanin, prosiyanidin, fenolik asit bilesikleri farmakolojik aktiviteden
sorumlu baglica bilesiklerdir. Giiglii antioksidan aktivitesi nedeniyle saglig1 destekleyici etkileri
yapilan bir¢ok arastirma ile gosterilmistir. Antidiyabetik, kardiyoprotektif, antimutajenik aktiviteleri,
obezite, ¢esitli inflamatuvar ve kronik hastaliklardaki olumlu etkileri belirlenmistir. Giincel
kullanimina ek olarak, klinikte koruyucu ve tedavi edici etkileri nedeni ile kullaniminin
yayginlagmasi i¢in, bitkinin kimyasal bilesimi ve biyoaktivitesi lizerine yapilan ¢aligmalarin artarak

devam etmesi gerekmektedir.
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isimlerin altindaki satira kurum adlar1 ve posta adresleri acik¢a yazilmalidir.

Baslik sayfasinda yayin adi, yazar/yazarlarin adlar1 ve yazigsma yapilacak yazarin acik adresi,
telefon ve faks numaralari, varsa e-mail adresi belirtilmelidir. Sorumlu yazarin soyadinin {istiine
(*) isareti konularak belirtilmelidir. Bu kisinin agik adresi, faks numarasi, telefon numarasi ve
e-mail adresi baglik sayfasinin en altinda belirtilmelidir.

Tablolar {istlerine, sekiller (formiil, grafik, sema, spektrum, kromatogram, fotograf v.b.) de
altlarina arabik rakamlarla (Sekil 1., Tablo 2.,) numaralandirilmalidir. “Tablo”, “Sekil”
sozctikleri ile bunlara ait numaralar koyu yazilmali ve 11 punto olmalidir. Sekil/Resim (JPG
formatinda) makale i¢inde yerlesmis olmalidir.

Tablo adlar1 Tablolarin {istiine ve sekil adlar1 da Sekillerin altina birer satir aralikla ve bunlarin
genisligini asmayacak sekilde 11 punto yazilmalidir. Tabloya ait agiklama varsa tablonun altina
1 bosluk birakilarak 9 punto ile yazilmalidir. Tablo ve Sekiller metin icine yerlestirilirken metin
ile aralarinda net ayirimi saglayacak kadar bosluk birakilmalidir.

Paragraf baslar1 1 cm ig¢eriden baglamalidir.

. Uluslararasi kisaltmalar kullanilabilir. Metin i¢inde mililitre i¢in ml; dakika i¢in dak. olarak

belirtilen sekliyle yazilmalidir.

Makalelerin boliimleri Baslik, Oz, Anahtar kelimeler, Giris, Gere¢ ve Yontem, Sonug ve
Tartisma, Tesekkiir ve Kaynaklar sirasina uygun olarak hazirlanmalidir. Derleme makalelerinde
Gere¢ ve YoOntem boliimii bulunmayabilir. Bu boliimler birbirlerinden 2 satir aralik ile
ayrilmahidir. Bu béliimleri ifade eden basliklar 12 punto ile koyu olarak biiyiik harflerle ve
sayfanin solundan baslanarak yazilmalidir. Boliim basliklari ile metin arasinda ayrica aralik
birakilmamalidir.

Bashk: Tiirkce ve Ingilizce olarak biiyiik harf ve ilk baslik 14 punto, koyu ve ikinci baslik 12
punto, italik olarak yazilmalidir. Baglik metine uygun, kisa, ¢calismayi tanitict ve acik ifadeli
olmalidir.

Oz: Tiirkce ve Ingilizce (Abstract) olarak makalelerin basinda 200'er kelimeyi gegmeyecek
sekilde 10 punto ile, italik olarak ve gergeve iginde yazilmalidir. Yabanci dilde yazilmig
makalelerde mutlaka Tiirk¢e 6zet bulunmalidir. Ayrica 6z, kendi iginde amag, gereg ve
yontem, sonug ve tartisma olarak alt bagliklar halinde yazilmalidir.

Anahtar kelimeler: En fazla 5 s6zciikten olugsmali ve 6zetlerin hemen altina ilgili dilde
alfabetik ve italik olarak yazilmalidir.

Giris: Aragtirmanin amaci ve konuyla ilgili ¢aligmalarin yer aldigi boliim olmalidir.

Gerec ve Yontem: Kullanilan gereg belirtilerek, uygulanan yontem hakkinda gerekli bilgiler
acikca ifade edilmelidir. Deneylerde hayvan kullanilmas1 durumunda lokal etik komiteden
veya ilgili diizenleyici makamlardan onay alinmalidir ve bilgilendirilmis onam
belgelendirilmelidir.

Sonug ve Tartisma: Bulgularin verilerek degerlendirildigi bolimdir.
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Tesekkiir: Varsa arastirmay1 destekleyen kurulusa ve katkisi olan kisilere kaynaklardan 6nce
yer alan bu boliimde kisaca tesekkiir edilebilir.

Kaynaklar: Kaynak yazim stili Amerikan Psikoloji Dernegi’ne (APA) goredir. Metinde,
gecis sirasina gore koseli parantez iginde, drnegin: [1,2,...] gibi numaralandirilmali ve metin
sonunda bu numaralara gore siralanmalidir. Kaynaklar asagidaki 6érneklere uygun olarak
yazilmalidir.

i. Makale i¢in: Yazarin soyadi, adinin bas harfleri, makalenin tam baglig1 derginin adi, cilt no,
varsa say1 no (parantez iginde), baslangic ve bitis sayfa no, yil yazar isimlerinden sonra
(parantez i¢inde) olarak yazilmalidir. Birden fazla yazar varsa hepsi yazilmalidir. Makalenin
ad1 yazilirken ilk kelimenin ilk harfi biiyiik diger kelimelerin ilk harfi kii¢iik yazilmalidir.
Kaynaklarda verilen dergi adlar1 kisaltma yapilmadan agik olarak yazilmalidir.

Moncada, S., Palmer, R.M.J., Higgs, E.A. (1989). Biosynthesis of nitric oxide from L-
arginine. A pathway for the regulation of cell function and communication. Biochemistry and
Pharmacology, 38, 1709 — 1715.

ii. Elektronik Makale icin:

Perneger, T. V. and Giner, F. (1998). Randomized trial of heroin maintenance programme for
adults who fail in convential drug treatments. British Medical Journal, 317. Retrieved August
12, 2005, from ttp://www.bmj.com/cgi/content/full/317/7150/

iii. Web sitesi icin:

Clinical Pharmacology Web site. (2001). Retrieved June 16, 2004, from http://cpip.gsm.com/

iv. Kitap i¢in: Yazarin soyadi, adinin bas harfleri, kitabin ad, cilt no (varsa), kitabevi,
yayinlandig1 sehir, sayfa no, basildig1 y1l (parantez iginde) yazilmalidir.

Franke, R. (1984). Theoretical Drug Design Methods, Elsevier, Amsterdam, p.130.

v. Kitap Béliimii icin: Yazarin soyadi, adinin bag harfleri, boliimiin basligi, editor/editorlerin
soyadi, adinin bag harfleri, (Ed./Eds.) ibaresi, kitabin adi, varsa cilt no, kitabevi, yaymlandigi
sehir, sayfa no, basildig1 yil (parantez i¢inde) yazilmalidir.

Weinberg, E.D. (1979). Antifungal Agents. In: M.E. Wolff and S.E. Smith (Eds.), Burger’s
Medicinal Chemistry, (pp. 531-537). New York: John Wiley and Sons.

Bilesiklerin karakterizasyonu ayr bir paragraf ile gosterilmeli ve yeni bilesiklerin safliklar1 ve
yap1 aydinlatilmalari saglanmalidir.
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The Journal of Faculty of Pharmacy of Ankara University (J. Fac. Pharm. Ankara) is published
three times (January-May-September) a year.

The Journal of Faculty of Pharmacy of Ankara University publishes articles in every field of
Pharmaceutical Sciences. The manuscript to the journal should not be published previously as a
whole or in part and not be submitted elsewhere. Manuscript should be written in Turkish or
English The experiments used have to be adhered to the Declaration of Helsinki for humans and
European Community Guidlines for animals.

. All manuscripts will be submitted to a review process by the editors and by qualified at least 2

outside reviewers.

Manuscripts are published in order of final acceptance after review and revision.

If a manuscript returned to the authors for revision is not received back to the editor within 3
months it will be treated as a new article. When the article is published, the by authors are
considered to transfer all rights of the manuscript to the Publisher.

Manuscript will be controlled using plagiarism checker.

Manuscripts with the following charactheristics are accepted:

a) Research article: Articles written in English or Turkish in scientific format presenting
original research. Articles should be printed on A4 size papers not exceeding 20 pages
(including tables and figures)

b) Review: An updated comprehensive review of scientific works on a particular subject.
Avrticles written in English or Turkish should be printed on A4 size papers not exceeding 25
pages (including tables and figures).

¢) Rapid communication: Rapid announcement of the results of a continuing research written
in English or Turkish, no longer than 5, A4 size pages.

Submission of Manuscripts

Online submission: https://dergipark.org.tr/en/pub/jfpanu
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Manuscripts should be typed on A4 size papers marked in 21 x 29,7 cm area.

All tables and figures should be inserted in the text, not exceeding text margins.
Manuscripts should be typed with 1.5 line spacing with a margin of 2,5 cm on left-hand and
right-hand sides, 3 cm on the top (5 line spacing on the first page) and bottom. Since articles
will be loading online, authors are requested to submit their manuscripts as “Microsoft
Word” file. The font of main text should be “Times New Roman™ with 11 pt font size.
Page numbers shouldn’t be placed on the pages.

Author names (first name with small letters, surname with capital letters, no qualification)
should be written allowing 3 line space from the title of the article. Having more than one
author, the names should be separated with comma and 1 free space. By using number as
superscripts, the institution and mailing address of authors must be indicate on the next line.
Title page of the manuscript should include title, authors’ names and full mailing addresses.
Corresponding author should be indicated by an asteriks (*). His/Her marking address, a fax,
telephone numbers and e-mail address should indicate at the bottom of the title page.

All tables and figures/images must be cited in the text consecutively. Every table must have
a descriptive title at the top and should be numbered with Arabic numerals (Table 1., Table
2.) Please submit tables as editable text and not as images. Figures (chemical formulas,
graphics, photographs, chromatographs, spectra etc) should also be numbered with Arabic
numerals (Figure 1., Figure 2.,) Captions should be typed with 11 pt font size.
Figures/Images (JPG) should be embedded in the Manuscript file.

An appropriate heading of tables and figures should be used for each and typed with 11 pt
font size at the top of the table, at the bottom of the figure with one line space. If there is an
explanation about the table, it should be written with 1 line space below and should be typed
with 9 pt font size. Between text and figures/tables must be adequate space to distinquish
each of them.

In each paragraph, indentation must be done (1 cm space).

. International abbreviations should be used. In text ‘ml’ should be used for mililiter and ‘min’

should be used for minute to make harmonize for common abbreviation.

Manuscripts should be organise as follows: Title, Abstract, Keywords, Introduction, Material
and Method, Result and Discussion, Acknowledgement, References. Each section must be
separated with 2 line spaces. The section titles must be written with bold capital letters at 12
pt font size. No line ‘ spaces between section headings and text.

Title: It should be written in Turkish and English. Font size must be 14 pt as a bold for first
title. In the second title, font size must be 12 pt as an italic. The title must be appropriate to
the text.

Abstract: It should be written in Turkish and English no longer than 200 words, 10 pt,
Italic. Abstract should be written in a border. If manuscript is written in a foreign language,
must include Turkish abstract. In addition, the abstract should be written in subheadings as
objective, material and method, result and discussion within itself.

Keywords: Up to 5 key words should be provided in alfabetic and italic at the end of the
abstract.

Introduction: It should contain a clear statement of the aim and novelty of the study.
Material and Method: It should be described in sufficient detail to allow other works to
dublicate the study. If animals are used, authors must indicate that approvals of the
relevant regulatory authorities or local ethical commitees were obtained and that
appropriate regulatory or local ethical commitee approvals were obtained and that
informed consent was documented.
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Result and Discussion: The results must be clearly and concisely described with the help
of appropriate illustrative material. The discussion should deal with the interpretation of
the results.

Acknowledgement: If necessary, this section should be given at the end of the text, before
references.

References: The style of references is that of the American Psychological Association
(APA). They should be numbered with Arabic numerals consecutevily in the order in
which they first appear in the paper, for example: [1, 2,...]. Cited publications should be
listed in numerical order at the end of the paper. If there is more than one author, all the
names of the authors should be written. Examples are given below;

i. Article: Reference to a journal publication (journal names in full, not abbreviated)
Moncada, S., Palmer, R.M.J., Higgs, E.A. (1989). Biosynthesis of nitric oxide from L-
arginine. A pathway for the regulation of cell function and communication, Biochemistry
and Pharmacology, 38, 1709 — 1715.

ii. Electronic Article:

Perneger, T. V. and Giner, F. (1998). Randomized trial of heroin maintenance programme
for adults who fail in convential drug treatments. British Medical Journal, 317. Retrieved
August 12, 2005, from ttp://www.bmj.com/cgi/content/full/317/7150/

iii. Web page:

Clinical Pharmacology Web site. (2001). Retrieved June 16, 2004, from
http://cpip.gsm.com/

iv. Book:
Franke, R. (1984). Theoretical Drug Design Methods, Elsevier, Amsterdam, p.130.
v. Chapter in a book:

Weinberg, E.D. (1979). Antifungal Agents. In: M.E. Wolff and S.E. Smith (Eds.), Burger’s
Medicinal Chemistry, (pp. 531-537). New York: John Wiley and Sons.

The characterization of compounds should be presented in a seperate paragraph and for all
new compounds, evidence to confirm both identity and purity have to be provided.
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