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Rektor’iin Onsozii
Degerli Okurlarimiz,

15 Nisan 2015 tarihinde kurulan Tiirkiye’nin ilk ve tek saglik temali devlet tiniversitesi
olan Saglik Bilimleri Universitesinin iigiincii siireli akademik dergisi “Biitiinleyici ve Anadolu
Tibbt Dergisi & Journal of Integrative and Anatolian Medicine” 2019 da yayimlanacak ilk
sayisini sizlerle paylagsmaktan mutluluk duymaktayiz.

Simdilik yilda ii¢ say1 Tiirkce ve Ingilizce olarak yayimlamay1 planladigimiz dergimiz,
icinde bulundugumuz ¢agin sundugu imkanlar vesilesi ile elektronik olarak, iilkemizin en 6nem-
li bilimsel kurumlarindan biri TUBITAK tarafindan saglanan DergiPark sistemi iizerinden ya-
yimlanarak, siz kiymetli okurlari ile bulusacaktir.

Ulkemizde son ii¢ dekatta giderek artan GETAT uygulamalari, hasta ilgisi ve artan serti-
fikali saglik¢1 sayis1 standardizasyonu, kalibrasyonu ve 6l¢iilebilir olmanin énemini arttirmakta-
dir. Derginin bu hedefe yonelik bilimsel ¢aligsmalara onciiliik etmesi ana hedeflerimizden biridir.
Bir diger hedefimiz de Anadolu Tibbin markalagmasina verecegi katkidir.

Derginin hazirlanmasinda emegi gecgen tiim 6gretim elemanlarina tesekkiir ediyorum ve
dergimiz mesleginize, saglik camiamiza, liniversitemize ve memleketimize hayirli ve ugurlu
olmasini dilerim.

Prof. Dr. Cevdet ERDOL

Saglik Bilimleri Universitesi Rektorii
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Foreword from the Rector

Dear readers,

We are pleased to share the first issue of the third periodical academic journal to be pub-
lished in 2019, “Biitiinleyici ve Anadolu Tibbi Dergisi & Journal of Integrative and Anatolian
Medicine” of the University of Health Sciences established on April 15", 2015 as Turkey’s first
and only health-themed state university.

For the time being, we plan to publish our journal as three issues per year in Turkish and
in English languages, and as part of the opportunities offered to us by the present era, we will be
publishing and presenting it to our dear readers electronically through the DergiPark system pro-
vided by TUBITAK, which is one of the most important scientific establishments in the country.

The increasing number of GETAT (Traditional and Complementary Medicine) applicati-
ons, patient interest, and number of certified health professionals in the last three decades in our
country led to an increase in the importance of standardization, calibration and measurability.
Pioneering scientific studies aimed to achieve this goal through our journal is one of our main
objectives. Another goal of ours is to contribute to the branding of Anatolian Medicine.

I would like to thank all the lecturers who contributed to the preparation of the journal
and wish for it to be auspicious and beneficial for our profession, our health community, our
university, and our country.

Prof. Dr. Cevdet ERDOL

Rector of the University of Health Sciences
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Editorden

Degerli bilim insanlari,

Saglik Bilimleri Universitesi, Geleneksel ve Tamamlayici Tip (GETAT) Ana Bilim Dali
ve GETAT Uygulama ve Aragtirma Merkezi olarak sizlerle 6nemli bir bilgiyi paylasmanin heye-
can1 igerisindeyiz.

Saglikli olma istegi insanlik tarihi kadar eski olup bedence, ruh¢a ve sosyal yonden iyilik
halini i¢erir. Dogudan dogan geleneksel tipla baglayan siire¢ bat1 kaynakli milenyum tibb1 veya
modern tip diye isimlendirdigimiz yontemler biitiiniiyle hastalarimiza hizmet etmektedir.

Gilinlimiiz insan1 bilgiye ulagmanin kolaylastig1 diinyamizda sagligina bir an evvel kavus-
mak {imidiyle milenyum tibbindan, geleneksel ve tamamlayici tibba ve hatta tip dis1 alternatif
yontemlere bagvurarak savrulan bir yaprak gibi hareket etmektedir.

Kisiye 0zgii tedavilerin yayginlagsmas1 ve hastaya kullanilacak her tiirlii uygulama ve
iirtinde etik ve medikolegal problemler diisiiniildiigiinde standardizasyonun, 6l¢iilebilir olmanin
ve kalibre edilebilmenin 6nemi artmaktadir.

Boyle bir ortamda Saglik Bilimleri Universitesi olarak biinyesindeki 22 GETAT Uygu-
lama Poliklinigi, 10 adet Saglik Uygulama ve Arastirma Merkezinde (SUAM) verilen egitim
sertifikasyon hizmeti ve toplam 58 adet afiliye hastahanesindeki bilgi birikimi ile “Biitiinleyici
ve Anadolu Tibbt Dergisi & Journal of Integrative and Anatolian Medicine” dergimizin ilk
sayisini ¢ikartmaktan mutluluk duymaktayiz.

Dergimizin biitiinciil bir yaklagimla olusturdugu giincel bilgilerin hastalarimiza, camia-
miza ve bilime katkisinin biiylik olacagi asikardir.

Ayrica dergimiz biiylik vak’a serileri, kanita dayali ¢aligmalar iceren yaymlari ve iiriin
gelistirmenin oniinii agacak yeni faaliyetleri ile en biiyiik hedeflerimizden biri olan Anadolu Tib-
binin markalagsmasinda énemli bir rol oynayacaktir.

[lk sayimizin hayata ge¢mesinde bizlere 6nderlik eden, heyecanlandiran bagta rektorimiiz
Prof. Dr. Cevder ERDOL olmak {iizere emegi gegen, destek veren ve vakit ayirip yurt iginden
ve disindan bilimsel makalelerini gonderen tiim meslektaslarimiza tesekkiir ve minnetlerimizi
sunariz.

Prof. Dr. Ahmet Yaser MUSLUMANOGLU
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Editorial

Distinguished Scientists,

As the Universityof Health Sciences, the Traditional and Complementary Medicine (GE-
TAT) department, and the GETAT Application and Research Center, we are excited to share
some important information with you.

The desire to be healthy is as old as the history of humanity and includes physical, spiri-
tual, and social well-being. The process that began with traditional medicine born from the east
is combined with millennium medicine originating from the west, or the methods we call modern
medicine, to serve our patients.

In today’s world where access to information is easier, humans turn to millennium medi-
cine, traditional and complementary medicine, and even non-medical alternative methods with
hopes of regaining their health as soon as possible, just like a vagrant leaf blown by the wind.

When considering the spread of personalized treatments and the ethical and medicolegal
problems related to all types of applications and products to be used for patients; standardization,
being measurable, and the ability to be calibrated gains considerable importance.

In such an environment, as the Health Sciences University, together with our 22 GETAT
practice outpatient clinics, training certification services provided by 10 Health Application and
Research Centers (SUAM), and the accumulated knowledge of a total of 58 affiliated hospitals,
we are pleased to announce the first issue of our journal; “Biitiinleyici ve Anadolu Tibbi Dergisi
& Journal of Integrative and Anatolian Medicine”.

It is evident that the updated information produced by our journal with a holistic approa-
ch will contribute to our patients, our community, and to science.

In addition, our journal will play an important role in the branding of Anatolian Medicine
which is one of our greatest goals, through its large case series, publications with evidence-based
studies, and new activities that will pave the way for product development.

We would like to express our gratitude to our rector Prof. Dr. Cevdet ERDOL and all our
colleagues, both domestic and abroad, for leading and encouraging us to publish our first issue
by contributing, providing support, and taking the time to submit their scientific articles.

Prof. Dr. Ahmet Yaser MUSLUMANOGLU
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Arastirma Makalesi / Rersearch Article Biitiinleyici ve Anadolu Tibb1 Dergisi, 1(1): 9-18, 2019

Journal of Integrative and Anatolian Medicine, 1(1): 9-18, 2019
Determination of Antioxidant activity of Hypericum perforatum

Abdussamat GUZEL"(*), Mehmet AKYUZ?(*) and Murat Aydin SANDA?

"Vocational School of Health Service,
Inonu University, 44280, Malatya, Turkey
’Department of Chemistry, Science and Arts Faculty,
Kilis 7 Aralik University, 79000, Kilis, Turkey
3Department of Molecular Biology and Genetics, Science and Arts Faculty,
Mus Alparslan University,49250, Mus, Turkey

*Sorumlu Yazar / Corresponding Author: Abdussamat GUZEL, e-mail: a.sametguzel@gmail.com

Abstract

Hypericum perforatum has been used by physicians since ancient times to treat certain diseases. Nowadays, phyto-
therapy has an important place for people to turn to natural treatments. It is significant to examine the bioactivity of
H. perforatum which is of pharmacological importance and used as a traditional medicine. H. perforatum plant was
harvested in mountainous area in Celikhan region of Adiyaman. This plant was subjected to extraction process and
the antioxidant capacity of the obtained extract was examined. H. Perforatum was found to have remarkable activity
when evaluated for DPPH free radical scavenging activity and FRAP reducing power activity.

Keywords: Hypericum perforatum, Antioxidant Capacity, Free radical

Hypericum perforatum antik ¢aglardan beri baz1 hastaliklar1 tedavi etmek i¢in hekimler tarafindan kullanilmistir.
Glintimiizde insanlarin dogal tedavilere yonelmesi agisindan fitoterapi dnemli bir yere sahiptir. Farmakolojik 6nem
tasiyan ve geleneksel ilag olarak kullanilan H. perforatum bitkisinin biyoaktivitelerinin incelenmesi énem arz et-
mektedir. H. perforatum bitkisi Adryaman Celikhan bdlgesinde daglik alanda hasat edilmistir. Bu bitki ekstraksiyon
islemine tabi tutulup, elde edilen ekraktin antioksidan kapasiteleri incelenmistir. H. perforatum bitkisi DPPH serbest
radikal giderme aktivitesi ve FRAP indirgeme giicii aktivitesi agisindan degerlendirildiginde 6nemli bir aktiviteye
sahip oldugu goriilmiistiir.

Anahtar Kelimeler: Hypericum perforatum, Antioksidan kapasite, Serbest radikal
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Introduction

The Hypericum genus belongs to the Clusiaceae family and Hypericaceae subfamily and cov-
ers more than 400 species, and 106 species have been identified under 20 sections in Turkey
(Baskdse & Savran, 2018; Curtis & Lersten, 1990). The use of Hypericum perforatum as a med-
icine dates back to ancient Greek history. At that time, doctors used H. perforatum as diuretic,
wound healing and also for the treatment of menstrual disorders and intestinal worms (Klemow
etal., 2011; Redvers et al., 2001). H. perforatum, which is more in demand today, is considered
important for its antidepressant and wound healing properties (Chrea et al., 2014; Miller, 1998).
H. perforatum is also used in the remedy of cancer, (Schempp et al., 2002) diabetes, chronic
rheumatism, gastrointestinal diseases, diuretic sedative, jaundice, bronchitis, diarrhoea, dysen-
tery,(Duke, 1990) as well as sore throat infections, (Tiimen & Sekendiz, 1989) colds, worm
lowering, antiseptic (Duke, 1990) and burn wounds (Baytop, 1999). In addition H. Perforatum
is used as an anti-inflammatory agent (Di Carlo et al., 2001) and a universal antidote (Holtom &
Hylton, 1979). H. Perforatum has many secondary metabolites, including naphthodianthrones
(hypericin, pseudo-hypericin, etc.), phloroglucinols derivatives (hyperforin, adhiperforin, etc.),
flavonoids (hyperositis, routine, quercetin, etc.), biflavones (biapigenin, amentoflavone), phe-
nolic acids (ferulic acid, caffeic acid etc.), organic acids, essential oils, amino acids, xanthones
, tannins, procyanidins and other water-soluble components (Cracchiolo, 1998; Greeson et al.,
2001; Nahrstedt & Butterweck, 1997). The main responsible components of the pharmacologi-
cal effect of H. perforatum extracts are the active constituent of naphthodianthrone pigments is
hypericin and pseudohypericin, phloroglucinol derivative hyperforin, flavonoids and essential
oils (V Butterweck et al., 1997; Hisil et al., 2005; Medina et al., 2006; Patocka, 2003). It shows
that hypericin is the main component in antidepressant effect of H. perforatum used in mental
disorders (Briskin, 2000; Veronika Butterweck et al., 1998). In a screening study of Calendula
officinalis, Hypericum perforatum, Plantago lanceolata and Glycyrrhiza glabra, H. perforatum
L. was determined to be the most potent antioxidant effect of plants in scavenging free radicals
(Herold et al., 2003).

Free radicals are substances of atomic or molecular structure containing one or more unpaired
electrons. Radicals are chemically very active due to their unpaired electrons and attack other
biological molecules in the environment, destroying their biological structures. The presence of
free radicals in living systems is normal and forms the basis for many other metabolic functions,
such as electron transfer, biosignal production and destruction of bacteria in macrophages (Ak-
kus, 1995; B. Halliwell & Cross, 1994; B. Halliwell & Gutteridge, 1984). However, the presence
of high levels of these radicals and reagents in living organisms causes harmful processes such as
tissue damage, cell death, premature aging, cancer, cardiovascular diseases and neurological dis-
orders as a result of oxidation of biomolecules. These radical and reactive products can oxidize
nucleic acids, proteins and lipids, disrupt their chemical structure and produce negative results in
their metabolism (Sen et al., 2000).

There are many defense mechanisms to eliminate the formation of reactive oxygen species (ROS)
and their damage. These mechanisms are known as antioxidants. Antioxidants eliminate these
radical and reactive products and inhibit their negative effects (Barry Halliwell, 1994, 1996).
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Antioxidants can be synthesized in the body or taken from the diet. The antioxidant defense sys-
tem in living organisms is divided into two main groups. These; are produced in the metabolism
(endogenous) and external diet (exogenous) antioxidant systems. The endogenous antioxidant
system is formed of enzymes such as antioxidant enzymes, proteases and phospholipase to re-
move damaged molecules, systems for synthesizing new compounds, glutathione, uric acid and
various metal binders. Exogenous antioxidants are available in both synthetic and natural forms.
Butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), tertiarybutylhydroquinone
(TBHQ), propyl gallate (PG) and Trolox are members of the synthetic antioxidants. Phenols, fla-
vones, tocopherols, carotenes and catechins belong to the group of natural antioxidants (Akkus,
1995; Bursal et al., 2013).

MATERIALS AND METHODS
General experimental procedures

BHT, BHA, Trolox, trichloroacetic acid (TCA), ABTS, CuCl,, neocuprin, ammonium acetate
(NH,Ac), DPPH", Potasium ferricyanide (K ,Fe(CN),), potassium persulfate (K S,O,) were used
for antioxidant assays and all solvents and chemical compounds supplied from chemical com-
pany E. Merck.

Plant Material

H. perforatum plant was collected in the mountainous area from Celikhan district of Adiyaman
(38°09°12.7”N 38°12°55.0”E), the southeast Anatolia region of Turkey during the flowering
period in June and identified by Prof. Dr. Murad Aydin Sanda. We brought to the laboratory for
the bioactivity of the H. perforatum plant which was dried in a way that would not see the sun.

Extraction
For ethanol extraction, 5 g of the sample was pulverized in a mill and mixed with 50 mL of etha-
nol. The material was vortexed and immersed in ultrasonic bath for 30 minutes and extracted for

5 days. The resulting extract was filtered on filter paper. The extract was placed in falcon tubes
and was used for antioxidant activity analysis.

Evaluation of Antioxidant Activities
Ferric Ions (Fe**) Reducing Antioxidant Power Assay (FRAP)

The reducing powers of H. perforatum extract was carried out by modified Oyaizu method (EI-
mastas et al., 2006; Oyaizu, 1986). To the H. perforatum extract solutions (10, 20, 40 ng/mL) in
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1 mL of methanol was mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of 1%
potassium ferricyanide [K,Fe(CN),]. The mixtures were incubated at 50 °C for 20 min. Trichlo-
roacetic acid (2.5 mL, 10%) was added to each mixture and they were centrifuged (at 3,000 rpm
for 10 min). The upper layers of solutions (2.5 mL) were mixed with distilled water (2.5 mL) and
FeCl, (0.5 mL, 0.1%), and absorbances were measured at 700 nm. Increased absorbance of the
reaction mixture indicates an increase of reduction capability.

DPPH'’ Free Radical Scavenging Activity

DPPH:" free radical scavenging activity of H. perforatum extract and standards were determined
by the method of Blois (Blois, 1958). 0.1 mM solution of DPPH" in ethanol was prepared and 1
mL of this solution was added to 3 mL of the samples solution in ethanol at different concentra-
tions (10, 20, 40 ng/mL). These solutions were vortexed thoroughly and kept in the darkness for
30 min. The absorbance was measured at 517 nm by a spectrophotometer and the lower absor-
bance of the reaction mixture revealed the higher free radical scavenging activity. The capability
to scavenge DPPH' radical was calculated using the following equation:

DPPH' scavenging effect (%) = (Absorbance of control - Absorbance of sample) / Absorbance of control x 100

ABTS Radical Cation Scavenging Assay

ABTS"scavenging activity was performed according to Re method (Re et al., 1999). The process
of ABTS™ (2.0 mM) in water with potassium persulfate (K,S,0,) (2.45 mM) at room temperature
in dark for 4 h gave the ABTS cation radical. Dilution of ABTS™" was applied with phosphate
buff er (0.1 mol/L, pH 7.4) to measure the absorbance at 734 nm. The reactions of ABTS *solu-
tion (1.0 mL) with samples solution in ethanol (3.0 mL) at different concentrations (10, 20, 40
ng/mL) were performed. The inhibition was calculated at 734 nm for each concentration. The
scavenging ability of ABTS™" was calculated as the following equation:

ABTS " scavenging activity (%) = [(Ac — As) /Ac] x 100 where Ac is the initial concentration of
ABTSand as is the absorbance of the remaining concentration of ABTS"in the samples.

Cu " Ion Reducing Capacity (CUPRAC)

The Cuprak method is an antioxidant activity test based on the reduction of Cu(II)-Nc to Cu(I)-
Nc chelate (Apak et al., 2004). To the test tube was added 1 mL of a solution of CuCl, (0.01
M) to 1 mL of neocuprin (2,9-dimethyl-1,10-phenanthroline) (7.5 x 10~ M alcohol) and 1mL
of ammonium acetate (NH,Ac) buffer solution and mixed well. Then different concentrations
(10, 20, 40 pg/mL) of extracts was added and the total volume was adjusted to 4 mL with water.
After incubation for 30 minutes at room temperature, the absorbance was recorded at 450 nm.
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Using the Trolox calibration curve, the results were calculated as mmol Trolox equivalent/g H.
perforatum (R* = 0,9992).

Statistical analysis

The results of the study were performed by taking the average + SD of at least three independent
measurements.

RESULTS AND DISCUSSION
Antioxidant activities

Antioxidant properties of secondary metabolites in plants are important for pharmacokinetic. In
this work, the antioxidant activity of ethanol extract of H. perforatum was compared to standard
antioxidants (BHT, BHA and Trolox). The antioxidant activity of the H. perforatum was high in
the determination of reducing power activity (Figure 1).
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DPPH

DPPHe free radical scavenging activity after the antioxidant compound reacts with DPPH, it is
made by measuring the changing color of the DPPH radical at 517 nm. Antioxidants stabilize
by donating hydrogen to the DPPH radical (Soare et al., 1997). H. perforatum showed a higher
free radical scavenging activity than the standard antioxidant BHA. Based on these data, the H.
perforatum plant can be a free radical inhibitor.

100

80

60

40

Activity (%)

BHT H.perforatum BHA Trolox
Concentration (0,05 mg/mlL)

Figure 1. DPPH free radical scavenging activity of H. perforatum and standard antioxidants.

FRAP

The reducing capacity in a compound is an important measure of antioxidant activity (Meir et al.,
1995). Figure 2 shows the reducing power of H. perforatum compared to BHA, BHT and Trolox
at the same concentrations. H. perforatum showed a higher reducing capacity than the standard
antioxidant BHA. The reducing of H. perforatum and the power of standard antioxidants was
carried out in the following order: Trolox>BHT> H. perforatum > BHA
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Figure 2. FRAP reducing power activity of H. perforatum and standard antioxidants.

ABTS

The antioxidant ability of the H. perforatum plant to scavenge the ABTS radical cation was de-
termined according to the radical scavenging ability of BHA, BHT and Trolox. H. perforatum
showed relatively low activity compared to standard antioxidants.
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Figure 3. ABTS cation radical scavenging activity of H. perforatum and standard antioxidants.
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CUPRAC

Antioxidants are converted to quinone structures by CUPRAC redox reaction and Cu (I)-Nc¢
chelate produced by this redox reaction gives maximum absorbance at 450 nm (Apak et al.,
2004). H. perforatum showed relatively low Cu™ ion reducing capacity compared to standard
antioxidants.
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Figure 4. Cu ™" Ion Reducing Capacity of H. perforatum and standard antioxidants.

CONCLUSION

In this study, when H. perforatum was found to have significant activity when evaluated for
DPPH and FRAP. As can be seen from the previous studies, the presence of functional com-
pound confirms the antioxidant activity of H. perforatum plant (Cracchiolo, 1998; Nahrstedt &
Butterweck, 1997).
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ABSTRACT

The present study has been designated to evaluate the antimicrobial activity of Coriandrum sativum and Foeni-
culum vulgare aqueous extracts. The antimicrobial activity of the extracts against five bacterial strains and two
fungal strains were tested by using agar well diffusion method and minimal inhibitory concentration MIC values.
Results showed that aqueous extracts of C. sativum and F. vulgare had antibacterial and antifungal effects against
all the tested microorganisms, wherease Nystatin failed to show any effect against C.cladosporides. The range of
MIC values was 0.7 to 6.2 mg/mL in the F. vulgare and C. sativum treatments. Therefore, results suggest that these
extracts contain antimicrobial compounds that can be used in the future as antimicrobial agents in the new drugs
for human microbial diseases.

Keywords: Antimicrobial activity, Coriandrum sativum, Foeniculum vulgare

Coriandrum Sativum ve Foeniculum Vulgare Sulu Ekstrelerinin in Vitro Antimikrobiyal Aktivite
Degerlendirilmesi

OZET

Bu ¢alisma Coriandrum sativum ve Foeniculum vulgare sulu ekstrelerinin antimikrobiyal aktivitesini degerlendirmek
Uzere tasarlanmistir. Ekstrelerin antimikrobiyal aktivitesi bes bakteri susu ve iki mantar susuna karsi agar kuyu
diftizyon metodu ve MIK (minimum inhibitér konsantrasyon) degerleri kullanilarak test edilmistir. Sonuglar, sulu
C. sativum ve F. vulgare ekstrelerinin test edilen tiim mikroorganizmalara karsi antibakteriyel ve antifungal aktivit-
eye sahip oldugunu, Nystatin’in ise C.cladosporides’e karsi herhangi bir etki géstermedigini gdstermistir. F. vulgare
ve C. sativum aktiviterlerinde MiK degerleri araligi, 0.7 ile 6.2 mg/mL olarak tespit edilmistir. Bu nedenle sonuglar,
bu bitki ekstrelerinin antimikrobiyal bilesikler icerdigini dGnermektedir ve béylelikle gelecekte insan mikrobiyal
hastaliklari igin yeni antimikrobiyal ajanlar olarak kullanilabilecektir.

Anahtar kelimeler: Antimikrobiyal aktivite, Coriandrum sativum, Foeniculum vulgare
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1. INTRODUCTION

In recent years, many drug resistance pathogenic microorganisms have been appeared due to
the indiscriminate use of antimicrobial drugs that are common in the treatment of infectious diseases
(Service, 1995). Both of Coriandrum sativum (in Arabic Kuzbarah) and Foeniculum vulgare (in Arabic
Shbint or Shamar) belonging to the Apiaceae family. Traditionally used as carminative, stomachic, an-
tispasmodic, diuretic, aphrodisiac and stimulant in Iraqi traditional medicine (Al-Rawi & Chaakravarty,
1964).

Recently, a number of researchers throughout the world has investigated the antimicrobial
properties of these two plants. Essential oils extracted from the leaves and seeds of the of C. sativum
demonstrated antimicrobial activity against the food-borne pathogenic bacteria (Rezaei, Karimi, Shari-
atifar, Mohammadpourfard, & Malekabad, 2016). AgNPs that are green synthesized by using C. sativum
showed a big potential in biomedical applications like anti-acne, anti-dandruff and anti-breast cancer.
(Sathishkumar et al., 2016). Aelenei and colleagues study showed synergistic interactions between lin-
alool, coriander essential oil, and antibiotics against Methicillin-resistant Staphylococcus aureus and
other Gram-positive bacteria, but also Gram-negative bacteria (Aelenei et al., 2019). Compounds like
linoleic acid, oleic acid, 1,3-benzenediol, undecanal, and 2,4-undecadienal which isolated from F. vul-
gare var. dulce showed antimycobacterial activity against all tested strains (Esquivel-Ferrifio et al., 2012).
Different seed extracts of F. vulgare exhibit moderate to good inhibition against various bacterial strains
(Salami, Rahimmalek, & Ehtemam, 2016). The essential oils derived from F. vulgare showed a promising
anti-Candida effect (Khoram et al., 2019). The present study was designed to investigate antimicrobial
activity of agueous extract of the two plants seeds against five bacterial strains and two fungal strains.

2. MATERIALS AND METHODS

2.1.Plant Materials and Preparation of Aqueous Extract

Fresh C. sativum and F. vulgare seeds were purchased from the local markets of Tuzhurmato city
in 2017. Voucher Specimens (No. 201782 and 201783, respectively) were deposited in the Herbarium of
Faculty of Science, Tikrit University, Tikrit, Irag. Aqueous extract of plants were prepared by Abdel-Bar-
ry and colleagues method (Abdel-Barry, Abdel-Hassan, Jawad, & Al-Hakiem, 2000). Dried seeds were
grinded by electric grinder to a fine powder. Fifty grams of plant materials were suspended in 250 mL
of distilled water and then stirred magnetically for 24 hours at 50 °C. Then suspensions were filtered
(Whatman No.1) and evaporated to dryness under reduced pressure at 40 °C, to get dry residue 6.40
g (12.8%) and 7.05 g (14.1%), respectively.

2.2. Antimicrobial Activity

Microbial strains, namely Staphylococcus aureus, Streptococcus pyogenes (Gram-positive bacte-
ria), Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae (Gram-negative bacteria), Candi-
da albicans and Cladosporium cladosporides (Fungi) were used in this study. The bacterial strains were
grown in Muellar-Hinton Agar (MHA) at 37 °C (10° cells/mL). The fungal strains were cultured in Sabou-
roud Dextrose Agar (SDA) medium at 25 + 2 °C (10° conidia /mL). The agar well diffusion method was
performed for antimicrobial activity (Parthiban, Manivannan, Ramanibai, & Mathivanan, 2019), then
100 ul of different concentrations of (50, 75 and 100 pg/mL) plant extracts and standard antimicrobial



Journal of Integrative and Anatolian Cilt/ Volume: 1 Say1/ Issue: 1 Yayinci / Publisher
Medicine Yal/Year: 2019 Saglik Bilimleri Universitesi
Biitiinleyici ve Anadolu Tibb: Dergisi University of Health Sciences

agents: Gentamycin (10 pg/mL) and Nystatin (0.25 pug/mL) were prepared using dimethyl sulphoxide
(DMSO) as solvent. The inhibition zone was measured using zone scale after 24 h incubation at 25 °C for
fungal strains and 37 °C for fungal strains. Tests were performed in triplicate and obtained val-
ues (average values) of the inhibition zones were expressed (Das, Livingstone, Veluswamy, & Das, 2018).

2.3.MIC assay

The minimal inhibitory concentration (MIC) can be expressed as the lowest concentration of a
compound that inhibits the growth of microorganism (lower MIC value, higher antimicrobial efficacy).
MIC values were determined by dissolving the samples in distilled water to give a final concentration of
625mg/mL. Then diluted serially to give concentrations of 1.22 to 625 mg/mL. From each concentration
100 pL was added to well (96-well microplate) already containing 100 L of Mueller Hinton Broth (MHB)
and 100 pL of inoculum, microbial suspensions adjusted to 0.5 McFarland turbidity standards (for bacte-
ria 108 CFU/mL and for fungal strains 106 CFU/mL). Culture media (without microorganisms) was used as
negative control. The plates were incubated at 37 °C for 24 hours for bacteria and for 72 hours for fungi.
Microbial growth was assessed by measuring absorbance at 600 nm.

2.4. Statistical Analysis

The values are given as meanzSD. The data were analyzed by ANOVA followed by post hoc test
using computerized software SPSS (Version 7.5). P-value less than 0.05 were defined as statistically sig-
nificant.

3. RESULTS

The results showed that aqueous extract of C. sativum and F. vulgare have a dose dependent
antibacterial and antifungal effects against all the tested microorganisms. The extracts have significantly
higher effect in comparsion with Gentamicin, wherease Nystatin failed to show any effect against C.clad-
osporides (Table 1).

The range of MIC values was 0.7 to 6.2 mg/mL in the C. sativum and F. vulgare treatments. In
the tested fungal strains, have the lowest recorded MIC (1.5 pg/mL) in the F. vulgare. For the bacterial
strains the lowest recorded MIC (0.7 pg/mL) was for E. coli (Table 2).
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Table 1. Antimicrobial activity of Coriandrum sativum and Foeniculum vulgare

Microbial strains C. sativum (ug) F. vulgare (ug) Positive control
50 75 100 50 75 100

Candida albicans 151+ 16.2 17.0% 114+ 11.2 + 11.8+ 12.2+0.92 h
0.16 ¢ 037 b 0.81 a 0.21 ¢ 021 b 0.38 a

Cladosporium cladosporides 10.2+0.29 [ 10.3+0.16 |10.5* 11.1+0.16 | 11.5+0.37 | 114+ 0.0+0.0 k

P p bc ab 0.64 a bc ab 0.17 a

Escherichia coli 10.4+0.16 | 10.6 £ 112+ 9.2+0.21 9.8+0.12 10.3 £ 9.3+0.18 e
bc 0.14 b 0.24 a de d 0.84 ¢

Pseudomonas aeruginosa 10.2+0.19 | 10.5% 112+ 11.3+0.84 | 11.7+ 122+ 9.2+0.49 fg
de 0.24 d 0.11 ¢ bc 037 b 0.56 a

Klebsiella pneumoniae 11.4+0.17 | 11.5+0.63 | 123+ 10.4+0.33 | 10.5+0.16 | 11.0+0.62 | 9.5+ 0.43 de

P bc ab 0.29 a ef de cd

Staphylococcus aureas 11.2+0.70 |12.3+0.17 |13.1 % 105+ 124 + 12.7 10.1+0.28 f
d bc 0.21 a 032 e 0.16 ¢ 0.14 b

Streptococcus pyogenes 8.1+0.23 f|8.7+0.11 9.2+0.22 8.5+0.74 9.2+0.16 99+0.14 |83+047 f

d b e C a
Horizontally: the different letters means there are statistically significant difference.

Table 2. Minimal inhibitory concentration (MICs) of Coriandrum sativum and Foeniculum vulgare

Microbial strains MIC (ug/mL)
C. sativum F. vulgare

Candida albicans 2.5 1.5
Cladosporium cladosporides 4.6 6.2
Escherichia coli 3.5 0.7
Pseudomonas aeruginosa 2.5 1.5
Klebsiella pneumoniae 1.5 1.5
Staphylococcus aureas 2.7 1.5
Streptococcus pyogenes 1.5 2.5

4. DISCUSSION

The antimicrobial activity of F. vulgare and C. sativum aqueous extracts were tested in the pres-
ent study and its potency was evaluated by the presence or absence of inhibition zones, zone diameters
and MIC values. The extract may be work by one or both of the following mechanisms: disrupt cytoplas-
mic membrane of the microorganisms by its effect on lipids and proteins (Rose, 2014) or penetration the
active sites of specific enzymes inside the microorganisms which is imported for their multiplication (Al-
Jasim & Barakat, 1973). The basis of varying degree of sensitivity of tested microorganisms of both bac-
teria and fungi to plant extract may be explained by the intrinsic tolerance of microorganisms and the
phytocompounds types existed in the plant extracts. Essential oils, tannins, coumarins and glycosides
were the major phytochemicals that detected in both plants (Rather, Dar, Sofi, Bhat, & Qurishi, 2016;
Wei et al., 2019), these phytochemicals are known to have antimicrobial activity (Li, Aioub, Lv, Hu, & Wu,
2019; Matasyoh, Maiyo, Ngure, & Chepkorir, 2009). Therefore, these results suggest that these extracts
possess compounds with antimicrobial properties that can be used as antimicrobial agents in new drugs
for therapy of human microbial diseases. Further detailed scientific evaluation of these plants should be
carried out on the base of active compounds, as well as the mechanism of antimicrobial activity.
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ABSTRACT

Wild edible mushrooms can be eaten for health and play an important role in maintaining a healthy life by creating synergy
due to the various bioactive components it contains. However, many species that may contain bioactive compounds have
not been investigated.

The purpose of this study was to investigate the antioxidant capacity of wild mushroom species which are grown in Tokat
region with names Leatiporus sulpherus, Ramaria sp., Cantharellus aerruginascens, Verpa conica, Verpa bohamica, Tri-
choloma terreum, Agaricus sp., Helvella elastica in vitro. In addition, total phenolic compound and vitamin E levels were
analyzed in mushroom samples. In order to determine the antioxidant capacity of mushroom samples, free radical sca-
venging activity (DPPH), reducing power activity and ABTS<" [2,2"-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)]
cation radical scavenging activity analyzes were performed.

The results were compared with concentrations of Butylated hydroxy toluene (BHT), Butylated hydroxy anisole (BHA)
and a-tocopherol. Consequently, the mushroom species with the highest radical removal activity are Ramaria sp., V. boha-
mica and H. elastica, respectively. The highest value of vitamin E, was found in Agaricus sp. (1444.1 mg/kg), C. aerrugi-
nascens (1370.8 mg/kg) and Ramaria sp. (1204.2 mg/kg) respectively. The highest amount of total phenolic contains was
found to be in the Ramaria sp. (6.57 g/kg). These results may encourage further studies to assess nutritional and medicinal
properties of selected mushroom species.

Keywords: Antioxidant activity, wild mushrooms, vitamin E
Tokat Bolgesinde Yetisen Bazi Yabani Mantar Tiirlerinin Antioksidan Aktivitelerinin Belirlenmesi

OZET

Yabani yenilebilir mantarlar saglik i¢in yenebilir ve icerdigi ¢esitli biyoaktif bilesenler nedeniyle sinerji yaratarak saglikli
bir yasam siirdiirmede 6nemli bir rol oynayabilir. Bununla birlikte, biyoaktif bilesikler i¢erebilen birgok tiir arastirilma-
mistir.

Bu ¢alismanin amaci Tokat bolgesinde yetisen Leatiporus sulpherus, Ramaria sp., Cantharellus aerruginascens, Verpa
conica, Verpa bohamica, Tricholoma terreum, Agaricus sp., Helvella elastica isimli dogal mantar tiirlerinin antioksidan
kapasitesini arastirmaktir. Ayrica, mantar rneklerinde total fenolik bilesik ve E vitamini seviyeleri analiz edilmigtir. Man-
tar orneklerinin antioksidan kapasitesini belirlemek i¢in serbest radikal giderme aktivitesi (DPPH), indirme giicii tayini,
ABTS * " [2,2"-Azino-bis (3-etilbenzotiyazolin-6-siilfonik asit)] katyon radikali giderme aktivite testleri yapilmistir.
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Sonuglar standart olarak kullanilan Biitillenmis hidroksi toluen (BHT), Biitillenmis hidroksi anisol (BHA) ve
a-tokoferol konsantrasyonlari ile karsilastirildi. Radikal giderme aktivitesi en yiiksek olan mantar tiirlerinin sirasty-
la Ramaria sp., V. bohamica ve H. elastica oldugu, E vitamini yliksek olan mantar tiirlerinin ise Agaricus sp. (1444.1
mg/kg), C. aerruginascens (1370.8 mg/kg) ve Ramaria sp. (1204.2 mg/kg) oldugu belirlendi. Total fenolik bilesik
miktarmin en yiiksek oldugu tiirlin Ramaria sp. (6.57 g/kg) oldugu tespit edildi. Sonug olarak bu ¢alisma, segilen
mantar tiirlerinin beslenme ve tibbi 6zelliklerini degerlendirmek i¢in daha fazla ¢alismaya tesvik edebilir.

Anahtar Kelimeler: Antioksidan aktivite, yabani mantarlar, E vitamini

1. INTRODUCTION

A balance between free radical production and antioxidant defense (both enzymatic and
non-enzymatic) is essential for normal organism functions. Products that have antioxidant acti-
vity in nature can help the endogenous defense system of the human body. In this regard, anti-
oxidants in the diet are protective compounds that reduce oxidative stress (Elmastas et al., 2006;
I. Giil¢in, Sat, Beydemir, & Kiifrevioglu, 2004; Oktay, Giil¢in, & Kiifrevioglu, 2003)Family:
Lauraceae.

In addition to their nutritional value, many edible mushroom species have long been used
for medical purposes in many countries of the world. In addition, many non-edible and poiso-
nous mushroom species have been found to have important medicinal properties (Sharma et al.,
2018). It is observed that the use of mushrooms against various diseases has become widespread
as a result of the development of mushroom production possibilities in culture conditions. Mush-
rooms have antioxidant, antiinflammation, antidiabetic, antiviral and antimicrobial effects as
well as immunological and anticancer properties (Elsayed, El Enshasy, Wadaan, & Aziz, 2014;
Friedman, 2016; Gallego et al., 2019; Singh, Walia, & Kennedy, 2019; Su et al., 2019; Wu et al.,
2007)sustained antiviral responses vary in different cohorts, and high costs limit the broad use of
direct-acting antivirals (DAAs.

The purpose of this study was to search the antioxidant activities of L. sulpherus, Rama-
ria sp., C. aerruginascens, V. conica, V. bohamica, T. terreum, Agaricus sp., H. elastica, which
are wild mushrooms grown in Tokat region, and to determine the amount of vitamin E.

2. EXPERIMENTAL

2.1 Collection of Mushroom Species

The mushroom species used in this study were obtained from Tokat-Merkez, divided into
small pieces and dried in the shade. The dried samples were stored in the dark until antioxidant
studies were performed.

2.2. Extraction

The dried 8 different mushroom samples were milled in the blender and pulverized. Ap-
proximately 5 g of each mushroom species were sampled and extracted with methanol-dichloro-
methane solvent system at a rate of 1:1. Solvents of the crude extracts were removed and quanti-
fied (Table 1). Stock solutions were prepared with a concentration of Img/mL from each extract.
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Table 1. Amount of mg of crude extracts obtained from mushroom samples

Mushroom species Quantifications (mg)
Leatiporus sulpherus 622.8
Ramaria sp. 843.3
Cantharellus aerruginascens 973.3
Verpa conica 1099.9
Verpa bohamica 576.8
Tricholoma terreum 557.1
Agaricus sp. 883.4
Helvella elastica 647.5
2.3. Antioxidant Activity

2.3.1. Scavenging DPPH' Radicals

The free radical scavenging activity of the mushroom extracts was measured using 1 mM
1,1-diphenyl-picryl-hydrazyl/(DPPH-). Samples were prepared from stock solution in concentra-
tions of 10, 20 and 30 pg/pL. Then 1 mL of stock DPPH solution was added to each sample tube.
After that the absorbance was measured at 517 nm in spectrophotometer. Mushrooms extracts
were compared with BHT, BHA and a-tocopherol. % Free radical scavenging activity of the
samples was calculated by the following formula.

Abs__ )/Abs__ 1x100

control sample

% Result = [(Abs

contro

2.3.2. Scavenging ABTS<" Radicals

ABTS " removal activity was determined according to the study in literature (Re et al.,
1999). First, a 2 mM ABTS- " solution was prepared. To this solution, twice the volume of 2.45 M

potassium persulfate solution was added to give ABTS** solution and incubated in the dark for 6
hours. The test tubes were taken from stock solutions at concentrations of 40, 80 and 120 pg/mL

respectively, I mL of ABTS"* solution was added and the total volume was completed to 4 mL
with phosphate buffer. After that the absorbance was measured at 734 nm in spectrophotometer.

2.3.3. Reducing Power

The reducing power of mushroom extracts was determined by the method of Oyaizu
(Oyaizu, 1986). 40, 80 and 120 ng/mL of the stock solutions were taken into test tubes, respec-
tively. 0.2 M phosphate buffer (pH:6.6) and 2.5 mL of 1% potassium ferricyanide [K,Fe(CN),]
were added to each test tube to a total volume of 2.5 mL and mixed. The mixture was incubated
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at 50 °C for 20 minutes. 2.5 mL of 10% trichloroacetic acid (TCA) was added to the reaction
mixture and centrifuged at 3000 rpm for 10 minutes. 2.5 mL of the supernatant was taken and
0.5 mL of 0.1% FeCl, solution was added. After that the absorbance/was measured at 700 nm in
spectrophotometer.

2.3.4. Determination of Total Phenolic Compounds

Total phenolic compounds were determined by Slinkard and Singleton methods (Slinkard
& Singleton, 1977). 1 mL (1 mg/mL) was taken from each sample and placed in 50 mL flasks.
40 mL of distilled water and 1 mL of Folin Ciacalteuse reagent were added. After 3 minutes, 3
mL of 2 % Na,CO, solution was added and incubated for 2 hours. After that the absorbance was
measured at 760 nm in spectrophotometer. Gallic acid was used as the standard for the calibra-
tion curve.

2.3.5. Determination of Vitamin E

Mushroom samples in methanol were extracted with petroleum ether. The supernatant
(petroleum ether phase) was used. The solvent was removed in the evaporator. Stock solutions
were prepared from the solvent-extracted extracts to 1 mg/mL. Standard solutions of a-tocophe-
rol (vitamin E) in different concentrations were prepared from this stock solution. Measurements
were performed at 295 nm wavelength on HPLC device.

3. RESULTS and DISCUSSION

Mushroom extracts at different concentrations (10-30 ug/uL) were compared with BHT,
BHA and a-tocopherol at the same concentrations. As can be seen in Figure 1, Ramaria sp. has
been found to have the best radical scavenging effect among other mushroom species.
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Figure 1.Comparison of DPPH activities of mushroom samples against standard BHA, BHT
and a-tocopherol.

Like DPPHe- free radical scavenging activity, ABTSe" scavenging activity is often used
in the radical scavenging activities of aqueous mixtures, beverages, extracts or pure substances
(IThami Giilgin, 2010; Miller & Rice-Evans, 1997). Figure 2 shows that Ramaria sp. has the hi-
ghest radical scavenging activity according to the ABTS test.
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Figure 2. Comparison of ABTSe* radical scavenging activities of mushroom samples against
standard BHA.
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According to the principle of this bioanalytical method used in antioxidant studies, the
yellow color of the test solution turns into green in different shades due to the reducing activities
of the antioxidant substances in the medium (Ilhami Giilgin, 2006). It was found that the redu-
cing capacity of some of the mushrooms extracts used in the study correlated with increasing
extract concentrationThe reduction potential of each mushroom extract was determined by mea-
suring the absorbance at 700 nm of solutions of different concentrations (40—120 pg/mL) (Figure
3). As can be seen from the Figure 3, a-tocopherol used as a standard showed higher reduction
capacity than extracts. Ramaria sp. mushroom extract has the highest reduction capacity among
other mushroom samples.

=—4#— L. sulphureus ——Ramaria sp. C. aerrginascens
V. conica ===\/. bohamica —8—T. terreum
25 e Agaricus sp. =——a—H, elastica = q-tokoferol
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Figure 3. Comparison of total reducing power activities of mushroom samples against standard
a-tocopherol.

Gallic acid was used as the standard phenolic compound for the quantification of to-
tal phenolic compounds in mushroom extracts. For this purpose, firstly a standard graph was
prepared with gallic acid. From the formula obtained from the standard graph, total phenolic
compound amounts in each extract were calculated as gallic acid equivalent (GAE) (r*: 1). The
standard gallic acid graph is given in Figure 4.

Absorbans ,=0.0014 x [Gallic acid]

(X730 nm
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Figure 4. Standard graph using gallic acid for determination of total phenolic compound

The total amount of phenolic compounds in 1 kg of mushroom extracts is given in Table
2. When the total phenolic contents of the extracts were evaluated, Ramaria sp. was found to
have the highest value.

Table 1. Amount of phenolic compounds in g/kg of mushroom samples

Mushroom species Phenolic Component (g/kg)
Leatiporus sulpherus 0.24
Ramaria sp. 6.57
Cantharellus aerruginascens 0.81
Verpa conica 0.79
Verpa bohamica 1.79
Tricholoma terreum 0.59
Agaricus sp. 1.00
Helvella elastica 1.90

Table 2. Vitamin E content of mushroom samples in mg/kg

Mushroom species Vitamin E (mg/kg)
Leatiporus sulpherus 851.2

Ramaria sp. 1204.2
Cantharellus aerruginascens 1370.8

Verpa conica 7.26

Verpa bohamica 576.8

Tricholoma terreum 1127.9

Agaricus sp. 1444.1

Helvella elastica 16.7
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The artificial antioxidant a-tocopherol was used as a standard for the determination of
vitamin E in mushroom samples. The amount of vitamin E contained in the samples is shown in
Table 3.

The highest value of vitamin E, was found in Agaricus sp. (1444.1 mg/kg), C. aerrugi-
nascens (1370.8 mg/kg) and Ramaria sp. (1204.2 mg/kg) respectively (Table 3).

CONCLUSIONS

In this study, methanol-dichloromethane extract of 8 different mushroom species were
studied. In our study, antioxidant capacity measurements and vitamin E determination were per-
formed. When the experimental results are evaluated, especially Ramaria sp. was found to have
high activity in all tests. According to the results of our experiments, it is predicted that the Ra-
maria sp. species has a strong antioxidant effect and therefore may have a good therapeutic ef-
fect. But further studies should be done on the isolation and characterization of new compounds
from mushrooms, which are responsible for antioxidant and activity.
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Miihendishane-i Berri-i Hiimayun’da Okutulan Bir Ders Kitabi
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Osmanli’da sistematik kimya tedrisatinin 1827°de basladig1 sdylenebilir. Tedrisat,
birkag tesekkiil ve miiessese istisna tutulacak olursa, tip 6gretimiyle uyumlu olarak olgun-
lasmis ve gelismistir. Bu baglamda, Osmanlilar’da kimyay ilk donemlerinde tip ile bir-
likte tetkik etmek lazimdir. Osmanli hekimleri kimyaya ehemmiyet vermisler, hatta belli
gayelerle dogrudan bir¢ok hekim kimyayla mesgul olmustur. 1918’e kadar yardimci bir
ders olan kimya hususunda Tiirkiye’de modern kimya tedrisati ise Dartilfiinun biinyesinde
1918’de kurulan ve ilk amact “Endiistri Kimyageri” yetistirmek olan Kimya Enstitiisii’nde
baslamistir (Elmaci, 2014).

Gerek Miihendishane’de ve gerekse Tiphane-i Amire’de okutulmak iizere terciime
telif olarak pek ¢ok kimya kitab1 basilmistir.

Makalemize konu olan kitap ise Plause ve Fremi taraflarindan yazilmig, Miihendis-
héane- i Berri-i Hiimaytin Hikmet ve Kimya Muallimi Binbas1 Ihsan Bey tarafindan Tiirk-
¢e’ye Muhtasar Kimya adiyla terciime edilmistir. 1300 (1382-83) tarihinde Tophane-i Ami-
re Matbaasinda basilan eser bir miiddet Miihendishane-i Berri-i Hiimaytn’da ders kitab1

olarak okutulmustur.

Makalemiz ise adi1 gecen bu kitabin giris kismmin Osmanlica orijinalinden latin

harflerine aktarilmis seklidir.
Dibace

Hamd ii sipas-1 bi-bedel ol hallak-11lem-yezel hazretlerine layik ve ahradir ki serd’ir-1
kudretinin mahfaza-i hayret-efzasindan biri olan arzin her katre-i ab1 bir cism-i kimyevinin

ve her zerre-i haki bir gubar-1 ma‘deninin havass-1 glind-ginunu cami‘dir.
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Salevat ve tahiyyat ol fahr-i kdinat ve al ve ashab ve sadat hazretlerine ref* ve
ihda olunur ki nfir-1 Islamiyyet ve ma‘rifetin sark ii garb anasiriyla imtizac ve terkibine
ve zaman-1 cahiliyyetin akvdm-1 mahlita arasinda birakdig1 edyan-1 miite‘addideden din-i

miibin-i Islam’1n tefrik ve tahliline barika-niima-y1 ihtimam oldular.

Ba‘dema dua-y1 vacibii’l-eda-y1 padisahi yani evrad-1 Abdiilhamid-i Sani ref*-i ka-
blilgah-1 cenab-1 ilahi kilinir ki asr-1 hiilmaytnlar terakkiyat-1 maarif cihetiyle gibta-bah-

sa-y1 eslaf oldu.

Ve himaye-i sahanelerinde olarak bircok mektebler agilip uliim ve fiinin miilkiin her
tarafini tenvire basladi. Ezciimle Miihendishane-i Berri-i Hiimay{n sakirdaninin program-
lar1 1slah ve tanzim olundu. Ve mekteb-i mezbir nazir-1 alisani saadetlii Mazhar Pasa’nin
dahi himmet-i alem-pesendanesiyle fiinlin-1 miitedavile-i askeriyenin her kismi mekteb-i
mezbir derslerine zamm ve ilave edildi. El-hasil askerligin mevkiafun-aleyhi olan husiisatin
peya-pey istikmaline basland1. Iste su zaman-1 sa‘d-iktiranda mekteb-i mezblir meclis-i
maarifini teskil eden heyet-i kirdam tarafindan dahi sakirdani evrak-1 perisan iizerine ders
kayd ve tahriri kiilfetinden kurtarmak ve bu miindsebetle gayb ve zayi‘ edegeldikleri evkati
ltizmlu derslerinin miizakere ve tekrarina hasr eylemek niyyat-1aliyesiibrazbuyruldugundan
Plause ve Fremi [ ) <_aes 5] ndman hekimlerin eser-i ber-giizideleri olup eyadi-i i‘tdibar-
da tutulan Muhtasar Kimya nam kitdbini1 dahi bu abd-i kem-bida‘a yani mekteb-i mezbir
Hikmet ve Kimya Muallimi Binbas1 Thsan bendeleri terciime ile mekteb-i mezkiirun sali-
fii’l-arz meclis-i marifinin tedkik ve takdiriyle Tophane-i Amire Miisiriyet-i Celilesi’ne
seref-bahs ve ikbal olan devletlii Ali Saib Pasa hazretlerinin huzir-1 maarif-nlisir-1 daver-i

ethamilerine arz ve takdim eyledim.

Kimyé Hakkinda Miilahazat-1 Umimiye

[Im-i kimya ecsdm-1 unsuriyye veya miirekkebenin yekdigerleriyle ittihad ve im-
tizaclarindan husile gelen ecsam-1 miirekkebe-i cedidenin haiz ve muttasif olduklar1 havass

ve keyfiyatdan bahs edren bir ilimdir.

Cism-i Tabi‘l: Havass-1 hamse-i zahirenin biri veya birka¢1 idnesiyle hiss olunup
gayr-1 kabili’t-tenafliz olan maddi seye tesmiye olunur. Her ne zaman muhtelifii’l-cens
cisimler yekdigerine te’sir ederek alamat-1 muhtelife ve tebeddiilat-1 miitenevvi‘a husile

getirirler ki ba‘zilar1 da’imi ve ba‘zilar1 muvakkatdir.
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Muvakkat olan tebeddiilat, ecsamin yekdigerlerine te’sirlerinde mahiyet ve havassi
asla tebeddiil etmeyen ecsamda vuki‘a gelir. Mesela mikdar-1 kafi suyu tuz ile derece-i
isba‘a isal edip ba‘dehli havi oldugu su kamilen izale olununcaya degin hararetle tebhir

olundukda asla tebeddiil etmemis olacagindan tuzun tebeddiilii muvakkat olmus olur.

Tebeddiilat-1 Da’imi: Ecsamin yekdigerlerine te’sirlerinde mahiyetleri tebeddiil
ederek havass-1 cedide ile muttasif bir cism-i ahar hustle getirirler ki igsbu tebeddiil-i da’im1
olmus olur. Ecsamda hikmet-i tabi‘iyece olan tebeddiilat mahiyet-i zatiye ve stiret-i tesek-

kiilleri tebeddiil etmeksizin kendilerine ari1z olan tebeddiilatin arizi ve sathi olmakligidir.

Mesela bir kehribar ¢gubugu ¢uha parcasiyla delk olunarak ecsam-1 hafifeye takrib
olundukda onlar1 cezb etdiginden burada vuka‘ bulan keyfiyyet-i delk kehribara yeni bir
hassa 1‘td etmis ise de miir(r-1 zaman ile mezkir hassa kiilliyen za’il olarak kehribarin
mahiyet ve hakikati tebeddiil ve tegayyiir olunmadigindan yalniz hikmet-i tabi‘iyece bir te-
beddiilatvukii‘a gelmisdir. Tebeddiilat-1 kimyeviye ise bi’l-aks ecsamin siret-i tesekkiilleri
tegayyiirat-1 kiilliye ile fark ve temyiz olunur derecede sikletleriyle sair hustisat-1 zatiyeleri

kiilliyen tegayylir etmesidir.

Mesela bir demir levha rutlibetli havaya terk olundugu vakitde demire bir donukluk
gelip tizerini kirmiz1 bir zar kaplar ve bu halde sikleti dahi fark olunur derecede tezayiid
edip havanin havi oldugu miivellidii’l-humiiza (oksijen) ve su buhariyla ittihad ve imtizac ve
mezk{r demir havass-1 cedide ile kesb-i ittisaf ederek hassa-i zatiyesini zayi‘ birle humz-1
hadid-i ma’ [Oksid do fer idrate (OXYDE DE FER HYDRATE)] haline miinkalib oldugun-
dan bu stretde vukii‘a gelen tebeddiilat da’imi olup demirin muttasif oldugu havass-1 cedi-
de dahi ald’im-1 kimyeviyyeden ibaret olmus olur. Ecsamin yekdigerlerine te’siri hengamin-
da ald’im-i hiikkmiye ve kimyeviye birlikde olarak miisdhede olunur. Ezclimle bir mikdar
fosfor (PHOSHPORE) miivellidii’l-humiiza derinunda ihrak olundukda beyaz renkle ve
hamiz-1 hassasina malik ve hdmiz-1 fosfor denilen bir cism-1 miirekkeb tekevviin edip mez-
blir hamiz-1 fosforun zuhGiru aninda miisdhede olunan hararet ve ziya ala’im-i hiikkmiyeden
olup ve mezklir hamiz dahi ald’im-i1 kimyeviyeden ibaret olmus olur. Bu stiretde kimyager
bulunan zevat hamiz-1 fosfor cismiyle mesgll olarak havassini imtihdn ve ecsam-1 sd’ire
ile ihdas eyledigi miirekkebat1 ve cism-i mezk{ir anasirlarinin nisbetlerini tahkik ve ta‘yin
ile isgal ve hikmet-i tabi‘iye erbabiise bi’l-aks nazar ve dikkatlerini fosforun ihtirak: es-

nasinda ald’im-i kimyeviyeden sarf-1 nazarla ala’im-i hilkkmiyeden olan ziyalariyla hararet
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tizerine hasr ederler. Su mebhasden anlasildigina gére hikmet-i tabi‘iye ile kimya beyninde
miinasebat-1 kesire mevcid olup lakin bu iki ilmin her birine aid olan tebeddiilat ve alamati

yekdigerinden tefrik etmek asandir.

Ecsamin Havass-1 Muhtelifesi

Kimyada maksad asli olan ecsamin tamamiyla hal ve sanini teshis ve ta‘yin edebil-
mek i¢in hassalarinin ma‘lim olmasina miitevakkif oldugundan havass-1 ecsam ber-vech-i

ati ii¢ smifa taksim olunur.

Birincisi; Havass-1 hiikmiyye-i tabi‘iye, ikincisi; havass-1 kimyeviye, Ugiinciisii;
[Organo Leptik (ORGANO LEPTIQUE)] zi-riha dair olan havass oldugundan her birerleri

ber- vech-i zir ta‘dad ve ta‘rif olunurlar.

Birincisi, ecsamin yekdigerlerine te’sirlerinde tabi‘atlerine halel gelmemek sartiyla
vukii‘a gelen asara havass-1 hiikmiye tesmiye olunur. Onlar dahi kesafet ve hararet-i izafiye
ve sekl-i kristaliyet ve suda miinhall olmas1 ve miizab ve sertligi ve parlaklig1 ve kuvve-i

incirariyye ve tetarrukiyye ve irtibatiyye ve hakeza...

Ikincisi, ecsaimim yekdigerlerine te’sirlerinde tabi‘atlerine halel gelmek sartiyla
vukii‘a gelen asara havass-1 kimyeviyye tesmiye olunur. Mesela miivellidii’l-humiizanin
klor ve kiikiirt ve azot ve fosfor ve hakeza... ecsam-1 sa’ireye icra eyledigi tesirata ta‘bir

olunur.

Ucgilinciisii, zirGha olan te’sirlerine dair havass olup bu da kuvve-i sdmme ve kuv-
ve-i za’ika ve kuvve-i lamise ve kuvve-i basira ile hissolunur. Mesela: Ecsamin yekdigerine
nazaran sertligi kuvve-i lamise ile anlasildig1 gibi kerih ve latif rayihali olan ecsam dahi
kuvve-i samme ile anlasilabilir. Zikr olunan havassdan tigiincii hassayr meshar kimyager
Mosyo [Sevrol (CHEVREUEL)] s@’ir kimyagerlerin nazar-1 dikkatlerini celb etmek i¢in

ecsamin hiikkm1 ve kimyevi hassalarindan fark ve temyiz etmisdir.

Ecsam-1 Basita ve Mirekkebe

Ecsam iki kisim olup birine ecsadm-1 basita ve digerine ecsam-1 miirekkebe tesmiye
olunur. Ecsam-1 basita simdiye kadar ilmin ird’e etdigi vesa’it yani ameliyat-1 kimyeviye
ve ecarib-i kesire ile tahlil olunarak kendilerinin havass ve keyfiyetlerine miisabih olarak
bir cism- 1 ahar istihsali miimkiin olmayan cisimlerdir. Mesela ecsdm-1 basitadan olan kii-
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kiirt her ne kadar vesait-i miite‘addide ile muamele olunsa yine kendisinin havassina gayr-1
miisabih olarak ondan ahar bir cisim husel getirilemez. Bir cismin basit olup olmadig:
hustisu yalniz sebkat eden tarife ittiba‘an hilkkm olunamaz. Ciinkii cism-i mebhiistin miir(ir-1
zaman ile malim olmayan bir vasita ile tahlil olunarak miirekkeb bir cisim olmasi ihtimali
vardir. Ecsdm-1 miirekkebe ecsam- 1 basita veya miirekkebenin yekdigerleriyle ittihad ve
imtizaclarindan hasil olan cisimler olup ameliyat-1 kimyeviyye ve tecriibeler vasitasiyla
havass ve keyfiyyat cihetiyle kendilerine gayr- 1 miisabih olarak bir cism-i aharin istihsali
kabil olan cisimlerdir.

Meseld ecsdm-1 miirekkebeden humz-1 zibak [Oksid D6 Merkur (OXYDE DE
MERCURE)] tesmiye olunan cisim kendisinin havéss ve keyfiyyatina mugayir olarak mii-
vellidii’l-humiiza ile civadan ibaret olan iki cism-i unsura tahlil ve tefrik olunabilir. Ecsdm-
1 miirekkebe iki cism-i unsura tahlil olundugu misillii ba‘z1 cism-i miirekkebler vardir ki
biri basit ve digeri miirekkeb olarak iki cisme tahlil olunurlar. Ve bir cism-i miirekkebin
anasiri ol cismin tahlili [analiz (ANALYSE)] icra olunarak ta‘yin olundugu misillii ecsdm-1
basitanin yekdigeriyle terkibi [sentez (SYNTESE)] dahi bi’l-kimya imtizac etdirilerek
hustle getirilir.

Ecsamin Kabil-i Inkisim Olmasi

Kaffe-i ecsamin ancak hurdebin i‘anesiyle rii’yet olunabilir raddede rakik ve dakik

olarak taksimi kabil oldugu tecarib-i adide ile tebeyyiin etmisdir.

Su kadar var ki ecsamin bundan ziyade bi’l-fiil taksimi kabil edip etmeyecekleri
meselesi bir hayli vakitden beri deveran etmekdedir. Imdi ecsdm alat ve edevatdan her
hangi biri vasitasiyla kabil-i taksim olmayan bir takim zerratdan miisekkel bulundugu husi-
sunda bi’l- climle kimyagerler nazariyatinin ifadati miittehid oldugundan mesele-i mebhi-
seye dahi netice verilmis nazariyla bakilabilir. Iste ecsimin bu vechile derece-i gayete degin
taksim olunarak en nihayetde bulunan ciiz-i la-yetecezzasina [Atom (ATOMES)] veyahud
cevher-i ferd [Molekiil (MOLECULE)] ismi verilmis oldugundan bir cism-i sabitin mo-
lekiilii ayn-1 ciizlerden miigekkel olup halbuki bir cism-i miirekkeb ne kadar anasir-1 muh-
telifeyi cami‘ bulunur. Mesela humz-1 zibak [Odksid D6 Merkur (OXYDE DE MERCU-
RE)]in molekiilii bir cevher-i ferd miivellidii’l-humdza [oksijen (OXYGENE)] ile cevher-i
ferd-i zibak [Merkur (MERCURE)]1 havi olup ve fakat humz-1 ahirin molakiilii birbirlerine

miisabihdirler.
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OZET

Mollusca (Yumusakga) Arthrpoda’dan sonra en zengin tiir sayisina sahip filumdur. Tir sayisindaki gesitlilik, cok
cesitli morfolojileri ve ekolojik nisleri, kazanilmis immiinolojik hafizalar1 bulunmadigi i¢in ¢esitli savunma meka-
nizmalar1 gelistirmeleri ve aydinlatilmamis ¢ok sayida aktif bilesigi bu grubu dogal iiriin kimyasi arastirmalart ve
yeni ilag kesfi i¢in iyi bir aday haline getirmektedir. Deniz canlilari, 6zellikle yumusakgalar, heniiz kesfedilmemis
pek ¢ok sekonder metabolit barindirdiklari igin, biiyiik bir potansiyel barindirmaktadir.

Bu ¢alismanin amaci, yumusakea kimyasi bilgimizdeki ana bosluklari tamamlamak i¢in yumusakca sekonder me-
tabolitleri hakkindaki giincel literatiirii incelemektir. Bu sayede, dogal iiriin kimyas1 alaninda gelecekte yapilacak
aragtirmalara katki saglanarak, hedeflerin iyilestirilmesine yardimci olma imkani1 dogacaktir.

Anahtar kelimeler: Yumusakca, Sekonder metabolit, Antimikrobiyal peptitler, Dogal Uriin Kimyas1
Recent Developments in Natural Compounds Obtained from Marine Molluscs

ABSTRACT

Mollusca is the philum which has the richest number of species after Arthrpoda. Diversity in species number, diver-
se morphology and ecological niches, lack of acquired immunological memories and the development of various
defense mechanisms and a large number of unexplored active compounds make this group a good candidate for
natural product chemistry research and new drug discovery. Marine organisms, especially mollusca, have great po-
tential as they contain many secondary metabolites that have not yet been discovered.

The aim of this study is to examine the current literature on mollusca secondary metabolites to complement the main
gaps in our knowledge of mollusca chemistry. In this way, by contributing to future research in the field of natural
product chemistry, it will be possible to help improve the targets.

Key words: Mollusca, Secondary metabolites, Antimicrobial peptides, Natural product chemistry
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GIRIS
Mollusca filumu, sekiz ayr1 sinifa sahip muazzam bir tiir ¢esitliligini temsil etmektedir.
Cogunlugu sucul olup, deniz ve okyanuslarda yasarlar. Bazilar1 ise karasaldir.

Yumusakgalarin ¢esitli taksonlardaki aktif maddeleri tipik olarak bilinmese de, ¢ok cesitli
geleneksel dogal ilaglarda belirgin olarak bulunmaktadir (A. Kumar & Jaitak, 2019). Genel se-
konder metabolitler, sadece kiigiik bir oranda (<% 1) yumusakga tiirlerinde arastirilmistir. Bugiin
ise yumusakcalardan kesfedilen molekiillerin biyoaktivitesine ilgi gittik¢ce artmaktadir (Ganesan
etal., 2019).

Tarih boyunca yumusakgalar, ¢ok ¢esitli alanlarda (yiyecek, kabuk, boya, tibbi {iriin vs.)
kaynak olarak kullanilmislardir. Bir¢ok kiiltiirde kabuklu Gastropodlar ve ¢ift kabuklular, leziz
veya saglikli bir yiyecek olarak kabul edilirler ayrica gesitli geleneksel dogal ¢oziimlere sahip-
tirler. Birkag tiir, cevre temizliginde temizleyici ve kirlilik indikatdrii olarak gorev yapmaktadir
(Kimbrough, Johnson, Lauenstein, Christensen, & Apeti, 2008; Pati, Sahu, & Panigrahy, 2015).

Tim omurgasizlar gibi, yamusakg¢alarin da kazanilmis bir immiinolojik hafizas1 yoktur.
Bu durum, yumusakgalarin kendilerini mikrobik istila saldirilarina karsi korumak igin alternatif
savunma stratejileri gelistirdigini gostermektedir. Dogal seleksiyon baskisi altinda, yumusak-
calarda bir dizi farkli antibakteriyel, antifungal, antiparaziter ve antiviral sekonder metabolit
geligmistir (Sousa & Hinzmann, 2019).

Yumusakgalarin ayrica iletisim sistemlerinin ve savunma salgilarinin bir pargasi olarak
sekonder metabolitleri kullandiklar1 gdsterilmistir. Farkli ¢evresel ve biyolojik baskilar altinda
gelisen yumusakca gruplarinda farkli kimyasal yapilarin olusacagi tahmin edilebilir. Bu durum,
gelecekteki ilag kesfi icin ¢ok fazla alan yaratmaktadir (Sousa & Hinzmann, 2019).

Bu makale gelecekteki arastirmalara 1s1k tutabilmek adina yumusakgalar ile yapilan ca-
lismalarin ve mevcut potansiyelin bir degerlendirmesini sunulmaktadir.

1. Molluscan Biyolojik Cesitliligi

Yumusakgalar, canli hayvanlarin yaklasik % 7’sini olusturan, diinyadaki en biiyiik ikinci
hayvan filumudur. Su anda, yaklasik 52.000 adlandirilmis deniz yumusakea tiirii ve tahminen
100.000-200.000 tiir ¢esitliligi bulunmaktadir.

Filogenetik olarak yumusakgalarin siniflari: Gastropoda, Bivalvia, Scaphopoda, Cepha-
lopoda, Polyplacophora, Monoplacophora, Caudofoveata ve Solenogastres’dir. Yumusakca ce-
sitliliginin yaklasik % 90’1, tahmini 75.000-150.000 tiir bulunan Gastropoda’da bulunur. Bival-
vialar, deniz ve tatli su habitatlarinda bulunan yaklagik 10.000-20.000 tiir igeren bir sonraki en
cesitli stniftir (Benkendorff, 2010).
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1. 1. Kiiciik simiflar

Monoplacophorans ve Aplacophorans, bugiine kadar herhangi bir kimyasal calismaya
tabi tutulmamustir.

Bu gruplar tizerindeki biyolojik bilginin yetersizligi ve hepsinin nispeten kiiclik beden
bliyiikliigline sahip derin deniz organizmalar1 oldugu diisiiniiliirse bu sasirtic1 degildir. Az say1-
daki yasam temsilcisiyle Monoplacophora, mevcut 6rnekler ilk kesfedildiginde, kuramsal atala-
ra en yakin olduklar1 6ne stiriildiigii icin ¢ok fazla heyecan uyandirmistir. Bununla birlikte, daha
yeni yapilan arastirmalar, evrensel olarak kabul edilmese de atalarin daha ¢ok Aplacophoran
benzeri oldugunu gostermektedir (Benkendorff, 2010).

Aplacophora, kabugu olmayan solucan bi¢imli yumusakgalardir ancak kalkerli spikiil-
lerle gomiilii bir kiitikiil ile kaplanmistir. Diger iki yumusakg¢a sinifi olan Polyplacophora ve
Scaphopoda da dogal {iriinler literatiiriinde ihmal edilmistir. Scaphopoda arastirma i¢in zordur,
clinkii tamamen tortuya gémiilii olarak yasamaktadir.

1. 2. Cephalopoda

Tir zenginligi agisindan kiigiik siniflardan biri olmasina ragmen, Cephalopoda bir¢ok
ilging kimyasal ¢alismaya tabi tutulmustur.

Miirekkep salgilamak bir Cephalopod kimyasal savunma mekanizmasi olmasina rag-
men, ¢ok gelismis davraniglari, kamuflajlari ve hizli hareket etme yeteneklerinin, yirticilara kar-
s1 kimyasal savunma ihtiyacin1 azaltti1 varsayilmistir. Ayrica, mikrobiyal yonden zengin deniz
ortamindaki patojenlere kars1 savunmasiz kalirlar.

Bugiine kadar Cephalopod zehirinden izole edilen sekonder metabolitler arasinda tetro-
dotoksin, peptidler ve biyojenik aminler bulunmaktadir (Lopes, Rosa, & Costa, 2018).

Zehirlere ek olarak, Cephalopoda’dan baska ¢esitli dogal iiriinler de izole edilmistir. Bun-
lar arasinda miirekkep balig1 Sepia officinalis miirekkebinin sitotoksik tirozinazinin yani sira
yumurtalik jole peptidleri ve ahtapot Octopus vulgaris beyninden izole edilen yeni kardiyoak-
tif peptit bulunur (Kanda & Minakata, 2006; P. Kumar, Kannan, ArunPrasanna, Vaseeharan, &
Vijayakumar, 2018; Russo et al., 2003). Ayrica Octopus vulgaris’in sindirim sistemi iizerindeki
arastirmalarda oldukea ilgi ¢ekicidir (Bastos, Fracalossi, Chimal, Sdnchez, & Rosas, 2020).

1.3. Bivalvia

Ikinci en biiyiik yumusakea smifi Bivalvia, kimyasal ¢alismalarda nispeten iyi temsil
edilir. Antimikrobiyal savunma faktdrlerinin ¢ift kabuklular gibi kabuklu yumusakcalarda tespi-
ti, biyosentezi ve bu biyoaktif bilesiklerin regiile edilmis ekspresyonunu son arastirmalara konu
olmustur. Mytilus galloprovincialis ile yapilan bir ¢alismada, bu canlidaki antimikrobiyal peptit
(AMP) ¢esitliligi ortaya konulmustur (Lv, Zhao, Yang, Wu, & Cong, 2019)the tissue distributi-
on and antimicrobial activities of mytimacin-4 were further investigated. A qRT-PCR analysis
revealed that mytimacin-4 transcripts were constitutively expressed in all of the tested tissues of
M. galloprovincialis, with the highest expression level in the posterior adductor muscle. After
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challenge by Vibrio anguillarum, the expression level of mytimacin-4 gene was significantly inc-
reased at 24 h (P < 0.05. Ilging bir sekilde, bu peptidlerin bazilar1 yapisal olarak ifade edilirken,
bazilar1 sadece bakteri ile enfeksiyondan sonra uyarilmaktadir. Benzer sekilde, Argopecten irra-
dians’larindan gelen bir antimikrobiyal protein, bakteri tehdidinden sonra ivme kazanmaktadir
(Wang, Wang, Liu, Jiang, & Wang, 2019).

1.4. Gastropoda

Yiiksek tiir ¢esitliligine sahip Gastropodlar bu sayede dogal iirlin ¢aligmalarinda en ¢ok
calisilan yumusakga smifidir. Nispeten fazla sayida bilesik izole edilmis olsa da ¢alismalara da-
hil edilen tiirlerin sayis1 olast havuzun sadece kiiclik bir kismini temsil etmektedir.

Stiriinerek hareket eden Gastropoda iiyeleri su ortamindaki agir metal kirliligi ve radyo-
aktivite calismalari i¢in ¢alisilmaktadirlar (El-Sorogy, Alharbi, Almadani, & Al-Hashim, 2019)

2. Mollusca Kimyasal Cesitliligi ve Sekonder Metabolitlere Dair Calismalar

Okyanuslarda, karasal mikroorganizma sayisindan ¢ok daha fazla, 200 milyon mikroor-
ganizma tlirli oldugu ve sekonder metabolitlerin deniz mikroorganizmalar1 kaynakli olanlarinin
da karasal olanlardan ¢ok daha yiiksek oldugu tahmin edilmektedir.

Deniz yumusakgalari, yeni dogal {iriinlerin izole edilmesini ve tanimlanmasin1 amagla-
yan bir¢ok kimyasal ¢calismanin odag1 haline gelmistir. Dogal iiriinlerin sentetik {iriinlere karsi
avantajlari; disiik gelistirme maliyetleri, yaygin erisilebilirlik ve azaltilmis yan etkiler olarak
sayilabilir.

Son 30 yilda, molluscan sekonder metabolitleri lizerine 1000’in ilizerinde arastirma ma-
kalesi yaymlanmistir. Alam ve Thomson (1998), deniz yumusakcalarindan izole edilen 585 me-
tabolitin ayrintilarini igeren degerli bir referans kitab1 derlemistir. Bundan daha 6nce, Baker ve
Murphy (1976, 1981), ‘Deniz Organizmalarindan Bilesikler *adli kitapta 148 yumusak¢a meta-
boliti hakkinda bilgi toplamistir. Faulkner, dogal deniz iiriinleri yillik incelemesine yumusak-
calar1 da ekleyerek 199 tiirden toplam 729 bilesik rapor etmistir. Bu incelemelere son yillarda
Blunt ve arkadaslar1 75 tiirden 190 ayr bilesik daha bildirmistir. Cimino ve Gavagnin (20006),
Antarktika, Gliney Afrika ve Gliney Amerika’daki deniz Gastropodlarindan sekonder metabo-
litler hakkindaki boliimler de dahil olmak {izere deniz yumusakg¢alarinin kimyasi ve biyotekno-
lojisinin modern bir incelemesini sunmustur (Avila, 2006; Benkendorff, 2010; Oztiirk, Dogan,
Bitlis-Bakir, & Salman, 2014).

Deniz organizmalari, karasal organizmalar arasinda bulunmayan, tuz ve soguga karsi
dayaniklilik, yiiksek basing ve gecirgenlige kars1 direng, fotosentez, azot fiksasyonu, biyoliimi-
nesans ve biyomanyetizma gibi 6zelliklere ulasmislardir. Deniz biyoteknolojisi, bu essiz 6zel-
likleri incelemek icin yeni araglar ve zorlu kosullar altinda yeni deniz biyolojik kaynaklarinin
kesfedilmesi i¢in giiglii teknolojik destekleri saglamistir. Enzimler, ekopolimerler, sekonder me-
tabolitler ve fermentasyon miihendisligi tarafindan elde edilebilecek diger degerli metabolitler
gibi ¢ok miktarda iiriin nedeniyle deniz mikroorganizmalarinin aragtirtlmasi ve kullanilmasi ¢ok
onemlidir.

Yumusakgalardan izole edilen deniz dogal iiriinleri (Marine Natural Products, MNP) pek
¢ok tibbi etki i¢in ¢alisilmistir. Bu ¢calismalarin en 6nemli basamaklarindan birini kanser tizerine
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ylriitiilen caligmalar olusturmaktadir. Kanser giderek artan sayida insani etkileyen dliimciil bir
hastaliktir. Mevcut tedavilerin kanser i¢in radikal tedavi saglayamamalar1 ve sahip olduklar1 yan
etkiler antikanser ajan arayisini giincel tutmaktadir. Bir¢ok deniz sekonder metaboliti, antikanser
ajanlar olarak kullanim igin biyoaktivite gostermistir (Wali et al., 2019).

Tyrindoleninone, bazi kanser hiicrelerinde apoptozu indiikleyerek antikanser etki goste-
ren bromlu bir indoldur. Gastropodlardan Dicathis tiiriinden elde edilmektedir. Dicathais orbi-
ta, antikanser 6zelliklerine sahip biyoaktif bilesikler iirettigi bilinen biiyiik bir Avustralya deniz
Gastropodudur (Esmaeelian, Benkendorff, Johnston, & Abbott, 2013).

Dicathais orbita’dan elde edilen tyrindoleninone ve 6-bromoisotinin antikanser 6zellik-
leri, fizyolojik olarak normal primer insan granulosa hiicreleri (Human Granulosa Cell, HGC)
ve lireme kanseri hiicre hatlarina karsi test edilmistir (Kaviarasan, Siva, & Yogamoorthi, 2012)
C.B., Mclver, C.M., Abbott, C.A., Le Leu, R.K. and Benkendorff, K.,. Enhanced acute apoptotic
response to azoxymethane-induced DNA damage in rodent colonic epithelium by Tyrian purple
precursors: A potential colorectal cancer chemopreventative. Cancer Biol Ther 2010; 9(5.

Timor biiylimesinin hiicrelerin, hiicre proliferasyonu ve apoptozis arasindaki normal
dengeyi kaybetmesi durumunda meydana geldigi genel olarak kabul edilmektedir. Bu neden-
le, kanser kemoterapisi antiproliferatif stratejilere odaklanmistir. Spisulosine ES-285, Ispanya
Pharmamar grubu tarafindan Spisula polynyma istiridyesinden izole edilen antiproliferatif bir
bilesiktir. 2008 yilinda yapilan bir ¢alismada prostat timdr hiicrelerinin biiytimesini inhibe ettigi
gosterilmistir (Sanchez et al., 2008).

Hindistan okyanusundaki deniztavsani Dolabella auricularia’dan 1987°de Pettit ve arka-
daslar1 tarafindan izole edilen Dolastatin 10, kanser i¢in umut vadeden 6zellikler gostermektedir.
Dolastatin 10 gii¢lii antiproliferatif aktiviteye sahiptir ve Dolastatin 15 ile kanser hiicrelerini
hedefleyerek mitotik hiicre boliinmesini inhibe edebilmekte, gogiis ve karaciger kanseri, kati
tiimorler ve bazi 16semiler icin preklinik deneylerde kullanilmaktadir. Ancak gii¢lii yan etkiler
nedeniyle heniiz antikanser ajanlar olarak onaylanmamaislardir (Yokosaka et al., 2018).

Kahalalide F, Hawaii yumusakgasi Elysia rufescensden izole edilen antikanser bir ajan-
dir. Yapisinda oldukga aktif yaklasik 7 peptid yer almaktadir. Klinik 6ncesi ¢aligmalar kiigiik
hiicreli akciger kanseri, prostat, meme, yumurtalik ve kolon karsinomlarina kars1 Kahalalide
F’nin giiclii aktivitesini gostermistir (M. Letizia Ciavatta et al., 2016).

Kanser hiicrelerinde lizozomal indiiksiyonla onkoz ve hiicre membrani permeabilizasyo-
nuna neden olmaktadir. Lizozomal zarlarin islevini degistirmesi onu bilinen tiim antitiimor ajan-
lardan ayiran bir mekanizmadir. Ayrica DNA replikasyonu ve hiicre proliferasyonunu kapsayan
bazi 6zel genlerdeki ekspresyonu inhibe etmektedir. Boylece tiimor biiyiimesini engellemektedir.

Keenamide A, Pleurobranchus forskalii deniz yumusakg¢asindan elde edilen yeni sitotok-
sik heksapeptid bir ajandir. P-388, A-549, MEL-20 ve HT-29 tiimor hiicrelerine karst 6nemli bir
aktivite sergilemektedir. Yine ayni canlidan ergosinin izole edilmistir. Ergosinin, deniz yasamin-
da bulunan ilk ergot peptit alkaloididir (Wakimoto, Tan, & Abe, 2013).

Lamellarins gibi alkoloidler heksasiklik pirol alkoloid ailesinin iiyeleri olup deniz yu-
musakcalarindan elde edilmektedirler. Potansiyel sitotoksik ajan olarak antitiimoral aktivite i¢in
umut vaad edici bilesiklerdir. Aragtirmalar topoizomeraz 1 inhibisyonu, direkt mitokondriyi et-
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kilemek gibi multipl bir mekanizma ile apoptotik hiicre 6liimiinii indiiklediklerini gostermistir.
Yine Asya deniz yumusakgas1 Turbo stenogyrusdan izole edilen Turbostatins 1-4 in antikanser
potansiyele sahip oldugu bulunmustur (Maria Letizia Ciavatta et al., 2017)

Fucoidan, farkli kahverengi alg tiirlerinde ve bazi hayvanlarda bulunan, antikanser
ozellikleri dikkat ¢eken dogal bir bilesiktir. Polimer ilk olarak 1913°te Kylin tarafindan izole
edilmistir. Bir¢ok rapor, fucoidanin hiicre dongiisiiniin G1 fazini1 durdurarak kanser hiicrelerini
oldiirme yetenegini dogrulamistir (Etman, Elnaggar, & Abdallah, 2019). Bazi tiirlerde, siilfatlan-
mis fucans omurgasi farkli sekerler, fukoz veya iironik asitten olusan dallanma igerir. Dallanma
ve heterojen biyokimyasal 6zellikler nedeniyle molekiilii bir biitiin olarak incelemek ve tek bir
molekiil olarak calismak ¢ok zordur. Calismalarin ¢ogu, tiim molekiiliin biyolojik aktivitesini
anlamay1 engelleyerek kendilerini yiiksek oranda saflagtirilmis fraksiyonlarla sinirlandirir. Bu-
nunla birlikte, tam olarak etki mekanizmas1 bilinmemektedir. Multipotent karakteri gelecekteki
antikanser tedavisinde umut vericidir. Fucoidan’in deniz yosunu tiirlerinden yapi-aktivite iliski-
sine dair daha spesifik calismalara ihtiya¢ vardir.

Polisakkarit ayrica antimikrobiyal, antiviral, antienflamatuar ve antipihtilagma aktivitesi
gibi ¢esitli aktiviteler gostermistir. Bu faaliyetlerin kapsaminin esas olarak molekiiler yap1, seker
tipi, siilfatlama derecesi ve konumu, molekiil agirligi ile iliskili oldugu bilinmektedir (Etman et
al., 2019).

Deniz organizmalarinda antimikrobiyal aktiviteyi belirlemeye yonelik calismalar
1950’lerde baslamistir. Tiim deniz organizmalar1 antimikrobiyal etkili sekonder metabolitler
iiretme potansiyeline sahip olmalarina ragmen, 6zellikle Gastropodlar, umut verici antimikrobi-
yal sekonder metabolitlere sahip yumurta kapsiillerinden dolay1 olduk¢a degerlidir. Prosobran-
chlar yumurta kapstilii iireten gastropodlar arasinda en gbze ¢arpan gruptur. Gastropod yumurta
kapsiilii, kapsiil icindeki embriyolar1 koruma fonksiyonu nedeniyle antimikrobiyal aktivite gos-
teren ¢ok sayida aktif sekonder metabolit icermektedir. Kabiramid C, Aplysianin E, Aplysianin
A, Thisaplysianin E ve Tyrian moru, ¢esitli gastropodlarin yumurta kapsiiliinde belgelenmistir
(Kaviarasan et al., 2012)C.B., Mclver, C.M., Abbott, C.A., Le Leu, R.K. and Benkendorft, K.,.
Enhanced acute apoptotic response to azoxymethane-induced DNA damage in rodent colonic
epithelium by Tyrian purple precursors: A potential colorectal cancer chemopreventative. Cancer
Biol Ther 2010; 9(5.

Iki Gastropod Conus betulinus ve Conus inscriptus’un etanol, metanol ve aseton dzii,
patojen bakterilere kars1 antibakteriyel aktivite agisindan test edilmistir. Iki gastropod arasinda
Conus betulinus, Conus inscriptus’unkinden daha fazla antibakteriyel aktivite gostermistir. Bu
arastirma, gastropod Conus betulinus dokusunun, yiiksek kaliteli antibakteriyel bilesikler nede-
niyle tibbi degere sahip oldugunu gostermektedir (Periyasamy, Arularasan, & Gayathri, 2012).

Muricidae, Tyrian moru ve biyoaktif 6ncii bilesiklerin {iretimi i¢in bilinen deniz yumu-
sakcalaridir. Fenikeliler iinlii “Tyrian mor” isimli boyay1 tiretmek i¢in 500 yildan fazla bir siiredir
Gastropod yumusakgalar1 kullanmaktadir. Bu boya karigik brom ikame edilmis indigo ve indiru-
bin izomerlerinden olusmaktadir (Kaviarasan et al., 2012)C.B., Mclver, C.M., Abbott, C.A., Le
Leu, R.K. and Benkendorft, K.,. Enhanced acute apoptotic response to azoxymethane-induced
DNA damage in rodent colonic epithelium by Tyrian purple precursors: A potential colorectal
cancer chemopreventative. Cancer Biol Ther 2010; 9(5.
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Muricidae kolin esterleri, belirgin néromiiskiiler blokaj aktivitesi géstermektedir ve bu
yirtict yumusakealar tarafindan avin felg edilmesinde rol oynamaktadir. Muricidae ekstreleri gibi
ticari kullanim ve klinik denemeler i¢in, yeni deniz dogal iirlinlerinin kalite kontrolii, onaylanmis
Olclim kapasitesine sahip ve yeniden tretilebilir analitik yontemleri gerektirmektedir (Valles-Re-
gino, Mouatt, Rudd, Yee, & Benkendorft, 2016).

Murexine veya urocanylcholine, Murex trunculus ve diger prosobranchiate yumusakca-
larinin hipobransiyal bezlerinde biiylik miktarlarda bulunan, dogal olarak olusan bir kolin este-
ridir. Omurgalilarda ve omurgasizlarda, belirgin néromiiskiiler blokaj ve nikotinik etkilere sahip
oldugu, ancak neredeyse muskarinik etkilerden yoksun oldugu bulunmustur. Murexine’nin blo-
ke edici etkisi, deneysel ve klinik kanitlara dayanarak, “depolarizing” tipinde kabul edilmistir.
Bununla birlikte, bu bilesik gii¢lii bir kas gevsetici oldugundan, yumurta biriktirme sirasinda
tireme kanalin1 gevsetmeye yardimci olabilmektedir (Rudd et al., 2015).

Deniz organizmalari, bazi kas-iskelet sistemi rahatsizliklar: da dahil olmak tizere cesitli
hastaliklarin tedavisine yardimci olabilecek ¢ok ¢esitli biyoaktif madde rezervini temsil etmek-
tedir (Prokopov et al., 2019)

Osteoporoz, genis hastalik yiikii ve mevcut tedavi segeneklerinin verimsizligi nedeniyle
yeni ve etkili bir deniz bazli tedaviye ihtiya¢ duymaktadir. Osteojenik biyoaktifler, bir¢cok de-
niz organizmasindan izole edilmistir. Genellikle kahverengi alglerden elde edilen siilfatlanmis
polisakkarit fucoidan bunlardan biridir. Bu tiir ekstrelerin ve bilesiklerin, osteoblast aktivite ve
mineralizasyonun uyarilmasinin yani sira osteoklast rezorpsiyonunun bastirilmasi dahil gesitli
osteojenik etkileri oldugu bilinmektedir (Carson & Clarke, 2018).

Inflamasyon vaskiiler sistemin kompleks bir yamitidir ve birgok hastalikla iliskilidir
(dermatit, artrit, kalp ve koroner rahatsizliklar vs). Enflamuar siireclere ¢ogunlukla agr1 eslik
etmektedir. Bu nedenle piyasadaki ilaglar bazi yan etkilere sahip steroidal veya nonsteroidal agri
kesici ve antienflamatuar ilaglardir. Daha az yan etkiye sahip ila¢ arayist i¢in son 30 yilda iyi bir
ilerleme kaydedilmistir.

Conus magus isimli gastropodun koni kabuklarindan elde edilen sekonder metabolit yan
etki olusturmadan morfinden 1000 kez fazla analjezik potansiyele sahiptir (Pati et al., 2015).

Deniz tavsanlari, kabuksuz yumusakgalar olarak kabul edilmektedir. Fiziksel koruma
olarak bir kabugun yoklugu ¢esitli davranigsal, anatomik ve fizyolojik adaptasyonlarla telafi
edilmektedir. Biitliin yumusakcalar arasinda Aplysia cinsinin deniztavsanlari, dogal iiriin kimya-
gerleri tarafindan en ¢ok arastirilan gruptur. Diinya Deniz Tiirleri Kayitlar1 (World Register of
Marine Species, WoRMS) veritabanina gore, bu cins 36 gecerli tiir icermektedir ve 2011 yilina
kadar 58 yeni dogal iiriin {iretmistir. Aplysia dactylomela bunlarin neredeyse yarisinin kaynagi
olmustur. En ¢ok temsil edilen grup terpenlerdir (Pereira, Andrade, & Valentao, 2016).

Aplysina cinsinin siingerleri, Karayip resiflerindeki en yaygin bentik hayvanlar arasin-
dadir. Cok cesitli morfoloji ve renk ¢esitliligi gosterirler. Bu siingerlerin dokular1 minerallesmis
iskeletten yoksundur, ancak yogun bir spongin iskelet ve yirtici baliklara karsi kimyasal sa-
vunma islevi goéren ayrintili bir dizi tirozin tlirevi brominatdalkaloid metabolitleri igerir. Tiim
omurgasizlar arasinda siingerler, dogal deniz iiriinleri kimyacilar1 tarafindan izole edilmis ve
tarif edilmis olan en fazla sayida sekonder metabolit vermistir. Bu bilesiklerin bir¢ogu, antitii-
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mor, antifungal, antiviral ve antibakteriyel etkiler dahil olmak tizere giiclii farmakolojik 6zellik-
lere sahiptir (Puyana, Pawlik, Blum, & Fenical, 2015).

Karayip siingeri Tedania ignis, batma 6zellikleri nedeniyle, deniz dogal iirlinleri kimya-
sinin baslangicindan beri incelenmistir. Ates siingeri olarak da bilinen bu canli, temas sonucu
olusturdugu dermatitten dolay1 bu ismi almistir. 1984 yilinda sitotoksik etkiye sahip makrolid
tedonolid varlig1 gosterilirken, 2009 yilinda yapilan ¢alismada giiclii antienflamatuar etkiye sa-
hip tedanol varlig1 bildirilmistir. Antienflamatuar aktivite, gii¢lii bir COX-2 ekspresyonun inhi-
bisyonu, myeloperoksidaz (MPO) seviyeleri olarak dl¢iilen hiicresel infiltrasyon inhibisyonu ve
indiiklenen nitrik oksid sentetaz (iNOS) ekspresyonunun inhibisyonu ile gergeklesmistir. Bu
ozellikler, dogal diterpenlerde sikca karsilasilmayan sudaki ¢oziintirliik ile birlikte, diisiik gast-
rointestinal toksisiteye sahip yeni antienflamatuar molekiillerin gelistirilmesi i¢in tedanolii umut
verici bir ajan haline getirmektedir (Costantino et al., 2009).

Deniz kaynaklarindan elde edilen bir¢ok bilesigin klinik dncesi agsamalarda giiclii anji-
yostatik etkiye sahip oldugu gosterilmistir. Telescopium telescopium’un metanolik ekstrakti ile
yapilan ¢aligmalarda okiiler neovaskiiler hastaliklar i¢in potansiyel bir aday oldugunu ve daha
fazla galigilmasi gerektigi ortaya konulmustur (Gupta et al., 2014).

Stinger mikrobiyomunun, siinger dokusunda bulunan sekonder metabolitlerin liretimi
veya degistirilmesinden sorumlu olup olmadigi, dogal iiriin kimyacilar1 ve slinger biyologlari
i¢in biiytik ilgi konusu olmustur. Metabolit sentezi ve degisimi, slingerin metabolit iiretiminden
neredeyse veya tamamen sorumlu oldugunu gosteren X-1s1n1 mikroanaliz kanitlar1 ile Akdeniz
tiirleri A. aerophoba i¢in 6zel bir calisma konusu olmustur (Puyana et al., 2015).

Midye, kalamar gibi yumusakgalar kirlilige maruz kaldiklarinda baz1 gida alerjenleri olu-
sabilmektedir. Kabuklu deniz iirlinlerinde goriilen ‘tropomyosin’ major alerjenlere 6rneklerden
biridir. Ayrica yumusak¢alarda myosin agir zinciri, hemosyanin ve amilaz gibi alerjenlerde tespit
edilmistir (Kocatepe et al., 2012).

Yakin zamanlarda, deneyler biyosentetik siirecleri tanimlamayi1 amaglayan genetik
calismalar veya histokimya ile tamamlanmistir. Yumusakc¢alardan izole edilen sekonder meta-
bolitler ¢ok ¢esitli yapisal siniflara ayrilir ve bazi bilesikler belirli taksonlarda daha baskin hale
gelir.

3. Mollusca Sekonder Metabolitlerinin Terapotik Onemi

1960’11 yillarin baslarinda, yeni hastaliklar1 veya direngli mikroorganizma tiirlerini kont-
rol edebilen ilaglara duyulan artan ihtiyag, yeni biyoaktif dogal {iriin kaynaklar1 aramaya tesvik
etmistir. Okyanuslar bu donemde oldukga ilgi ¢ekici hale gelmistir. Oncii arastirmalar, II. Diinya
Savasi sirasinda, Amerikan askerlerinin Pasifik’teki ¢ok sayida besin zehirlenmesi nedeniyle,
kismen deniz toksinleri ile ilgili olmustur.

Bugiine kadar, deniz organizmalarindan elde edilen 25.000°den fazla yeni bilesik bildiril-
mistir. Yeni aktif deniz dogal iirlinlerinin yaklasik %56’sinin antikanser aktivite gosterdigi tespit
edilmistir. Bu rakami1 %13 ile antibakteriyel aktivite izlemektedir. Antikanser 6zellik sunan 18
deniz yumusakga tiirevi bilesik, ilag gelistirmenin I, II veya IIl. Faz asamalarindadir (Pereira,
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Andrade, & Valentao, 2016).

Yumusakgalar pek ¢ok bulasici ya da bulasici olmayan 6liimciil hastaliklara karsi yeni
ilag gelistirmek icin essiz sekonder metabolitler iiretirler. Su an aktif bilesikler deniz organizma-
larindan izole edilmekte, tanimlanmakta ve antikanser, antienflamatuar ve antimikrobiyal etkileri
test edilmektedir. Dolastatin 10-15, Kahalalide F, Keenamide A, Spisulosine-Es-285 antikanser,
Ziconide antienflamatuar 6zellikleri ile 6nemli bilesiklerdir (Pati et al., 2015).

Koni salyangozlarinin zehrinden elde edilen Ziconotide, kronik agr1 tedavisinde klinik
kullanim i¢in onaylanan ilk deniz kaynakli ilagtir. Intratekal olarak uygulanan Ziconotide nin
klinik denemeleri hem kronik hem de kansere bagl agrilarda iyi etkinlik gdstermistir. Klinik
olarak, Ziconotide, nispeten yiiksek maliyeti ve intratekal pompanin gerekliligi nedeniyle sik sik
“son ¢are” olarak kullanilir. Bununla birlikte, yeni kilavuzlar Ziconotide’nin ndropatik ve nosi-
septif agr1 dahil olmak tizere ¢esitli agr1 kosullarinda birinci basamak ajan olarak kullanilmasini
desteklemektedir (Safavi-Hemami, Brogan, & Olivera, 2019).

Hint okyanusunda yer alan deniztavsani olarak bilenen Dolabella auriculata’dan elde edi-
len Dolastatin 10 ve sentetik analoglar su anda antikanser ajanlar olarak Faz II klinik deneyle-
rinde yer almaktadir. 2011 yilinda, bir dolastatin 10 konjugat antikoru olan brentuximab vedotin
(Adcetris®), Hodgkin lenfomasinin tedavisi i¢in FDA tarafindan onaylanmistir (Pereira et al.,
2016).

Yumusakgalar uzun zamandir diinyadaki bir¢ok kiiltiir icin tibbi olarak yararh iirlinler
sunmaktadir. Eski Girit’te Bivalvia midyeleri terapi amaclh kullanilmis ve yakin zamanda anti-
mikrobiyal ve antiviral peptidlerin kaynagi olarak cesitli patentlere konu olmustur. Yumusakca-
lar ayrica Giiney Afrika, Hindistan ve Cin’den gelen bir¢ok geleneksel ilaca da sahiptir.

Nispeten daha az kimyasal arastirmalar olmasina karsin Cephalopoda ¢ok cesitli gele-
neksel ilaglarda kullanilmaktadir.

Giiney Afrika ilaclarmin arastirilmasinda 4 Cephalopode tiirii listelenmistir. Spirula spi-
rula tiirti, i¢ kabuklar1 Durbandaki geleneksel tip pazarinda satilan en pahali deniz omurgasizla-
ridir.

Giiney Afrika geleneksel ilaglarinin aragtirmasinda bildirilen en degerli deniz omurgasiz-
lar taksonlar1 arasinda birkag tiir kiton da bulunmaktadir. Bu kitonlarin ayrica kadinlarda vajinal
spazma neden oldugu ve ¢ocuklarda idrar ka¢irmay1 engelledigi raporlanmaistir.

Perna canaliculus tiirlerinden elde edilen dogal ilaglar genellikle eklem ve bag dokusu
problemlerinin ilerlemesini durdurmada ve artrit semptomlarini hafifletmede etkili olan antienf-
lamatuar ajanlar olarak tesvik edilir. P. canaliculus ekstrelerinden birkag yeni antienflamatuar
Omega 3 ¢oklu doymamis yag asidi tanimlanmistir (Benkendorft, 2010).

Simdiye kadar, hicbir Yeni Perna tiirii veya Yeni Zelanda disindaki diger ilgili ¢ift
kabuklu maddeler antienflamatuar aktivite agisindan test edilmemistir. Bununla birlikte, Mytilus
galloprovincialis’den elde edilen bir lipit ekstraktinin, Rapa venosa sonuglarina benzer sekilde,
kemirgen modelinde uyarilmis cilt yaniklari i¢in iyilesme siiresini azalttig1 bulunmustur.

Abalone (Haliotidae), saglik i¢in degerli ve dogal tedavilerde belirgin 6zelliklere sahip
baska bir gastropod ailesidir. Geleneksel Cin tibbinda, Abalone kabugu ve tozu, karaciger tonigi,
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goriisti gelistirmek icin katarakt tedavisinde, hipertansiyon, bas donmesi ve ekstremite konviil-
siyonunu tedavi etmek i¢in olarak kullanilir. Yeni Zelanda’dan kurutulmus abalone tozu nutra-
sotik olarak satilmaktadir. Abalone tozu genel olarak saglik ve cinsel yagami arttirmak, ayrica
bagisiklik sistemini ve kan dolagimini desteklemek, anemiyi 6nlemek ve mineraller, vitaminler
ve omega 3 doymamis yag asitleri saglamak i¢in 6nerilmektedir. Abalone kabugunun tozu, acisiz
ve skarsiz yaniklari tedavi etmek i¢in patentli bir formiile dahil edilmistir (Benkendorff, 2010).

Bazal grup Architaenoglossadaki bazi karasal ve tath su caenogastropodlar1 geleneksel
Hint tibbinda yer almaktadir.

Inci istiridye Pteria margaritifera’dan tiiretilmis Cin ilaclar1 bas agrisi, bas donmesi, ku-
lak ¢inlamasi ve katarakt tedavisinde kullanilmaktadur. Istiridye ve istiridye dziitlerinin, abalona
benzer antibakteriyel ve antiviral 6zelliklere sahip oldugu gosterilmistir (Benkendorff, 2010).

Ampullariodoidae (Pila spp.) familyasindan karasal elma salyangozlarinin yumurtalari
ragitizm tedavisinde kullanilirken, tatli su salyangozlarindan (Bellamya spp.) elde edilen eks-
traktlar konjuktivit tedavisinin yani sira astim, artrit ve romatizma gibi enflamatuar problemler
icin kullanilmaktadir.

Ostrea edulis’ten elde edilen istiridye kabugu lizati, osteoporoz hastalar1 i¢in biyoya-
rarlanabilen bir kalsiyum karbonat formu saglar ve kemik eksikliginin homeopatik tedavisinde
kullanilmaktadir. Oyster kabugunun, kemirgen modeli kullanarak in vivo olarak mide iilserlerini
onledigi gosterilmistir (Nie et al., 1994).

SONUCLAR

Yeni biyoaktif bilesiklerin izolasyonu ve tanimlanmasina yonelik dogal {iriinler arastir-
masi, bugiine kadar yumusakea tiirlerinin sadece kii¢iik bir kismi lizerinde yapilmistir.

Abalone gibi bilinen kiiltiirlii yumusakgalarin biyoaktif faktorlerini tanimlamay1 amag-
layan daha ileri ¢aligmalar, ¢esitli tibbi uygulamalar i¢in genis kullanimlar1 dikkate alindiginda
degerli olacaktir.

Arama alanin1 karasal Gastropodlar1 ve bazi kiiciik yumusake¢a siniflarin1 kapsayacak
sekilde genisletmek, metabolik yollarin farkli evrimi ve sekonder metabolitler i¢in géz Online
alindiginda da faydali olabilir.

Ozellikle, polyplacophoranslar mevcudiyetleri, baz1 tiirlerin oldukca biiyiik boylar1 ve
geleneksel Giiney Afrika ilaglarinda goriintir kullanimlar1 g6z 6niine alindiginda daha fazla aras-
tirmaya degecektir.

Genel olarak, yumusakgalarin biyoaktivitesi ve kabuklu yumusakcalarin savunma sis-
temleri ile ilgili belirli hipotezlere dayanarak daha ileri arastirmalarin basarisini en {ist seviyeye
cikarmak i¢in daha hedefli arastirmalara ihtiya¢ vardir.
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