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ORIGINAL ARTICLE / 0ZGUN MAKALE

HISTOLOGICAL STUDY OF A CORRECTIVE INFLUENCE OF A
COMPOUND POTASSIUM 2-((4-AMINO-5-(MORPHOLINOMETHYL)-
4H-1,2,4-TRIAZOL-3-YL)THIO)ACETATE (PKR-173) ON THE STATE
OF CHICKEN'S LIVER UNDER INFECTION BY PSEUDOMONAS
AERUGINOSA

PSEUDOMONAS AERUGINOSA ILE ENFEKTE EDILMIS CIVCIVLERIN KARACIGERINE
POTASYUM 2-((4-AMINO-5-(MORFOLINOMETIL)-4H-1,2,4-TRIAZOL-3-
IL)TIYO)ASETAT (PKR-173) BILESIGININ DUZELTICI ETKISININ HISTOLOJIK OLARAK
ARASTIRILMASI

Yevgenia VASHCHYK', Roman SHCHERBYNA"* , Volodymyr PARCHENKO?, Inna
BUSHUEVA?, Bogdan GUTYJ?, Hanna FOTINA', Tatiana FOTINA', Yuriy STRONSKYI®

'Sumy National Agrarian University, Faculty of Veterinary Medicine, Department of Veterinary
Sanitary Examination, Microbiology, and Zoohygiene Safety and Quality of Animal Products, Sumy,
Ukraine
2Zaporizhzhya State Medical University, Faculty of Pharmacy, Department of Natural Sciences for
Foreign Students and Toxicological Chemistry, Zaporizhzhya, Ukraine
3 Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies, Faculty of
Veterinary Medicine, Department of Pharmacology and Toxicology, Lviv, Ukraine

ABSTRACT

Objective: The aim of the research is the histological study of the corrective effect of the compound
potassium  2((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazol-3yl)thio)acetate (PKR-173) with different
antibiotics on the state of chicken's liver under infection by Pseudomonas aeruginosa.

Material and Method: The histological study was carried out on the levers of intact chickens (intact
control); chickens that were infected by the strain of Pseudomonas aeruginosa (controlled pathology); chickens
that had (before being infected by Pseudomonas aeruginosa) preventive input of the compound PKR-173 with

* Corresponding Author / Sorumlu Yazar: Roman Shcherbyna
e-mail / e-posta: rscherbyna@gmail.com

Submitted/Gonderilme: 20.05.2019 Accepted/Kabul: 01.09.2019
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the classic antibiotic Enrofloxacin or with Saroflox (undergoing research); or were input Thiotriazolin with the
classic antibiotic Enrofloxacin.

Result and Discussion: As a result, it is stated, that preventive input of the compound PKR-173 with
reseachable antibiotic Saroflox, as well as with classic antibiotic Enrofloxacin and Thiotriazolin with antibiotic
Enrofloxacin, to chickens infected with pseudomonas aeruginosa, prevents from chickens' livers developing
stereotypical morphological changes characteristic of nonspecific reactive hepatitis. Analysis of quantitative
characteristics of pathological process that developed in chicken's liver infected with pseudomonas aeruginosa,
and the corrective influence of researched methods showed that the compound PKR-173 with antibiotic Saroflox
believably lowers displays of all signs of pathology compared to the controlled pathology.

Keywords: /,2,4-triazole, hepatitis, hepatoprotective effect, infection of pseudomonas, saroflox

0z

Amac: Aragtrmamin amaci, potasyum 2-((4-amino-5-(morfolinometil)-4H-1,2,4-triazol-3-il)tiyo)asetat
(PKR-173) bilesiginin farkli antibiyotikler ile birlikte Pseudomonas aeruginosa ile enfekte edilmis civcivlerin
karacigerine diizeltici etkisinin histolojik olarak incelenmesidir.

Gerec ve Yontem: Histolojik arastirma, saglam civcivier (kontrol), Pseudomonas aeruginosa ile enfekte
edilmis civcivler (kontrol edilen patoloji), (Pseudomonas aeruginosa ile enfekte edilmeden once) PKR-173
bilesigi ile Enrofloxacin veya Saroflox gibi klasik antibiyotik yada tiotiazolin ile Enrofloxacin antibiyotigi
verilen civcivlerin karacigeri iizerinde yapilmistir.

Sonu¢ ve Tartisma: Arastirmalarin sonucunda; arastirilan antibiyotik olan Saroflox ile PKR-173
bilesiginin ve onleyici bir sekilde Pseudomonas aeruginosa ile enfekte edilmig civciviere uygulanan
Enrofloxacin ve Thiotriazolin- Enrofloxacin gibi klasik antibiyotiklein, nonspesifik reaktif hepatite ozgii olan
karacigerdeki standart morfolojik degisiklikleri 6nledigi tespit edilmistir. Pseudomonas aeruginosa ile enfekte
edilmis civcivlerin karacigerinde gelisen patolojik siirecin kantitatif 6zelliklerinin analizi ve diizeltici etkisi
arastirtlan metot, Saroflox antibiyotigi ile PKR-173 bilesiginin, kontroldeki patolojiye kiyasla patolojinin biitiin
belirtilerini azalttigini géstermistir.

Anahtar Kelimeler: /,2,4-triazol, hepatit, hepatoprotektif etki, pseudomonas enfeksiyonu, saroflox

INTRODUCTION

Hepatoprotective remedies are still in high demand [1]. They raise liver's resistance to the effects
of toxic agents and normalize its metabolism in conditions of intensive detoxication function. The
mechanisms of damage to the liver may be different, but among the many, used for liver treatment, a
doctor has to choose the optimal one both from the perspective of etiology and pathogenesis, as well as
clinical presentation of a disease. Unfortunately, the variety of the existent domestic hepatoprotective
remedies isn't big.

Safety, tolerance to the drug, possibility of continuous intake, economical reasoning are the
deciding factors in favour of choosing certain hepatoprotective remedies. The widening of
hepatoprotectors' variety, caused by implementing new discoveries in biochemistry, molecular biology
and nanotechnology, is on agenda for modern scientists [2, 3].

Many 1,3,4-oxadiazole, 1,2,4-triazole and 1,3,4-thiadiazole derivatives are of great interest and
are associated with a broad spectrum of pharmacological activities [4-9]. Ribavirin, fluconazole and
cefazolin are antiviral, antifungal and antibacterial drugs that contain units of 1,2,4-triazole and 1,3,4-
thiadiazole. Furthermore, the 1,3,4-oxadiazole ring system has been found in the skeleton of fungicidal

and bactericidal, analgesic, antipyretic, antiphlogestic, anticompulsive, paralytic hypnotic and sedative



J. Fac. Pharm. Ankara, 44(1): 1-17, 2020 Vashchyk et al. 3

agents [10-12] in addition to antiviral, antitumour [13] and tyrosinase inhibiting agents [14]. Moreover,
various substituted 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazoles and their dihydro analogues have been
shown to possess antimicrobial, antibacterial [15], anti-inflammatory [16], antifungal, CNS-depressant
and antiviral [17] activities.

The data on studying hepatoprotective properties of the above-mentioned compounds under
hepatitis, caused by the toxic influence of chemical substances, is present in scientific literature [18, 19].
The aim of our research was to study hepatoprotective properties of the compound PKR-173 under
conditions of bacterial toxins on chickens' organisms. It is known that upon experimental infection by
Pseudomonas aeruginosa chickens develop conditional characteristic of toxic liver damage [20, 21].
Thus histological study of the corrective effect of the compound “potassium 2((4-amino-5-
(morpholinomethyl)-4H-1,2,4-triazol-3yl) thio) acetate” (PKR-173) with different antibiotics on the
state of chicken's liver under infection by Pseudomonas aeruginosa we deem appropriate [22].

The aim of the research is the histological study of the corrective effect of the compound
“potassium 2((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazol-3yl) thio) acetate” (PKR-173) with

different antibiotics on the state of chicken's liver under infection by Pseudomonas aeruginosa.

MATERIAL AND METHOD

As an object of research potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2 4-triazole-yl-
3)thio)acetate (PKR-173) was used [23].

Experimental studies were held under conditions of the department of natural sciences for foreign
students and toxicological chemistry of Zaporizhzhya State Medical University and departments of
veterinary sanitary expertise, microbiology, veterinary public health and safety and quality of products
of animal breeding of Sumy National Agrarian University. Histological research was conducted at
central research laboratory of the National University of Pharmacy.

The study was conducted on chickens aged 7-18 days. The histological study was carried out on
the levers of intact chickens (intact control); chickens that were infected by the strain clinical isolate of
P. aeruginosa (controlled pathology) [24]; chickens that had (before being infected by P. aeruginosa)
preventive input of the compound PKR-173 with the classic antibiotic Enrofloxacin or with Saroflox
(undergoing research); or were input Thiotriazolin with the classic antibiotic Enrofloxacin. The strain
P. aeruginosa ATCC 27853 were used as a control reference strain.

P. aeruginosa culture was intraperitoneally input in chickens on the 4th day of the experiment
with a solution of 300.000 CFU/ml (by McFarland [25]), with the dosage of 0.2 ml (LD50 by the Kerber
method in the modification of Ashmarin) [26]. The compound PKR-173 (in powder form) and

Thiotriazolin (in powder form) was input per os during the 3 days before the infection and 5 days after,
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with a dosage of 150 mg/kg and 50 mg/kg respectively [27, 28]. Antibiotics were input during the 5
days after the infection.

The selection of liver samples of each chickens' group of the experiment was carried out on the
6th day after the infection. The material was fixed in a 10% solution of formaldehyde, and was
dehydrated in alcohols of increasing strength, and embedded in paraffin wax. The paraffin blocks' slices
of 4-5 pu min width were produced on sled microtome “MC 2” and painted for observation microscopy
with hematoxylin (Mayer's hemalum solution) and eosin [29]. Microscopic study of the microscope
slide were conducted on Granum microscope, and the photography of the microscopic images was done
with digital camera Granum DCM 310. The photographs were edited on Pentium computer with 2,4GHz
frequency with an application Toup View.

For the conveniency of comparison and greater objectification of the results on hematoxylin and
eosin painted microscope slides, the quntitative (graded) assessment of degrees of liver damage of
chickens of different study groups was done. The distinctiveness of hepatocytes' dystrophy, presence
and distribution of areas of breached beam pattern, cell necrosis, cell infiltration of blood vessels were
assessed. It was based on semiquantitative visual assessment of output of histochemical reactions, by
Sokolovsky method [30]. Each type of damage was assessed separately.

The dispersion analysis (Kruskal-Wallis criteria) was conducted for statistical results, and Mann-
Whitney criteria with probability <0,05 — for comparing data samples [31-35]. For statistical processing

the Statistuca 6.0 was used.

RESULT AND DISCUSSION

The results of bright-field microscopy analysis of intact chickens show that histostructure of their
liver corresponds to the healthy organ and is inherent to the age of [30, 31]. The lobules structure is not
shown. The inter-lobules connective tissue is underdeveloped. The borders of lobules were indentified
by the portal triad (passing zone for branches of hepatic artery, portal vein and common bile duct). The
passing zones themselves are quite narrow. The parenchymal lobules consist of hepatocyte plates, which
consist of a few polygonal hepatocytes each, with rounded and well-bordered centre-placed nuclei (one
for a cell), in which nucleoli and chromatin macromolecules are well visible. The hepatocyte cytoplasm
is well coloured, doesn't show inserts visible on bright-field microscopic level. Radial direction of the
liver plates is the most prominent close to central veins, at a distance from them — the plates are more
round. Between the liver plates are sinusoidal hemocapillaries that show a very limited amount of
lymphoid cells and nuclei erythrocytes. Central and inter-lobules veins and triad vessels are not
expanded, as a rule, and not filled with blood, Kupffer cells have no distinctive features (fig. 1, fig. 2).
In some chickens close to some inter-lobules veins the lymphocytic clusters of various sizes were

discovered.
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Figure 1. Area of an intact chicken's liver. The liver plates look clear, hepatocytes have evenly
coloured cytoplasm, normal nuclei, sinusoidal hemocapillaries are moderately expanded.

Hematoxylin-eosin. x200

Figure 2. A fragment of fig. 1. Hematoxylin-eosin. x400

After infecting the chickens with P. aeruginosa their liver showed nonspecific morphological
changes that occur under different diseases of liver and other organs and systems, and can be also caused
by overall toxic influence endotoxins of a given microorganism. Chickens showed disorganisation of a
outline of liver plates, vacuole (fatty and mainly hydropic) distrophy of hepatocytes, small focuses of
necrosis, inflammatory cell infiltration. As a rule, prevalence of deviation zones of plates outline,
distinctiveness of fatty and hydropic hepatocyte dystrophy, presence and numerosity focuses of
parenchyma necrosis varied among chickens of the group. Moreover, different combinations of these
pathological signs were observed. That way the structure disorganisation was combined more often with
a dystrophy, and necrosis — with cell infiltration. Vecuoles had pepperish nature. Hydropic dystrophy is
observed at certain places as well (fig. 3, fig. 4).
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Figure 3. Area of a chicken's liver infected with P. aeruginosa. Hepatocyte dystrophy, deviations in

plates outline. Hematoxylin-eosin. x400

Figure 4. Area of a chicken's liver infected with P. aeruginosa. Hydropic hepatocyte dystrophy.

Hematoxylin-eosin. x400

In zones of liver plates' disorganisation the hepatocytes were swollen, varied in size, had blurred
boundaries, various-sized nuclei with poorly visible colouring or were in a state of karyolisys; visible

focals of cell lysis (fig. 5).
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Figure 5. Area of a chicken's liver infected with P. aeruginosa. Lysis of part of hepatocytes (ellipses),

different states of cell nuclei. Hematoxylin-eosin. x400

Sometimes apoptotic bodies (Councilman bodies) were visible as round eosinophile formations
with pyknotic nuclei or without, the appearance of hepatocytes in a state of cell division (fig. 6).

Moreover, a vacuolesation of bile ducts' endothelium in some triads, minor biliary hyperplasia was

observed (fig. 7).

Figure 6. Area of a chicken's liver infected with P. aeruginosa. a-b — mitosis in hepatocytes; ¢ —

Councilman bodies (arrows). Hematoxylin-eosin. x400.



8  Vashchyk ez al. J. Fac. Pharm. Ankara, 44(1): 1-17, 2020

Figure 7. Area of a chicken's liver infected with P. aeruginosa. Vacuolesation of endothelium, minor

biliary hyperplasia in a triad. Hematoxylin-eosin. x400.

Hepatocyte necrosis (colliquative, monocellular) was of minor focal necrosis character. Focuses
of necrosis were localized in different areas of lobules, often had quite clear borders, and usually
abundantly infiltrated by limphoid cells' plates. Sometimes the infiltrated cells “spread out” between
liver plates. In some necrosis focuses, among infiltrated cells, “immured” groups of hepatocytes were

visible (fig. 8).

Figure 8. Area of a chicken's liver infected with P. aeruginosa. Minor focals of hepatocytes necrosis
of different locations (a — subcapsular, b — near the inter-lobules vein, ¢ — in parenchyma of a lobule, d
— periportal), penetration of infiltrated cells between liver plates (c), “immured” hepatocytes among

infiltrated cells (d). Hematoxylin-eosin. a,b,d - x250, c- x400
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In some triads perivenularly, close to some central veins, moderate/minor inflammatory
polymorphic cell infiltration is observed. Among the infiltrated cells lymphocytes, some neutrophile

white blood cells, macrophages were visible (fig. 9).

Figure 9. Area of a chicken's liver infected with P. aeruginosa. Moderate/minor inflamed cell
infiltration close to central vein and triad vein (a, x200), lymphocytes, neutrophile white blood cells

and macrophages in inflamed infiltration (b, x400). Hematoxylin-eosin.

Suggested microscope picture, by morphological features, corresponds to moderately shown
nonspecific reactive hepatitis (fig. 8).

After getting the compound PKR-173 with researchable antibiotic Saroflox, 80% of chickens,
infected with P. aeruginosa, almost fully restored typical outline of liver plates and normal morphology
of hepatocytes. In some hepatocytes nuclei were visually hypertrophied, the contents of two-nuclei cells
were visually increased (non-direct evidence of regenation). Fatty and hydropic dystrophy is absent in
40% of birds, or distinctly lowered — in 60% (fig. 10). In 20% of chickens minor inflammatory
infiltration of veins in some triads was observed, as well as single minor focuses of necrosis (fig. 11,

fig. 12). Microcircular blood vessels were moderately blood-filled in all chickens.

Figure 10. Area of a chicken infected with P. aeruginosa and input the compound PKR-173 with the
antibiotic Saroflox. Full recovery of normal histostructure, absence of hepatocyte dystrophy, normal

state of microcircular blood vessel. Hematoxylin-eosin. x250
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Figure 11. Area of a chicken infected with P. aeruginosa and input the compound PKR-173 with the
antibiotic Saroflox. Minor inflammatory cell infiltration in triad zone. The distinctiveness of the

dystrophy is lowered. Hematoxylin-eosin. x250

Figure 12. Area of a chicken infected with P. aeruginosa and input the compound PKR-173 with the
antibiotic Saroflox. Small focus of necrosis infiltrated by round cell elements next to the central vein

of lobules. Hematoxylin-eosin. x250

After preventive input of compound PKR-173 with a classic antibiotic Enrofloxacin in 80% of

chickens the plate structure of liver parenchyma is restored, hepatocyte dystrophy is absent (fig. 13).

Figure 13. Area of a chicken infected with P. aeruginosa and input the compound PKR-173 with the
antibiotic Enrofloxacin. Absence of breaches in liver plates outline, as well as hepatocyte dystrophy.

Hematoxylin-eosin. x250
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Single very small focuses of necrosis are present in 20% of chickens (fig. 14). At the same time,
almost all chickens kept different distinctive inflammatory round cells infiltration close to central veins
and vessels in many triads. Infiltrators consisted of lymphocytes, some neurophile white blood cells,
macrophages (fig. 15a). In one case the focal expansion and full-bloodness of sinusoidal

hemocapillaries, minor hemorrhages with destruction of parenchyma (fig. 15b).

Figure 14. Area of a chicken infected with P. aeruginosa and input the compound PKR-173 with the
antibiotic Enrofloxacin. Single small focus of necrosis in lobules parenchyma. Hematoxylin-eosin.

x250

Figure 15. Area of a chicken infected with P. aeruginosa and input the compound PKR-173 with the
antibiotic Enrofloxacin. a - inflammatory cell infiltration close to a veins in a triad (x200); b -

hemorrhage in lobules parenchyma (x250). Hematoxylin-eosin
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After preventive input of Thiotriazolin with the classic antibiotic Enrofloxacin, a positive
influence on the morphological state of liver was observed in 60% of chickens — recovery of typical
outline of liver plates, absense of signs of fatty and hydropic dystrophy (fig. 16). Nevertheless, the rest
of chickens had these indicators close to the level of controlled pathology (fig. 17).

Figure 16. Area of a chicken infected with P. aeruginosa and input Thiotriazolin with the antibiotic

Enrofloxacin. Normal outline with liver plates. Hematoxylin-eosin. x200

Figure 17. Area of a chicken infected with P. aeruginosa and input t Thiotriazolin with the antibiotic
Enrofloxacin. Blurred outlineof liver plates, vacuole dystrophy of hepatocytes. Hematoxylin-eosin.

x250
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Hepatocytes necrosis and inflammatory perivascular round cell infiltration was absent in only
40% of chickens, and 60% of birds, even with lowered distinctiveness of these changes corresponding

to the controlled pathology, were still quite visible (fig. 18).

Figure 18. Area of a chicken infected with P. aeruginosa and input Thiotriazolin with the antibiotic
Enrofloxacin. a — necrosis focus with blurred outlines, penetration of macrophages into a lobule; b —

inflammatory round cell perivascular infiltration. Hematoxylin-eosin. x200

So, preventive input of the compound PKR-173 with reseachable antibiotic Saroflox, as well as
with classic antibiotic Enrofloxacin and Thiotriazolin with antibiotic Enrofloxacin, to chickens infected
with P. aeruginosa, prevents from chickens' livers developng stereotypical morphological changes
characteristic of nonspecific reactive hepatitis which, obviously, is a result of overall toxic influence of
endotoxins of a microorganism, facilitating the normalisation of organ histostructure, decrease of
dystrophy and necrosis displays, inflammatory infiltration in vein sector of microcircular vessel.
Visually the distinctiveness of hepatoprotective effect in all 3 groups is very close, even though it varies
by some indicators. Thus, according to the set task, semiquantitative (graded) assessment of the
corrective influence of the compound PKR-173 and Thiotriazolin with antibiotics on morphological
state of chickens' liver parenchyma was conducted. The results of the graded assessment are shown in
table 1.

Analysis of quantitative characteristics of pathological process that developed in chicken's liver
infected with P. aeruginosa, and the corrective influence of reseached methods showed that the
compound PKR-173 with antibiotic Saroflox believably lowers displays of all signs of pathology
compared to the controlled pathology.

Based on the distinctiveness of hepatoprotective effect the compound PKR-173 with antibiotic
Saroflox believably analogical to the effect of this same compound with a classic antibiotic

Enrofloxacin.
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Table 1. Semiquantitative assessment of corrective influence of the compound PKR-173 with different
antibiotics on the 16-18 days old chickens' livers under conditions of infection by microorganisms P.

aeruginosa (grades), M (min; max)

indications, grades (average)

L inflammatory
. distinctiveness
Experiment group Necrosis changes  breaches in plates' infiltration,
of hepatocytes )
in hepatocytes outline connected to the
dystrophy
vessels

Intact control 0(0;0) 0(0;0) 0(0;0) 0.5(0;2)
P. aeruginosa (US) 2.6(2;3)* 1.6(1;2)* 1.6(1;2)* 2.2(2;3)*
PKR-173+
antibiotic Saroflox 0.8(0;2)** 0.4(0;1)** 0.4(0;2)** 0.12(0;1)**
PKR-173+
antibiotic
Enrofloxacin 0.12(0;1)** 0.12(0;1)** 0.12(0;1)** 2(2;2)*/#
Thiotriazolin +
Enrofloxacin 0.8(0;2)** 0.6(0;1)** 0.6(0;2) 0.6(0;1)**/y
p 0.0044 0.0069 0.0156 0.0013

Notes: p — level of statistical significance while comparing samples by means of Kruskal-Wallis criteria;

* - level of statistical significance while comparing research groups to US group by means of Mann-Whitney criteria;

** - level of statistical significance while comparing research groups to PS group by means of Mann-Whitney criteria;

# - level of statistical significance while comparing research groups to PKR+Saroflox group by means of Mann-Whitney
criteria;

y - level of statistical significance while comparing research groups to PKR+Enrofloxacin group by means of Mann-Whitney
criteria.

Based on absolute data the researchable compound with antibiotic Saroflox as for its
hepatoprotective effect, specifically influence on anti-inflammatory processes in a liver, despite
statistical reliance, Thiotriazolin with antibiotic Enrofloxacin preveils in comparison.

Prospects for further research are in more depth study of potassium 2-((4-amino-5-
(morpholinomethyl)-4H-1,2,4-triazol-3-yl)thio)acetate on the ability of display hepatoprotective effect

on various models of hepatitis.
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ABSTRACT

Objective: Present investigationis aimed to design and identify new potential molecules to treat Alzheimer’s
disease from the Tacrine and Hesperetin structures via molecular modification. Acetyl cholinesterase (AChE)
enzyme was selected as target, since inhibitors of AChE were successful in the management of dementia and
alleviation of other symptoms.

Material and Method: In this study, two series of new Tacrine (T1-T9) and Hesperetin (HI1-H9)derivatives
on the basis of the structural characteristics of acetyl cholinesterase (AChE) inhibitors were designed and
screened to identify potential analogues as Anti-Alzheimerdrug on the AChE (PDB ID:1DX4) using GLIDE
employing extra-precision docking. The docking results (Glide score, XPscore, docking score and binding
interactions) were compared with standard drug, Tacrine.

Result and Discussion: From the docking results it was found that T9 showed highest docking score among
the designed compounds. The ADME properties also predicted using Qikprop application, from the above
studies’ potential analogues with highest AChE inhibition and excellent pharmacokinetic properties were
identified.

Keywords: Acetylcholine esterase inhibitors (AChE), alzheimer’s disease (AD), glide, tacrine
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Amac: Mevcut arastirma, Alzheimer hastaligini tedavi etmek icin Tacrin ve Hesperetin yapilarindan
molekiiler modifikasyonla yeni potansiyel molekiiller tasarlamayr ve belirlemeyi amaglamaktadir.
Asetilkolinesteraz (AChE) enzimi hedef olarak se¢ilmistir, ¢iinkii AChE inhibitorleri demansin tedavisinde ve
diger semptomlarin hafifletilmesinde basarili olmustur.

Gerec ve Yontem: Bu ¢alismada, asetilkolinesteraz (AChE) inhibitorlerinin yapisal ozelliklerinitemel alan
iki seri yeni Takrin (T1-T9) ve Hesperetin(HI-H9) tiirevieri tasarlanmis ve AChE (PDB ID: 1DX4) iizerinde
Anti-Alzheimer ila¢ olarak potansiyel tiirevier belirlemek icin ekstra hassasdoking uygulamasi ile GLIDE
kullanarak taranmusgtir. Doking sonuglart (Glide skoru, XP skoru, doking skoru ve baglanma etkilesimleri)
standart ilag, Takrin ile karsilastirildL.

Sonuc ve Tartisma: Doking sonuglarindan, T9'un tasarlanan bilesikler arasinda en yiiksek doking skoru
gosterdigi bulundu. ADME oézellikleri ayrica Qikprop uygulamast kullanilarak da ongoriilmiis, yukaridaki
calismalardan en yiiksek AChE inhibisyonuna sahip potansiyel analoglar ve miikemmel farmakokinetik
ozellikleri tamimlanmustir.

Anahtar Kelimeler: Alzheimer hastaligi (AD), asetilkolinesteraz inhibitorleri (AChE), glide, takrin

INTRODUCTION

Alzheimer’s disease (AD) is considered as severe neurodegenerative disease that progress with
time and has complex pathophysiological events that are very difficult to diagnose in the early stage, as
disease progresses it affects both the behavioral and physiological changes whichmake the treatment
very challenging. Since it is most commonly seen in elder patients require a special care during the
treatment period whichmakes a socio-economic burden [1]. As the older population in the United States
estimated to be increased by 22% by the year 2050, there will be also increase in AD cases in the future
[2]. There are very few drugs available for the treatment and management of symptoms of the disease
specially to treat the most common symptom dementia. Most of the existing drugs act by increase the
levels of acetylcholine in the brain such as acetylcholine esterase inhibitors. Though many other novel
targets have been explored to target ADtill date, the acetylcholine esterase inhibitors occupied the first
place as the drugs of choice and gained importance. Many other drugs that target variouspathways of
AD are currently under clinical trials and some of them are stilling drugdiscovery pipeline [3].

AChE inhibitor Tacrine is the first drug discovered and approved for the treatment of early stage
Alzheimer’s symptoms such as memory and cognitive performance. But after 20 years of its discovery
it has been withdrawn from the US market due to its considerable hepatotoxicity by elevating the levels
of alanine transaminase. In spite of its toxicity Tacrine still remains as an interesting molecule for the
researchers in many drug discovery programs for the development of drugs for AD. However, in the
treatment of AD for the management of symptoms and prevent the disease progression, drugs with anti-
inflammatory and antioxidant properties could helpful. They retard the neuro degeneration at a
considerable level and alleviate the symptoms. Hence drugs acting on multiple targets of AD receive

considerable interest due to their enhanced therapeutic effectiveness [4].
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In the last few decades, many natural compounds have been reported for the treatment of AD.
Among them flavonoids such as Luteolin, quercetin, fisetin, rutin and hesperidin were found to possess
multi targeting abilities and play a crucial role in the neuroprotection. Hesperidin flavanone glucoside
found in fruits of citrus family, structurally considered as -7 rutinoside of Hesperetin in which glycon
part rutinoseislinked to aglycon part Hesperetin. Recently, Parhizet al., extensivelyreviewed the
molecular mechanisms responsible for hesperidin antioxidant and anti-inflammatory activity,
Marziyehet al., also reviewed the neuroprotective effect of hesperidin [5,6].

In view of the above observation and increase in demand of new drugs for the treatment of AD,
the present investigation emphasizes on the design and identification of potent acetylcholine esterase
inhibitors from the promising drugs Tacrine and a natural flavonoid Hesperetin. Tacrine was selected as
parent structure for the design of Tacrine analogues, since the molecular framework proven to be a
potential anti AD drug, Hesperetin was also selected for its anti-inflammatory, antioxidant and neuro

protective properties, hence these analogues could exhibit multi targeted actions in the AD.

Tacrine and Hesperetin analogues design strategies

The proposed molecules were designed (Figure 1) based on the original structure of Tacrineand
Hesperetin moleculesconsidering the reported SAR of these analogues. Tacrine analogues were
designed (T1-T9) by the molecular modification of Tacrine which contain planner tri cyclic ring system,
in some of the designed analogues T1-T7 the try cyclic ring system was retained and modifications were
made on the C5 position of the ring B one of the amine hydrogen is substituted with five member
substituted heterocyclic ring systems such as imidazole, and pyrazole. The idea behind the substitutions
is to design simple analogues by converting the primary amine on the B ring into a secondary amine in
which the one hydrogen donor is less than the parent compound, in some derivatives hydrogen bond
donor group incorporated in to the side chain heterocyclic ring system to compensate the hydrogen bond
donors on ring B, in some of the analogues such as T8 and T9 the C ring was converted into an alkyl
group and in some other analogues isosteric replacement has been carried out where trivalent —-CH= of

ring was replaced with trivalent Nitrogen-N=.

m |

B
o, OH
a "/,/©i
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b

Figure 1. Design strategies for Tacrine(a) and Hesperetin(b) analogues for AChE Inhibition
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In the design of Hesperetin analogues (H1-H9, Figure 1b) the parent drug Hesperetin is highly
polar due to its polar functional group on the flavanone ring system. The structural moiety of Hesperetin
and functional groups arrangement on it make the molecule to to cross the blood brain barrier and proven
to exhibit CNS activity.

In view of the above observations, several molecular modification techniques have been
employed in the design of analogues, in some of the analogues design one of the phenolic hydroxyl
group in the ring A modified into hetero aryl ether derivatives (H9), in few analogues aromatic ring is
fused with heterocyclic ring systems such as pyrrolidine and Piperidine ring (H1-H4), whereas in some
derivative the ring oxygen atom is isosterically replaced with bivalent -NH-(H4,H5,H7). All the
designed analogues of Tacrine and Hesperetin (Figure 2) are diverse in their structure and also carried

the basic structural framework.

Hesperetin

Figure 2. Structures of the designed Tacrine and Hesperetin analogues
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The docking studies of these analogues using Schrodinger GLIDE [7] could reveal their binding
potential within the active site of cholinesterase (Figure 3) and would helpful in the identification of
potential scaffolds with enhanced inhibitory property. The druggability of designed molecules was
further evaluated by computationally predicting ADME properties by Qikprop [8].

Figure 3. Clusters of binding conformation of the docked ligands a) clusters of tacrine analogues,
Tacrine (Magenta) and Ligand T9 (blue) b) clusters of Hesperetin analogues, Hesperetin (Magenta)
and Ligand H9 (blue)

MATERIAL AND METHOD

Molecular docking studies were carried out for the designed molecules employing standard
docking protocol [9] using Schrodinger Glide software package on windows. To increase the docking
speed water molecule from the protein AChE were removed and polar hydrogens were added, and the
final structure was then energy minimized by employing OPLS forcefields. A receptor grid was
identified from the position of co crystallized inhibitor molecule in the enzyme with grid points X:36.5,
Y:65, Z:10.63 (Figure 3) and same was selected to facilitate the docking in this predefined grid. All the
designed ligands, Tacrine, Hesperetin were prepared as a single energy minimized Ligprep file and they
were used in docking. Extra precision docking was adopted for final docking and the results are
presented (Table 1 and 2). The ADME properties (Table 4) also predicted from Ligprep files using
Qikprop application in Schrodinger (Maestro).

RESULT AND DISCUSSION

In the present investigation efforts have been made to design and identify potential Anti

Alzheimer’s drugs which targets Acetylcholine esterase enzyme. The newly designed Tacrine and
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Hesperetin analogues were docked into the target protein AChE structure, PDB ID 1DX4. The target

structure comprises a total of 585 amino acid residues and an inhibitor molecule.

Figure 4. Selected Grid box within the protein AChE (1DX4) for docking

All the designed ligands, Tacrine, Hesperetin were prepared as a single energy minimizedLigprep
file and they were used in docking by selecting extra precision docking (XP) protocol. The docking
predicts the most appropriate ligand receptor complexes of the docked ligands and ranked according to
the binding energies, the XP docking gave docking score and glide score for all the docked ligands from
which the preliminary evaluation was made. The entire docking protocol was validated by comparing
the docked conformation of the representative ligand [10] with its Co-crystal structure conformation in
the protein, since the RMSD value was less than 1 A°, the procedure employed was considered as valid.

Once the docking job has been completed, the anticholine esterase potency of the new analogues
was evaluated by considering the three parameters, the scores (Table 1), poses and binding interactions
and compared with that of standard inhibitors (Tacrine and Hesperetin). For instance, a molecule is
considered to be potent when it bounds with a least binding energy and mimics the binding pose and
interactions of standard drug Tacrine in the active site of AChE. Therefore, from the docking scores
ligand T9 was considered as most potent among the tested ligands with a score -16.11 which is much
greater than the standard Tacrine (-11.16). The interactions of T9 with AChE also mimics the Tacrine
binding (Figure 5), Aromatic ring of the T9 made a n-m interaction with the Trp 83, Tyr370 aromatic
ring, the secondary amine hydrogen of ring B interacted with Hie480. In addition to these, the 3-phenyl
pyrazolyl group on the amine of ring B was flexible enough to accommodate into the active site and its
interaction with Trp85 and Trp472 of the AChE, could be the reason for its high binding affinity.

Further, modification of C ring of the Tacrine into an ethyl group oriented toward Gly150 also influences
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the binding. It is believed that these observations could make us to consider the T9 molecule as most
potent AChE inhibitors useful for the development of new drugs for Alzheimer’s disease.

Ligand T5 also considered to be potent since it bound to the target molecule active site with a
docking score -15.009, Moreover, it mimics the Tacrine interactions, the Ring A and B of the tricyclic
ring system is interacted via n-m stacking with Trp83 and the other interaction also observed with Hie480
and Tyr370(H bond)(figure 7), The pyrazole ring on the amine also mimics the orientation of T9 and
also forms a Hydrogen bond with the Asn84.Ligand T4 (XP score -14.43) also bound to the AChE
reproducing the same pose, orientation and binding interactions of Tacrine, it showed a ©-w interaction
with Trp83, Tyr370, the pyrazole made another n-m interaction with Trp472, Pyrazole NH forms a H
Bond with Hie480 , but the amine nitrogen on the B ring did not participate in H bond as it is flipped
away from Hie480 and the presence of ring C could prevent the rotation in the active site. Nevertheless,

both ligands T5 and T4 were also considered as potent ligands for the AChE inhibition.

Table 1. Molecular docking results of Tacrine analogues on Acetylcholine esterase active site

Entry | Compound | Docking Score | Glide Score | XP Score
1| T1 -13.631 -13.631 -13.631
2| T2 -12.33 -14.366 -14.366
3|13 -12.06 -13.375 -13.375
41 T4 -13.147 -14.43 -14.43
5| T5 -14.858 -15.009 -15.009
6| T6 -10.749 -11.297 -11.297
71 T7 -10.839 -13.529 -13.529
8| T8 -6.729 -7.954 -7.954
9|T9 -14.997 -16.406 -16.406

10 | Tacrine -11.16 -11.16 -11.16

All the other Tacrine analogues docking results were analyzed and the binding interaction and
binding pose were studied (Table 1 and 3), except T8 all the other compounds showed appropriate
interaction with the target enzyme AChE needed for the inhibition. Among them T2, T1 and T7 found
to show highest binding affinity with Xp score -14.366, -13.631 and -13.529 respectively (Figure 7).

The molecular docking studies on Hesperetin analogues also revealed the binding ability within
the active site of target enzyme AChE. Among the analogues tested H1-H9, ligands H9, H1 and H8 has
excellent binding with an Xp scores -11.284, -9.186, -9.177 respectively which are greater than the
parent Hesperetin (Table 2 and 3). Hence, these ligandscould be considered as potent for the AChE

inhibition. However, the remaining ligands found to be weak inhibitors from the docking scores,
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nevertheless all the Hesperetin analogues docked conformation mimics the Hesperetin binding to AChE.
The Hesperetin cholinesterase activity has been reported in the previous literature, this flavanone
partcomprisedofthree phenolic hydroxyl groups. The analysis of the docking pose of Hesperetin in
AChHE showed a m-m interaction of aryl group on2™ position of flavanone with Trp83, hydroxyl group
on this aryl ring also formed a hydrogen bond with Hie480 another hydrogen bond formed between
flavone phenolic hydroxyl group and Thr154(figure 6). Hes also produced other favorable interactions
with the AChE.

Ligand H9 interacted with highest binding affinity XP score to AChE active site than its parent
molecule Hesperetin and even with the standard Tacrine (Figure 8). The aromatic ring of the flavanone
formed a m-m interaction with Trp83, and the phenolic hydroxyl group of the same ring formed a
hydrogen bond with Hie480, weak interaction were also observed with Dihedron pyridine with Tyr71
and another hydrogen bond is formed between the hydroxyl group of the 2-phenyl ring with Glu435
(figure 8), another hydrogen bond is observed between ring oxygen of the flavonone with Trp472. From
the above observations it is clear that presence of three hydrogen bond interactions and the weak

aromatic interactions responsible for the highest binding affinity of the H9.

Table 2. Molecular docking results of Hesperetin analogues on Acetylcholine esterase active site

Entry | Compound | Docking Score | Glide Score | XP Score
11 | H1 -9.186 -9.186 -9.186
12 | H2 -4.844 -4.844 -4.844
13 | H3 -6.633 -6.633 -6.633
14 | H4 -8.866 -8.873 -8.873
15 | H5 -8.472 -8.479 -8.479
16 | H6 -6.957 -6.964 -6.964
17 | H7 -8.859 -8.859 -8.859
18 | HS -9.177 -9.177 -9.177
19 | H9 -11.279 -11.284 -11.284
20 | Hesperetin -9.026 -9.045 -9.045

The druggability of a new molecule depends on both pharmacodynamics which means how good
a molecule interacting with the target protein and pharmacokinetics, the properties of molecules to reach
target such as absorption, distribution metabolism and excretion in short ADME. In recent years,
medicinal chemists have been trying to predict these pharmacokinetic parameters even for the designed
molecules before being synthesized. The development of many computational tools make such

predictions possible and aid researchers to assess the druggability and chose only potential compounds
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for the synthesis and further studies. Such strategies would reduce the number of drug discovery failures
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Figure 6. 2D bindinginteractions of Hesperetin(a) andH9 (b)
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Table 3. Binding interactions of docked ligands with the active site of AChE

27

Entry | Compound | Interacting amino acid residues within the active site of AChE(1DX4)
1Tl Trp83 (n-m interaction), Tyr370, Hie 480(H bond)
2| T2 Trp83(n-m interaction), Tyr370, Tyr71,
3713 Trp472, Trp83
4| T4 Trp83(n-m interaction), Hie480(H bond), Tyr71, Trp472
501715 His480, Trp83(n-n interaction), Tyr370(Hbond)
6| T6 Trp83(n-m interaction), Tyr370(n-wt interaction), Tyr71,
71 T7 Trp83(n-m interaction), Tyr71, Tyr370(n-x interaction), Hie480(H bond)
8| T8 Trp83, Tyr370, Hie480(H bond)
9|T9 Trp83, Trp472, Tyr370,
10 | Tacrine Trp83, Tyrn370, Hie480(H bond)
11 | H1 Tyr71, Thr 84, Tyr372, Hie480(H bond), Trp83
12 | H2 Tyr370, Glu485, Trp83, Asp432,
13 | H3 Ser470, Asp432, Trp472, Hie480(H bond), Trp83
14 | H4 Trp472(n-n interaction), Ser470, Hie480(H bond), Trp83,
15 | H5 Trp370, Trp&3, Gly149,
16 | H6 Trp472, Serd70, Asp482, Tyr370(n-w interaction), Gly237
17 | H7 Trp83, Glu80, Tyr370, Trp472
18 | HS Hie480(H bond), Trp85, Thr71, Tyr370
19 | H9 Hie480, Glu485, Tyr71, Trp83, Trp472
20 | Hesperetin | Thr154, Hie480, Trp83
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Figure 8. AChE protein and docked ligand (Hesperetin analogues) complexes with 2D binding

interactions
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In the present investigation the ADME properties of all the designed analogues were predicted
using Qikpropapplication in Schrodinger (Table 4), The calculated ADME properties revealed that the
logP values are in the range of 1.4 — 6.8, the QPcaco MDCK predict the permeability of the molecule
across the human intestine it predicts the mechanism of absorption through passive diffusion or active
transport.All the tacrine analogues predicted to exhibit exceptional permeability through human
intestinal epithelial cells. WhereastheHesperetin and its analogues exhibited moderate absorption
properties. QPlogBB, represents the ability of a molecule to cross BBB, which is an important parameter
forassessingCNSactivity, among all the analogues Tacrine analogues T7, T3, T1 has exceptional BBB

crossing ability than the parent compound Tacrine.

Table 4. Predicted ADME properties of designed analogues calculated using QikProp

Entry | Compound| MW CNS | QPlogP | QPPCaco | QPlogBB | QPPMDCK | HOA | %HOA | LogKhsa

1Tl 288.391 1 4.96 | 6077.657 0.174 3479.173 3 100 0.823
2| T2 340.427 0 4.998 | 3655.089 -0.01 2008.057 1 100 0.892
3 (T3 342.443 1 3.959 638.745 0.222 337.141 3 100 0.713
4| T4 340.427 0 5.136 | 2879.149 -0.131 1551.53 1 100 0.989
5| T5 278.356 0 3.761 | 2486.967 -0.155 1324.41 3 100 0.518
6 | T6 289.379 0 4241 | 3398.901 -0.074 1856.368 3 100 0.597
71 T7 265.357 1 3.345 | 1112371 0.387 614.073 3 100 0.343
8| T8 317.393 0 3.302 384.766 -0.141 194.929 3 92.547 0.447
9119 314.389 0 4.696 | 1989.139 -0.372 1040.332 3 100 0.804
10 | Tacrine 198.267 1 2.583 | 2962313 0.045 1600.027 3 100 0.067
11 | H1 327.336 0 1.882 71.465 -0.748 31.597 3| 71.152 0.224
12 | H2 341.363 -2 2.765 356.23 -1.089 162.115 3| 88.808 0.341
13 | H3 416.476 -1 4.746 711.443 -0.943 342.398 1 100 0.949
14 | H4 415.491 -1 4.415 626.743 -0.997 298.557 1 100 0.824
15 | HS 301.298 -2 1.496 115.762 -1.556 48.103 2| 72.636 -0.074
16 | H6 503.431 -2 4.617 180.962 -1.573 343.95 1 81.428 0.773
17 | H7 502.446 -2 4.299 150.011 -1.683 279.7 1| 78.106 0.676
18 | H8 527.496 -2 6.183 423.122 -1.15 861.848 1 84.239 1.376
19 | H9 471.509 -2 5.566 500.46 -1.218 234.102 1| 94.889 1.251
20 | Hesperetin | 302.283 -2 1.802 139.604 -1.459 58.896 3| 75.885 0.014

The transportation ability to cross BBB for Hesperetin analogues is poor hence the CNS score is
ranging from 0 to — 2 and the percentages human oral absorption(%HOA )found to be in the range of 75-
100%,however all the Tacrine analogues except T8, have 100% %HOA which confers the exceptional
oral bioavailability of the molecules. The predicted human serum albumin binding (Logkhsa) values
were ranging from — 0.067 to 1.376 which are in the recommended range of 95% known drugs.

Therefore, these predicted parameterswouldhelpful in identifying druggableand orally active analogues.
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This Study further revealed that the designed analogues have appropriate pharmacokinetic properties,
especially the Tacrine analogues have more potential to be druggable than the Hesperetin analogues.
In the present work Tacrine and Hesperetin analogues with diverse structures were designed to
achieve acetyl choline esterase inhibitor activity to treat Alzheimer’s disease. Then the designed
analogues were investigated to assess the ability of the molecules to bind and inhibit the AChE,
molecular docking approach was used to identify potential ligands. ADME properties also calculated
and the druggability of the designed molecules were evaluated. Among the design molecules Tacrine
analogues showed a potent binding and inhibition than the Hesperetin analogues, especially ligands T2,
T3, T5, T7 and T9 showed highest binding than the standard Tacrine. However, H9 also exhibited
highest binding with appropriate interactions necessary for inhibition. From the results of these studies
it could be concluded that Tacrine analogues T2, T3, T5, T7 and T9 and Hesperetin analogue H9 have
the ability to inhibit AChE and possess good ADME properties, since these molecules are druggable

and could be developed as new drugs for the treatment of Alzheimer ’s disease.
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ABSTRACT

Objective: This study was aimed to prepare, characterize and evaluate in situ gel formulation for a
sustained ocular delivery of voriconazole.

Material and Method: In situ gels were prepared with three different hydrophilic co-polymers:
Poloxamer 188, 407 and 388. The formulations were characterized in terms of their clarity, pH, viscosity
drug content uniformity and mechanical/rheological properties. Moreover, in vitro drug release and
stabilitystudies were performed.

Result and Discussion: The results showed that the optimized in situ gel formulation had desired in vitro
properties and a good stability over the period of 3 months. Texture profile analysis presented that
formulations offered suitable adhesive and mechanical properties. P2-V formulation exhibited pseudo-
plastic flow and typical gel-type mechanical spectra (G' > G") at different frequecy values and at different
temperatures. Moreover, all formulations showed a sustained drug release for 24 hours. In conclusion,
voriconazole loaded in situ gel could be offered as an encouraging strategy as ocular systems for ocular
infections treatment.
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voriconazole
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Amac: Bu ¢alismada vorikonazoliin siirekli bir okiiler dagilim uygulamasi igin in situ jel formiilasyonu
hazirlamak, karakterize etmek ve degerlendirmek amaglanmuistir.

Gereg ve Yontem: I situ jeller, ii¢ farkli hidrofilik yardimct polimer ile hazirlanmistir: Poloxamer 188,
407 ve 388. Formiilasyonlar, berraklik, pH, viskozite ilag i¢erigi ve mekanik / reolojik ozellikleri bakimindan
karakterize edilmistir. Ayrica, in vitro ilag salimi ve stabilite ¢calismalary yapilmigtir.

Sonuc ve Tartisma: Sonuclar, optimize edilmis in situ jel formiilasyonunun, istenen in vitro ozellikler ve
3 ay boyunca iyi bir stabilite géstermistir. Doku profili analizi, formiilasyonlarin uygun adhezif ve mekanik
ozellikler sundugunu gostermistir. P2-V formiilasyonu, farkli frekans degerlerinde ve farkll sicakliklarda
psodo plastik akist ve tipik jel tipi mekanik spektrumlar: (G "> G ") gdstermistir. Ayrica, tiim formiilasyonlar
24 saat boyunca siirekli bir ila¢ salimi géstermistir. Sonug olarak, vorikonazol yiiklii in situ jel, okiiler
enfeksiyon tedavisi icin okiiler sistemler olarak tesvik edici bir strateji olarak sunulabilir.

Anahtar Kelimeler: mekanik o6zellikler poloksamer, reolojik ozellikler, termo-duyarli in situ jel,
vorikonazol

INTRODUCTION

Ocular drug delivery is challenging due to the presence of anatomical and physiological barriers.
These barriers can affect drug entry into the eye following multiple routes of administration (e.g.,
topical, systemic, and injectable) [1]. Topical administration is the most common route of ocular drug
delivery. This route represents a safer administration, therefore a major challenge to the scientists is to
overcome the ocular barriers and reach the tissue target [2].

Although conventional opthalmic dosage forms such as solutions and suspensions are usually
preferred to treat disorders of the eye, the biological protecting factors lead to low ocular absorption and
poor bioavailability (1—- 10%). An efficient ocular drug delivery system, which can provide maximum
precorneal residence time, is desirable to overcome ocular barriers and sustain delivery of drugs
following topical administration [3].

Bacterial keratitis may arise secondary to corneal epithelial breakdown associated with dry eye,
contact lens use, trauma or the presence of a persistent corneal suture. Keratitis is also caused by direct
infection or immune-related complications with viruses, bacteria, fungi, yeast and amoeba. Subsequent
long term visual loss occurs as a consequence of corneal scarring affecting the visual axis. The extent
of scarring may be limited if the infection is identified early and treated adequately [4,5]

A second-generation antifungal agent, voriconazole (VCZ), has exceptional properties such as
broad-spectrum activity against resistant fungal species and acceptable tolerability. Besides, studies
have demonstrated excellent efficacy of VCZ against ocular mucosa following topical administration
[6,7].

The in situ thermo-gelling systems are liquid aqueous solutions at room temperature, however
they undergo sol-gel transition on the ocular surface at physiological temperature hence they prolong
ocular residence time. Various in situ gel systems have been developed to prolong the precorneal

duration of the drug and to increase ocular bioavailability [8,9]. Among commonly used in situ gel
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polymers, Poloxamers are well-known thermo-responsive copolymers that exist liquid state at low
temperature (4-5°C) while converting into a gel upon increasing temperature. They have been widely
used in nasal, ophthalmic, vaginal and topical formulations. However, they represent weak mechanical
strength leading to rapid erosion of the polymer.

Therefore; in this study, it was aimed to develop VCZ loaded in situ gel formulation with suitable
gelation temperature and mechanical properties for ocular drug delivery. In accordance with this
purpose, the in situ gels were prepared by using different poloxamer types (Poloxamer 188, 407, 388)
and ratios. Finally, the gels were characterized in terms of their physicochemical parameters, drug

content, mechanical/rheological properties, in vitro drug release and stability.

MATERIAL AND METHOD

Materials

VCZ was purchased from Sigma-Aldrich, Germany. Poloxamer 407, 188 and 338 were kindly
gifted from BASF, Turkey. Benzalkonium chloride (BZC) was supplied from Sigma-Aldrich, Germany.
Dialysis membrane (Spectra/por 4, diameter 16 mm, the molecular weight of 12—14 kDa) was purchased
from Spectrum Chemical Mfg. Corp. (USA). Distilled water was used throughout the study. All the

other solvents and chemicals were of analytical or HPLC grade.

Preparation of in situ gel formulations

The in situ gels were prepared according to cold technique [10,11]. The polymeric solutions were
prepared by dispersing the required quantity of Poloxamer 407 and Poloxamer 188 in water using a
magnetic stirrer until the poloxamers completely dissolve. Aqueous solutions were stirred for about two
hours by using magnetic stirrer [12].

For the preparation of ocular in situ gel; VCZ, BZC as well as sodium chloride were incorporated
in aqueous solutions containing P407, P188, P388 and distilled water. BZC (0.02% w/w) was added as
a preservative to the solutions. Sufficient amount of sodium chloride (0.9% w/w) was added to the
mixture to maintain the isotonicity.

Characterization of in situ gels
Appearance
The developed formulations were inspected visually for their clarity, colour and particle content

both in their sol state and gel state.

Determination of sol-gel temperature (Tsol-gel)
20 g of cold formulation was put into a beaker and placed in a temperature-controlled magnetic

stirrer. A thermometer (JG-220 Digital Thermometer, Turkey, —50+260°C+°1C accuracy) was



36  Ustundag Okur et al. J. Fac. Pharm. Ankara, 44(1): 33-49, 2020

immersed in the sample solution for constant monitoring. The solution was heated at the rate of 2°C/min
with the continuous with stirring at 200 rpm. The temperature at which the magnetic bar stopped moving
due to gelation was reported as the gelation temperature. The maximum limit for gelation was checked

up to 60°C and the study was repeated at least 3 times [9].

Gelling capacity
The gelling capacity of the prepared formulation was determined by placing a drop of the

formulation in a beaker at 32 = 0.5 °C and it was visually observed for gelling time [12].

Determination of pH
The pH of the gel was measured using calibrated pH meter (Mettler Toledo, Switzerland). pH
measurement was repeated at least 3 times and the average pH values of the formulations were

calculated.

Viscosity

The viscosity studies of in sifu gels was carried out using a Brookfield viscometer (LVDV-E,
USA). The in situ gel formulations were analyzed with probe 27 at 200 rpm and probe 07 at 20 rpm.
Temperature was set to +4+0.5°C and 2540.5°C by a circulating bath.

Drug content uniformity
0.125 g of the developed formulations was dissolved in 25 mL mobile phase and drug

concentration was analyzed by high-performance liquid chromatography (HPLC).

HLPC analysis

The VCZ amount was determined with a HPLC system consisted of a gradient pump, a UV
detector (Agilent 1100, Thermo Scientific, Germany) and C18 column (Spum, 150 x 4.6 mm). The
samples were analyzed at 256 nm with 1mL/min flow rate at 25°C. The mobile phase was a mixture of
acetonitrile: ultrapure water (50:50). The retention time of VCZ was 4.098 min [7]. The method was
validated for linearity, limit of detection (LOD) and limit of quantitation (LOQ), precision, accuracy
and specificity, selectivity and stability. The linearity between peak area and concentration was analyzed
using calibration curve obtained from standard solutions of VCZ (1-30 pg/ mL). The accuracy of an
analytical method is the closeness of test results obtained by the method to the true value and is defined
recovery. The prepared standard solutions were injected five times at different levels as a test sample. 8
pg/mL solution was injected ten times in order to evaluate method precision, standard deviation (SD)

and coefficient of variation.
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Spreadability of VCZ loaded in situ gels

To determine spreadability of VCZ loaded in situ gels, 0.1 g of VCZ loaded in situ gels were
transferred to the center of a glass plate (10 cm % 10 cm), which this glass plate had temperature 32 +
0.5 °C and was compressed under another glass plate of the same size. Thus, the gel was spread out in
between the plates. After one minute, the weight was removed and the diameter of the spread area (cm)

was measured. The measurement was performed in triplicate [9].

Determination of Mechanical Properties

Mechanical properties of gels were determined using a software-controlled penetrometer (TA-
XT Plus Texture Analyser Stable Micro Systems, UK) equipped with a 0.5 kg load cell. An analytical
probe (10 mm diameter) was twice compressed into gels to a defined depth (15 mm) with a constant rate
(test speed: 2 mm/s) at both 25 and 32°C. Mechanical parameters (hardness, adhesiveness,
compressibility, cohesiveness and elasticity) were calculated from the obtained force-time curves.

Experiments were carried out at least six times [13].

Rheological Measurements

The rheological analysis of the formulations was performed with a controlled stress/controlled
rate theometer (TA Instruments, Discovery HR-1, Hybrid Rheometer, UK) both at 25°C + 0.1°C and
32°C+0.1°C.

Continuous shear analysis was performed in flow mode, in conjunction with parallel steel plate
geometry (40 mm diameter) and gap of 1000 um. Briefly, formulation sample was carefully applied to
the lower plate of instrument, ensuring that formulation shearing was minimized and allowed to
equilibrate for at least 1 min prior to analysis. Upward and downward flow curves were measured over
a range of shear rates (0 - 1000 s-1).

Oscillatory analysis was performed after determination of its linear viscoelastic region at 25°C
and 32°C, where stress was directly proportional to strain and the storage modulus remained constant.
Frequency sweep analysis was performed over the frequency range of 0.1 - 10 Hz following application
of a constant stress and standard gap size was 1000 pm.

Storage modulus (G” ) and loss modulus (G” ), the loss tangent (tand) and the dynamic viscosity

(') and were determined. All rheological properties were examined with at least three replicates [14—

16]

In vitro drug release studies
In vitro release studies were carried out in simulated tear fluid (composition: sodium chloride

0.68 g, sodium bicarbonate 0.22 g, calcium chloride dihydrate 0.008 g, potassium chloride 0.14 g, and
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distilled deionized water to 100 mL [17] to mimic ocular conditions. 5 g of formulations were put into
dialysis membrane (Spectra/Por Regenerated Cellulose, Molecular weight cut off 12—14 kDa) and
capped with closures. Dialysis membranes were placed into 200 mL simulated tear fluid and stirred at
50 rpm (32+0.1°C). 1 mL of sample was withdrawn at a predetermined time intervals of 30 min to during
12 h and the same volume of fresh medium was replaced. The samples were analyzed with HPLC for

determination of the drug content.

Stability of VCZ loaded in situ gels

In order to check physical stability, VCZ in situ gels were stored at 4 + 1 °C in the refrigerator
and 25+1°C (relative humidity 60%) for 3 months. After storage visual appearance, clarity, pH, gelling
capacity and VCZ content of in situ gels were investigated. The experiments were repeated three times

[18].

Statistical data analysis
Statistical data analysis was performed using the Student’s t-test with P<0.05 as the minimal level

of significance.

RESULT AND DISCUSSION

Preparation of In Situ Gel Formulations

Poloxamers represent a class of amphiphilic triblock copolymers comprising a hydrophobic
propylene oxide (PPO) block and two hydrophilic ethylene oxide (PEO) blocks, which can undergo a
reversible sol-to-gel transition upon heating, as a function of their PEO:PPO ratio. Poloxamer 407 and
poloxamer 188 are the two most commonly used poloxamer types for thermosensitive in situ gelling
systems an d they are approved by US Food and Drug Administration (FDA) [19]. Poloxamer 338 is a
new nonionic surface-active agent. The block copolymer poloxamer 338 in aqueous media exhibits
micellar structures which can convert into gel like structures based on their length, concentration and
temperature [20].

The in situ VCZ gels were prepared according to cold technique. Briefly, VCZ, BZC as well as
sodium chloride were incorporated in aqueous solutions containing P407, P188, P338 and distilled
water. BZC (0.02% w/w) was added as a preservative to the solutions. Sufficient amount of sodium
chloride (0.9% w/w) was added to the mixture to maintain the isotonicity. VCZ concentration was 0.1%
(w/w) in all formulations (Table 1).

Different Poloxamer 407, 188 and 338 combinations were tried and evaluated according to their
physical appearance and gelation temperature properties. Topical drug administration is the simplest

and easiest route for localized drug delivery [21]. Topical administration of antifungal agents could have
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an increased impact on the antifungal therapy, given that current formulations present lack of efficacy
due to the rising antifungal drug resistance [22]. For topical ocular formulations, the carriers are desired
to gel at 32°C, which is the eye surface temperature [23]. Among the tried formulations, the poloxamer
ratios given in Table 1 were identified as the most appropriate in situ gelling system for ocular
administration. Therefore, they were chosen as in sifu ocular carrier system candidates for VCZ and

evaluated for their properties.

Table 1. Formulation codes (FC) and components of in situ gels

FC Poloxamer  Poloxamer  Poloxamer VCZ BZC Physiological saline (0.9%
407 (%) 188 (%) 338 (%) (%) (%) w/w) (q.5) (8)
P1-v 20 5 - 0.1 0.02 100
P2-v 20 8 - 0.1 0.02 100
P3-v 20 18 0.5 0.1 0.02 100

Characterization of in situ gel formulations

Psysicochemical parameters of in sifu gel formulations are important factors to be considered in
the formulation development phase especially for ocular application. Firstly, the formulations were
inspected visually for organoleptic properties. Clarity is a quality control test to reduce number of the
large particles in the formulation which may cause irritation and tear flow and hence the loss of drug
from ocular surface [24]. Therefore; first of all, formulations were visually inspected for their clarity,
color and particle content. Visual observation showed that all of the in sifu gels were found to be clear,
colorless and free of foreign particles.

In previous studies, the corneal contact time has been increased to varying degrees by different
ophthalmic dosage forms. However, most of these carriers (e.g. ointments) have not been fully
accepted, because of blurred vision [25]. In this respect; in situ gels are advantageous because of their
transparent structure. In addition, they extend the corneal contact time and, in this way, they also increase
patient compliance.

pH is one of the most important parameters involved in ophthalmic formulations and it was
measured using a pre-calibrated pH-meter. The normal physiological pH of the ocular mucosa ranges
from 6.5 - 8.5 [9]. pH value of all formulations was found to be between 7.1 — 7.5 and they are within

the range of ocular mucosa (Table 2).
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Table 2. Physicochemical properties of in situ gels

Gelling Gelling Spreadabilit Viscosity (cP)
FC Clarity pH temperature Capacity p (cm) y
(0C) (sec) +4°C 25°C
P1 +++ 7.375 30.733 2.100 1.575 13.467+0.141%* 255.00+1.838*
+0.009 +0.231 +0.1 +0.035
P1-V et
6.327 30500 1.800 1.300 15.697+0.135% | 275.10+2.796*
+0.006 +0.500 +0.100 +0.082
P2 -
7.168 32233 1300 1.625 110.000+3.270% | 276.15+0.212*
+0.009 £0.115 +0.100 £0.035
P2-V et
6357 32.200 1.233 1.575 125.5044.270% | 285.26+0.314*
+0.006 £0.265 £0.058 +0.096
P3 +++ 7.553 27.300 1.800 1.487
000 0200 oo ol 432.933+£0.751% | 550.00+4.142
P3-V et
6.617 27.767 1.500 1.325 445.266+0.642* | 575.20£3.213**
+0.006 +0.306 +0.100 +0.096

(*: probe 27 200 rpm; **: probe 07 20 rpm)

An ideal in situ forming gel should be free flowing at a low temperature, transform into a
semisolid after contacting the ocular surface, and remain in the gel form under conditions of maximum
lacrimal fluid dilution [26]. The in situ gels developed in this study showed a gelation temperature
around 32°C. At this temperature, the administered formulations are expected to transform from sol to
gel state and prolong the ocular drug release. It can also be seen from Table 2 that, incorporation of
%0.1 VRC didn’t significantly affect the gelling temperature and gelling capacity of the formulations.

The gelling capacity is defined as the time taken for the transition of liquid phase to a gel. In this
experiment, the gelling capacities of in situ gels were found to be within 0.5 - 2.1 sec. As demonstrated
in Table 2, the gelling capacity increased when the concentration of P188 increased. For example,
formulation P1 has longer gelation time (2.1 sec) than P2 formulation (1.3 sec).

The results of viscosity were shown in Table 2. The viscosity results of the formulations were
different under 4 and 25 °C temperature conditions which are storage conditions of the in situ gel
formulations. As the collected results showed, the increasing concentration of Poloxamer 188 increased
the viscosity of the in situ gel. Poloxamer188 is a more hydrophilic poloxamer and is used as an auxiliary
gelling agent for modification of Tsol-gel. P188 consists of higher PEO: PPO ratio (79:28) compared to
P407 (100:65) and usually incorporated in the P407 thermogels to increase the Tsol-gel [19].

The spreadability results showed that the formulated in sifu gels (P2 and P2-V) were most
effective i.e. they showed best results for spreadability. The results of spreadability were shown in Table
2. Spreading diameter of the P1, P1-V, P3 and P3-V formulations demonstrated that is similar for all
formulations.

The analytical method was developed and validation studies were carried out for VRZ. If the
standard deviation less than the acceptance criteria which is 2%, the analysis system for the

determination of assay is to verify [27]. The LOD and LOQ tests for the procedure were performed on
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samples containing very low concentrations of analyses [28]. The LOD and LOQ were determined as
0.022 pg/mL and 0.065 pg/mL, respectively. The used method for VCZ analysis was found to be linear.
Finally, the drug content uniformity of P1-V, P2-V and P3-V were found to be 93.622+1.157,
92.62540.609 and 98.288+0.630, respectively.

Determination of Mechanical Properties

Ocular in situ gel formulations should have suitable mechanical properties for easy
administration, high spreadability on the ocular mucosa and strong adhesion. Texture profile analyses
(TPA) were performed to gather information about the gel structure and to determine the resistance of
formulations to compressive stresses and subsequent relaxation. The mechanical properties of the
formulations were characterized in terms of hardness, compressibility, adhesiveness, elasticity and
cohesiveness. The obtained results and force-time curves were given in Table 3, Figure 1 and Figure 2.

Briefly, hardness expresses the applicability of the gel to ocular surface and it should be low to
allow easy administration and good spreadability. Compressibility value determines sample deformation
under compression. It should be low to remove the formulation easily from the container during
administration. This value also shows high spreadability at the application site. It can be seen that,
depending on the increase in the temperature; hardness and compressibility values were significantly
increased, which indicates, improved gel strength. This increase was in accordance with oscillatory
rheology results, i.e. increased elastic behavior (represented by G") was exhibited with increasing

temperature.

Table 3. Mechanical properties of the formulations

Formula | Temperature | Hardness Compressibility | Adhesiveness Cohesiveness | Elasticity
tion code | (°C) (g)=SD (g-sec) £ SD (g-sec) = SD +SD +SD
P1 25°C 0.588+0.025 1.087+0.013 0.594+0.017 1.057+0.027 0.968+0.010
32°C 8.167+0.904 12.852+2.395 12.885+2.913 1.033+0.083 1.532+0.189
PLV 25°C 0.603+0.015 1.121+0.047 0.608+0.020 1.052+0.008 1.018+0.061
32°C 12.508+0.715 19.939+2.914 18.838+2.354 1.016+0.031 1.504+0.462
P2 25°C 0.231+0.015 0.161+0.017 0.581+0.010 0.976+0.025 1.013+0.169
32°C 10.255+2.261 13.947+2.059 11.367+0.459 1.111+0.088 1.299+0.247
PV 25°C 0.312+0.007 0.337+0.010 0.558+0.005 1.011+0.015 1.021+0.032
32°C 8.213+0.839 6.863+0.660 5.600+1.024 1.085+0.243 0.990+0.036
P3 25°C 52.4764+4.793 95.827+10.097 91.426+7.964 0.971+0.045 1.27140.177
32°C 62.4714+2.984 132.936+9.109 121.771£6.999 1.027+0.049 1.181+0.056
25°C 39.301+2.757 66.951+7.110 60.291+5.153 0.941+0.107 1.252+0.116
P3-v 32°C 79.018+0.714 103.778+4.057 79.21846.072 1.154+0.059 1.062+0.165
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Figure 1. Force-time curves of the gel formulations at 25°C (Blue line: P1, Yellow line: P1V, Green

line: P2, Purple line: P2V, Red line: P3, Black line: P3V)

Figure 2. Force-time curves of the gel formulations at 32°C (Blue line: P1, Red line: P1V, Green line:

P2, Yellow line: P2V, Brown line: P3, Purple line: P3V)

Adhesiveness value defines the work required to detach the probe from the formulation and it can
be related to adhesive properties. Higher adhesiveness value indicates greater adhesion at the tissue
surface and it is a desired characteristic to increase the drug retention time. Based on the results it can
be seen that, highest adhesiveness value was obtained with P3 formulations, which also shows high gel
strength properties. Also in all of the formulations, the increased temperature caused higher adhesive
properties.

Cohesiveness shows the effect of repeated shearing stresses on the formulations. Elasticity
represents the return rate of the deformed sample to its beginning condition. Lower numerical value in
the elasticity indicates greater product elasticity. As it can be seen from Table 4; cohesiveness and
elasticity values are nearly 1 as expected and they did not significantly change with the addition of VRC

or increasing temperature (P>0.05).
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Rheological Measurements

The evaluation of rheological properties for in situ gels is one of the most important parameters
for predicting their in vivo behavior. The rheological properties especially affect both ease of application
and retention within the application area. Therefore; P2-V formulation, which showed gelling
temperature at 32°C, was selected and evaluated for its rheological behavior. The rheological properties
were determined both at room temperature (25°C) and at eye temperature (32°C) to observe the changes
in the gel structure.

First of all, the shear stress changes upon shear rates have been observed to determine whether
the rheological behavior of the formulation is Newtonian or non-Newtonian. Obtained results showed
that in continuous shear rheometry, P2-V formulation showed a non-Newtonian pseudo-plastic flow,
showing decreasing viscosity with progressive increases in the shear rate both at 25°C and 32°C (Figure
3). In accordance with this results, it was previously reported in the literature that at temperatures
especially higher than the sol-gel transition temperature, non-Newtonian flow is typical for poloxamer
solutions [29,30]. Also, it can be seen that higher viscosity and shear stress values were obtained at
higher temperature values which indicates the temperature-dependent gellation. This result is also
compatible with the results of mechanical analysis where significantly higher hardness values are
observed at higher temperature values.

Furthermore; P2-V formulation was subjected to a sinusoidal shear stress and oscillatory rheology
studies were performed. In this way, both elastic-like and viscous-like properties were determined. The
structural and dynamical properties were elucidated and two dynamic modui were obtained: 1) the
storage modulus (G’, a measure of the elasticity); and 2) the loss modulus (G”’, representing viscous
components at given frequency).

It was stated in the literature that a strong gel should exhibit a solid-like mechanical spectrum and
the storage modulus should be higher than the loss modulus (G" > G’") [31]. Figure 4 shows the plots
of G" and G"” as a function of frequency at two different temperature values. It can be seen that, at both
temperature values, G” dominated G"” for all frequency ranges, which indicates a strong gel structure.
The gap between the two moduli is wider at 32°C indicating stronger gel strength (G" >> G"") [32].

The loss tangent is the value of phase angle (tand = G’/G"") and it is a measure of the relative
contribution of viscous components to the mechanical properties of the materials. As it can be seen from
Figure 4, it was <1 both at 25°C and 32°C which shows solid gel response. As tand becomes smaller,
the elasticity of the formulation increases, while the viscous behavior is reduced. As expected, tand value
of P2-V was found to be higher at 25°C than 32°C which indicates that the formulation showed more
elastic property at higher temperature value and this result is in accordance with the results of oscillatory

measurements [33].
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Dynamic viscosity (1") is described as the flow resistance of the formulation in the structure state
to oscillating movement. The higher dynamic viscosity value means the greater the resistance to flow.
In our study, " value was found to be significantly higher as the temperature increases and it indicates
more consistent gel structure. This result is also in accordance with other mechanical and rheological

studies.

In vitro drug release studies

In vitro drug release of P1-V, P2-V and P3-V formulations was evaluated by dialysis bag method
and the results were given at Figure 5. The results showed that the Poloxamer type or ratio did not
significantly affect the release rate of VRC from the in situ gel formulations. In all of the formulations,

sustained drug releases were obtained up to 24 hours.
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Stability

According to the detailed characterization studies, the optimized VCZ loaded in situ gel P2-V
was chosen as optimum formulation and was subjected to stability study for three months at4 + 1 °C in
the refrigerator and 25+1°C (relative humidity 60%). Based on research, testing of stability aimed to
know the time of storage and the use of a material. The stability study revealed no significant change in
visual appearance, clarity, pH, gelling capacity and drug content of the formulation (Table 4). Thus, in
can be concluded that VCZ in situ gel formulated with 20% (w/w) P 407 and 8% (w/w) P 188 was

successfully formulated for ocular administration.

Table 4. Stability studies results of VCZ loaded formulations (P2-V)

t=0 t=3
Parameters

4 and 25 °C 4°C 25°C
pH 6.357+0.006 6.697+0.006 6.987+0.006
Drug content (%) 92.6255+0.609 92.487+1.844 92.657+0.276

The generally poor bioavailability of ophthalmic formulations can be improved by new
formulations with a prolonged residence time. In this study, the potential of VCZ loaded thermosensitive
in situ gels as drug carriers for ocular delivery was evaluated. The optimized VCZ loaded in sifu gel
formulation obtained from this study was composed of 20% (w/w) P 407 and 8% (w/w) P 188 as the
gelling matrix. This will ensure that the patient could be treated at much longer time points, meaning

that patients could be treated as outpatients, reducing hospital admissions.
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ABSTRACT

Objective: Tea is very well known and consumed beverage worldwide also cultivated widely. It is one of
phytonutrients that has a protective role associated with its antioxidant activity. The aim of this article is to
study the gallic acid, epigallocatechin gallate contents and antiradical activity of green tea and black tea
extracts from Camellia sinensis cultivated in North Anatolia.

Material and Method: Gallic acid and epigallocatechin gallate contents were investigated in ethanol,
methanol and water extracts of green tea and black tea by HPLC analysis and the antiradical activities were
also examined for scavenging effect on DPPH and ABTS free radicals.

Result and Discussion: /n total 6 extracts, gallic acid contents were determined in the range of 0.052-
1.341 mg/100 ml and the value of EGCG (epigallocatechin gallate) were found between 0-19.54 mg/100ml.
Water extract of green tea exhibited the best antiradical activity on both DPPH and ABTS radicals. Green
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oz

Amac: Cay, diinyada ¢ok iyi bilinen ve tiiketilen bir icecek olup antioksidan aktivitesine bagl koruyucu
etkileri bilinen onemli bir fitobesindir. Bu ¢alismanmin amaci, Kuzey Anadolu kaynakli Camellia sinensis
bitkisinden elde edilen yesil ¢ay ve siyah ¢aydan hareketle elde edilen ekstrelerdeki gallik asit ve
epigallokatesin gallat miktari ile ekstrelerin antiradikal aktivitesinin tespit edilmesidir.

Gerec¢ ve Yontem: Yesil cay ve siyah ¢ayin etanol, metanol ve sulu ekstrelerindeki gallik asit ve
epigallokatesin gallat miktar tayini YPSK yontemi ile tespit edilmis ve ekstrelerin antiradikal aktivite tayini
icin DPPH ve ABTS yéntemleri kullanilmistir.

Sonuc ve Tartisma: Toplam 6 ekstredeki gallik asit icerigi 0.052-1.341 mg/100 ml araliginda bulunmusg
ve EGCG (epigallokatesin gallat) icin bu deger araligi 0-19.54 mg/100ml olarak tespit edilmistir. Hem
DPPH hem de ABTS radikali iizerinde en iyi etkiyi yesil cayin sulu ekstresinin sagladigi belirlenmistir. Yesil
cayin, koruyucu saghkta degerlendirilebilecek iyi bir aday oldugu ancak fitobesin ve farmasotik kalitede
tiriiniin formiilasyon ¢alismalarinda, bitkinin hasat yontemi, bitkiden hareketle ¢ay tiretim prosesi, optimum
karistirma zamani, kullanilan ¢oziicii ve yapraklarin parcalanma derecesinin kayit altina alinmast
gerekmektedir.

Anahtar Kelimeler: Antiradikal aktivite, camellia sinensis, egcg, gallik asit, siyah ¢ay, yesil ¢ay

INTRODUCTION

Polyphenols are naturally occured in foods of plant origin and also play an important role as
preventing medicine against chronic disorders. They are produced naturally in plants to protect
themselves against viruses, bacteria and also linked to oxidative stability in plants. These defense
mechanisms of plants could also be helpful for optimizing the human body functions [1-3].

Tea is very well known and consumed beverage worldwide, obtained from the leaves of Camellia
sinensis (L.) O. Kuntze. According to the processing method, tea can be classified into four types; white
tea, green tea, oolong tea and black tea. Fermentation is the corner stone in the process of manufacturing.
White and green tea is subjected to a little or no fermentation, oolong tea is a semi- fermented final
product. Black tea is the final product of full fermentation [4].

Tea is one of phytonutrients that has a protective role associated with its antioxidant activity. In
addition, there are reports on its health benefits for cancer, cardiovascular disease and diabetes mellitus
due to the antioxidant effect. Preventive and therapeutic effects of tea products are attributed to phenolic
contents [5].

Gallic acid is a common phenolic acid, widely found in plants and tea products. Increasing
scientific interest has shown that it plays an important role in the health benefits of food [6,7].

Epigallocatechin gallate (EGCG) is the major catechin and considered as the most active
substance among catechins in green tea infusion. According to previous reports EGCG is a promising
molecule for both prevention and treatment associated with being antioxidant, antiinflammatory,
antibacterial, antiviral agent [8-11].

Especially catechins and theaflavines are major groups of polyphenols in green tea and black tea

respectively. Gallic acid has also been reported to be found in both green tea and black tea products and
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both epigallocatechin and gallic acid were mentioned to be major indicators of quality during
standardizing pharmaceutical green tea samples [12]. There are studies to explain the chemopreventive
mechanisms of EGCG, among them, target specific cell signaling pathways draw attention for regulating
cellular proliferation and apoptosis [9].

The plant is used in Turkish folk medicine not only as carminative, but also tonic and diuretic.
The antidote property of C. sinensis for alkaloid poisoning is also mentioned. The dried leaves are
known to be used in the treatment of eye infections [13].

It is clear that the composition of tea is depended on geographical location, harvesting time,
storage condition and manufacturing process. So, the aim of this article is to study the gallic acid and
EGCG content and antiradical activity of green tea and black tea extracts from C. sinensis cultivated in

North Anatolia and determine whether it could be defined as a source of natural antioxidants.

MATERIAL AND METHOD

Plant Material
All samples of green tea and black tea were supplied from commercial company in North Anatolia

location in Turkey.

Preparation of extracts for the determination of antiradical activity

The ethanol and methanol extracts was prepared from 1 g of green tea and black tea products in
100 ml of each solvent by stirring constantly at room temperature for 1 hour and then filtered. The water
extracts were prepared from 5 g of each sample by adding 500 ml of boiling water and heating at 100°C
temperature for 5 min and then filtered. Total 6 extracts were prepared. Each extract was coded and

given in table 1.

Table 1. The samples and extraction solvents.

EXTRACTION SOLVENTS
Sample Boiled water Ethanol Methanol
Green tea product GW GE GM
Black tea product BW BE BM

HPLC Conditions

HPLC analysis was conducted on SSI Allience Esence HPLC Workstation System equipped with
a SSI Allience Esence Series 4 LC pump, SSI Lab Allience Esence UV-Vis detector. A Shimpack CLC-
ODS (M) (25 cmx0.45um) column was used for seperation in this study. The wavelength was set to

270nm. A gradient elution was performed by varying the proportion of solvent A (acetonitrile) to solvent
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B (0.1% phosphoric acid in water) with a flow rate of 1 ml/min. Sample quantity was 25ul. The mobile
phase composition started at 8% solvent A and 92% solvent B for 40 min. Then, the mobile phase
composition was changed into 11% solvent A and 89% solvent B from 40 min to 62 min. In 62 minute,
composition was bring to 18% solvent A and 82% solvent B for 18 minutes. At 80 minute the
composition was changed to 23% solvent A and 77% solvent B. All prepared solutions were filtered
through 0.45pum membranes before injection onto HPLC.

The linearity was determined from the triplicate analytical curves obtained by gallic acid and
EGCG standart solutions. Table 3 presents the correlation coefficient (%), limits of quantification (LOQ)
and limits of detection (LOD) of both gallic acid and EGCG.

Determination of antiradical activity
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging test

The solution of DPPH (0.1 mM) was prepared in methanol and 2950 pl of DPPH solution was
added to 50 ul of each extract at different concentrations. The mixtures were shaken and allowed to
stand in dark at room temperature for 20 minutes. Then the absorbance was measured at 517 nm using
a UV-VIS spectrophotometer. Trolox was used as the reference. Lower intense of blue color indicate
the higher activity. The percentage radical scavenging activity (RSA) was expressed as the inhibition
percentage and was calculated by using the following formula.
% RSA: [ (A¢-Ay) / Ag] x 100
Ay 1s the absorbance of the control reaction,
Ayis the absorbance in presence of all of the extract samples and reference after 20 min.

All the tests were performed in duplicate and the results were averaged. The radical-scavenging
activity was expressed as antiradical activity and trolox equivalent antioxidant capacity (TEAC). The
ICso value (pg/ml) is the concentration required to inhibit 50% of the initial DPPH free radical, was

calculated from the graph of inhibition curve. Antiradical activity (Aar) was defined as 1/ICsy.

ABTS [2,2 ‘-azino-bis(3-ethylbenzthiazoline)-6-sulfonic acid] radical scavenging test

The radical monocation of ABTS" was generated by reacting ABTS solution (200 pmol/L) with
phosphate buffer solution (pH 7.4) including 4.5 pmol/L myoglobin and also 300 umol/L H>O; solution
was prepared. Then the absorbance was measured at 734 nm by using a UV-VIS spectrophotometer and
the change in absorbance was recorded every 30 seconds during 3 minutes to determine the level of
spontenous degradation. Trolox was used as the reference. Tea extracts (and trolox solutions at different
concentrations) were allowed 1 ml of ABTS solution as described above, and the absorbance was taken

at 734 nm during 3 min using a spectrophotometer.
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The capability of scavenging the ABTS radical was calculated by using the following formula.
% RSA: [(Ao-At) / Ao] % 100
Ao is the absorbance of the control, namely absorbance of ABTS radical in methanol
A is the absorbance in presence of all of the extract samples and reference at the end of 3 min.
All the tests were performed in duplicate and the results were averaged. The radical-scavenging
activity was expressed as antiradical activity and trolox equivalent antioxidant capacity (TEAC). The
concentration that causes a decrease in the absorbance of initial oxidants by 50% (ICso) was determined.

Antiradical activity (Aar) was defined as 1/1Cso.

RESULT AND DISCUSSION

In this study, we tested 6 extracts prepared with water, ethanol, methanol from green tea and black
tea of Camellia sinensis from Turkey for investigating their antiradical activity as well as gallic acid and
EGCG contents in extracts.

In our study, gallic acid contents were determined in the ranged from 0.052-1.341 mg/100 ml as
shown in Table 4. The highest gallic acid content was found in the water extract of green tea as 1.341
mg/100 ml, on the other hand the ethanolic extract of black tea contents the lowest gallic acid as 0.052
mg/100 ml. The amount of EGCG ranged between 0-19.54 mg/100 ml. EGCG could not detected in
water and ethanolic extracts of black tea whereas, methanolic and aqueous extract of green tea samples
were found close to each other in a value of 19.54 and 19.53 mg/100 ml, respectively.

The antiradical activities of ethanol, methanol and water extracts of green tea and black tea were
also examined for scavenging effect on DPPH and ABTS free radicals.

In present study the water extract of green tea exhibited the best antiradical activity with 126.582
and 65.359 Aar value on DPPH and ABTS radicals, respectively. The antiradical activity values of
methanol extracts of black tea and green tea on DPPH radical were found as 59.880 and 81.967,
respectively. Metanol extracts of green tea and black tea samples showed moderate scavenging effects
on ABTS radical. The Aar values of metanolic extract of black tea was 56.818 and for green tea samples
it was determined as 58.139. Under the same experimental condition, the Aar value on ABTS radical of
trolox was 114.942.

The results on antiradical activities of test samples by using DPPH and ABTS methods are given
in table 2.

TEAC (Trolox equivalent antioxidant capacity) values of all potent extracts obtained by DPPH
assay were higher than those obtained by ABTS assay.
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Table 2. The results of antiradical effect of green tea and black tea extracts extracts.

DPPH method ABTS method
AAr 1mg/ml Trolox Aar 1mg/ml Trolox
(Antiradical equivalent extract (Antiradical equivalent extract
activity) concentrations activity) concentrations
Samples (mg/ml) (mg/ml)
GW extract 126.582 1.837 65.359 3.558
GM extract 81.967 2.791 58.139 4.000
GE extract 52.631 4.418 32.573 7.139
BW extract 62.893 3.697 54.054 4.302
BM extract 59.880 3.883 56.818 4.093
BE extract - - - -

Trolox 232.558 e 114942 -

The codes of extracts were explained in Table 1

Table 3. Linearity results, limit of Detection (LOD) and Limit of Quantification (LOQ) of gallic and
EGCG.

Compound Equation* r’ LOQ (pg/ml) LOD (png/ml)
Gallic acid Y=11806x-5302.6  0.9993 0.03 0.010
EGCG Y=9341,7x-9050.9  0.9997 0.005 0.017

*Linear regression equation y= ax+b, in which x is the concentration as pg/ml and y is the peak area at the 270 nm
wavelength.

Table 4. Gallic acid and EGCG content in terms of mg/100ml of methanol, ethanol and water extracts

of green tea and black tea.

Water extracts Methanolic extracts Ethanolic extracts
Samples
Gallic acid EGCG Gallic acid EGCG Gallic acid EGCG
Green tea 1.341 19.53 0.145 19.54 0.384 7.702
product
Black tea 0.216 - 0.093 0.358 0.052 -

product
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Chronic diseases have been increasing year by year. And it is very clear that reactive oxygen
species (ROS) play a critical role in chronic diseases leading to oxidation of lipids and proteins which
ultimately induces all inflammatory diseases, atherosclerosis, neurological disorder and cancer [14].

Having ability to protect the damages caused by free radicals and showing low toxicity makes
natural antioxidants valuable for medicine, cosmetic and food industry. Tea products are proved to be
strong antioxidants and important dietary source due to polyphenol content. On the other hand, the
phytochemical profile and antioxidant activity of these products can vary strongly on the basis of
different parameters.

Antioxidant activity encloses different pathways; prevention of radical formation, scavenging the
radicals and reparing the damage occured by radicals. So in-vitro assays on determination of scavenging
radical potential is an important indicator for antioxidant activity.

In this study, we have applied two different in-vitro assays to test 6 extracts prepared with water,
ethanol, methanol from green tea and black tea from Camellia sinensis growing in Turkey for their
antiradical activity as well as determined the gallic acid and EGCG contents in these extracts by HPLC.
As shown in table 2, the highest activity against DPPH and ABTS was exerted by water extracts of green
tea with a 126.582 and 65.359 Aar value and 1.837 and 3.558 mg/ml of trolox equivalent concentrations,
respectively. Methanolic extract of green tea exhibited moderate radical scavenging activity against
DPPH and ABTS comparing with trolox. The ethanolic extract of green tea revealed a weaker antiradical
activity and besides, black tea ethanol extract did not show inhibitory effect on both DPPH and ABTS
radicals.

The chemical profile of tea includes polyphenols, alkaloids, amino acids, volatile compounds and
minerals. It was mentioned that polyphenols are the most abundant group attributed the health benefits
of tea products. EGCG is the major catechin in green tea and shown to have benefical therapeutic effects.
Potential benefits of EGCG against cancer have been demonstrated both in-vitro and in-vivo. Scientists
have been studying on proving the poor bioavailability of EGCG by nanotechnology approach.
Additionally, recent studies have been focused on combination therapy with other dietary (6-gingerol,
curcumin, quercetin) or pharmaceutical agents (5-fluorouracil, cisplatin, docetaxel) to adopt the
synergistic effects [10].

On the basis of fermentation process, catechins are inverted to polymerized products named as
theaflavin. Theaflavins are another polyphenolic group responsible for antiradical activity of black tea.
Previous reports mentioned the strong correlation between phenolic compounds contents in tea and leaf
age, plucking time, extraction conditions and manufacturing process [15-17]. It was also reported that
antiradical activity of old leaf was higher than in young leaf of the plant [16].

The antiradical activity of tea extracts have been studied widely. In general, according to previous

reports, green tea extracts were found to have higher antiradical activity due to higher content of
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phenolic compounds in particular flavonoids comparing with black tea samples [18, 19] and Rusak et al
[17] have been reported that 40 % ethanol was the most effective solvent in the prolonged extraction of
EGCG in tea leaves. In the meanwhile, Zuo et al. [20] reported that fermentation process increases the
liberation of gallic acid and resulted in high levels of this acid in black tea samples. Liebert et al. [21]
observed that black and green tea extracts showed increasing antiradical activity due to the increased
total phenolic content with brewing time. Significant in-vivo antioxidant activity was also reported after
ingesting 300 and 450 ml of green tea [22].

There are different reports on gallic acid content in different type of tea samples. Fernandez et al.
[23] determined the gallic acid content in 45 commercial tea including non fermented and fermented
samples from different location; gallic acid contents were reported in a range of 0.004-2.537% and the
lower percentages belong to non fermented tea. Hilal and Engelhardt [24] analyzed teas from German
market and gallic acid content in green tea and black tea was reported in a range of 0.01-0.19 g/kg and
0.16-0.60 g/kg, respectively. On the other hand, Zuo et al. [20] determined the gallic acid content of 8
types of tea including green, oolong, puerh and black tea, in the range of 0.37-5.53 mg/g and the high
level of gallic acid was reported in full fermented puerh and black tea.

As EGCG is the major tea catechin, its content in different type of tea samples were also studied.
Fernandez et al. [25] determined the EGCG content in 37 commercial tea including non fermented and
fermented samples from different location; EGCG contents were reported in a range of 0-5.675% w/w
surprisingly, in one green tea sample, EGCG was not detected. Wang et al. [26] analyzed green tea
catechins and EGCG content in green tea samples was reported in a range of 0.95-32.6 mg/100 ml. On
the other hand, Zuo et al. [20] analyzed total eight tea samples, four of tea samples were green tea and
EGCG content was determined the in the range of 51.1-62.4 mg/g in green tea samples, in that study
black tea sample was found to contain 3.79 mg/100ml EGCG. Ozturk et al studied on quality parameters
of Turkish green tea and found EGCG content between 6.10-6.74 g/100g [27].

In this study, the result obtained for gallic acid content was not fully in agreement of previous
reports. On the other hand, our experimental data which showed that green tea extracts contained the
highest EGCG content and had the best antiradical activity complied with earlier studies. The reasons
behind the variability of results could be due to environmental factors, harvesting conditons, storage,
leaf age, extraction solvent, extraction time, degree of fermentation. Furthermore, earlier reports pointed
out the strong influence of extraction time, drug particle size, solvent used, infusion time, leaf age and
temperature factors on chemical composition of the tea products.

Using herbal products is a global trend and becoming popular for health prevention because of
having protective effects against dieases. Since preventing is easier and cheaper method when compared

with treatment and to hospitalise the patients, scientists have been dealing with protection.
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Tea is consumed all over the world and has so many health benefits. As a natural antioxidant
being cheap and supplied easily makes the tea product valuable in preventing health. But it is needed to
underlined that countries have their own tea brewing and consumption culture that totally affect the
ingredients of tea product. So the products obtained from tea should be designed by considering not only
cultivation, manufacturing process but also the social habits.

Our results support that different location and manufacturing process form different tea products
with different phytochemical profiles and also the variability of compositon of tea products deeply effect
the power of antiradical activity. It should be noted that besides the variations on manufacturing process,
there is a correlation between brewing conditions and phenolic content of tea beverage. The harvesting
method and manufacturing process, optimum conditions on brewing time, the solvent used, chopping
grade of tea leaves should also be taken into consideration during formulating both phytonutrient and

pharmaceutical grade products.
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ABSTRACT

Objective: The aim of this study was to compare the fatty acid components and antimicrobial properties of
R. coriaria L. samples which were sold as powder and grains that show natural distribution in Tunceli and
Siirt.

Material and Method: After the seeds were weighed and powdered, fixed oils were obtained by using
soxhalet apparatus. Obtained fixed oils were analyzed by GC and GC / MS methods after methylation process.
In vitro antimicrobial activity studies of the samples were performed using six different Gram negative and
Gram positive bacteria and Candida albicans using EUCAST disc diffusion and CLSI microdilution methods.

Result and Discussion: The main fatty acid components of all samples were determined as oleic acid (42.2
- 43.3%), linoleic acid (25.2 - 28.5%) and palmitic acid (18.4-221.5%), respectively. In vitro antimicrobial
activity of fixed oils, such as Escherichia coli NRRL B-3008, Staphylococcus aureus ATCC 6538, S. epidermidis
ATCC 14990, Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis NRRL B-A78 A78. Results were
compared with standard antimicrobial agents and MIC values> 2.5 - 0.22 mg/ml. The results were found to be
significant in terms of antimicrobial efficacy.
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Amac: Bu ¢alisma Tunceli ve Siirt ilerinde dogal olarak yayilig gosteren ornekler ile aktarlarda toz ve tane
olarak satilan R. coriaria L. orneklerinin yag asiti bilesenleri ve antimikrobiyal ozelliklerini karsilagtirmak
amact ile yapimistir.

Gerec ve Yontem: Tohumlar tartildiktan ve toz haline getirildikten sonra soksalet kullanarak sabit yaglar:
elde edilmistir. Elde edilen sabit yaglarin, metilleme iglemi yapildiktan sonra, GC ve GC/MS yontemleriyle es
zamanli olarak analizleri gerceklestirilmistir. Sabit yag numunelerinin in vitro antimikrobiyal aktivite
calismalart alti farkly Gram negatif ve Gram pozitif bakteri ve Candida albicans’a karsi EUCAST disk difiizyon
ve CLSI mikrodiliisyon yontemleri kullanilarak gerceklestirilmistir.

Sonug ve Tartisma: Tiim numunelerin ana yag asidi bilegenleri, sirasiyla oleik asit (%42.2 - 43.3), linoleik
asit (%25.2 - 28.5) ve palmitik asit (%018.4-221.5) olarak tamimland:. Sabit yaglarin in vitro antimikrobiyal
aktivitesi, Escherichia coli NRRL B-3008, Staphylococcus aureus ATCC 6538, S. epidermidis ATCC 14990,
Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis NRRL B-A78 A78 gibi insan patojenik
mikroorganizmalarina karsi gerceklestirildi. Sonuglar standart antimikrobiyal maddeler ile karsilastiriimis ve
MIC degerleri > 2,5 - 0.22 mg/ml belirlenmistir. Sonug¢larin antimikrobiyal etkinlik agindan kayda deger oldugu
goriilmiistiir.

Anahtar Kelimeler: Antimikrobial, CLSI, EUCAST, GC-FID, GC-MS, Rhus coriaria

INTRODUCTION

The genus Rhus L. contains more than 130 species belong to Anacardiaceae [1]. Rhus coriaria L.
(sumac) is a wild edible species mainly grown in temperate and subtropical regions; in Mediterranean
countries, Turkey and near East. Plant grows up to 3—4 m in height. Mature fruits are reddish-brown in
color and have one seed [2]. R. coriaria was used both for its nutritional and medicinal values for
centuries by crushing the dried fruits in the Mediterranean and Middle East. About 2000 years ago, the
Greek physician Pedanius Dioscorides wrote in the “De Materia Medica” on the therapeutical traits of
sumac [3]. In Arabic Palestinian herbal medicine, it was used for cancer, heart diseases, diarrhoea, blood
pressure management, intestinal diseases, eye infections, stomachache, kidney and liver diseases, blood
sugar management, respiratory infections, smallpox, oral diseases, headache, bites, dermatitides [4], in
Turkish traditional medicine for ulcer, blood sugar management, respiratory infections, smallpox, oral
diseases, diarrhoea, bleeding and intestinal diseases. R. coriaria has increasing economic importance
around the world in terms of pharmacology and food preservation. R. coriaria was reported as cytotoxic,
antimutagenic, antioxidant, antimalarial, antithrombin, antifibrogenic, and antitumorigenic. Beside,
sumac is most notable for its potential antimicrobial, antifungal, and antiviral effects [5]. Different parts
of R. coriaria plant are an abundant source of tannins, phenolic acids, anthocyanins, gallic acid
derivatives, flavonoid glycosides such as methyl gallate, kaempferol, and quercetin [4]. It also contains
fatty acids, volatiles, organic acids proteins, fibers, vitamins, and minerals. The fruits encompass
phenolic compounds like tannins, volatiles, and organic acids, anthocyanins, and fixed oil [2].

In this study, in vitro antimicrobial activity of different fruit fixed oils were performed against
five different Gram-negative and Gram-positive human pathogenic bacteria (Escherichia coli NRRL B-

3008, Staphylococcus aureus ATCC 6538, S. epidermidis ATCC 14990, Pseudomonas aeruginosa
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ATCC 27853, Bacillus subtilis NRRL B-4378) and Candida albicans ATCC 90028 using European
Committee on Antimicrobial Susceptibility Testing (EUCAST) disc diffusion and The Clinical and
Laboratory Standards Institute (CLSI) microdilution methods.

MATERIAL AND METHOD

Plant materials

Fruits of Rhus coriaria were collected from Tunceli and Siirt provinces (Figure 1). Voucher

specimens were deposited at the Herbarium of the Faculty of Pharmacy in Anadolu University,

Eskisehir, Turkey (ESSE). Plant materials were listed in Table 1.

Table 1. Plant samples used in the study.

Code Locality and date ESSE Number Local Code
A (Grain) Tunceli, Batman Village, 1077 m, 2015 34 DT
B (Grain) Siirt, 895 m, 2015 33 Ds
C (Grain) Ankara, Commercial, 2015 32 Ay
D (Pulverised) Ankara, Commercial, 2015 31 Az
Extraction

The air-dried plant material (10 gr) was crushed and extracted using a Soxhlet apparatus. The
resulting oils (25+ 5%) were dried over anhydrous sodium sulfate prior to further derivatization and

bioactivity evaluations.
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Preparation of Fatty Acid Methyl Esters

The residue was refluxed with 0.5 N NaOH solution (5 ml) for 10 min in methanol. Afterward,
14-20% BF; (5 ml) in methanol solution was added via the condenser. Then, the solution boiled for an
additional 2 min. 5 ml n-hexane was added and boiled for a further 1 min. After the solution cooled an
additional 5 ml of saturated NaCl solution was added and the flask was rotated gently quite a few times.
Finally, saturated NaCl solution was added to float the n-hexane solution into the neck of a 1 ml flask

and the solution was transferred into a vial [6].

Analyses
Gas Chromatography (GC)

Agilent 6890N GC system was used for the GC analysis. The temperature was set to 300 °C for
a flame ionization detector (FID). The simultaneous auto-injection implemented column (Innowax FSC
column, 60 m x 0.25 mm, 0.25 pm film thickness) was used in an attempt to achieve the same elution
order on the GC-MS to fulfill the identical working conditions. FID chromatograms were used to

calculate the relative percentage amounts (%) of the separated compounds.

Gas Chromatography-Mass Spectrometry (GC-MS)

Helium gas was used as carrier (0.8 ml/min gas flow) and the temperature was set for 10 min at
60 °C and calibrated to 220 °C at a ratio of 4 °C/min, and then set permanently at 220 °C for 10 min and
at the end conditioned to 240 °C at a ratio of 1 °C/min then set for 20 min at 240 °C. The split rate was
kept at 40:1. The port temperature of injection was kept at 250 °C. MS was kept at 70 eV and the
designated mass range was between m/z 35 and 450. The components of the essential oil were identified
by using their relative retention times or by assessment of their relative retention index (RRI) to a series
of n-alkanes. For the identification of essential oil, Wiley and MassFinder 3, Baser Library of Essential

Oil Constituents and also MS literature data was also used [7-11].

Antimicrobial Assay

Disc diffusion is one of the oldest approaches to antimicrobial susceptibility testing (AST) and
remains one of the most widely used AST methods in routine clinical microbiology laboratories. The
method is appropriate for testing the majority of bacterial pathogens [12,13]. EUCAST initiated the
development of a standardized disk diffusion method calibrated to the harmonized MIC breakpoints.
The method comprises the use of Mueller—Hinton agar without supplements for non-fastidious
organisms and with 5% mechanically defibrinated horse blood and 20 mg/L b-NAD for fastidious

organisms, a standardized inoculum resulting in confluent growth, an incubation time of 16-20 h, a
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reading guide on how to read zone diameters on individual species-agent combinations and zone
diameter breakpoints calibrated to the EUCAST clinical MIC breakpoints [13].

Escherichia coli (NRRL B-3008), Staphylococcus aureus (ATCC 6538), S. epidermidis ATCC
14990, Pseudomonas aeruginosa (ATCC 27853), Enterobacter aerogenes (NRRL 3567), Bacillus
subtilis (NRRL B-4378), were used as test bacteria, whereas the human pathogenic yeast Candida
albicans (ATCC 90028) was also used in the panel. 15% glycerol at —85 °C was used to store the
microorganisms. The Mueller Hinton Broth (Merck, Germany) was used to revitalize the bacteria and
yeast at 35-37 °C. For purity check, the bacteria and yeast inoculated on the plates of Mueller Hinton
agar (MHA, Mast Diagnostics, U.K.). In this study, a microdilution broth susceptibility assay (REF)
was used [14]. Dimethylsulfoxide 25% (v/v) (DMSO, Carlo Erba) was used to prepare the stock
solutions. Dilutions of samples were prepared in a 96-well microtiter plate by using distilled water. The
microbial suspensions were standardized in double strength Mueller Hinton Broth (MHB) and Mueller
Hinton Agar (MHA) and then each microbial suspension (100 pL) was added to the appropriate well.
The serial dilutions of the essential oil were used as a negative control. The minimum inhibition
concentration (MIC, mg/ml) was determined after incubation at 37 °C for 24 h. Chloramphenicol was
used as standard antibacterial and as Candida positive control Ketoconazole was used. Entire assays

were repeated at least 3 times [15-19]. The MIC results are given in Table 3.

RESULT AND DISCUSSION

From the different fruit samples obtained sumac oils were analysed by using the GC and GC-MS
(Table 2) to detect the major fatty acid components, and four bioassays assessed in combination in order
to release their antimicrobial effects towards human pathogenic microorganisms (Table 3). The
composition and comparative proportions of the sumac fatty acids were clarified with the help of GC
and GC-MS analyses. Results of the simultaneous analysis with GC and GC-MS method are given in
Table 2. The oleic acid contents changed between 42.2 and 43.3%, the linoleic acid contents were
changed between 25.2 and 28.5% and finally, the palmitic acid content ranged from 18.04 to 21.5% as
main constituents. Oleic (Cis:1), linoleic (Cis:2), and palmitic (Cie:0) acids were the main fatty acids in
the sumac oil, respectively. The polyunsaturated fatty acid contents (18:2 +18:3) of the total fatty acids
changed between 25.9 and 29.9%.

The antibacterial effects of the sumac oils with the major components of oleic acid, linoleic acid,
and palmitic acid opposed to the standard antimicrobial agent chloramphenicol were given in Table 2.
The oleic acid contents of the oils changed between 42.2 and 43.3%, the linoleic acid between 25.2 and
28.5% and the palmitic acid ranged from 18.4% to 21.5%. In this study, oleic (Cis.1), linoleic (Cis:2), and
palmitic (Cis0) acids were found the main fatty acids in the sumac oil. Polyunsaturated fatty acid

contents (18:2 +18:3) were changed between 25.9 and 29.9%. Staphylococcus aureus was inhibited
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with an intermediate MIC value of 2.5 mg/ml. S. epidermidis was inhibited with a low MIC value of 2.5
mg/ml, Escherichia coli was inhibited by sumac oils except C with a MIC value of 2.5 mg/ml while C
inhibited the E. coli with a strong MIC value of 0.62 mg/ml. Pseudomonas aeruginosa was inhibited
by the sumac oils with a MIC value of 2.5 mg/ml, having much stronger activity than antimicrobial
agent chloramphenicol, while Bacillus subtilis was inhibited with a moderate MIC value of 1.25-2.5

mg/ml.

Table 2. Fatty Acid Compositions of Rhus coriaria L. Fruits identified by GC and GC-MS.

Compound A (%) B (%) C (%) D (%)
Palmitic acid (16:0) 20.7 20.0 21.5 18.4
Palmitoleic acid (16:1) tr tr 0.4 0.3
Stearic acid (18:0) 2.9 2.7 2.1 33
Oleic acid (18:1) 42.5 42.4 42.2 433
Elaidic acid (18:1) 6.5 5.0 72 5.1
Linoleic acid (18:2) 26.2 28.5 25.2 27.6
Linolenic acid (18:3) 1.0 1.4 0.7 1.2
Arachidic acid (20:0) tr tr 0.7 0.8
Saturated 23.6 22.7 243 22.5
Unsaturated 76.2 77.3 75.7 77.5
Unsaturated/Saturated 3.23 341 3.12 3.44
Total 99.8 100.0 100.0 100.0

A: Tunceli, B: Siirt, C: Commercial (grain), D: Commercial (pulverised), %: calculated from FID data, tr: Trace (< 0.1%)

Table 3. Minimum inhibitory concentrations of samples (mg/ml) and antimicrobials (pg/ml) by the

microdilution method.

Ttsamples  NRRL  ATCC PSP aeruginosa "y yce ™
B-3008 6538 ATCC 14990 4378 90028

A >2.5 >2.5 >2.5 >2.5 >2.5 0.62

B >2.5 >2.5 >2.5 >2.5 >2.5 0.31

C 0.62 >2.5 >2.5 >2.5 1.25 1.25

D >2.5 >2.5 >2.5 >2.5 >2.5 1.25
Chloramphenicol 8 4 2 >64 4

Ketoconazole 0.25

A: Tunceli, B: Siirt, C: Commercial (grain), D: Commercial (pulverised).

Nevertheless, all the sumac oils exhibited a strong inhibition with a MIC value of 0.62-2.5 mg/ml
against plant pathogens with the exception of sample S. epidermidis. Antifungal effects of the R. coriaria

oils were also examined against the standard antifungal agent Ketoconazole. All examined sumac oils
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displayed weak antifungal effect with a concentration of 1.25 mg/ml, which recommended a strong
resistance of a pathogenic fungus, Candida albicans (Table 3). In vitro antimicrobial activity studies of
fixed oil samples were performed using six different Gram-negative (E. coli, P. aeruginosa) and Gram-
positive (S. aureus, S. epidermidis, B. subtilis) bacteria and a fungus C. albicans by using EUCAST disk
diffusion and CLSI microdilution methods. The results were compared with standard antimicrobial
agents and MIC values > 2.5-0.22 mg/ml were determined. The results were found to be noteworthy for
antimicrobial efficacy (Table 3).

Dogan and Akgiil (2005) were extracted the sumac oil by using the cold ether extraction method.
Accordingly, oleic acid (34.00 to 40.35%), linoleic and linolenic acid (33.31 to 35.83%) and palmitic
acid (20.75 to 25.60%) was shown as the main fatty acids in sumac oil. Polyunsaturated fatty acid (18:2
+18:3) contents of the total fatty acids were changed between 34.84 and 37.36% [20]. Our results were
confirmed the previous studies that oleic, linoleic, and palmitic acids are the major fatty acids in sumac
fruits [21]. Besides, the oleic acid contents (42.2 to 43.3 %) is higher, the linoleic acid contents (25.2 to
28.5 %) is lower, and the palmitic acid content (18.4 % to 21.5 %) is lower than Dogan and Akgiil
(2005). The polyunsaturated fatty acid content (25.9 to 29.9 %) is also lower than the results in Dogan
and Akgiil (2005). To storage capabilities and for longer shelf life polyunsaturated fatty acid levels are
very important, since the polyunsaturated fatty acids are more vulnerable to oxidative degradation and
a lower polyunsaturated fatty acid content can probably extend the shelf life [20]. Nimri et al., (1999)
have been extracted the R. coriaria fruits by using ethanol and the results indicated a wide-ranging of
antimicrobial activity which was dedicated to the tannins with a MIC value of 10 to 26 mg/ml against
numerous bacteria [22]. The following work examined the inhibitory effect of ripened and unripened R.
coriaria fruits against six Gram-positive and six Gram-negative bacteria suggested the extracts were
found to be effective against all tested bacteria, especially against Gram positives and the ripened fruits
were found to have a stronger antimicrobial activity [23]. In contrast, in our study, the extracts were
found to be more sensitive against Gram-negative bacteria. In another work suggested that the dry R.
coriaria seed found to have an antibacterial effect against Pseudomonas aeruginosa [24] similar to our
results. Fruits of R. coriaria hydroalcoholic extract were tested against Gram-positive and negative
bacteria, S. aureus, B. cereus, E. coli by using a cool percolation method and extract exhibited
antibacterial activity against the species tested likewise our results [25]. Water extracts of dried R.
coriaria fruits exhibited antimicrobial activity against B. subtilis, S. aureus, S. enteritidis and E. coli
[23]. B. subtilis was found to be more sensitive among Gram-positive bacteria and E. coli was found to
be one of the most resistant Gram-negative bacteria. In our study, while S. epidermidis, among Gram-
positive strain, found to be the most resistant, E. coli was found sensitive to R. coriaria fruit extract.
Nasar-Abbas & Halkman (2004) claimed the water extracts of R. coriaria fruits presented quit a strong

effect against Gram-positive bacteria. In contrast to alcoholic and aqueous extracts from sumac, a
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hydrodistillation extract of dried R. coriaria fruits was shown to be ineffective as an antimicrobial agent

[26].

As the overall conclusion, the results were found to be noteworthy for antimicrobial efficacy.

Results indicate that individual fatty acid contents of R. coriaria have been grown in the different

provinces of Turkey are variable and potential antimicrobial sources.
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ABSTRACT

Objective: Antimicrobials and antifungals are the most acquired drugs in the world. Today, it becomes
necessary to create new drugs with antimicrobial and antifungal effect. The purpose of our research is the
synthesis of new series of 5-(1H-tetrazole-1-yl)-4H-1,2,4-triazole-3-amine, the establishment of physical-
chemical, antimicrobial and antifungal properties for all synthesized compounds.

Material and Method: 5-(1H-tetrazole-1-yl-methyl)-4H-1,2,4-triazole-3-yl-1-(alkyl-, aryl-)-methanimines
were synthesized by reacting of 5-(1H-tetrazole-1-yl-methyl)-4H-1,2 4-triazole-3-amine with aldehydes in
acetic acid. Then, sodium borohydride was selected as a reducing agent, which allowed for the restoration of
the double bond. The structures of synthesized compounds were confirmed by IR, *H NMR and mass spectra.
The synthesized compounds were evaluated for antimicrobial and antifungal activity by "serial dilutions"
method.

Result and Discussion: During the synthetic studies the new series of 22 compounds were obtained. The 5-
(1H-tetrazole-1-yl-methyl)-4H-1,2,4-triazole-3-yl-1-(5-nitrofuran-2-yl)methanimine was observed to be most
possessing good antimicrobial and antifungal activity and has exceeded the reference standard for
Staphylococcus aureus (12,5/25 mg/ml), Escherichia coli (50/200 mg/ml), Pseudomonas Aeruginosa (100/200
mg/ml), Candida albicans (50/50 mg/ml).
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Amag: Antimikrobiyal ve antifungal ilaglar diinyada en yaygin ila¢ tirlerindendir. Glnumizde
mikroplara ve mantarlara karsi yeni ilacin iiretilmesine ihtiyag¢ duyulur. Arastirmamizin amaci, 5-(1H-tetrazol-
1-il)-4H-1,2,4-triazol-3-amin tlrevi yeni bilesiklerin sentezi ile sentez edilmis bilesiklerin fizikokimyasal,
antimikrobiyal ve antifungal dzelliklerinin tespit edilmesidir.

Gere¢ ve Yontem: 5-(1H-tetrazol-1-ilmetil)-4H-1,2,4-triazol-3-il-1-(alkil-, aril-)-metanim, 5-(1H-
tetrazol-1-ilmetil)-4H-1,2,4-triazol-3-amin’in sirke asidinde aldehitler ile etkilesimi sonucunda sentez
edilmistir. Bir sonraki agsamada indirgen olarak sodyum borOhidriir kullanidig: icin ikili bag yeniden
kurulabilmigstir. Sentez edilmis bilesiklerin yapilari, kizilalt, niikleer manyetik rezonans ve kiitle spektroskopisi
ile dogrulanwr. Sentez edilmis bilesikler mikrop ve mantarlara karst aktivite konusunda serili diliisyon metodu
ile denetlenmistir.

Sonuc ve Tartisma: Sentetik arastirmalarin sonucunda 22 bilesikten olusan yeni seri elde edilmigtir. 5-
(1H-tetrazol-1-ilmetil)-4H-1,2,4-triazol-3-il-1-(5-nitrofuran-2-il)metanimin en iyi antimikrobiyal ve antifungal
etkisine sahip olup Staphylococcus aureus (12,5/25 mg/ml), Escherichia coli (50/100 mg/ml), Pseudomonas
aeruginosa (100/200 mg/ml), Candida albicans (50/50 mg/ml) icin karsilastirmalr ilact gegtigini tespit
edilmistir.

Anahtar Kelimeler: 1,2,4-triazol, 1H-tetrazol, antimikrobiyal ve antifungal aktivite

INTRODUCTION

Piperidinium  2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol)-3-yl) acetate is the active
pharmaceutical ingredient of drug "Tryfuzol™ (API). It is used in veterinary as an immunomodulatory
agent. It increases the resistance of organisms to viral diseases. Forced degradation conditions create the
model influence of various environmental factors on the active substance. In these conditions, various
impurities may be formed in the decomposition, which may alter or weaken the biological activity of
the active compound, as well as increase toxicity. Thus, it is possible to predict which impurities may
be generated during the storage or transportation of drugs containing the investigated API. It will also
help to offer conditions for the protection of this substance from the influence of harmful factors.
Therefore, this study has a significant relevance.

Methods for investigating force degradation effects have been described in a number of
publications [1-6]. Regulatory aspects in Development of Stability-Indicating Methods were presented
in the review of Renu Sehrawat et al. [1]. The condition for stress degradation which usually studied
are: acid hydrolysis, base hydrolysis, thermal hydrolysis, oxidation, thermal degradation,
photodegradation.

Authors [7] proposed potentiometric titration method for quantitative determination of
piperidinium 2-((5-(furan-2-yl)-4-phenyl-4H-1,2 4-triazol-3-yl)thio)acetate in the 1% and 2.5%
solutions. Method is not selective, and it is not applicable for determination of impurities. Method based
on adsorbtion of this API in the ultraviolet region of the spectrum was elaborated [8]. Low selectivity

and sensitivity of the method are not permitted to measure of impurities.
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Our HPLC-DAD method of determination of piperidinium 2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-
triazol-3-yl)thio)acetate in 1 % solution shown satisfied quality of separation of API from impurities
[9]. This work was not contained forced degradation study.

Aim of the research to make forced degradation study of piperidinium 2-((5-(furan-2-yl)-4-
phenyl-4H-1,2,4-triazol)-3-yl) acetate in active pharmaceutical ingredient, 0.1% solution and 1%

solution for injection.

MATERIAL AND METHOD

Chemicals and reagents

Piperidinium  2-((5-(furan-2-yl)-4-phenyl-4H-1,2 4-triazol)-3-yl)acetate was obtained from
Toxicological and Inorganic Chemistry Department. Substance was synthesized and its structure was
confirmed by the Parchenko V.V. [10,11]. Acetonitrile qualified “HPLC Super Gradient” (Avantor
Performance Materials Poland S.A., Poland), methanoic acid was 100% (AppliChem GmbH, Germany),
ultra-high pure water (18 MQ at 25 °C) was prepared by the Direct Q 3UV Millipore (Molsheim,
France).

Analytical Instrumentation

Agilent 1260 Infinity HPLC System (degasser, binary pump, autosampler, thermostat column
compartment, DAD). Agilent single-quadrupole mass spectrometer 6120 with electrospray ion source
(ESI); OpenLAB Software CDS.

Chromatography conditions
The chromatography study was carried out by elution with a water-acetonitrile mixture (70:30)
with the addition of 0.1% methanoic acid. Column Zorbax SB-C18, 30 mm x 4.6 mm, 1.8 um. Column

Temp. 40 °C. Flow rate was 0.400 ml/min.

Mass spectrometry conditions
Temperature of drying gas was 100 °C. Drying gas (nitrogen) flow rate was 10 I/min. Nebulizing
gas (N2) pressure was 53 psig. Mass spectra were obtained at m/z 100-2000. Fragmentation of molecular

ions was studied at fragmentor voltage: 100, 150, 200 V, positive polarity.

Forced degradation conditions

Samples were taken every day, prepared for injection and injected into HPLC system. VVolume of
injection for 0.1% solution was 5 uL, for 1% solution was 0.5 uL. Content (%) was taken from the report
of OpenLab CDS Software from Signal of the DAD detector at 276 nm.

Laboratory conditions degradation

Substance and solutions (0.1%, 1%) were kept at room temperature in laboratory conditions.
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Thermal degradation

Influence of temperature was studied in the thermostat at the 66 °C for the 0.1%, 1% solutions
and substance. The samples were kept at 66 °C during 5 days.

Oxidative degradation

Hydrogen peroxide (3%) was used for study of the influence of oxidizing agent. About 0.001 g
of APl was dissolved in the 1 mL of 3% hydrogen peroxide.

Ultraviolet (UV) degradation

The irradiation was carried out by the luminescent UV lamp, YF UV-9W 365 nm, which radiates
in the range of long-wavelength ultraviolet with a maximum radiation of 365 nm. The illumination was
measured with a luxmeter and was approximately 2000 lux. Solid substance and solutions with
concentrations 0.1%, 1% were studied. Maximal period of exposure was 4 days.

Acid hydrolysis

Influence of acid was studied. About 0.001 g of API was mixed with the 1 mL of the 0.1 mole/L
of HCI.

Alkaline hydrolysis

About 0.001 g of API was mixed with the 0.1 mole/L sodium hydroxide solution.

Preparation of solutions for laboratory conditions degradation study, thermal decomposition
study, UV degradation study

Solution with concentration 0.1% was prepared by dissolution of 0.001 g of APl in 1 mL of water.
Solution with concentration 1% was prepared according to pharmaceutical preparation “1% solution for
injections”, viz. 0.01 g of API was dissolved in the 1 mL of water, 0.0059 of sodium chloride was added.

When the solid substance was studied, 0.001 g was dissolved in 1 mL water and 5 uL of solution
was injected to the HPLC.

RESULT AND DISCUSSION

Optimized chromatography conditions

2-((5-(Furan-2-yl)-4-phenyl-4H-1,2 4-triazol-3-yl)thio)acetic acid was formed in the stream of
solvent from the API (salt). Therefore, the detector identified the acid. Thus, APl was determined in
form of the acid.

Results of the study of the substance decomposition are shown in Table. 1. Mass balance, %
(content of the main substance, % plus content of degradation products and impurities, %) in all cases

was equaled 100%.
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Table 1. Quantitative content of the piperidinium 2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol)-3-yl)

acetate.
Days

Terms of decompositi 0 1 2 3 4 5
Laboratory conditions, 99.64 9954  99.53 99.47 99.47 99.46 99.48
0.1% solution
Laboratory conditions, 1% 99.97 9997  99.97 99.94 99.94 99.93
solution
Alkaline hydrolysis. 0.1 M 99.64 9958  99.66  99.64 9964 9961  99.66
solution of NaOH
3% H,0, 99.63 7910 7320 6954 6544 6157 5549
Thermal effect 66 °C, 0.1% 99.64 9953  99.35 99.25 99.25 99.24
solution

0
Thermal effect 66 °C, 99.97 99.94 9992 9987 9985  99.85
1%solution

0
Thermal effect 66 °C, 99.64 9980 9972 9990 9980  99.81
substance
UV light irradiation, 99.64 97.41 8931 7761 56.25
solution 0.1%
UV light irradiation, 99.97 9729 9336  89.68  80.03
solution 1%
UV light irradiation, 99.64 9980 9976 9923  99.76

substance

Laboratory conditions degradation

During the storage of the 0.1% reference API solution in the laboratory conditions, percentage of
the substance was decreased about 0.1% for 6 days. The level of the substance in 1% solution under
these conditions was not changed for 5 days.

Thermal degradation

Thermal effect (66 °C) on the 0.1% solution of API leads to its decomposition by approximately
0.4% over 5 days (Fig.1). Substantial degradation products, however, was not identified.

66 grad 0.1%
100 —
80
API Content,
% 40
20
O T T 1
0 2 4 6
Days

Figurel. The API degradation curve in the 0.1% solution at a temperature 66 °C
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At the same time, under the influence of the temperature (66 °C) on the 1% solution
decomposition occurs only about 0.1% (Fig. 2). During the study of the thermal effect (66 °C) on the

solid substance (API) the content of API in a substance was not changed.

66 grad, 1%
100 & o o o o
80
60
API Content, %
40
20
0 T T T T T 1
0 1 2 3 4 5 6
Days

Figure 2. The API degradation curve in the 1% model solution for injection at a temperature 66 °C

Oxidative degradation
The effect of 3% hydrogen peroxide over 6 days results in a decrease in the concentration of API
about 2 times (Fig. 3).

0,
3% H,0,
120
100
API Content,% 60 ~<

40
20

0 T T T 1

0 2 4 6 8

Days

Figure 3. The API degradation curve under action 3% H,O,
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Ultraviolet (UV) degradation

UV light irradiation causes the decomposition of the 0.1% solution during four days at more than

40% (Fig. 4).

UV, 0.1%

120

100

80

API Content, % 60

N
40
20
0 T T T \
0 1 2 4 5

Days

Figure 4. The API degradation curve in 0.1% solution

At the same time, for 1% solution the concentration was decreased about 20% (Fig. 5). The API

content was not changed during irradiation of dry substance for 4 days.

120

uv, 1%

100

/

80

API Content, % 60

40

20

0

Days

Figure 5. The API decomposition curve in the 1% solution for injection.
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Acid hydrolysis

Under the action of 0.1 M solution of chloride acid APl immediately decomposes with formation
2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol-3-ythio)acetic acid, which is insoluble in water. So, the
study of exposure of 0.1 M chloride acid was finished at this step.

Alkaline hydrolysis

Under the action of 0.1 M solution of sodium hydroxide, the content of the API was not changed

for 6 days.

Determination of the structure of degradation products

Possible structures of compounds formed as a result of API degradation under stress conditions
was proposed after study of the mass spectra of the corresponding chromatography peaks.
The structure determination of APl degradation products formed by the action of 3% hydrogen peroxide.

»-

miry

b . Max: 76378 c MSD1 318, EIC=317.7:318.7 (DACHEM32_D\DATA\2018_03-27\}
D\DATA\2018_03-27\1
o DAD 3 0327
60
40

20 I\.
0 ol

114.2
—635.0

—T T ——T
500 1000 1500 m/2

Figure 6. The TIC chromatogram of API degradation products formed by action of 3%H-0, at 150V
(a). Mass spectrum of peak at 1.219 min (b). EIC chromatogram (c).

Chromatography of the degradation products appeared after action of 3% H,0O, shown two peaks
(Fig. 6). First peak (at 1.219 min) was not pure. The most intensive peak in extracted ion chromatogram
(EIC) had m/z=318. It corresponded to the sulfoxide (Fig. 7). It is known reaction of sulfoxide formation

from organic compounds of sulfur with valence two by the influence of the H.O, solution [12].
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/\/\Si,/\/N\S/;D
PSSP S

Monoisotopic Mass = 318.054302 Da

Figure 7. Formaton of 3-[(carboxymethyl)sulfinyl]-5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol-1-ium
cation (m/z=318).
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Figure 8. The TIC chromatogram of API degradation products formed by action of 3% H,0O, at 200V
(a). Mass spectrum of peak at 1.217 min (b). EIC chromatogram (c).

When fragmentation voltage was increased till 200 V the ion with the m/z 259 in the mass spectra
of first peak was appeared (Fig.8). The possible structure of this ion is presented at Fig. 9.

NH"—N \ o)
m \ /? e 0, /o \ / N S/!

BN
N CID 200V
[6]
C,H,0,

59.0133 Da

Monoisotopic Mass = 259.040998 Da
C,HgN;O,S
259.0415 Da

Monoisotopic Mass = 318.054302 Da

Figure 9. Transformation of cation with m/z 318 during fragmentation in CID at 200V
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Second peak of the degradation product was at 2.140 min (Fig. 10).

1500000
1000000
500000
0 T T T T =
1 2 3 4 mir|
b Max: 50160 c MSD1 123, EIC=122.7:123.7 (D:\CHEM32_D\DATA\2018_03-271}
80 MSD1 334, EIC=333.7:334.7 (D:\\CHEM32_D\DATA\2018_03-27\}
60 200000
40 o
20 E 100000 i
0 T | —— S —————)
T T T T 0 T T T
500 1000 1500 m/2 2 22 24

Figure 10. The TIC chromatogram of API degradation products formed by action of 3% H.0- at 100V
(a). Mass spectrum of peak at 2.140 min (b).EIC chromatogram (c).

Quazimolecular ion with m/z = 334 correspond to the sulfone which was formed at the second
step oxidation by the H,O- (Fig. 11). It is well-known reaction [12].

NH" NH"
O 0
M XN - M X /
¥ '
Monoisotopic Mass = 334.049217 Da

Figure 11. Formation of 3-[(carboxymethyl)sulfonyl]-5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol-1-ium
cation (m/z=334).

There are two fragment ions present in mass spectra of second peak at 100 V (m/z =278.0 and
m/z=123.2). Possible structure of first ion present at Fig. 12.
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/ \ o] C,H,0,, + 3H

o ,?*J—>23 100V

CZHSOZ
C,HN,0,S 59.0133 Da

275.0365 Da

Monoisotopic Mass = 334.049217 Da
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Monoisotopic Mass = 278.059388 Da

Figure 12. Converting of cation with m/z 344 during fragmentation in CID at 100V to product the cation

with m/z 278.

Reaction formation of the ion with m/z 123 present at Fig.13.
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O=p_
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/ N\ | \ o
S//
0 N il
o
——0
HO
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Monoisotopic Mass = 122.974655 Da

Figure 13. Transformation of cation with m/z 344 during fragmentation in CID at 100V to product the

cation with m/z 123.

The structure determination of API degradation products formed by the influence of UV radiation

on 0.1% solution.

a
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Figure 14. The TIC chromatogram of API degradation products formed by UV radiation (fragmentation
voltage 100V) (a). Mass spectrum of peak (1) at 0.675 min (b). EIC chromatogram (c).
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Figure 15. The TIC chromatogram of API degradation products formed by UV radiation (fragmentation
voltage 150V) (a). Mass spectrum of peak (1) at 0.670 min (b). EIC chromatogram (c).

The first peak was not identified (Fig. 15). The monoisotope mass m/z = 285.2 and m/z = 207.2
in the mass spectrum of the unidentified peak (1) was observed (Fig.14, 15).
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Figure 16. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 150V) (a). Mass spectrum of peak (2) at 1.275 min (b). EIC chromatogram (c).

Sulfoxide was also observed at 150V in API degradation products formed by the action of UV
radiation. The retention time was close to 1.2 (peak 2), m/z 318 (Fig. 16).

There was an impurity that is associated with the cleavage of the furan cycle to form the
corresponding structure with m/z 236.1 (Fig.17). On the second day of irradiation there was a peak of

dimer ion with m/z 471, which confirms that the quasimolecular ion has a mass 236.
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Figure 17. Possible way of degradation of the APl at UV radiation influence with cleavage of the furan
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Figure 18. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 100V) (a). Mass spectrum of peak (3) at 1.616 min (b).EIC chromatogram (c).

Possible structures of the ion with m/z 308 (Fig. 18) ([M+H]*) proposed at Fig. 19. They are
formed as a result of the reduction and opening of furan cycle. The dimeric ion with m/z 615 ([2M+H]*)
was detected in the mass spectrum on the second day of irradiation. The presence of the corresponding

dimer ion confirms that the ion with m/z 308 is a quasimolecular ion.
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Figure 19. Possible API photodegradation pathway with formation of the product with molecular mass
308.1
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Figure 20. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 100V) (a). Mass spectrum of peak (4) at 2.070 min (b).EIC chromatogram (c).

There is also sulfone in products of the photodegradation, the retention time is approximately 2.1,
m/z 334 (Fig.20).
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Figure 21. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 150V) (a). Mass spectrum of peak (5) at 2.478 min (b).EIC chromatogram (c).

An impurity with a retention time approximately 2.5 min and m/z 192 was observed (Fig. 21). It
is the product of the breakaway of the furan cycle, as well as carbon dioxide (decarboxylation) from
protonated 2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol)-3-yl) acetate acid (Fig. 22).

UV

Monoisotopic Mass = 302.059388 Da Monoisotopic Mass = 192.058994 Da

Figure 22. Cleavage of furan cycle and decarboxilation of API

The formation of the thione under the influence of UV radiation was observed. The 5-(furan-2-
yl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione is precursor in the synthesis of API [10, 11]. It was
confirmed by the retention time and m/z. The retention time corresponds to the retention time from
chromatography of the standard solution of the corresponding thione (3.7 min), m/z of quasimolecular

ion equals 244, which corresponds to the molecular weight of the protonated compound (Fig.23, 24).
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Figure 23. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 200V) (a). Mass spectrum of peak (6) at 3.695 min (b).EIC chromatogram (c).
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Figure 24. The 5-(furan-2-yl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione formation.
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Figure 25. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 200V) (a). Mass spectrum of peak (7) at 4.363 min (b). EIC chromatogram (c).
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Figure 26. Formation of decarboxilated sulfone.

Anion with m/z = 290.0 was formed in the ion source ([M+H]"), as well as dimer ion with m/z
579.0 ([2M+H]"), which confirms that the ion with m/z 290 is a quasimolecular ion (Fig. 25). The carbon
dioxide was eliminated, and the sulfur atom was oxidized under the action of UV light to form the
methylsulfone with the monoisotope mass 289.0 (Fig. 26).
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Table 2. Impurities were formed in stressful conditions.

# Compound 3% UV  Retention m/z quasimolecular Monoisotope
H202 time ion molecular weight

0 API 2.8 302 301

1 2-((5-(furan-2-yl)-4-phenyl- +* 4+ 1.2 318 317

4H-1,2,4-triazol-3-
yl)sulfinyl)acetic acid

2 2-((5-(furan-2-yl)-4-phenyl- + + 2.1 334 333
4H-1,2 4-triazol-3-
yl)sulfonyl)acetic acid

4 2-((4-phenyl-4H-1,2,4- S 1.3 236 235
triazol-3-yl)thio)aceticacid
5 2-((5-(1-hydroxybutyl)-4- - + 1.6 308 307

phenyl-4H-1,2,4-triazol-3-
yDthio)acetic acid, 2-((5-(4-
hydroxybutyl)-4-phenyl-4H-
1,2,4-triazol-3-yl)thio)acetic
acid

6 3-(methylthio)-4-phenyl-4H- - + 2.5 192 191
1,2,4-triazole

7  5-(furan-2-yl)-4-phenyl-2,4- - + 3.7 244 243
dihydro-3H-1,2,4-triazole-3-
thione

8 3-(furan-2-yl)-5- - + 4.4 290 289
(methylsulfonyl)-4-phenyl-
4H-1,2 4-triazole

*Substance was found in degradation products
**Substance was absent in degradation products

Influence of the sodium hydroxide, hydrochloride acid, 3% H0O,, temperature, UV radiation on
piperidine 2-((5-(furan-2-yl)-4-phenyl-4H-1,2 4-triazol)-3-yl) acetate substance, 0.1% solution and 1%
solution for injections were studied. Dependence of the quantitative content of the piperidinium 2-((5-
(furan-2-yl)-4-phenyl-4H-1,2,4-triazol)-3-yl) acetate from exposition time was determined. The
composition of degradation products formed under the actionof anoxidizer was established (3%H-0,).
This is sulfoxide and sulfone corresponding to the API. The composition of degradation products which

were formed under the influence of UV radiation was proposed.
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MICROWAVE SYNTHESIS OF NEW 3-(ALKYLTHIO)-5-(THIOPHEN-
2-YLMETHYL)-1,2,4-TRIAZOL-4-AMINES

YENI 3-(ALKILTIYO)-5-(TIYOFEN-2-ILMETIL)-1,2,4-TRIAZOL-4-AMINLERIN
MIKRODALGA SENTEZI

Andrii A. SAFONOV*

Department of Toxicological and Inorganic Chemistry, Zaporizhzhya State Medical University,
Zaporizhzhya, Ukraine

ABSTRACT

Objective: The aim of this work is to synthesize 3-(alkylthio)-5-(thiophen-2-ylmethyl)-1,2,4-triazol-4-
amines by the Milestone Flexi Wave microwave synthesis system and to prove structure synthesized compounds.

Material and Method: The initial compounds 3-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-5-thioles (I1-5)
were synthesized at the Department of Toxicological and Inorganic Chemistry of the Zaporizhzhya State
Medical University (Ukraine). Milestone Flexi Wave microwave synthesis system was used to synthesize 3-
(alkylthio)-5-(thiophen-2-ylmethyl)- 1,2,4-triazol-4-amines. The elemental analysis of synthesized compounds
was established by the universal analyzer Elementar Vario L cube (CHNS). The 'H spectra (at 400 MHz and
100 MHz) were recorded in DMSO-ds on a Varian MR-400 spectrometer and analysed with ADVASP™
Analyzer program. The completeness of the reactions and the individuality of the resulting compounds were
controlled by the gas chromatograph Agilent 7890B with a 5977B mass spectrometry detector.

Result and Discussion: The reaction was carried out in an alcoholic medium by adding a catalytic amount
of HCI to 5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiols. Methyl and i-propyl alcohols were used as
alcohols. The mixture was heated for 45 minutes at a temperature of 150°C, a pressure 14.4 bar, AMW = 200
w.

The signals of 'H NMR for (4a-b, 6a-j) are consented with the proposed structure.

The elemental analysis (CHNS) was accomplished for synthesized compounds to confirm their basic
chemical structures and revealed acceptable agreement with the calculated percentages.

Keywords: 1,2,4-triazole, synthesis, ' H-NMR, gas chromatography, heterocyclic compounds.

0z
Amac: Bu ¢calismanin amaci, Milestone Flexi Wave mikrodalga sentez sistemi ile 3-(alkiltiyo)-5-(tiyofen-2-

ilmetil)-1,2,4-triazol-4-aminlerin sentezlenmesi ve sentezlenen bilesiklerin yapisinin onaylanmasidur.
Gerec ve Yontem: Illk bilesikler 3-(tiyofen-2-ilmetil)-4H-1,2,4-triazol-5-tiyoller (1-5) Zaporizhzhya State

Medical Universite Toksikolojik ve Inorganik Kimya Anabilim Dali'nda sentezlendi (Ukrayna). 3-(alkiltiyo)-5-
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(tiyofen-2-ilmetil)- 1,2,4-triazol-4-aminlerin sentezlenmesi igcin Milestone Flexi Wave mikrodalga sentez sistemi
kullanildi. Sentezlenen bilesiklerin element analizi evrensel analiz Elementar Vario L kiipii (CHNS) tarafindan
yapuldi. 'H spektrumlart (400 MHz ve 100 MHz'de), DMSO-ds'da bir Varian MR-400 spektrometresi iizerinde
kaydedildi ve ADVASP ™ Analyzer programi ile analiz edildi. Reaksiyonlar ve elde edilen bilesikler, bir 5977B
kiitle spektrometre detektorii ile Agilent 7890B gaz kromatografisinde kontrol edildi.

Sonuc¢ ve Tartisma: Reaksiyon, 5-(tiyofen-2-ilmetil)-4H-1,2,4-triazol-3-tiyollere katalitik miktarda HCI
ilave edilerek alkollii bir ortamda gerc¢eklestirildi. Alkol olarak metil ve i-propil alkoller kullanild.

Karisim, 45 dakika boyunca 150°C sicaklikta, 14.4 bar basingta, AMW = 200 W sicaklikta isitildh.

Coéziicii olarak asetik asit kullanildr. (4a-b, 6a-j) i¢in onerilen yapr, 'H NMR sinyalleri ile dogruland:. Temel
kimyasal yapilarimi dogrulamak icin sentezlenen bilesikler iizerinde element analizi (CHNS) yapildi ve
hesaplanan yiizdelerle kabul edilebilir bir uyum sagladigini gosterdi.

Anahtar Kelimeler: 1,2,4-triazol, sentez, 'H-NMR, gaz kromatografisi, heterosiklik bilesikler.

INTRODUCTION

Heterocyclic compounds have become the most attractive class of organic compounds as a result
of the intensive development of science. Studies of the synthetic capabilities of heterocyclic compounds
have increased tenfold over the past ten years [1-3]. This tendency has a reasoned explanation due to
the many special properties of these substances and the progressive development of organic synthetic
chemistry.

1,2,4-Triazoles occupy a worthy place among heterocyclic compounds due to a number of unique
properties [4-6]. High reactivity, low toxicity and certainly high biological activity make this class of
heterocyclic compounds and its derivatives very attractive for comprehensive study.

The search for biologically active compounds among 1,2,4-triazole derivatives is being carried
out by teams of scientists from many countries of the world [7-14]. An interesting fact remains the
attempt of many scientists to combine 1,2,4-triazole with various functional substitutes, which in the
"complex" may be promising for the detection of new types of pharmacological activity. We have
attempted to attach to the 1,2,4-triazole "nuclei" of thiophene, aliphatic and aromatic substituents, each
of which is separately a fragment of molecules of biologically active compounds or drugs. Therefore, in
our opinion, derivatives of 4-R-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazoles may be interesting and
promising in the process of creating new "libraries" of biologically active compounds.

The aim of the work was to synthesize 3-(alkylthio)-5-(thiophen-2-ylmethyl)-1,2,4-triazol-4-
amines by the Milestone Flexi Wave microwave synthesis system and to prove structure synthesized

compounds.

MATERIAL AND METHOD

Chemicals
The initial compounds 3-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-5-thioles (1-5) were
synthesized at the Department of Toxicological and Inorganic Chemistry of the Zaporizhzhya State
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Medical University (Ukraine ) and purified by recrystallization with content of the main component >
98% [15]. The chloride acid (35%), l-propanol (anhydrous, 99,7%) and methanol (99,5%) were
obtained from SIGMA-ALDRICH (Germany).

Equipment

To achieve the purpose, the following devices were used. Milestone Flexi Wave microwave
synthesis system (Milestone Srl, Italy) (technical specifications: rotor SK-15, minimum volume - 10 ml,
maximum volume - 100 ml, maximum temperature - 300 © C, maximum working pressure - 100 bar,
maximum shutter speed 220 °C - 30 min).

The melting point is defined by the open capillary method on the OptiMelt MPA 100 device with
platinum RTD sensor and temperature measurements to 400°C with 0.1°C resolution (US production).

The elemental analysis of synthesized compounds was established by the universal analyzer
Elementar Vario L cube (CHNS) (standard - sulfanilamide) (Analysensysteme GmbH, Germany).

The 'H spectra (at 400 MHz and 100 MHz) were recorded in DMSO-¢ on a Varian MR-400
spectrometer and analysed with ADVASP™ Analyzer program (Umatek International Inc.); chemical
shifts are reported in ppm (J scale) down field with residual protons of the solvent (DMSO-ds , 6 =2.49
ppm) as internal standard.

The completeness of the reactions and the individuality of the resulting compounds were
controlled by the gas chromatograph Agilent 7890B with a 5977B mass spectrometry detector (US
production). The column is DB-5ms 30 m x 250 pm x 0.25 um with length. The gas-carrier speed
(helium) is 1.6 ml / min. Injection volume - 0.5 pl. Separation of the flow is 1:50. The temperature of
the sampling unit is 230 ° C — 12 ° C /s — 275 ° C. Thermostat temperature: programmable, 240 ° C
(1 minute delay) — 5 ° C/ min — 280 ° C. (delay 1 min.). The total time of examination is 10 min.
Temperature of interface GS/MS - 280 °C; ion sources - 230 °C; quadrupole mass analyzer - 150 °C.
Type of ionization: EI with an electron energy of 70 eV. The range of mass numbers that was scanned:

30-500 m /z.

RESULT AND DISCUSSION

As starting materials were used 4-R-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiols (1, 5)
which were synthesized and described by us earlier [15]. The reaction was carried out in an alcoholic
medium by adding a catalytic amount of HCI to 4-R-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiols.

Methyl and i-propyl alcohols were used as alcohols.
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Scheme 1: Synthesis of 3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amines (4a-4b) and
N-(2-methoxybenzylidene)-3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amines (6a-6;)

To achieve better results, a change in temperature and reaction time was used. The reaction was

carried out for 60 minutes (the temperature of the reaction mixture was 110° C), the second series of 50

minutes (temperature of the reaction mixture of 130° C), the third series of 45 minutes (temperature of

the reaction mixture 150 © C). The most technologically optimal method was chosen whereby

quantitative outputs were highest.

The mixture was heated for 45 minutes at a temperature of 150 ° C, a pressure 14.4 bar, AMW =

200 W (Figure 1).
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Figure 1. Microwave synthesis of N-R-3-(alkylthio)-5-(thiophen-2-ylmethyl)-1,2,4-triazol-4-amines

The completeness of the reaction was determined using a gas chromatograph Agilent 7890B with
a mass spectrometric detector 5977B.

Analyzing the GS/MS chromatogram in the MS spectrum there is a molecular peak with a value
of 226.0 (m/z), which corresponds to the calculated theoretical value of 3-(methylthio)-5-(thiophen-2-
ylmethyl)-4H-1,2,4-triazol-4-amine (4a) (Figure 2)

%10 5 |Cpd B: 6.452: + Scan (rt: 6.441-6.472 min, 4 scans) 20190313_ASP-151_M.D Subtract

251 226.0

14 210.0

0.5 970

J 151.0 1931 I
0 JJ.I. ...j.hll L Jllu L L.II |l " | .

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge {m/z)

e

Figure 2. Mass spectrum of 3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amine (4a)

In the MS spectrum (Figure 3) there is a molecular peak with a value of 330.1 (m/z), which
corresponds to the calculated theoretical value of 2-(((3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazol-4-yl)imino)methyl)phenol (6b).
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Figure 3. Mass spectrum (left) and '"HNMR spectrum (right) of 2-(((3-(methylthio)-5-(thiophen-2-
ylmethyl)-4H-1,2,4-triazol-4-yl)imino)methyl)phenol (6b)

3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amine (4a)

Bright brown powder; yield 89.9%; m.p. 132-134°C ; 'HNMR (400 MHz, DMSO-d6, 5=ppm):
7.32 (1H, d, thiophen-H); 6.86 (1H, t, thiophen-H); 6.68 (1H, d, thiophen-H); 5,82 (2H, S, NH>); 3.79
(2H, s, CH»); 2.51 (3H, s, CH3); CHNS elemental analysis Calcd. for (CsHioN4S,) : found C% 43.60,
H% 4.41, N% 24.68, S% 28.36; calculated C% 43.46, H% 4.45, N% 24.76, S% 28.34. MS (EI) m/z (rel.
intensity): 226 (M", 100).

3-(isopropylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amine (4b)

Bright yellow powder; yield 87.8%; m.p. 130-132°C ; '"THNMR (400 MHz, DMSO-d6, 5=ppm):
7.38 (1H, d, thiophen-H); 6.81 (1H, t, thiophen-H); 6.69 (1H, d, thiophen-H); 5,80 (2H, S, NH>); 3.82
(2H, s, CH»); 2.90 (1H, m, CH); 1.23 (6H, d, 2CH3); CHNS elemental analysis Calcd. for (CioH14N4S>)
: found C% 47.40, H% 5.54, N% 22.07, S% 25.24; calculated C% 47.22, H% 5.55, N% 22.03, S%
25.21. MS (EI) m/z (rel. intensity): 254 (M", 100).

3-(methylthio)-N-(1-phenylethylidene)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amine (6a)

Yellow powder; yield 86.7%; m.p. 118-120°C ; 'HNMR (400 MHz, DMSO-d6, 5=ppm): 7.98(2H,
d, Ar-H); 7.61(3H, m, Ar-H); 7.42 (1H, d, thiophen-H); 6.76 (1H, t, thiophen-H); 6.68 (1H, d, thiophen-
H); 3.80 (2H, s, CH); 2.51 (3H, s, CHs); 1.64 (3H, s, CH3); CHNS elemental analysis Calcd. for
(Ci6H16N4Sy) : found C% 58.49, H% 4.93, N% 17.10, S% 19.48; calculated C% 58.51, H% 4.91, N%
17.06, S% 19.52. MS (EI) m/z (rel. intensity): 328 (M", 100).

2-(((3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-yl)imino)methyl)phenol (6b)
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Bright orange powder; yield 86.5%; m.p. 200-202°C ; '"HNMR (400 MHz, DMSO-d6, 5=ppm):
9.56 (1H, s, CH); 7.64 (1H, d, Ar-H); 7.49 (1H, t, Ar-H); 7.38 (1H, d, thiophen-H); 7.02 (2H, d, Ar-H);
6.76 (1H, t, thiophen-H); 6.68 (1H, d, thiophen-H); 5.31(1H, s, OH); 3.82 (2H, s, CH»); 2.54 (3H, s,
CH3); CHNS elemental analysis Caled. for (CisHi4N4OS>) : found C% 54.41, H% 4.29, N% 16.99, S%
19.42; calculated C% 54.52, H% 4.27, N% 16.96, S% 19.41. MS (EI) m/z (rel. intensity): 330 (M", 100).

N-(4-methoxybenzylidene)-3-(methylthio)-5-(thiophen-2-ylmethyl)-4H- 1,2,4-triazol-4-amine
(6¢)

Yellow powder; yield 89.1%; m.p. 180-182°C ; 'HNMR (400 MHz, DMSO-d6, d=ppm): 9.96
(1H, s, CH); 7.86 (2H, d, Ar-H); 7.39 (1H, d, thiophen-H); 7.08 (2H, d, Ar-H); 6.79 (1H, t, thiophen-
H); 6.65 (1H, d, thiophen-H); 3.96 (3H, s, CH3); 3.81 (2H, s, CH,); 2.55 (3H, s, CH3); CHNS elemental
analysis Calcd. for (CisH16N4OS;) : found C% 55.86, H% 4.70, N% 16.29, S% 18.58; calculated C%
55.79, H% 4.68, N% 16.27, S% 18.62. MS (EI) m/z (rel. intensity): 344 (M", 100).

N-(3,4-difluorobenzylidene)-3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amine
(6d)

Bright yellow powder; yield 90.4%; m.p. 168-170°C ; "THNMR (400 MHz, DMSO-d6, §=ppm):
9.98 (1H, s, CH); 7.82 (1H, m, Ar-H); 7.54 (1H, m, Ar-H); 7.39 (1H, d, thiophen-H); 7.30 (1H, m, Ar-
H); 6.79 (1H, t, thiophen-H); 6.64 (1H, d, thiophen-H); 3.80 (2H, s, CH»); 2.51 (3H, s, CH3); CHNS
elemental analysis Calcd. for (CisHi2FoN4S») @ found C% 51.23, H% 3.44, N% 15.96, S% 18.32;
calculated C% 51.41, H% 3.45, N% 15.99, S% 18.30. MS (EI) m/z (rel. intensity): 350 (M", 100).

N-(2-chloro-6-fluorobenzylidene)-3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-
amine (6e)

Brown powder; yield 86.7%; m.p. 149-151°C ; 'THNMR (400 MHz, DMSO-d6, 6=ppm): 9.54
(1H, s, CH); 7.48 (1H, m, Ar-H); 7.39 (1H, d, thiophen-H); 7.24 (2H, m, Ar-H); 6.76 (1H, t, thiophen-
H); 6.64 (1H, d, thiophen-H); 3.78 (2H, s, CH»); 2.57 (3H, s, CH3); CHNS elemental analysis Calcd. for
(CisH12CIFN4S;) @ found C% 49.02, H% 3.32, N% 15.28, S% 17.44; calculated C% 49.11, H% 3.30,
N% 15.27, S% 17.48. MS (EI) m/z (rel. intensity): 366 (M", 100).

3-(isopropylthio)-N-(1-phenylethylidene)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amine (6f)

Bright yellow powder; yield 91.3%; m.p. 126-128°C ; 'THNMR (400 MHz, DMSO-d6, d=ppm):
7.91(2H, d, Ar-H); 7.56(3H, m, Ar-H); 7.40 (1H, d, thiophen-H); 6.78 (1H, t, thiophen-H); 6.64 (1H, d,
thiophen-H); 3.80 (2H, s, CH»); 2.89 (1H, m, CH); 1.84 (3H, s, CH3); 1.24 (6H, d, CH3); CHNS
elemental analysis Calcd. for (CisH20N4S») : found C% 49.02, H% 3.32, N% 15.28, S% 17.44; calculated
C% 49.11, H% 3.30, N% 15.27, S% 17.48. MS (EI) m/z (rel. intensity): 356 (M", 100).

2-(((3-(isopropylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-yl)imino)methyl)phenol (6g)

Bright brown powder; yield 88.9%; m.p. 154-156°C ; '"HNMR (400 MHz, DMSO-d6, §=ppm):
9.54 (1H, s, CH); 7.61 (1H, d, Ar-H); 7.50 (1H, t, Ar-H); 7.39 (1H, d, thiophen-H); 7.04 (2H, d, Ar-H);
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6.74 (1H, t, thiophen-H); 6.63 (1H, d, thiophen-H); 5.30(1H, s, OH); 3.84 (2H, s, CH); 2.88 (1H, m,
CH); 1.24 (6H, d, CH3); CHNS elemental analysis Calcd. for (Ci7HisN4+OS>) : found C% 56.91, H%
5.07, N% 15.65, S% 17.92; calculated C% 56.96, H% 5.06, N% 15.63, S% 17.89. MS (EI) m/z (rel.
intensity): 358 (M", 100).

3-(isopropylthio)-N-(4-methoxybenzylidene)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amine
(6h)

Yellow powder; yield 89.9%; m.p. 183-185°C ; 'HNMR (400 MHz, DMSO-d6, =ppm): 9.97
(1H, s, CH); 7.85 (2H, d, Ar-H); 7.39 (1H, d, thiophen-H); 7.04 (2H, d, Ar-H); 6.78 (1H, t, thiophen-
H); 6.69 (1H, d, thiophen-H); 3.84 (3H, s, CH3); 3.81 (2H, s, CH); 2.88 (1H, m, CH); 1.24 (6H, d, CH3);
CHNS elemental analysis Calcd. for (Cig8H20N40S:) : found C% 57.14, H% 5.44, N% 15.08, S% 17.24;
calculated C% 57.08, H% 5.41, N% 15.04, S% 17.22. MS (EI) m/z (rel. intensity): 358 (M", 100).

N-(3,4-difluorobenzylidene)-3-(isopropylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-
amine (6i)

Bright yellow powder; yield 93.5%; m.p. 205-207°C ; "THNMR (400 MHz, DMSO-d6, §=ppm):
10.01 (1H, s, CH); 7.81 (1H, m, Ar-H); 7.50 (1H, m, Ar-H); 7.36 (1H, d, thiophen-H); 7.30 (1H, m, Ar-
H); 6.74 (1H, t, thiophen-H); 6.63 (1H, d, thiophen-H); 3.82 (2H, s, CH»); 2.89 (1H, m, CH); 1.24 (6H,
d, CHs); CHNS elemental analysis Calcd. for (Ci7Hi6F2N4S>) : found C% 53.86, H% 4.27, N% 14.81,
S% 16.95; calculated C% 53.95, H% 4.26, N% 14.80, S% 16.94. MS (EI) m/z (rel. intensity): 378 (M,
100).

N-(2-chloro-6-fluorobenzylidene)-3-(isopropylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-
amine (6j)
Orange powder; yield 91.2%; m.p. 217-219°C ; '"HNMR (400 MHz, DMSO-d6, §=ppm): 9.55 (1H, s,
CH); 7.49 (1H, m, Ar-H); 7.36 (1H, d, thiophen-H); 7.21 (2H, m, Ar-H); 6.75 (1H, t, thiophen-H); 6.64
(1H, d, thiophen-H); 3.79 (2H, s, CH>); 2.88 (1H, m, CH); 1.22 (6H, d, CH3); CHNS elemental analysis
Calcd. for (Ci7Hi6CIFN4S,) : found C% 51.61, H% 4.09, N% 14.20, S% 16.27; calculated C% 51.70,
H% 4.08, N% 14.19, S% 16.24. MS (EI) m/z (rel. intensity): 394 (M", 100).

In conclusion, the novel 3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amines (4a-
4b) and N-(2-methoxybenzylidene)-3-(methylthio)-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-4-amines
(6a-6j) were synthesized and characterized. The structure of synthesized compounds is confirmed using

Elemental analysis (CHNS), 'HNMR and Chromatographic mass spectral analysis.
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Amac: Bu derleme ¢alismasi, Rosaceae familyasina ait Amelanchier cinsine ait bitkiler tizerinde diinya
genelinde yapilan etnobotanik, fitokimyasal ve biyolojik aktivite ¢alismalarinin derlenmesini kapsamaktadur.
Tiirkiye'de de 4 takson ile temsil edilen bu cins iizerinde daha sonra yapilacak c¢alismalar icin katk
saglanmasi hedeflenmistir.

Gerec¢ ve Yontem: /998 ve 2018 yillari arasinda periyodik olarak yayinlanan basili ve elektronik
dergiler taranmustir.

Sonuc¢ ve Tartisma: Etnobotanik veriler Amelanchier cinsinin diinya genelinde yaygin kullaniminin
olmadigini gostermistir. Amelanchier cinsi tizerinde yapilan fitokimyasal ve in vitro biyoaktivite ¢calismalari,
A. canadensis, A. arborea, A. ovalis ve A. alnifolia’min meyveleri iizerinde yogunlasmustir. Meyvelerin
flavonoid, karotenoid ve siyanogenetik glikozit yapisinda bilesikleri tasidigi tespit edilmistir. Meyvelerinin
yiiksek fenolik madde igerigi nedeniyle biyolojik aktivite ¢alismalarimin antioksidan etki iizerinde
yogunlastigi goriilmiistiir.

Anahtar Kelimeler: Amelanchier, Rosaceae, Farmasétik Botanik, Derleme

ABSTRACT

Objective: This review includes the compilation of ethnobotany, phytochemical and biological activity
studies on the plants of the genus Amelanchier of the Rosaceae family. This genus is represented by four taxa
in Turkey, this study is purposed to contribute to further studies.

Material and Method: /998-2018 periodically published academic journals of international indexes
(PubMed) were scanned.
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Result and Discussion: Ethnobotanical data showed that the genus Amelanchier was not widely used
worldwide. Phytochemical and in vitro bioactivity studies were concentrated on the fruits of A. canadensis,
A. arborea, A. ovalis and A. alnifolia. The fruits contain flavonoid, carotenoid and cyanogenic glycoside.
Fruits contain phenolic substance, so studies of biological activity are concentrated on antioxidant effect.

Keywords: Amelanchier, Rosaceae, Pharmaceutical Botany, Review

GIRIS

Odunsu agaclar, ¢alilar, tirmanici ve otsu bitkileri iceren Rosaceae Jussieu familyasinin diinyanin
her yerine yayilan iiyeleri, en fazla gelismeyi kuzey yarim kiirenin iliman bdlgelerinden subtropikal
bolgeye kadar olan kisimda gosterir. Diinya genelinde 100 cins ve 2000 civarinda tiirii barindiran
familya [1,2], Tiirkiye’de 37 cins ve 297 tiire sahiptir, ayrica 58 endemik tiir ile % 24’liik endemizm
oranina ulasir, bununla birlikte odunlu tiirler bakimimdan 218 takson ile iilkemizdeki en zengin
familyadir [3].

Amelanchier Medik. yaprak doken, dallanmayan ¢alilar ya da kii¢lik agaclardan olusur. Yapraklar
basit, sapli. Stipula ipliksi, diisiicii. Cicekler beyaz, uglarda salkim durumunda, nadiren tek basina.
Hipantiyum ¢an seklinde ve meyve doneminde kalici 5 tane iiggen sepal tasir. Petaller dar, obovattan
oblanseolata kadar farkli sekillerde. Stamen sayis1 10-20. Ovaryum kismen alt durumlu; 5 karpelli,
birlesik ya da kismen birlesmis, meyve doneminde kikirdaksi bir ¢eper olusturur. Stilus 2-5. Meyve
mavimsi ya da siyahimsi, 4-10 gozli, iizlimsii, sulu ve tath, kiiglik bir pomdur [4].

Amelanchier cinsinde hibritlesme yaygin olarak goriilmektedir. Avrupa ve Kuzey Amerika'da
insan etkisiyle Amelanchier cinsinde kapsamli hibritlesme ve ardindan morfolojik karmasikligin
gelistigini diistindiirmektedir. Hibritlesme, bitki yetistiriciliginde, arzu edilen 6zellikleri ekili ve hatta
yabani tiirden bagka bir ekili tiire kaydirmak i¢in ¢ok oOnemlidir. Volkanizma ve erozyondan
kaynaklanan dogal etkiler de hibritlesmeyi desteklemistir [5].

Cinse ait diinya genelinde gecerliligi kabul edilmis 37 takson kayithdir (Tablo 1) [6].

Tablo 1. Amelanchier cinsine ait diinya genelinde gecerliligi kabul edilmis taksonlar

1. Amelanchier alnifolia (Nutt.) Nutt. ex M.Roem.

2. A. alnifolia var. humptulipensis (G.N.Jones) C.L.Hitchc.

3. A. alnifolia var. semi-integrifolia (Hook.) C.L.Hitchc.

4. A. arborea (F. Michx.) Fernald

5. A. arborea var. alabamensis (Britton) G.N.Jones

6. A. arborea var. austromontana (Ashe) H.E.Ahles

7. A. arborea f. nuda (E.J. Palmer & Steyerm.) Rehder
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8. A. asiatica (Siebold & Zucc.) Endl. ex Walp.
9. A. australis Stand]l.

10. | A. bakeri Greene

11. | A. bartramiana (Tausch) M.Roem.

12. | A. canadensis (L.) Medik.

13. | 4. covillei Standl.

14. | A. cretica (Willd.) DC.

15. | A. cusickii Fernald

16. | Amelanchier x grandiflora Rehder

17. | A. interior E.L Nielsen

18. | Amelanchier X intermedia Spach

19. | A. laevis Wiegand

20. | A. lamarckii F.G.Schroed.

21. | Amelanchier x neglecta Eggl. ex G.N.Jones
22. | A. obovalis (Michx.) Ashe

23. | A. ovalis Medik.

24, | A. pallida Greene

25. | A. parviflora Boiss.

26. | A. pumila (Nutt. ex Torr. & A.Gray) M.Roem.
27. | Amelanchier x quinti-martii Louis-Marie
28. | A. sanguinea (Pursh) DC.

29. | A. sanguinea var. gaspensis Wiegand

30. | A. sanguinea var. grandiflora (Wiegand) Rehder
31. | A. sinica (C.K. Schneid.) Chun

32. | A. spicata (Lam.) K.Koch

33. | A. stolonifera Wiegand
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34. | A. stolonifera f. micropetala (B.L. Rob.) Rehder

35. | A. turkestanica Litv.

36. | A. utahensis Koehne

37. | A. utahensis var. covillei (Standl.) N.-H.Holmgren

Cins, Tiirkiye Florasi’nda Amelanchier rotundifolia (Lam.) Dum.-Courset subsp. rotundifolia, A.
rotundifolia (Lam.) Dum.-Courset subsp. integrifolia (Boiss. & Hohen.) Browicz, 4. parviflora Boiss.
var. parviflora, A. parviflora Boiss. var. dentata Browicz olmak iizere dort taksonla temsil edilir (Tablo
2) [4]. A. rotundifolia subsp. integrifolia, A. ovalis Medik. subsp. integrifolia (Boiss. & Hohen.)
Bornm.’nin, 4. rotundifolia subsp. rotundifolia ise A. ovalis Medik. subsp. ovalis’in sinonimi olarak

kabul edilmektedir [7].

Tablo 2. Amelanchier cinsine ait Tiirkiye Florasi’nda kayitl taksonlar [4].

1. | Amelanchier rotundifolia (Lam.) Dum.-Courset subsp. rotundifolia

2. | A. rotundifolia (Lam.) Dum.-Courset subsp. integrifolia (Boiss. & Hohen.) Browicz

3. | A. parviflora Boiss. var. parviflora

4. | A. parviflora Boiss. var. dentata Browicz

Amelanchier tirleri yiiksek don direnci ve meyvelerinin gekici olmasi agisindan dekoratif olarak
Kanada ve Iskandinav iilkelerinde yaygin olarak bahge siislemesinde kullanilmaktadir [8]. Amelanchier
wiegandii E.L. Nielsen ve Amelanchier x spicata (Lam.) K. Koch {ilkemizde peyzaj diizenlemelerinde

kullanilan tiirlerdir [9].

Amelanchier cinsi hibritlesmeye yatkin olmasi nedeniyle sistematik olarak sorunludur. Ayrica
iiyelerinin diinya genelinde yaygin bir kullanimi olmamasina kargin bazi tiirlerinin yogun olarak
geleneksel tedavide kullanilmasi, hem sistematik hem de eczacilik agisindan ilgingtir. Tiirkiye’de dort
takson ile temsil edilen bu cinsin, liyeleri iizerinde yapilacak diger ¢alismalara bir temel olusturabilmesi

amaciyla bu cins {izerinde yapilan kimyasal ve biyolojik etki ¢alismalarinin derlenmesi amaglanmistir.

GEREC VE YONTEM

Bu ¢aligmada Rosaceae familyasinin Amelanchier cinsinde yer alan tiirlerinin diinya genelinde ve

iilkemizde halk arasinda geleneksel kullanimi, fitokimyas1 ve biyolojik aktiviteleri {izerinde yapilan
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caligmalar derlenmistir. Bu amag ¢ergevesinde cins, periyodik olarak yayinlanan basili ve elektronik
dergiler, Ankara Universitesi e-kiitiiphanesi, Google Books ve Google akademik veri tabanlari ile
uluslararasi indeksler (PubMed) araciligiyla, 1998 ve 2018 yillar1 arasinda Tiirkge, Ingilizce ve Almanca

dillerinde taranmistir.

SONUC VE TARTISMA

Botanik Calismalar

Tiirkiye’de yetisen Amelanchier taksonlan (Amelanchier ovalis Medik. subsp. ovalis, A. ovalis
Medik. subsp. integrifolia (Boiss. & Hohen.) Bornm., 4. parviflora Boiss. var. parviflora, A. parviflora
Boiss. var. dentata Browicz) lizerinde yapilan odun anatomisi ¢calismasinda, trakelerde az belirgin spiral
kalinlagsma ve enine kesitlerinde koseli yap1 gozlenmistir. Ayrica enine kesitte 6z kollarinin varligi tespit
edilmistir. Bunun yaninda incelenen tiim 6rneklerde parankima hiicrelerinde kristallere rastlanmistir,
fakat A. ovalis subsp. ovalis taksonunda, kristallerin diger tiirlere nazaran ¢ok daha yogun oldugu

belirtilmistir [10].

Geleneksel Kullanimi

Amerika’nin kuzeyinde Amelanchier alnifolia (Nutt.) Nutt. ex M. Roem. kabuklar1 miishil,
yumusatici, ates diistiriicii, gebeligi onleyici, tonik olarak; dekoksiyon seklinde mide rahatsizliklarinda;
dallarin dekoksiyonu soguk alginligi; meyvelerinin dekoksiyonu kulak ve mide rahatsizliklarinda [11],
meyvelerinin infiizyonu mide agrist ve karaciger rahatsizliklarinda; olgun meyvelerinin suyu goz
kizarikliklar1 ve géze kacan yabanci maddeleri temizlemek igin kullanilir, ayrica besleyici bir Kuzey
Amerika yemegi olan “Pemmican” yapiminda A4. alnifolia’nin meyveleri kurutulmus et ve yag ile
karnigtirilarak kullanilir, yine bu meyvelerden ¢orba da hazirlanir [12]; bitkinin kdkleri dekoksiyon
seklinde Oksiiriik, gogiis agrilar ve akciger enfeksiyonu tedavisinde, ayrica dini riitiiellerde ve biiyii
yapmak i¢in, A. alnifolia (Nutt.) Nutt. ex M. Roem. var. semiintegrifolia (Hook.) C. L. Hitchc.’nin
kabuklar1 dekoksiyon seklinde belsoguklugu tedavisinde kullanilir [11]. 4. arborea (F. Michx.) Fernald
ve A. arborea (F. Michx.) Fernald var. arborea kabuklar1 tonik, antidiyareyik, antihelmintik olarak
ayrica belsoguklugu tedavisi ve dogum sonrasi kadin hastaliklarinda; 4. canadensis (L.) Medik.
kabuklar1 antihelmintik, astrenjan, dezenfektan olarak; kokleri dekoksiyon seklinde dizanteri, kadin
hastaliklar1 tedavisinde ve diisiik 6nleyici olarak, Georgia Eyaleti’nde 4. canadensis’in meyveleri gida
olarak kullamlmaktadir [13]; A. humilis Wiegand kokleri tonik olarak; A. laevis Wiegand kabuklarinin
inflizyonu hamile kadinlar i¢in; A. pallida Greene kdkleri dekoksiyon seklinde kadin hastaliklar1 ve dini
ritliellerde; A. stolonifera Wiegand kok kabuklan tonik olarak; A. utahensis Koehne var. utahensis
yapraklar1 emetik olarak ayrica bitki dogum ve dogum sonrasi kadin hastaliklarinin tedavisinde, dini

ritliellerde ve biiyii yapmada halk arasinda geleneksel olarak kullanilmaktadir [11].
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Kanada’da yerel halk 4. alnifolia meyve suyunu laksatif olarak, ayrica mide, gz ve kulak
rahatsizliklarinda, koklerinin infiizyonunu diigiik nlemede, dallar1 ve govdesi infiizyon seklinde dogum
sonrasinda kadinlarm banyo suyuna katarak tonik olarak kullanmaktadir. Yine bu bitkinin meyveleri
mor renkli boya elde etmek amaciyla da kullanilir [14].

Ispanya (Pireneler, Katalonya, Iber yarimadasi)’da 4. ovalis’in herba ve gigekleri infiizyon
seklinde, dahilen korliikk tedavisinde [15], sadece herbasi ise aymi sekilde nezle tedavisinde [16]
geleneksel olarak kullanilmaktadir.

Italya (Kuzeybat1 Alpler)’da A. ovalis meyveleri gida olarak tiiketilmektedir [17].

Tiirkiye’de, Amelanchier parviflora Boiss. var. dentata Browicz’m dallar1 dekoksiyon seklinde

Acipayam-Denizli’de ditiretik olarak kullanilmaktadir [18].

Fitokimyasal Calismalar

Amelanchier canadensis meyvelerinin etil asetat ekstresinin kloroform fraksiyonundan 1,3-
dilinoleoyl 2-olein ve 1,3-dioleoyl 2-linolein; metanol ekstresinden 5-hidroksimetil-2-furfural, 5-
(sorbitoloksimetil)-furan-2-karboksaldehit, 5-(mannitoloksimetil)-furan-2-karboksaldehit, ve 5-(a-D-
glukopiranosiloksimetil) furan-2- karboksaldehit izole edilmistir. Ayrica 4. arborea (F. Michx.) Fernald
meyvelerinin etilasetat ekstresinden oleanolik asit, ursolik asit, kemferol-3-O-a-L-ramnopiranosil
(1—2) ramnopiranosit ve kemferol-3-O-a-L-ramnopiranosit izole edilip yapist aydinlatilmistir [19].

A. alnifolia’nin meyveleri ile yapilan YPSK analizinde siyanidin-3-galaktozit, siyanidin-3-
glukozit, siyanidin-3-arabinozit, siyanidin-3-ksilozit, kersetin 3-O-arabinoglukozit, kersetin 3-O-
rutinozit, kersetin 3-O-galaktozit, kersetin 3-O-glukozit, kersetin 3-O-ksilozit, kersetin 3-O-arabinozit,
kersetin 3-O-robinobiyozit, 5-O-kafeoyilkinik asit ve 3-O- kafeoyilkinik asit tespit edilmistir [20].

A. alnifolia’nin 17 farkli varyetesinin (Success, Lee 3, Martin, Parkhill, Forestburg, Lee 8, Lee 2,
Pembina, Honeywood, Northline, Thiessen, Pasture, Nelson, Pearson, Quaker, Smokey ve Regent)
meyveleri lizerinde yapilan HPLC-ESI-MS/MS analizinde antosiyaninlerden siyanidin-3-galaktozit,
siyanidin-3-glukozit, siyanidin-3-arabinozit ve siyanidin-3-ksilozit; hidroksisinnamik asitlerden 5-O-
kafeoyilkinik asit, 3-O- kafeoyilkinik asit, dikafeoyilkinik asit; flavonollerden ise kersetin-3-galaktozit,
kersetin-3- glukozit, kersetin-3-visianozit, kersetin-3-robinobiyozit, kersetin-3-arabinozit ve kersetin-3-
ksilozit tespit edilmistir [21].

A. alnifolia’nin 6 farkli (Honeywood, Northline, Smoky AB, Smoky MB, Martin, Thiessen)
kiiltiiriintin meyveleri {izerinde karotenoid (lutein, zeaksantin, S-karoten) ve siyanogenetik glukozit
(amigdalin, prunasin) seviyeleri, meyvelerin olgunlagsma evrelerine (yesil, kirmizi, kirmizi-pembe,
pembe) gore YPSK analizi ile ¢alisilmistir. Buna gore lutein miktar1 Smoky AB-yesil’de (14.63 mg/kg
FW), zeaksantin Honeywood-yesil’de (0.77 mg/kg FW), f-karoten Smoky AB-yesil’de (3.03 mg/kg
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FW), amigdalin Smoky MB-pembe’de (129.2 mg/kg FW) ve prunasin Smoky AB-yesil’de (30.39 mg/kg
FW) en yiiksek miktarda tespit edilmistir [22].

A. alnifolia’nm meyvelerinden elde edilen etanol ekstresinin YPSK analizinde siyanidin-3-
galaktozit, siyanidin-3-glukozit, siyanidin-3-arabinozit ve siyanidin-3-ksilozit tespit edilmistir [23,24].

A. canadensis taze meyvelerinin suyu ile yapilan YPSK analizinde polifenolik yapida kafeik,
klorojenik, kumarik, ferulik asitler ile hiperozit, izokersitrin, kersetin, kersitrin, rutin, elajik asit, gallik
asit, katesin, epikatesin, kastalagin ve veskalagin maddeleri tespit edilmistir [25].

Amelanchier alnifolia meyve, yaprak ve dallarindan hazirlanan etanol:su:asetik asit (70:30:1)
ekstrelerinin total fenol icerigi incelenmistir. 4. alnifolia meyvelerinin total fenolik igeriginin % 50’sini
fenolik asitlerin, % 40’11 antosiyaninlerin olusturdugu belirtilmistir. Fenolik asitlerden kafeoyil gliserik
asit 129 mg/100 g, 3-O-kafeoyil kinik asit 113 mg/100 g miktarinda oldugu tespit edilmistir. Bu
calismanin verilerine gore siyanidin glikozitleri (3-O-galaktozit, 3-O-glukozit, 3-O-arabinozit, 3-O-
ksilozit) ana antosiyaninlerdir (222 mg/100 g). Flavonol glikozitlerinin total fenol igeriginin % 10 unu
olusturdugu (56 mg/100 g) ve en yiiksek miktarda kersetin 3-O-galaktozitin bulundugu belirtilmistir.
Bunun yaninda yapraklarin total fenol igerigi 1500 mg/100 g, dallarin ise 500 mg/100 g miktarinda
hesaplanmigtir. UPLC-DAD-ESI-MS yardimiyla, meyve ekstrelerinde 5-O-kafeoyilkinik asit, 3-O-
kafeoyilkinik asit, dikafeoyilkinik asit, kafeoyilmalik asit, kafeoyilgliserik asit, kersetin-
arabinoglukozit, kersetin 3-O-rutinozit, kersetin 3-O-galaktozit, kersetin 3-O-glukozit, kersetin 3-O-
ksilozit, kersetin 3-O-arabinozit, kersetin 3-O-arabinofuranozit, kersetin 3-O-(6"-malonil)-glukozit,
kersetin, syanidin 3-O-galaktozit, syanidin 3-O-glukozit, syanidin 3-O-arabinozit, syanidin 3-O-
ksilozit, yaprak ekstrelerinde (-)-epikatesin, 5-O-kafeoyilkinik asit, 3-O- kafeoyilkinik asit,
dikafeoyilkinik asit, kafeoyilmalik asit, kersetin-arabinoglukozit, kersetin 3-O-galaktozit, kersetin 3-O-
glukozit, kersetin 3-O-ksilozit, kersetin 3-O-arabinozit, kersetin 3-O-arabinofuranozit, kersetin 3-O-(6'-
malonil)-glukozit, kemferol 3-O-glukozit, dal ekstrelerinde ise (+)-katesin, (-)-epikatesin, 5-O-
kafeoyilkinik asit, 3-O- kafeoyilkinik asit, kersetin-arabinoglukozit, kersetin 3-O-rutinozit, kersetin 3-
O-galaktozit, kersetin 3-O-glukozit, kersetin 3-O-ksilozit, kersetin 3-O-arabinozit, kersetin 3-O-(6'-
malonil)-glukozit, isoramnetin 3-O-rutinozit, isoramnetin 3-O- galaktozit, kemferol 3-O-rutinozit,

eriyodiktiyol 7-O- glukozit tespit edilmistir [26].

Biyolojik Etki Calismalari
In Vitro Calismalar
Antioksidan Etki
Amelanchier alnifolia’nin kiiltlire alinan 2 varyetesi (Thiessen ve Smokey) ile yapilan antioksidan
kapasite ¢alismasinda, meyvelerin % 80 etanol ekstresinden elde edilen eter, etil asetat, n-butanol ve su

fraksiyonlar1 kullamilmigtir. DPPH, ABTS ve demir indirgeme kapasitesi testlerinde Thiessen ve
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Smokey meyvelerine ait fraksiyonlari % inhibisyon degerleri Thiessen’da sirasiyla 10.9, 25.6, 29.1,
19.2; 8.8, 23.7, 31.7, 18.0; 9.5, 23.6, 26.7, 21.2, Smokey’de ise 8.3, 21.5, 30.8, 15.2; 10.8, 24.5, 32.5,
16.6; 11.7,22.3, 27.9, 21.9 olarak bulunmustur [27].

Amelanchier canadensis meyvesinden hazirlanan metanol, etil asetat ekstresi ve meyve suyu ile
A. arborea meyvelerinden hazirlanan metanol, etil asetat, hekzan ekstreleri ve bu bitkilerin
meyvelerinden izole edilen (1,3-dilinoleoyil 2-olein (1), 1,3-dioleoyil 2-linolein (2), 5-hidroksimetil-2-
furfural (3), 5-(sorbitoloksimetil)-furan-2-karboksaldehit (4), 5-(mannitoloksimetil)-furan-2-
karboksaldehit (5), 5-(a-D-glukopiranosiloksimetil)furan-2-karboksaldehit (6), oleanolik asit (7),
ursolik asit (8), kemferol-3-O-a-L-ramnopiranosil (1—2) ramnopiranozit (9), kemferol-3-O-a-L-
ramnopiranozit (10)) maddeler ile yapilan lipit peroksidasyon testinde izole edilen maddeler 1 (100
ppm), 2 (100 ppm), 3 (10 ppm), 4+5 (karigim) (100 ppm), 6 (100 ppm), 7 (100 ppm), 8 (100 ppm), 9
(100 ppm), 10 (100 ppm), BHA (1.67 ppm; % 89) , BHT (2.2 ppm; % 87), TBHQ (1.67 ppm; % 98)’ya
oranla sirasiyla 3.3, 8.7, 8.6, 79, 29, 76, 76, 85, 84 % inhibisyon gostermistir. Ham ekstrelerden ise etil
asetat ekstresinin (100 ppm; % 8.3) en yiiksek aktiviteye sahip oldugu goriilmiistiir [19].

Amelanchier alnifolia’nin 17 varyetesi (Success, Lee 3, Martin, Parkhill, Forestburg, Lee 8, Lee
2, Pembina, Honeywood, Northline, Thiessen, Pasture, Nelson, Pearson, Quaker, Smokey ve Regent)
ile yapilan DPPH (2.8 mM/100 g FW) ve ABTS (5.0 mM/100 g FW) testlerinde en yiiksek aktiviteyi
Nelson varyetesi gostermistir [21].

A. canadensis taze meyvelerinin suyu ile yapilan antioksidan kapasite ¢alismasinda demir iyonu
indirgeyici giic (FRAP) testinde meyvelerin antioksidan kapasitesi 25.07 + 0.48 mmol Fe'?/kg olarak
tespit edilmigtir. Total fenolik madde miktar1 gallik asite esdeger olarak 539.24 mg/100kg, total
antosiyanin miktari ise siyanidin-3-O-glukozite esdeger olarak 220.66 mg/100g olarak hesaplanmistir
[25].

Amelanchier ovalis subsp. ovalis’in iki farkli yerden (Glimiishane ve Rize) toplanan yaprak etanol
ekstreleri ile yapilan ¢alismada metal iyonlarini selatlama kapasitesi, demir iyonu indirgeyici giic
(FRAP) ve N,N-dimetil-p-fenilendiamin (DMPD) radikal siipiiriicii etki testleri uygulanmistir.
Antioksidan kapasite sadece Rize’den toplanan 6rnekde ve metal iyonlarini selatlama kapasitesi testinde
(%27.12) tespit edilmistir [28].

A. alnifolia’nin meyve, yaprak ve dallarindan hazirlanan ekstreler (etanol:su:asetik asit, 70:30:1)
ile yapilan antioksidan kapasite tayininde, DPPH testinde % 88.8 inhibisyon, TRAP testinde 424.3
mg/100 mL ve ORAC testinde 1015.23 mg/100 mL degerleri ile en yliksek kapasiteyi yaprak ekstresi
gostermistir. Buna paralel olarak gallik asite esdeger total fenolik madde igerigi en yiiksek yaprak
ekstresinde (227.1 mg/100 mL) tespit edilmistir [29].
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Antibakteriyel Etki

A. alnifolia’nin meyve, yaprak ve dallarindan hazirlanan ekstreler (etanol:su:asetik asit, 70:30:1)
ile yapilan antibakteriyel aktivite calismasinda Escherichia coli (E-94564), Staphylococcus aureus (E-
70045), Listeria monocytogenes (E-97783), Bacillus cereus (E-93143), Salmonella enterica sv.
Typhimurium (E-95582) mikroorganizmalarina kars1 ekstrelerin inhibe edici kapasiteleri test edilmistir.
S. aureus, L. monocytogenes ve B. cereus’a kars1 en gliglii etkiyi yaprak ekstresinin gosterdigi tespit

edilmistir [29].

Antienflamatuvar Etki

Amelanchier canadensis meyvesinden hazirlanan metanol, etil asetat ekstresi ve meyve suyu ile
A. arborea meyvelerinden hazirlanan metanol, etil asetat, hekzan ekstreleri ve bu bitkilerin
meyvelerinden izole edilen [1,3-dilinoleoyil 2-olein (1), 1,3-dioleoyil 2-linolein (2), 5-hidroksimetil-2-
furfural (3), 5-(sorbitoloksimetil)-furan-2-karboksaldehit (4), 5-(mannitoloksimetil)-furan-2-
karboksaldehit (5), 5-(a-D-glukopiranosiloksimetil)furan-2-karboksaldehit (6), oleanolik asit (7),
ursolik asit (8), kemferol-3-O-a-L-ramnopiranosil (1—2) ramnopiranozit (9), kemferol-3-O-a-L-
ramnopiranozit (10)] maddeler ile yapilan siklooksigenaz (COX-1 ve COX-2) inhibitor aktivitesi
caligmasinda, 4 ve 5’in karigimi ile 7 COX-1 testinde en yiiksek aktiviteyi % 68 (4+5) ve % 63 (7)
inhibisyon ile gostermislerdir. 7, 8 ve 9 maddeleri zayif aktivite gdstermistir. 7+8 karigimi ham ekstreler
gibi COX inhibisyon aktivitesi gostermemistir. Standart olarak kullanilan Aspirin (180 ppm), Celebrex
(1.67 ppm) ve Vioxx (1.67 ppm), COX-1’de sirastyla 75, 5, 0 oranlarinda % inhibisyon, COX-2de ise
strasiyla 69, 82, 85 oraninda % inhibisyon gostermislerdir [19].

Antikolinesteraz Etki

Amelanchier ovalis subsp. ovalis’in iki farkli yerden (Glimiishane ve Rize) toplanan yaprak etanol
ekstreleri ile ELISA testi yardimiyla yapilan asetilkolinesteraz (AChE) ve biitirilkolinesteraz (BChE)
inhibisyon kapasitesi testinde, 200 pg/mL olarak uygulanan estrelerden Giimiishane ve Rize 6rnekleri
BChE testinde galantamine oranla (% 83.68) sirastyla % 19.99 ve % 19.58 inhibisyon gostermistir.
AChe testinde Glimiighane 6rnegi galantamine oranla (% 96.68) % 24.38 inhibisyon gosterirken, Rize
orneginin etki gostermedigi belirtilmistir [28].

Bu calismada Amelanchier cinsine ait taksonlarin etnobotanik kullanimlari, fitokimyas: ve
biyolojik aktiviteleri iizerinde 1998-2018 yillar1 arasinda yapilan ¢alismalar derlenmistir.

Etnobotanik veriler Amelanchier cinsinin diinya genelinde yaygin kullaniminin olmadigini
gostermistir. Fakat Amerika kitasinin kuzeyi (Amerika Birlesik Devletleri ve Kanada)’nde halkin
geleneksel olarak birgok rahatsizliklarin tedavisinde (Admelanchier alnifolia (Nutt.) Nutt. ex M. Roem.,
A. alnifolia (Nutt.) Nutt. ex M. Roem. var. semiintegrifolia (Hook.) C. L. Hitchc., 4. arborea (F. Michx.)
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Fernald, A. arborea (F. Michx.) Fernald var. arborea; A. canadensis (L.) Medik., 4. humilis Wiegand,
A. laevis Wiegand, A. pallida Greene, A. stolonifera Wiegand, A. utahensis Koehne var. utahensis) tibbi
amagla kullandig tespit edilmistir [11,12,14]. Bunun disinda Amelanchier parviflora var. dentata’in
dallarinin dekoksiyon seklinde Tiirkiye (Acipayam-Denizli)’de diiiretik olarak [18]; Ispanya’da 4.
ovalis’in herba ve ¢igeklerinin inflizyon seklinde, dahilen korliik tedavisinde [15], ayn1 bitkinin sadece
herbasinin ise aym sekilde nezle tedavisinde [16] geleneksel olarak kullanildigi goériilmiistiir. Diinya
genelinde 37 takson ile temsil edilen cinsin halk arasinda kullanilan takson sayist 12 olarak
belirlenmistir.

Amelanchier cinsi lizerinde yapilan fitokimyasal ve in vitro biyoaktivite galigmalari da geleneksel
kullanimi olan tiirler ve bu tiirlerin (4. canadensis, A. arborea, A. ovalis ve A. alnifolia) 6zellikle
meyveleri iizerinde yogunlagmustir. Incelenen calismalarda meyvelerin flavonoid, karotenoid ve
siyanogenetik glikozit madde gruplarini tasidig tespit edilmistir [19,20,21,22,23,24,25,26].

Siyanogenetik glikozitler, diinya genelinde 2000 bitki tiiriinde tespit edilen fitotoksinlerdir.
Rosaceae familyasinda siyanogenetik glikozitlerin varligi Malus domestica Borkh., M. sylvestris (L.)
Mill., Prunus armeniaca L., Prunus dulcis (Mill.) D.A. Webb, Prunus persica (L.) Batsch gibi tiirlerde
bilinmektedir [30,31]. Bir siyanojenik bitkinin potansiyel toksisitesi, bitki tiiketimde maruz kalinan ve
toksik olan Hidrojen siyanid (HCN) konsantrasyonuna baglidir. Oral uygulamadan sonra hidrojen
siyaniir kolayca emilir (ayrica solunmaya maruz kaldiktan sonra, cilt ve gozler yoluyla da kolayca
emilir). Emiliminden sonra, siyanid viicutta kan yoluyla hizla dagilir [32]. Siyanogenetik glikozitler
igeren bitkilerin kullanimlar1 sirasinda bir tehlike olusturmamalari igin bu bitkilerin toksik etkilerinin
onceden tespit edilmesi bir zorunluluk arz etmektedir.

Antioksidan etki caligmalarinda A4. canadensis’in meyvelerinin etil asetat ekstresi lipit
peroksidasyon testinde [19] ve meyve suyu FRAP testinde [25], 4. alnifolia’nin Nelson varyetesinin
meyve suyu DPPH ve ABTS testlerinde [21] aktivite gostermistir. Tian ve arkadaglarinin (2018) yaptigi
antibakteriyel etki calismasinda A. alnifolia’nin yaprak ekstresinin aktif oldugu belirtilmistir.
Asetilkolinesteraz (AChE) ve biitirilkolinesteraz (BChE) inhibisyon kapasitesi testinde farkli yerlerden
(Gumiishane ve Rize) toplanan Amelanchier ovalis subsp. ovalis’in yaprak etanol ekstresi sadece
Glimiishane 6rneginde aktivite belirlenmistir [28].

Antienflamatuvar etki ¢aligmalarinda siklooksigenaz (COX-1 ve COX-2) inhibitdr testinde,
Amelanchier canadensis ve A. arborea meyvelerinden izole edilen 5-(sorbitoloksimetil)-furan-2-
karboksaldehit ve 5-(mannitoloksimetil)-furan-2-karboksaldehit karisimi karigimi ile oleanolik asit
COX-1 testinde en yiiksek aktiviteyi gostermislerdir [19].

A. alnifolia’nin meyve, yaprak ve dallarindan hazirlanan ekstreler ile yapilan antibakteriyel
aktivite ¢aligmasinda Staphylococcus aureus, Listeria monocytogenes ve Bacillus cereus’a karsi en

giiclii etkiyi yaprak ekstresinin gosterdigi tespit edilmistir [29].
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Cins iizerinde yiiriitiilen biyolojik etki ¢aligmalarinin in vitro ¢aligmalarla sinirli oldugu in vivo

calismalarin yapilmadig1 goriilmiistiir. Kimyasal ¢aligmalarla incelenen taksonlarin fenolik bilesikler

(organik asitler, flavonoitler, antosiyanin, prosiyanin vb.) yoniinden zengin bir igerige sahip oldugu ve

genellikle yapragin meyveden daha fazla fenolik icerige sahip oldugu belirlenmistir [29].
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KENEVIR VE SAGLIK ALANINDA KULLANIMI

HEMP AND ITS USE IN HEALTH
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0z

Amag: Kenevir, binlerce yildir ozellikle liflerinden ve tohumlari olmak iizere tiim kisstmlarindan cesitli
amaglarla (yapi-tekstil malzemesi, kagit, besin, insan ve hayvan saglhginda ilag vb.) yararlanilan, ilk kiiltirii
yapilan bitkilerdendir. 1930°lu yillarda oforik amacla kullaniminin suistimal edilmesi ve ticari kaygilardan
dolayr uzun yillar yasakli/kisitly bitki olarak kalan kenevir, yeni nesil kullanim alanlar: ve ozellikle insan
saghgyla ilgili etkilerinin bilimsel arastirmalarla kamtlanmasiyla son yillarda tekrar 6n plana ¢ikmistir.
Giiniimiizde pek ¢ok tilke kenevirle ilgili yasalarin giincellenmesiyle kenevirin hem endiistriyel hem de
medikal etkilerinden faydalanmaya baslamistir. Ulkemizde ise son yillarda endiistriyel kenevir iiretimi ve
kullanimu ile ilgili birtakim gelismeler yasanmaktadur.

Gereg ve Yontem: Bu calismada, kenevirin botanik ozellikleri, tarihgesi, fitokimyasal icerigi, terapotik
kullanimlari ve saglik alaninda yapilan bilimsel ¢alismalar derlenmistir.

Sonug ve Tartisma: Kenevir bitkisinin botanik ozellikleri, genel kullamim alanlart ile birlikte ge¢misten
giiniimiize saglik alaninda kenevirden elde edilen kullanimda olan ilaglardan érnekler verilerek fitokimyasal
icerigi ve etkileri detayli olarak verilmistir. Kenevir tohumu yagi ve kokiindeki aktif bilesenlere de deginilmis,
kenevirin terapétik kullanimi tartisilmigtir. Hem endiistriyel hem saglik alaninda kullanilan fakat iiretimi ve
kullanimi tilkemizde kisitl olan kenevir ile ilgili yasalarin bilimsel destekli olarak yeniden gozden gegirilmesi
tilke ekonomisi ve saglik sektorii icin olduk¢a onemli sonu¢lar saglayacaktir.

Anahtar kelimeler: Cannabis; kenevir, kannabinoitler, kenevir tohumu yagt

ABSTRACT

Objective: Hemp is one of the first cultivated plants that have been used for thousands of years,
specifically on behalf of its fibers and seeds, for various purposes (building-textile material, paper,
nutrients, human and animal health). In the 1930s, since the abuse of the euphoric use for abstinence, hemp
was banned/restricted and remained restricted for many years, hemp has emerged once again in recent
years with the usage of the plant in new generation areas and in particular the impacts of human health.
Nowadays, many countries have begun to benefit from the both industrial and medical effects of hemp by
updating the laws related to hemp. In our country, there have been some developments regarding the
production and use of industrial cannabis in recent years.

Material and Method: In this study, the botanical characteristics, history, phytochemical content,
therapeutic uses of hemp and scientific studies in the field of health were reviewed.

* Sorumlu Yazar / Corresponding Author: Ufuk Koca Caliskan
e-posta / e-mail: ukoca@gazi.edu.tr

Gonderilme / Submitted: 01.05.2019 Kabul / Accepted: 17.09.2019



Ankara Ecz. Fak. Derg. 44(1): 112-136, 2020 Yildirim ve Koca Caliskan 113

Result and Discussion: The botanical properties of cannabis plants, general usage areas as well as
phytochemical content and its utilizations in health from past to the present are given in detail. Cannabis
seed oil and active ingredients in its roots are also mentioned and therapeutic use of cannabis was discussed.
A review of the cannabis laws with the support of scientific revelations, which are limited production and
usage both in industrial and health fields, will provide significant results for the country's economy and
health sector.

Keywords: Cannabis; hemp, cannabinoids, hemp seed oil

GIRIS

Insanlar tarafindan binlerce yildir liflerinden, fizyolojik ve psikolojik etkilerinden, besin ve yag
iiretiminde ise tohumlarindan yararlanilan kenevirin anavatan1 Orta Asya olup, insanlik tarihinde ilk
kdiltiiri yapilan bitkilerden biridir. 4500 yildan beri Cin’de ekimi yapilan bu kadim bitkinin tarihte
kullanilmaya baslandig1 zamandan itibaren kullanimi ¢ok farkl alanlara tagsmigtir. Tekstil (iplik, kumas,
cadir bezi, kalin sicim, halat yapim, Sile bezi ve Rize bezi gibi 6zgilin dokuma tekniklerinde geleneksel
kullanimda), kégit, insaat (cat1 ve duvar yap1 malzemesi vb.), uzay sanayii ve otomotiv sektdrleri, biyo-
bozunur plastik iiretimi, kozmetik, ilag ve gida destegi iiretiminde kullanilir. Tohumlar1 dogrudan
kusyemi olarak veya insan beslenmesinde, elde edilen yag1 ise yine kiimes hayvanlarinin ve besinsel
degeri sebebiyle insan beslenmesinde, ayrica sabun yapiminda, aydinlanmada ve cila, musamba, tual

boyas1 yapiminda yaygin bir sekilde kullanilmaktadir [1].

Kenevirin Botanik Ozellikleri

‘Kenevir’, ‘kendir’ veya ‘esrarotu’ yaygin olarak ingilizce’de ‘cannabis’ ya da ‘hemp’ olarak da
bilinen; Cannabinaceae familyasina ait tek yillik, otsu, dioik, ¢igekli bir bitkidir. Cigekleri ¢ift evciklidir
yani disi ve erkek ¢igekler farkli bireylerde bulunur. Disi ¢igekleri oldukca sik yapraklarla ¢evrilidir ve
ciceklerin etrafi recgine salgilayan trikomlar agisindan zengindir. Erkek cicekleri ise seyrek salkim
seklindedir. Tohumlar1 3-6 mm uzunlugunda, 2-4 mm eninde ve tiiriine bagl olarak gri, siyah, yesilimsi
esmer renklerde olup ince kabukludur.

Kenevir ilk defa Carlous Linnaeus tarafindan 1753 yilinda Cannabis sativa L. olarak
isimlendirilmistir. 1785°te ise iinlii Fransiz biyolog Jean-Baptiste Lamarck Hindistan kokenli ve C.
sativa’dan morfolojik olarak farkli olan Cannabis indica tiiriini tanimlamig, 1924’te Janischevsky
Rusya’da, diger iki tiirden farkli 6zelliklere sahip olan Cannabis ruderalis tiiriinii kesfetmistir [2, 3].
Bazi botanikgiler C. indica ve C. ruderalis’in C. sativa’nin alttiirleri oldugunu diisiinse de pek ¢ok
botanik¢inin ortak goriisiine gore kenevirin {ig tiirii oldugunu sdylemek miimkiindiir. C. sativa en yaygin
olarak kiiltiirii yapilan, yag ve lif {iretiminde esas olarak kullanilan tlirtidiir. Uzun, ince ve gevsek
dallanma gosteren, uzunlugu 6 metreye kadar ¢ikabilen bir gdvdeye sahiptir. C. indica; 0,90- 2,5 m
arasinda, piramit sekilli ve yogun dallanma gosteren, lif tiretimi i¢in uygun olmayan, 6zellikle psikoaktif

icerikler acisindan zengin olan ve ‘Hint keneviri’ adiyla bilinen tiirtidiir. C. ruderalis ise ‘yabani kenevir’



114 Yildirim ve Koca Caliskan Ankara Ecz. Fak. Derg., 44(1): 112-136, 2020

olarak bilinir, govdesi diger iki tlirden daha kisadir ve seyrek dallanma gosterir. Bunlarin yaninda,
bitkinin yiiksek derecede polimorfizm gostermesi sebebiyle morfolojik ozellikleri ve igerdikleri

metabolitler agisindan birbirinden farkliliklar gosteren alttiirleri de bulunmaktadir.

Kenevirin Genel Kullamim Alanlar

Kenevir, tamamindan yararlanilabilen ve ¢ok farkli alanlarda ekonomik degere sahip, hemen
hemen tiim kullanim alanlarinda iistiinliikleri s6z konusu olan degerli ve ender bir bitkidir. Ornegin, ¢at1
ve duvar malzemesi yapiminda lif ve mineral karisiminin agirlik, dayaniklilik ve kalite kriterleri g6z
oniine alindiginda beton kullanimina oranla daha avantajli oldugu saptanmustir [3]. Ustelik kenevirden
elde edilen bu karisimm kullanildig1r yapilarda nemlenme orani diismekte ve ortam sicakliginin
izolasyonu en iyi diizeyde olmaktadir [3]. Tiim bu yapilarin geri doniigiime elverigli olmas1 ve ¢evre
kirliligine sebep olmamasi bitkinin bir diger Onemli istiinligiidir [4]. Kok sistemleri sayesinde
kurakliga ve aynm1 zamanda zararlilara kars1 olduk¢a dayaniklidir. Diger lif bitkilerinden daha az su
gereksinimine sahiptir, olduk¢a hizli biiylir ve pek c¢ok cografyada yaygin bir sekilde kiiltiirii
yapilabilmektedir. Lignoseliilozik lifleri en kaliteli lifler arasindadir ve ayn1 zamanda antibakteriyel
Ozellige sahiptir [5, 6]. Bu sebeple antibakteriyel tekstil iirlinleri [7] ve cerrahi malzeme tiretimine [8]
oldukga elverislidir. Bilindigi gibi giinlimiizde kagit sektorii agaglarin kullanimina bagimli haldedir.
Yapilan arastirmalarda belli bir alandaki kenevir toplulugundan ayni orandaki orman alanindan dort kat
fazla seliiloz elde edilebildigi ortaya konmustur. Tiim bu {istiinliiklerine ek olarak kenevirin; birim
alanda bol miktarda yaprak iiretmesi sebebiyle bol oksijen iiretimi, siirdiiriilebilir olmayan
hammaddelerin- petrol tiirevlerinden elde edilen plastik, toksik polimerler ve ormanlardan elde edilen
kagit gibi- yerini alabilmesi, yakacak olarak kullanildiginda dahi karbon ayak izi bakimimdan avantajli
olmasi, yabanci otlarla miicadelede diger tarla bitkilerinden {istiin olmasi, liretiminde ekonomik anlamda
kayitlara gecmis cok az hastaliginin bulunmasi sebebiyle insektisit, fungusit vb. ilaglara pek ihtiyacinin
olmamas1 gibi Ozellikleri, kenevirin ¢evre dostu bir bitki oldugunu, aga¢ popiilasyonlarinin
korunmasinda ve dogaya saygili tarim uygulamalarinda kilit role sahip olabilecegini gostermektedir [4].

Kenevir, pamuk lifi ve sentetik lif iiretiminin artmasi ile ve 6zellikle de Amerika’da 1937 yilinda
cikan “Marihuana Vergi Yasas1” ile baslayip psikoaktif madde igeriginin suistimal edilmesi sebebiyle
pek cok iilkede adim adim yasaklanmasina sebep olan diger uluslararasi yasal diizenlemelerle uzun yillar
boyunca yasakli bitki olarak kalmis ve kiiltiir alanlar1 6nemli 6l¢iide kisitlanmistir. Ancak birbirinden
farkli pek ¢ok sektdrde basartyla kullanima elverisli olmas1 6zellikle 2013 yili ve sonrasinda kenevir
iiretim alanlarmin tekrar artmaya baslamasina sebep olmustur. Bazi iilkeler kenevir ile ilgili yasalarini
giincellemekte ve ekim alanlarinin artmasi i¢in ¢caba gostermektedir. Bu artisa baslica kenevirin asagida

bahsedilen ii¢ alandaki kullanimi sebep olmustur [9]. Bunlar:
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1- Ingaat sektorii: Cevre dostu bina iiretiminde; tugla, yalitim malzemesi vb. alanlarda kenevirden
elde edilen {irlinlerin iretiminde kullanilmaktadir. Bu alanda Avusturalya ve Fransa basi
¢ekmektedir.

2- Biyopolimer sektorii: Giiniimiizden yaklasik 70-80 yil kadar once kenevir lif ve saplarindan
biyopolimer iiretilmis ve araba kaportasinda kullanilmigtir. Petrolden elde edilen polimerlerin
daha ucuz olmasindan dolay1 biyopolimerler daha geri planda kaldiysa da petrol tiirevi
polimerlerin ve plastiklerin dogadaki par¢alanma siirelerinin ¢ok uzun olmasi ve ¢evre kirliligine
neden olmasiyla son yillarda biyopolimerler yeniden giindeme gelmistir.

3- Tlag sektorii: Kenevir ekim alanlarmin artmasinda en dnemli paya sahip sektordiir. Ozellikle Israil,

Kanada ve Cin gibi iilkeler kenevirden ilag {iretimi arastirmalarina 6nem vermektedirler.

Gecmisten Giiniimiize Kenevirin Saghk Alaninda Kullanim

[Ik kiiltiirii yapilan bitki oldugu diisiiniilen kenevirin insanoglu tarafindan kullanim1 binlerce yil
oncesine gitmekte, Hindistan ve Tibet’te cigeklerinin ve reginesinin meditasyonda ve ¢esitli dinsel
ritiiellerde  kullanildigi bilinmektedir [10]. Imparator Chen Nung tarafindan yazilan ilk Cin
farmakopesinde (M.0.3200) kenevirin yorgunluk, romatizma ve sitma tedavisinde kullamldig
yazmakta olup, kaynaklara gore kenevir tohumlar1 yagi ve protein igerigi sebebiyle egzamada,
psoriazisde antienflamatuvar olarak Cin tababetinde kullanilmigtir [11]. Yaklagik 3000 y1l 6nce yazilan
Ebers Papiriisi’'nden ve Asur tabletlerinden kenevirin yaygin bir sekilde ilag olarak kullanildigi
anlagilmaktadir [12]. Kenevir ayn1 zamanda Eski Yunan ve Roma donemlerinde de iyi bilinen ve ilag
olarak kullanilan bir bitki olarak karsimiza ¢ikmaktadir. Bu déneme ait veriler incelendiginde kenevirin
ozellikle agr1 kesmek ve duygu durumunu iyilestirmek amaciyla kullanildig1 gozlenmektedir. Romali
bir hekim olan Galen, medikal keneviri regete eden hekimlerdendir ve Romali aristokratlarin aksam
yemegini kenevir igeren bir tatliyla sonlandirdiklarini notlarina ilave etmistir [13]. ibn-i Sina El-Kanun
Fi’t-T1b adl eserinde, kaynatilmis kenevir kokiiyle yapilan kompresin atesi diisiirdiigiinii yazmigtir [14].

Tibbi amaglarla kenevir kullaniminin 6nce Arabistan, sonrasinda da tiim Ortadogu’ya yayilmast
dokuzuncu yiizyila tekabiil etmektedir. Unlii gezgin Marko Polo’nun 13. yiizy1l sonlarinda, dogu
seyahati doniisii seyahatnamesinde bahsetmesiyle kenevir bitkisi Avrupa’nin dikkatini ¢ekmis ve yogun
bir sekilde kullanilmaya baslanmistir [15]. Alman bir botanist ve hekim olan Leonhart Fuchs, 1542°de
yazdig bitkisel tedavileri iceren kitabinda suda kaynatilarak ilgili bolgeye sarilan kenevir kokiiniin gut
hastaligina iyi geldigini yazmistir [ 16]. Portekizli hekimler Garcia da Orta ve Cristobal Acosta kenevirin
oforik, sedatif, istah acgici, haliisinojenik ve afrodizyak etkilerinden bahsetmislerdir [17].

18. ylizyilin sonunda Napolyon’un ordusu Misir doniisii Fransa’y1 kenevir ile tamigtirmistir [15].
Irlandali Dr. O’Shaughnessy, Hindistan’da kenevir bitkisinin analjezik, antispazmodik, antiemetik ve
hipnotik amaglarla kullanmldigin1 gézlemlemis ve Hindistan’dan edindigi bu bilgilerle 1840’11 yillarda
Birlesik Krallik’ta kenevir bitkisinin tibbi kullaniminin yayilmasini saglamistir [18]. 1890°larda Kralice
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Victoria’nin menstriiel kramplar1 icin de kenevir kullanildigi belirtilmektedir [15]. Bu yillarda
Ingiltere’de kenevir agr1 kesici, antienflamatuvar, antiemetik ve antikonviilsan olarak kullanilmustur.

Kenevir bitkisi 1850-1942 yillar1 arasinda Amerikan Farmakopesinde yer almis, kullanimi bu
donemlerde doruk noktaya ulasirken, 1930’lardan itibaren ise diisiise gecmistir. Birlesik Krallik’ta 1928
yilinda Once rekreasyonel kenevir kullanimi yasaklanmis ve sonrasinda kenevir veya cannabis ismi
yerine ¢ok tehlikeli olduguna dair bir alg1 yaratan marihuana adi kullanilmaya baslanmigtir. Hatta 1936
yilinda Amerikan gengligini kenevir kullanmaktan uzaklastirmak ig¢in “Reefer Madness” adli bir
propaganda filmi yapilmistir. Bu anti-propagandalarin nedenleri arasinda tehlikeli sentetik tiirevlerin
bulunmasi, bitkisel {irlinlerin standardize edilmelerindeki giicliikten dolayr etkilerinde goriilen
degiskenlikler, temin kaynaklariin giivenilir olmamasi, ticari baskilar ve Misir, Giiney Afrika ve ABD
gibi iilkeler basta olmak iizere 6forik etkisinin suistimal edilmesi gosterilebilir [15]. 1937 yilinda
ABD’de cikan “Marihuana Vergi Yasasi” ile yasagin alan1 genisletilmis ve bunun yansimasi olarak
Tiirkiye’de de Tiirk ilag kodeksinde “Herba Cannabis Indica” ve “Extra Cannabis Indica” adiyla yer
alan ilaglar 1940 yilindan sonra kodeksten gikarilmis, satigi yasaklanmistir. ABD’de 1970 yilinda
¢ikarilan “Kontrollii Maddeler Yasas1” ile marihuana bulundurmak, kullanmak, satmak, satin almak ve
yetistirmek yasaklanmigtir. Tim bu denetimler ve ¢ikarilan yasalar, kenevirin kotiiye kullanimim
engellemis fakat bu durum ayni zamanda kenevirin bilimsel ¢aligmalar i¢in temin edilmesini ve klinikte
kullanilisini da sinirlandirmigtir.

Kenevir iizerine yapilan bilimsel arastirmalar tiim olumsuz kosullara ragmen devam etmistir.
Gaoni ve Mechoulam 1964 yilinda kenevirin oforik etkisinden sorumlu ana bileseni olan
tetrahidrokannabinol’lin (tetrahydrocannabinol-THC) kimyasal yapisim ortaya ¢ikarmistir [19]. 1988
yilinda kannabinoit reseptdrlerinden CB1 reseptorii ve 1993 yilinda CB2 reseptorii bulunmus ve
sonrasinda endokannabinoitler (anandamid, 2-arasidonil gliserol, vd.) ile endokannabinoitleri
sentezleyen ve degrade eden enzimler (FAAH ve MGL) kesfedilmistir [20, 21]. Tiim bu kesifler
kenevirin tibbi kullanimina olan ilgiyi artirmis, klinikte kullanimi da yeniden popiiler hale gelmistir.
ABD’de 1996 yilinda medikal kenevir kullanimimi serbest birakan ilk eyalet yasasi ¢ikarilmistir.
Giiniimiizde ise ABD’de California, Nevada, Massachusetts ve Colorado gibi 29 eyalette kenevir
kullanim1 yasal durumdadir. Yakin zamanda, ¢ok sayida Avrupa iilkesinde de kenevirin medikal
kullanimina iligkin yasalar c¢ikarilmistir ve medikal kenevirin yasallagmasi siirecine saglik
profesyonelleri ve bilim otoriteleri de destek vermektedir. Medikal kenevir kullanim ile ilgili yasa
cikaran ilk iilkelerden biri de Kanada’dir ve 2001 yi1linda medikal kenevir kullanim yasasini uygulamaya
gecirmistir [15]. 2019°da Kanada’da yapilan bir arastirmada, doktor ve eczacilarin kenevirin tibbi
kullanimina iligkin olumlu goriiglere sahip oldugu ve hatta kisisel deneyimlerine goére mevcut pek ¢ok

tibbi tedaviden daha az yan etkiye sahip oldugunu diisiindiikleri belirtilmistir [22].
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Giliniimiizde kenevirdeki THC etkin maddesinin prototip olarak kullanildig1 2 sentetik ilag ve
kenevirin standardize ekstrelerinin kullanildig1 2 ilag olmak {izere toplamda kenevir bazli 4 ilag
bulunmaktadir [23]. Dronabinol ve nabilon, kanser kemoterapisine eslik eden bulanti ve kusma igin
kullanilan Amerikan Gida ve ilag Dairesi (Food and Drug Administration-FDA) onayli sentetik
kannabinoitlerdir. Nabiksimols ise 100 mikrolitresinde 2,7 mg THC ve 2,5 mg kannabidiol (cannabidiol-
CBD) igeren ve oromukozal sprey seklinde mevcut diger tedavilere cevap vermeyen multipl skleroza
bagli spastisite tedavisinde kullanilan standardize kenevir ekstresidir. Son olarak 2018 yilinda Epidiolex
isimli kannabidiol igeren ilag, epilepsinin agir seyreden ve nadir gozlenen iki formu olan Lennox-
Gastaut sendromu ve Dravet sendromunun tedavisinde kullanilmak {izere FDA tarafindan
onaylanmistir. Asagida bahsi gegen kenevir bazli 4 ilag ile ilgili ¢esitli bilgiler tablo halinde sunulmustur
(Tablo 1).

Tablo 1. Giiniimiizde yasal olarak kullanilan kenevir kokenli ilaglar, igerikleri, onaylandiklar yil,

iilkeler ve endikasyonlari [23].

Ila¢ Icerik Onay Ulke Onayh endikasyon
yili
Marinol™, Dronabinol | 1985 ABD -Kanser kemoterapisine
Syndros™ (Sentetik 1998 Kanada bagl bulant1 ve kusma
THC) 1992 ABD -AIDS hastalarinda goriilen
2000 Kanada kilo kayb1 ve anoreksi
Cesamet™ Nabilon 1981 Kanada -Kanser kemoterapisine
(Sentetik 1982 Avusturalya, Birlesik | bagl bulant1 ve kusma
THC) Krallik
2006 ABD
Sativex™ Nabiksimols | 2010 Kanada -Multipl skleroza baglh
(THC ve spastisite
CBD igeren Yeni Zelanda - Multipl skleroza bagh
standardize noropatik agri
ekstre) Avrupa (¢cogu) -Kanser hastalarinda agr
tedavisi
Epidiolex™ CBDigeren | 2018 ABD -Lennox-Gastaut sendromu
standardize -Dravet sendromu
ekstre

Kenevirin Fitokimyasal I¢erigi ve Etkileri

Kenevir sekonder metabolit agisindan oldukga zengin bir bitkidir. Glinlimiizde C. sativa tiiriinden
545 adet bilesik izole edilmistir [24] ve yapilacak yeni ¢alismalarla birlikte bu saymin daha da artacagi
ongoriilmektedir. Bunlarin 100’den fazlasi daha ziyade kenevir tiirlerine spesifik olan ve kannabinoit
aktivitesi gdsteren fitokannabinoitlerdir [25]. Fitokannabinoitler bitkilerde bulunan ve viicuttaki CB1

(kannabinoit reseptorii 1) ile CB2 (kannabinoit reseptorii 2) reseptdrlerine baglanip degisik farmakolojik
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etkiler ortaya cikaran, kenevirle ilgili en ¢ok arastirilmis sekonder metabolit grubudur. Kenevirdeki ana
iiretim yerleri, bitkinin yapraklarinda, ¢i¢eklerinde, braktelerinde ve gévdesinde yer alan epidermal salgi
tityleridir [26]. Trikom ad1 verilen bu salgi tiiylerinden recgine salgilanmaktadir ve bu regine bitkiyi,
zararlilardan ve otgullardan koruyan bir savunma mekanizmasi olarak rol oynamaktadir. Ayn1 zamanda
bitkiyi nemden ve sicakliktan koruma fonksiyonu da bulunmaktadir. Psikoaktif ve tibbi etkilere sahip
regine, baslica disi bitkinin ¢icekli dal uglarinda ve braktelerinde bulunmaktadir. Erkek bitkilerin
yapraklarinda ise regine salgisi diisiik miktardadir. Erkek bitkilerin tepal, stamen ve polenlerinde de
kannabinoitler bulunmakla birlikte disi bitkilerdeki kadar yogun degildir [27]. Trikomlardan salgilanan
recinedeki THC psikoaktif etkiden sorumlu ana molekiildiir ve bitkinin hangi organinin kullanildigina
bagh olarak THC miktarlar farkl {irlinler elde etmek miimkiindiir. En bilinen narkotik kullanimlarina
ornek olarak Bhang (erkek ve disi bitkinin kurutulmus ¢icekli u¢ kisimlar1 ve yapraklarindan elde
edilir.), Ganja (tozlasmamis disi bitkilerin kurutulup ezilmesiyle elde edilir.) ve Charas (bitki ug
kisimlarinda toplanan ham regineden organik solvanlarla yapilan ekstraksiyon sonucu elde edilir.)
verilebilir.

Kenevirin icerdigi fitokannabinoitlerin orani, yetistigi cevresel kosullara gére de (6rn: radyasyon,
sicaklik, nem orani, toprak bilesimi, parazitler vb.) degismektedir [28]. Yagmurun az olmasi, diigiik
nemlilik ve giines miktarinin artmasi bitkinin sentezledigi psikoaktif maddelerin artigina yol agmaktadir.
Yine yapilan ¢aligmalarda bitkinin UVB maruziyeti sonucunda yapisindaki THC oranimin arttig tespit
edilmistir [29]. Giinlimiize kadar izole edilmis olan 104 fitokannabinoit 10 kimyasal alt grupta
toplanmistir. Bunlar: A’-tetrahidrokannabinol, A®-tetrahidrokannabinol, kannabigerol, kannabikromen,
kannabidiol, kannabinodiol, kannabielsoin, kannabisiklol, kannabinol, kannabitriol ve digerleridir [25].
Terpenoitler, flavonoitler, steroitler, fenantrenler, yag asitleri, nitrojen bilesikleri ve diger yaygin bitki
molekiilleri kenevirde kannabinoitlerin diginda tanimlanmig diger bilesiklerdir [25]. Bu bilesiklerden
kenevirdeki major gruplar olmasi sebebiyle fitokannabinoitler ve terpenoitler detayli olarak

incelenmistir.

A) Fitokannabinoitler
Kenevirin spesifik etkilerinin ¢ogunlugundan kannabinoit cinsi bilesiklerin sorumlu olmasi
sebebiyle aragtirmalar da oOzellikle bu bilesikler iizerinden yiirlimektedir. Kenevirde bulunan

fitokannabinoitlerin siniflandirilmasi tablo halinde asagida sunulmustur (Tablo 2).
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Tablo 2. Kenevirdeki fitokannabinoitlerin siniflandirilmasi [25]

Kimyasal grup Bilesik sayisi

A’- tetrahidrokannabinol 18
A*- tetrahidrokannabinol 2
Kannabigerol 17
Kannabikromen 8
Kannabidiol 8
Kannabinodiol 2
Kannabielsoin 5
Kannabisiklol 3
Kannabinol 10
Kannabitriol 9

Digerleri 22

Toplam 104

Fitokannabinoit sinifina dahil olan birtakim bilesiklerin 6zellikleri ve etkileri ile ilgili bilgiler

asagida aciklanacaktir.

Kannabigerol (Cannabigerol-CBG): Kannabigerol, psikoaktif etkiye sahip olmayan heterojenik yapili

bir bilesiktir [30]. C. sativa'min CBG agisindan zengin ekstreleriyle yapilan sigan g¢aligmalarinda,
sicanlarin igtahim tetikledigi goriilmiigtiir [31]. Ayrica sedatif, analjezik ve spazmolitik etkileri de
saptanmistir. 2018’de Smeriglio ve arkadaglan tarafindan yapilan arastirmada, CBG ile asit tiirevlerinin
ve CBD ile asit tlirevlerinin aldoz rediiktaz aktivitesini inhibe etmek suretiyle, diyabetik semptomlari

iyilestirebildigi ortaya ¢ikarilmstir [32].

Kannabikromen (Cannabichromene-CBC): CBC kenevirdeki fitokannabinoitlerin en stabil olanlar:

arasinda yer almaktadir [33]. Bitkinin vejetatif fazinda daha ¢ok bulunur ve CBC miktarlar bitkideki
A’-THC miktarlari ile iliskilidir, ancak A’-THC gibi CB1 reseptorleri iizerinde etki gdstermez [34]. 2013
yilinda yapilan aragtirmada lipopolisakkarit (LPS) tarafindan aktive edilen peritonal makrofajlarda nitrik
oksit, IL-10 ve interferon-y seviyelerini diisiirdiigii saptanmistir. Bu etkiler CBC’nin antienflamatuvar

ozelliklere sahip oldugunu gostermektedir [35].

Kannabidiol (Cannabidiol-CBD): Kannabidiol’iin yapisi A’~THC’ye benzemekle birlikte, onun gibi

kuvvetli CBI reseptorlerine baglanma 6zelligine sahip degildir [24, 36]. Yapilan bir calismada giinliik
100-600 mg CBD’nin verildigi hastalarda tremorlarin %20-50 oraninda azaldig1 gosterilmistir [37].
Aragtirmalar CBD’nin; antikonviilsan, antispazmodik, anksiyolitik, antiemetik, antiromatizmal ve
noroprotektif 6zelliklere sahip oldugunu ispatlamistir [24]. Ayrica Alzheimer, parkinson, ¢esitli kanser

tiirleri ve infertilite tizerinde ¢aligmalar devam etmektedir [38]. Psikoaktif etki gdstermeksizin giiclii
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antikonviilsan aktiviteye sahip olmasindan dolay1r son yillarda CBD ile yapilan klinik ¢alismalar
ozellikle epilepsi lizerine yogunlagmis ve bu ¢aligmalarin sonucunda FDA 2018 yilinda “Epidiolex”
isimli CBD igeren ilaci, epilepsinin agir seyreden ve nadir gézlenen iki formu olan Lennox-Gastaut

sendromu ve Dravet sendromunun tedavisinde kullanilmak iizere onaylamistir.

Tetrahidrokannabinol (Tetrahydrocannabinol-THC): Bu gruba dahil olan A>-THC ve cis-A’-THC

gibi farkli tiirevleri de olmakla birlikte trans-A’-THC kenevirdeki psikoaktif etkiden sorumlu olan asil
bilesiktir. A’-THC hem psikoaktif etkiyi ortaya cikaran CB1 ve hem de immiinolojik ve
antienflamatuvar etkileri ortaya c¢ikaran CB2 reseptorlerine baglanabilme o6zelligine sahiptir [24].
Kanser kemoterapisine eslik eden bulant1 ve kusmalarin tedavisinde kullanilan Dronabinol ve Nabilon,
A°-THC’nin sentetik tiirevlerini igermektedir. Yapilan klinik arastirmalar A°-THC’nin kanser agrisi,
noropatik agr1 vb. tedavisi zor agr cesitlerinin giderilmesinde 6neminin artacagini gostermektedir.
Mevcut arastirmalar A’-THC’nin Tourette sendromunda da faydali olabilecegi yoniindedir [39, 40].
Suliman ve arkadaslar1 tarafindan 2018’de yapilan ¢alismada, diisiik doz A’-THC nin yash siganlarin
hippokampiisiinde anlamli 8lgiide ndrogenezisi tetikledigi saptanmistir [41]. A>-THC’nin ayn1 zamanda

intrandronal f-amiloid birikimini azalttig1 ve antienflamatuvar etki gosterdigi de bulunmustur [42].

A’-Tetrahidrokannabivarin (A’-Tetrahydrocannabivarin-A>-THCV): A’-THCV, THC tiirevi bir

bilesiktir. Diisiik dozlarda THC’ nin etkisini antagonize ederken [43], yiliksek dozlarda ise THC nin
etkilerini agonize ettigi goriilmiistiir [24]. A>~THCV aym zamanda CB2 reseptdrleri iizerinden

makrofajlarda LPS tarafindan stimiile edilen nitrik oksidi inhibe etmektedir [44, 45].

B) Terpenoitler

Fitokannabinoitler disinda kenevirin ¢igeklerinde ve yapraklarinda bol miktarda terpen tiirevi
bilesikler sentezlenmektedir ve ayrica trikomlardan salgilanan recinenin %10’u da terpenoitlerden
olusmaktadir [46]. Kenevirde 200’den fazla terpen tiirevi bilesik oldugu diislinlilmektedir ve terpenler
bitkiye karakteristik kokusunu kazandiran bilesiklerdir. Limonen, mirsen ve pinen en yaygin bulunan
ve ylksek ucuculuga sahip olan terpenlerdir. Tipki fitokannabinoitler gibi terpenoitlerin de bitkiyi
boceklerden ve otgullardan koruma fonksiyonlar1 vardir ve bu fonksiyonu gergeklestirmede bitkideki

fitokannabinoitlerle sinerjistik etki gosterirler [47].

D-Limonen: Limon vb. narenciye tiirlerinde yaygin olarak bulunan d-limonen, giiglii antioksidan
ozellikleriyle bilinmektedir [48]. Yapilan fare ¢calismalarinda d-limonen’in hipokampiiste ve prefrontal
kortekste serotonin ve dopamin araciligryla anksiyolitik etki gosterdigi ispatlanmigtir [49]. Buna ek

olarak perilik asitin- karacigerde sentezlenen bir limonen metaboliti- sigan beyninde stres karsiti etki
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gosterdigi saptanmistir [50]. Sonraki ¢aligmalar meme kanseri hiicrelerinde apoptozisi tetikledigini

gostermistir [51]. Ayrica gastro-6zafagal refliide etkili oldugu kanitlanmistir [52].

p-Mirsen: f-mirsen kenevirde yaygin olarak bulunan ve sinir sistemi iizerinde gesitli etkilere sahip bir
terpendir. Mirsen fare modellerinde analjezik [53], sedatif, antienflamatuvar etki ile spazmolitik etki
gostermistir [54]. Bu veriler kenevirin analjezik ve antienflamatuvar etkilerine fitokannabinoitlerle

birlikte mirsenin de katki sagladigini gostermektedir [55].

o-Pinen: Kozalakl bitkilerde ve baska pek ¢ok bitkide bulunabilen bisiklik bir monoterpen olan pinen,
bocek kovucu etkileri sayesinde bitkiyi koruyucu bir fonksiyon tistlenmektedir. Yapilan ¢aligmalarda
pek ¢ok modelde pinen; antienflamatuvar, bronkodilator ve antibakteriyel etkiler gdstermistir [56]. Ayni

zamanda asetilkolinesteraz enzimini inhibe edebilme 6zelligine de sahiptir [57].

D-Linalol: Linalol, anksiyolitik ve sedatif etkilere sahip bir monoterpen alkoldiir. Ayn1 zamanda lokal
anestezik Ozellige de sahiptir. Yapilan fare caligmalarinda yiiksek dozlarda antikonviilsan,

antiglutamaterjik ve analjezik etkileri ortaya ¢ikarilmigtir [58].
p-Karyofilen: Karyofilen antienflamatuvar ve antimalaryal etkilere sahip bir seskiterpendir.
Antienflamatuvar etkisinden dolay1 gegmiste Ingiltere’de duodenal iilserlerin tedavisinde kullanilmugtir

[59]. Selektif olarak CB2 reseptorlerine baglanmaktadir.

Karvyofilen oksit: Antifungal ve insektisit 6zelliklere sahip bir seskiterpenoksitidir [60]. Ayn1 zamanda

yapilan in vitro deneylerde kan sulandirici aktivite de gostermistir. Kenevirin narkotik kopekleri
tarafindan koklanip bulunabilmesine olanak saglayan karakteristik kokusundan sorumlu esas bilesiktir

[61].

Fitol: Kenevirde klorofil ve tokoferollerin degredasyonu ile ortaya g¢ikan bir diterpen olan fitol,

kenevirin rahatlatici etkisine neden olan bilesiklerden biridir [62].

Kenevir Tohumu Yag

Kenevirin fitokannabinoitler ve terpenoitlerce zengin igeriginin yami sira, Ozellikle son
donemlerde gida destegi hatta bazi hastaliklarda tedaviye yardimci olarak kullanilan ve besinsel degeri
oldukga yiiksek olan kenevir tohumu yagindan da bahsetmek yerinde olacaktir.

Bilesimine bakildiginda kenevir tohumu yagi; %25-35 oraninda yag asitleri, %20-25 oraninda

protein, %20-30 oraninda karbonhidrat, %10-15 oraninda lif ve ¢cok sayida eser elementten olusmaktadir
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[63]. Tim esansiyel amino asitleri ve esansiyel yag asitlerini icermesi sebebiyle oldukca degerlidir.
Yagmin biiylik ¢ogunlugunu ¢oklu doymamais yag asitleri olan linoleik asit (LA) ve a- linolenik asit
(ALA) olusturmaktadir. Ustelik LA/ALA oram 3:1°dir ve bu ideal omega6/omega3 oranma tekabiil
etmektedir [63-65]. Bilindigi gibi omega3 yag asitlerinin antikanser, antienflamatuvar, antitrombotik,
kalp-damar sagligini koruyucu, antiosteoporotik, antialerjik, sinir sistemi sagligin1 koruyucu vb. sayisiz
faydalar1 vardir. Bu yag asitlerinin yam sira kenevir tohumu yag1 aym1 zamanda y-linolenik asit de
icermektedir ve bu besinsel degerini daha da artirmaktadir [65]. Doymamis yag asiti i¢eriginin diginda
tipki kenevirin kendisi gibi yag1 da ¢esitli terpenleri ihtiva etmektedir. Yapisindaki bu terpenler yaga
antienflamatuvar, antialerjik ve sitoprotektif 6zellikler de kazandirmaktadir [66]. Bunun disinda kenevir
tohumu yagi; S-sitosterol olarak bilinen antiviral, antifungal, antienflamatuvar ve antihiperlipidemik
ozelliklere sahip bir fitosterol de ihtiva etmektedir [67].

Kenevir tohumu yag1 ayni zamanda tokoferoller olarak da bilinen E vitamini tiirevleri agisindan
da zengindir. Bu da yagin antioksidan kapasitesini artirmaktadir. Farmakolojik etkileri olan bir diger
bileseni ise asetilsalisilik asite yapisal olarak olduk¢a benzeyen metil salisilattir [68]. Metil salisilatin
antienflamatuvar, analjezik ve antipiretik etkileri oldugu bilinmektedir. Bunlarmm disinda kenevir
tohumu yagi, elde edilmesi esnasinda bitkinin trikomlarindan salgilanan ve baglica A9-THC ile CBD
igeren recine ile de kontamine olmasi sebebiyle ¢cok az miktarlarda da olsa A9-THC ve A9-THC’den
daha yiiksek miktarlarda CBD igerebilir. Ancak su ana kadar kenevir tohumu yag: tiiketimi ile ilgili
istenmeyen bir yan etki rapor edilmemistir. Hatta 6zellikle yagdaki CBD’nin farmakolojik etkilerinden
dolay1 sagliga olumlu etkileri olacagna iliskin gortisler de bulunmaktadir [68]. Tiim bu veriler
degerlendirildiginde kenevir tohumu yaginin hem besleyici iceriginin oldukga yiiksek oldugunu ve ayni
zamanda icerdigi sekonder metabolitlerle sagliga ekstra katkilar1 olabilecegini sdylemek miimkiindiir.
Asagida kenevir tohumu yaginin igerdigi bilesik gruplari ve bu gruplara ait bilesiklerin miktarlar tablo

halinde sunulmustur (Tablo 3).

Kenevir Kokii

Kenevirin 6zellikle fitokannabinoitleri igceren ¢icek, brakte ve yaprak gibi kisimlariyla yapilan
calismalar 6n plana ¢ikmasina ragmen, tarihsel kullanimina ve fitokimyasal icerigine bakildiginda,
kenevirin kok kisminin da pek ¢ok farmakolojik etkiye sahip oldugunu ve degerlendirilmesi gerektigini
sOylemek miimkiindiir.

Kenevir kokii; cicek, brakte ve yapraklarin aksine kannabinoitler agisindan zengin degildir.
Bunun yerine yapisinda friedelin ve epifriedelanol gibi triterpenleri, kannabisativin ve
anhidrokannabisativin gibi alkaloitleri ve gesitli sterolleri bulundurmaktadir (Tablo 4).

Yapilan c¢aligmalarda kenevir kokiinde bulunan triterpenik bilesiklerin tarihteki kullanimini

dogrulayacak sekilde antienflamatuvar, antipiretik ve analjezik etkileri oldugu saptanmistir.
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Tablo 3. Kenevir Tohum Yaginin Makro Kompozisyonu [63, 64, 68]

Bilesenler

Yag asitleri
Linoleik asit
o-Linolenik asit
Oleik asit
Palmitik asit
Stearik asit
y-Linolenik asit
Eikosanoik asit
Eikosenoik asit
Eikosadienoik asit
Diger Bilesenler
Kannabidiol
A°-Tetrahidrokannabinol
Mirsen
p-Karyofillen
[-Sitosterol
o-Tokoferol
y-Tokoferol

Metil salisilat

Raporlanan

50-70 % a/a
15-25 % a/a
10-16 % a/a
6-9 % a/a

2-3 % ala

1-6 % a/a
0.79-0.81 % a/a
0.39-0.41 % a/a
0.00-0.09 % a/a

50 mg/kg
7-80 ppm
710-870 ppm

Tablo 4. Kenevir Kokiindeki Aktif Bilesenler [16]

Kenevir kokiindeki aktif bilesenler
Triterpenoitler

Friedelin

Epifriedelanol
N-(p-hidroksi-f-feniletil)-p-hidroksi-trans-
sinnamamit

Kolin

Alkaloitler

Kannabisativin
Anhidrokannabisativin

Steroller

Sitostrerol

Kampesterol

Stigmasterol

Monoterpenler

Karvon

Dihidrokarvon

Sonugclar [68]

52-62 % a/a
12-23 % a/a
8-13 % a/a
5-7% a/a

1-2 % a/a
3-4% ala
0.39-0.79 % a/a
0.51 % a/a

0.00 % a/a

10 mg/kg
160 mg/L
740 mg/L
100-148 g/L
Degisken
468 mg/L
Degisken

Miktar/Konsantrasyon

7.5-12.8 mg/kg
14.5-21.3 mg/kg
1.6 mg/kg

2.5 mg/kg
0.3 mg/kg

1.5%ala

0.78 % a/a

0.56 % a/a

n-hekzan ile yapilan kok ekstresinde:
77.7 % a/a

233 % ala

123



124 Yildirim ve Koca Caliskan Ankara Ecz. Fak. Derg., 44(1): 112-136, 2020

Friedelin ile yapilan ¢esitli in vivo ve in vitro ¢aligmalarda antienflamatuvar, antipiretik ve
analjezik etkilerinin oldugu tespit edilmistir [69]. Ovariyektomi yapilmis Wistar siganlarda ise friedelin
Ostrojenik aktivite gostermistir [70]. Bunun disinda karaciger koruyucu ve giiclii antioksidan aktiviteleri
de bulunmaktadir [71]. Kenevir kokiinde tespit edilen aktif bilesiklerden biri olan N-(p-hidroksi-f-
feniletil)-p-hidroksi-trans-sinnamamit ise fare deneylerinde analjezik etki gdstermistir [72]. Veriler
degerlendirildiginde kenevir kokiiniin diger fitokimyasal bilesenleri ile ilgili fazla ¢alisma olmadiginm
ancak farkli farmakolojik aktivitelere sahip olma potansiyeli tagidigini ve dolayisiyla kenevir kokii ile

ilgili ileri caligmalarin yapilmasi gerektigini sdylemek miimkiindiir.

Kenevir’in Terapotik Kullanimi

Fitokannabinoitler, terpenler ve burada detaylar1 verilmeyen farkli pek ¢ok etkili bilesigi igermesi
sebebiyle, kenevirin pek c¢ok hastaligin tedavisinde kullanilabilecegi diisiincesi uzun siiredir var
olmustur. Bu konuda yapilan bilimsel ¢aligsmalar 6zellikle son 5 yilda ciddi oranda artmigtir. Asagida
kenevirin cesitli hastaliklar ya da semptomlar {izerindeki iyilestirici etkisiyle ilgili veriler

bulunmaktadir.

Alzheimer

Endokannabinoit sistemin Alzheimer gibi yas ile iliskili nérodejeneratif hastaliklarda hedef
mekanizmalardan biri oldugu diisiiniilmektedir [73, 74]. Yapilan in vivo ve in vitro preklinik deneylerde,
kannabinoitlerin S-amiloid toksisitesini azalttig1 ve ndroprotektif etki gosterdigi goriilmistiir. Suliman
ve arkadaglar1 tarafindan 2018’de yapilan c¢alismada, diisiik doz A9-THC’nin yasgh siganlarin
hipokampiistinde anlamli 6l¢iide ndérogenezisi tetikledigi saptanmistir [41]. Yapilan in vitro deneylerle
THC’nin mitokondriyal faaliyetleri diizenledigi tespit edilmis ve bu sebeple THC nin Alzheimer
hastaliginin prognozunu yavaslatabilecegi belirtilmistir [75]. A’~THC’nin ayni1 zamanda intrandronal f-
amiloid birikimini azalttigi ve antienflamatuvar etki gosterdigi de bulunmustur [42]. Beyindeki
inflamasyon, Alzheimer gibi nérodejeneratif hastaliklari olusumunda anahtar mekanizmalardan biridir.
Bu sebeple A’-THC gibi hem CB1 hem CB2 reseptor agonistleri disinda selektif CB2 agonistlerinin de
noroinflamasyonu ve oksidatif stres hasarin1 baskilayabilecegi ve azalmis hafiza fonksiyonlarini

iyilestirebilecegi ongodriilmektedir [76, 77].

Anksiyete

Yapilan caligmalar kenevirin hem anksiyojenik ve hem de anksiyolitik olabilecegini
gostermektedir. Diisiik dozlarda A’-THC nin anksiyolitik etki gdsterdigi, buna karsin yiiksek dozda A’-
THC nin ise anksiyojenik etki gosterdigi saptanmistir. Ayni ¢alismada CBD’nin hem hayvanlarda hem
de insanlarda limbik ve paralimbik bolgeleri etkileyerek anksiyolitik etki gosterdigi bulunmustur [78].
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Tek doz 600 mg kannabidiol’iin kullanildig1 randomize klinik ¢alismada, jeneralize sosyal anksiyete
bozuklugu olan 24 katilime1 yer almis ve plasebo ile karsilastirildiginda kannabidiol’{in bu kisilerin
toplum 6niinde konugmaya bagli anksiyetesini giderdigi gosterilmistir [79]. Bu veriler bize neden diinya
genelinde pek ¢ok kisinin anksiyete sikayetlerinden kurtulmak i¢in kenevir kullanimina yoneldiklerini

acgiklamaktadir [80].

Anoreksiya

Kenevir kullanan kisilerin istahlariin arttig1 bilinen bir gercektir. Aym sekilde THC ve diger
CB1 agonistlerinin de istah artirici etkileri oldugu belirtilmektedir [23]. Scherma ve arkadaglarinin 2017
yilinda anoreksik sican modelinde yaptiklar1 deneylerde hem dogal A9-THC ve hem de sentetik
formunun leptin sinyalini artirarak ve plazma kortikosteron seviyelerini diisiirerek siganlarm kilo
kaybini azalttigini ve aktivitelerini artirdigini bulmuslardir [81]. Pek ¢ok ¢calisma CB1 stimiilasyonunun
anoreksik hastalarda ya da kanser kaynakli ciddi istahsizliklarda istahi artirip kilo kaybini azaltabilecegi
yoniindedir [82, 83]. Sentetik bir THC tiirevi olan dronabinol, AIDS hastalarinda goriilen anoreksi
tedavisinde 1992 yilindan itibaren kullanilmaktadir [23].

Diyabet

Diyabetik sigan modelinde kannabidiol’iin makrofajlardan IL-12 salinimimi ve plazma IFN-y
seviyelerini diisiirmek suretiyle f hiicre zedelenmesini yavaslattigi anlasilmistir [84] ve bu sebeple
diyabette endokannabinoitlerin 6nemine iliskin ¢aligmalar artmaktadir. Ancak bu ana mekanizmayla
ilgili olan kamtlar heniiz yeterli diizeyde degildir. Bununla birlikte diyabette, karacigerde glutatyon
rezervlerinin 6nemli 6l¢iide azaldig1 [85] ve lipit peroksidasyonunun da arttigi tespit edilmistir [86].
Diyabetik sicanlarda yapilan bir ¢alismada CBD’nin karacigerde glutatyon rezervlerini artirdig1 ve buna
bagli olarak lipit peroksidasyonunu azalttig tespit edilmistir [85]. Bu ¢alismada ayni1 zamanda diyabetik
noropatiden sorumlu olan mekanizmalardan biri olan diisiik NGF konsantrasyonlarinin da, CBD
tedavisiyle arttirllabildigi saptanmistir. Diger bir calismada CBD ve THC’nin, a-tokoferol ve
askorbattan daha yliksek diizeyde antioksidan aktiviteleri oldugu kanitlanmistir [87]. Tiim bu veriler
degerlendirildiginde kenevirin 6zellikle diyabetik noropati gibi oksidatif mekanizmalarin rol aldigi
komplikasyonlarda umut verici oldugunu, ancak diger mekanizmalarla ilgili ileri aragtirmalara ihtiyag

duyuldugunu séylemek miimkiindiir.

Epilepsi
Preklinik pek ¢ok ¢alisma kannabinoitlerin epilepside kullanilabilecegini gostermistir. CBD ve
CBD’nin propil tiirevi olan kannabidivarin ile yapilan preklinik ve klinik ¢aligmalar, antikonviilsan

etkiyi ortaya koymakla birlikte bu etkinin mekanizmasi tam olarak aydinlatilamamistir [88]. Szaflarski
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ve arkadaslarinin 2018’de 72 ¢ocuk ve 60 yetiskin ile yaptiklar1 ¢alismada CBD tedavisinin anlaml
olciide epileptik semptomlar giderdigi goriilmiistiir. Bu ¢calismalarin ardindan FDA,”Epidiolex” isimli
CBD igeren ilaci, epilepsinin agir seyreden ve nadir gézlenen iki formu olan Lennox-Gastaut sendromu
ve Dravet sendromunun tedavisinde kullanilmak {izere onaylamistir. Son olarak Aran ve arkadaslar
retrospektif caligmalarinda, CBD’nin ASD (atriyal septal defekt)’li ¢ocuklardaki inat¢1 davranig
problemlerinde giivenilir, tolere edilebilir ve etkili bir tedavi oldugunu belirtmislerdir [89]. Tiim bu
veriler g6z 6niine alindiginda, fitokannabinoitlerden 6zellikle CBD’nin ¢esitli ndbetlerde, epilepside ve

diger ndrodejeneratif rahatsizliklarda tedavi potansiyelinin yiiksek oldugu goriilmektedir [55].

Kemoterapiye Eslik Eden Bulanti-Kusma

Bilindigi gibi bulant1 ve kusma kanser kemoterapisinde kullanilan ilaglarin en sik goriilen yan
etkileri arasinda bulunmaktadir. THC ve kannabidiol’iin CB1 reseptérleri lizerinden ve bagka birtakim
mekanizmalarla bulanti ve kusmay1 Onledigi bilinmektedir. Dronabinol ve nabilon 0&zellikle
konvansiyonel antiemetiklerle sonu¢ alinamayan kanserli hastalarda, kemoterapiye bagl bulant1 ve

kusmanin giderilmesinde 1980’li yillardan beri klinikte kullanilmaktadir [23].

Kronik Agr

Bilindigi gibi kenevirin insan saglhigma yonelik kesfedilen ilk etkilerinden birisi analjezik
aktivitesidir. Medikal kenevir kullanicilar1 da keneviri en ¢ok bu etkisi sebebiyle kullanmaktadir [90].
Migren, kemik ve eklem agrisi, menstriiel kramplar vb. pek ¢ok agn tipinde etkili olmakla birlikte,
ozellikle noropatik agr1 ve kanser agris1 gibi konvansiyonel tedavilere cevap vermeyen tedavisi gii¢ agri
cesitlerinde etkinligi ¢ok daha yiiksektir. Bu amagla THC ve CBD igeren standardize kenevir ekstresi
nabiksimols, 2010 yilindan beri klinikte kullanilmaktadir [23].

Kolit

Kenevirin farkli preparatlariin gastrointestinal agrilar, gastroenterit, diyare vb. pek ¢ok
gastrointestinal hastalikta uzun bir siiredir kullanildig1 bilinmektedir [91]. CBC, CBD ve CBG gibi
fitokannabinoitlerin ~ ¢esitli deney modellerinde inflamatuvar bagirsak  rahatsizliklarinda
antienflamatuvar olarak rol oynadigi ¢esitli arastirmacilar tarafindan rapor edilmistir [92-94].
Nallathambi ve arkadaslarmin yaptiklar1 arastirmada ise, A’~THCA nin kolon epitelyal hiicrelerinde

antienflamatuvar 6zelligi oldugu tespit edilmistir [95].

Multipl Skleroza Bagh Spastisite
Giliniimiizde kas spastisitesi, noropatik agri, tremor, ataksi ve ndrojenik mesane gibi multipl

skleroz semptomlarinin tedavisinde kullanilan ilaglar tam olarak tedavi edici degildirler ve yan etkileri
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sebebiyle kullanimlar kisith olabilmektedir [96]. Bu durum tiim diinyada multipl skleroz hastalar
tarafindan kenevirin artan oranlarda denenmesinin sebebidir. Nabiksimols 2010 yilindan sonra basta
Kanada ve ¢ogu Avrupa lilkesi olmak iizere pek ¢ok iilkede, konvansiyonel tedavilere cevap vermeyen
multipl skleroza bagli spastisite ve agr1 tedavisinde kullanilmaya baslanmigtir. Bu tedaviler sirasinda
psikoaktif yan etki ve direnc¢ oldukca diisiik diizeyde rapor edilmistir ve hastalar tedaviyi iyi tolere

etmislerdir [97].

Sizofreni ve Diger Psikozlar

Kannabidiol’tin THC’nin psikoaktif etkilerini inhibe ettigi ve aymi zamanda sizofrenideki
metabolik, inflamatuvar ve stresle iligkili semptomlar iizerinde de olumlu etkileri oldugu gdsterilmistir
[98]. Leweke ve arkadaglariin yaptigi randomize ¢ift-kor klinik calismada, 42 sizofreni hastasinda
kannabidiol ile amisiilpirid tedavisi 4 haftanin sonunda karsilastirilmig ve hem psikotik semptomlari
daha etkili bir sekilde azaltmasi hem de yan etkilerinin az olmas1 nedeniyle kannabidiol tedavisi daha

iistiin bulunmustur [99].

Uyku Bozukluklar

Nabilon ve dronabinol ile yapilan kisa siireli tedavilerin obstriiktif uyku apnesinde yararl
olabilecegi ile ilgili caligmalar bulunmaktadir [100, 101]. Nabilonun ayn1 zamanda post-travmatik stres
bozukluguna bagli kabuslar1 azalttig1 ve kronik agris1 olan hastalarda uyku kalitesini artirdig1 yapilan

caligmalarla kanitlanmistir [102].

Tourette Sendromu

Tourette Sendromu (TS), en az bir y1l siiren motor ve vokal tiklerle karakterize, ¢ocukluk ¢aginda
% 0.4-0.6 sikliginda goriilen ndrogelisimsel bir bozukluktur [103]. Baz klinik ¢aligmalarla, kronik
kenevir ya da dronabinol tedavisinin tedaviye direngli tourette sendromunda tikleri azalttigi

kanitlanmustir [39, 40].

SONUC VE TARTISMA

Goriildiigii gibi kenevir, insanlik tarafindan binlerce yildir insan ve hayvan saghigi acisindan
kullanilmis, Cin tababeti ve Ayurveda gibi kendine has felsefesi ve binlerce yillik birikimi olan
geleneksel tip sistemlerinde de kendine &nemli bir yer edinmis tibbi bir bitkidir. Ilerleyen yillarda
kenevirin psikoaktif etkilerinden dolay1 suistimal edilmesi, onun sayisiz alandaki {istiin kullanimlarina
ragmen yasaklanmasina sebep olmustur. Oysaki kenevirde, yasaklanmasina sebep olan ana bilesik A’-
THC disinda yaklasik olarak 550 adet bilesik daha saptanmustir. Ustelik A>-THC’nin de alzheimer gibi

norodejeneratif hastaliklar, bulanti, kusma, anoreksiya basta olmak {izere pek ¢ok hastalikta tedavi edici
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etkisi oldugu yapilan bilimsel caligmalarla ortaya cikmistir. Makalede bahsi gecen hastalik ya da
semptomlardaki etkileri disinda kenevirin; glokom, post-travmatik stres bozuklugu, depresyon,
Huntington hastaligi, Parkinson hastaligi, distoni vb. bagka hastaliklarda kullanimu ile ilgili ¢aligmalar
da yapilmaktadir.

Tedavi potansiyeli bu kadar yiiksek ve cesitli olan kenevirin, potansiyel etkilerini tamamen ortaya
cikarabilmek, tedavi mekanizmalarimi aydinlatabilmek ve kronik tedaviler sirasinda olasi1 yan etkilerini
ongorebilmek icin etkili bilesiklerin etki mekanizmalarinin detayli arastirilmasi ve ileri klinik

caligmalarin yapilmasi yerinde olacaktir.
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ABSTRACT

Objective: Different types of skin diseases negatively affect the lives of many people, both physically and
mentally. Here, we aimed to document medicinal plants used as traditional folk medicine for the treatment of
eczema, psoriasis and vitiligo in Turkey.

Material and Method: Literature search was conducted by screening ethnobotanical studies. Moreover,
pharmacological and phytochemical studies were reviewed to assess the efficacy of the most commonly used
plants on skin diseases.

Result and Discussion: /n total, 191 taxa belonging to 134 genera and 64 families were determined as
being traditional herbal medicines used in defined skin diseases. Based on their number of citations, the most
[frequently used medicinal plant species are Juglans regia L. (19), Urtica dioica L. (18), Juniperus oxycedrus
L. (9), Chelidonium majus L. (8), Dracunculus vulgaris Schott (7), Ecballium elaterium (L.) A. Rich. (6), Ficus
carica L. (6), Malva sylvestris L. (6) and Rosa canina L. (6), respectively. It is concluded that several
pharmacological and phytochemical studies support the traditional usage of plants, but further studies are
needed. All findings are expected to be the basis for novel pharmaceutical products and a handbook for
healthcare professionals.

Keywords: Ethnobotany; medicinal plants; skin diseases, traditional medicine; Turkey

0z

Amac: Farkl tipteki cilt hastaliklart bir¢ok insanin yasamini hem fiziksel hem de ruhsal olarak olumsuz
yonde etkiler. Bu ¢alismada, Tiirkiye'de egzama, sedef hastaligi ve vitiligo tedavisinde geleneksel halk ilact
olarak kullanilan tibbi bitkilerin derlenmesi amaglanmigtir.

Gerec ve Yontem: Etnobotanik ¢calismalar taranarak literatiir arastirmast yapiulmistir. Bununla birlikte, en
stk kullanilan bitkilerin cilt hastaliklari iizerindeki etkinligini degerlendirmek amaciyla farmakolojik ve
fitokimyasal ¢alismalar incelenmistir.
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Sonug ve Tartisma: Toplamda 134 cins ve 64 familyaya ait 191 taksonun geleneksel bitkisel ilaglar olarak
egzama, sedef hastaligi ve vitiligo tedavisinde kullanildigi saptanmigtir. Aldiklart atif sayisina gore en sik
kullanilan tbbi bitki tiirleri sirasiyla Juglans regia L. (19), Urtica dioica L. (18), Juniperus oxycedrus L. (9),
Chelidonium majus L. (8), Dracunculus vulgaris Schott (7), Ecballium elaterium (L.) A. Rich. (6), Ficus carica
L. (6), Malva sylvestris L. (6) ve Rosa canina L. (6) olarak belirlenmistir. Bir¢ok farmakolojik ve fitokimyasal
calismanmin bitkilerin geleneksel kullammuni destekledigi, ancak daha fazla ¢alismaya ihtiya¢ duyuldugu
sonucuna vardmstir. Tiim bulgularin yeni farmasétik iiriinler igin temel olusturmasi ve saglik calisanlart icin
bir bagvuru kitabr olmasi beklenmektedir.

Anahtar Kelimeler: Cilt hastaliklar1,; etnobotanik; geleneksel tip; t1bbi bitkiler, Tiirkiye

INTRODUCTION

Skin diseases are extremely common worldwide and various types of them affect patients
mentally and physically. Skin, the largest organ in the human body, forms a physical barrier against
harmful effects of chemical, mechanical, thermal and microbial factors. Most people care about their
physical appearance which promote mental health by increasing the self-confidence of the person. Due
to their visibility, patients primarily require treatment of skin diseases [1, 2]. Some of them tend to be
persistent and have a higher prevalence in public. Especially, eczema, psoriasis and vitiligo are most
conspicuous skin diseases among them [3, 4].

Eczema is a non-infective chronic inflammatory skin condition that cause severe pruritus and red
rash [5, 6]. About 5 to 20% of people are affected by this disease at some stage in their lifetime
(especially in childhood) [5, 7]. The cause of the eczema varies according to the type of the disease.
Although there are many theories about the reason of the eczema, it is characterized by majority of
activated T lymphocytes [7]. Eczema is often accompanied by atopic diseases such as asthma, allergic
rhinitis and more [5]. Treatment of eczema helps to relief both skin inflammation and itching. The most
commonly used treatment today is topical steroids due to their immunosuppressive activity [7].
Psoriasis, the most common immune-mediated skin disorder, affects millions of people around the
world. Its prevalence in the general population is assumed to be 1.5-2% [8, 9]. It can be recognized by
circumscribed, red, thickened plaques with an overlying silver white scale [10,11]. Cause of psoriasis
couldn't be enlightened despite recent researches [12]. It is known as an organ-specific autoimmune
disease which is triggered by an activated cellular immune system [8]. Psoriasis has several treatment
modalities which are topical (corticosteroids, anthralin, retinoids, coal tar, etc.), phototherapy (UVA,
PUVA, UVB) or systemic-biological (acitretin, cyclosporine, methotrexate) [13]. Vitiligo, whose
prevalence is probably lower than other skin diseases, is a hereditary or acquired disease [14, 15]. It is
characterized by destruction of melanocytes in the skin that causes sharply demarcated depigmented
lesions of variable size and shape [15]. Although its etiology cannot be clearly explained, genetic
predisposition, a number of triggering factors such as stress, systemic diseases and physical trauma are
also prominent [15, 16]. The main purpose of the treatment is to obtain skin repigmentation. Topical

steroids, calcineurin inhibitors, systemic, physical and surgical therapy are therefore needed [15, 17].
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In addition to conventional medicine, traditional medicine also plays an important role in the
treatment of skin diseases. The therapeutic use of medicinal plants is still popular today as in the past
[18]. Herbal remedies are greatly preferred by patients because of the belief that herbal therapy is less
harmful than conventional therapy [18, 19]. So far numerous medicinal plants have been reported to be
used in skin diseases and many studies that demonstrate effectiveness of herbal remedies have been
carried out [1, 2, 20-23].

It is known that the most proper way to find out the plants used in traditional medicine is
ethnobotanical studies. Ethnobotanical studies not only document the interaction of mankind with plants
in historical process, but also determine medicinal plants which have an important place in human health
[24]. Since ancient times local people have benefited primarily from plants to feed and resolve health
issues. This extensive knowledge on traditional medicine has attracted the attention of many researchers.
As aresult, ethobotanical studies, based largely on observation and documentation of the usage of plants
by people, have begun to perform. In recent years, there has been an increasing number of reports on
ethnobotanical knowledge throughout the world and many of them have been conducted in Turkey.
Furthermore, medicinal plants which take place in ethnobotanical studies become recognised as a
valuable source for pharmacological studies and pharmaceutical industry [24, 25].

Thanks to the floristic richness that it has, Turkey is one of the leading countries in terms of the
accumulation of ethnobotanical knowledge [24, 26]. According to the latest data, more than 10.000 plant
species have been identified within its borders and approximately 31% of them is endemic [27].
Geological and geomorphological diversity, geographical location, various climate types and
topographical structure are the main factors of the floristic richness and the high rate of endemism in
Turkey [28].

On account of the fact that medicinal plants have a significant position in medical therapy, it is
necessary to determine those that are effective in dermatological treatment. The aim of our study is to
define medicinal plants traditionally used for the treatment of eczema, psoriasis and vitiligo in Turkey.
Moreover, in order to identify gaps in research field, the efficiency of medicinal plants that could be
candidate for new pharmaceuticals was researched by screening pharmacological and phytochemical

studies.

MATERIAL AND METHOD

A literature search was conducted on medicinal plants used for eczema, psoriasis and vitiligo in
Turkey by referencing studies published in journals, reports and books from 1994 to 2019. Detailed
information about taxa such as botanical, family and local names, used parts, preparation methods,
administration/dosage and duration of the treatment, ailments treated/therapeutic effects were given in

Table 1. Based on the data, the most frequently used plant families and taxa for each stated disease are
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presented in charts. The scientific names of plants and plant families were verified using The
International Plant Names Index (IPNI). Furthermore, pharmacological and phytochemical studies are

searched with a view to evaluating efficacy of the most commonly used plants on skin diseases.

RESULT AND DISCUSSION

In this review, a total of 191 taxa belonging to 134 genera and 64 families were determined as
being traditionally used for the treatment of eczema, psoriasis and vitiligo in Turkey. These medicinal
plants are arranged in alphabetical order of their families and presented in Table 1 with the relevant
information. The number of taxa used in each disease category (eczema, psoriasis and vitiligo) was
found to be as 176 taxa (59 families), 38 taxa (29 families) and 2 taxa (2 families), respectively. Only a
minority of the plants (Juglans regia L. and Gundelia tournefortii L.) are used to treat vitiligo. It has
been observed that some taxa used in both diseases, for example, 15 taxa are used in both eczema and
psoriasis, and 1 taxon is used in both eczema and vitiligo. According to the results, most widely used
medicinal plant species to treat skin diseases (eczema, psoriasis, vitiligo) are Juglans regia L. (19),
Urtica dioica L. (18), Juniperus oxycedrus L. (9), Chelidonium majus L. (8), Dracunculus vulgaris
Schott (7), Ecballium elaterium (L.) A.Rich. (6), Ficus carica L. (6), Malva sylvestris L. (6) and Rosa
canina L. (6), their usage quantities defined by number of citations for each disease category are given
in Figure 1. Moreover, the most commonly used plant families for treatment are listed as follows:
Asteraceae (20 taxa), Lamiaceae (11 taxa), Polygonaceae (10 taxa), Euphorbiaceae (9 taxa) and
Rosaceae (9 taxa) (Figure 2).

People benefit from various plant parts such as leaf, fruit, aerial parts, flower, root, branch, bark,
seed and latex. It was found that the leaves are the most commonly used part of the plant (20%), for the
treatment of skin diseases. Aerial parts are the second most commonly used part of the plant, accounting
for 16%. Also, in some studies the plant parts were not mentioned and the ratio of these unspecified
parts was found to be 7% (Figure 3). As a result of review, different forms of preparation like decoction
(30%), infusion (11%), mash (8%), powder (3%) and maceration (2%) were detected (Figure 4). These
preparations are applied more externally (39%) than internally (32%), the ratio of unspecified

application method is 29%.
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Figure 1. Most frequently used plants in eczema, psoriasis and vitiligo.
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Figure 2. Most frequently used families in eczema, psoriasis and vitiligo.
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Figure 3. Plant parts used to treat eczema, psoriasis and vitiligo.
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Figure 4. Preparation methods of the plants used to treat eczema, psoriasis and vitiligo.

Although evidence on the use of herbal therapy in dermatologic conditions is relatively sparse,
herbal remedies were reported as the most commonly used complementary and alternative medicine
method among patients [19,29]. Many studies conducted in the world from past to present have
emphasized the usage of plants in skin diseases including eczema, psoriasis and vitiligo. Some
commonly used medicinal plants reported in those studies are similar to our findings like Juglans regia,
Ecballium elaterium, Ficus carica, Juniperus oxycedrus, Calendula officinalis L. [2,30-33]. Unlike
other countries, only few plant species were determined as a traditional medicine against vitiligo in
Turkey [32, 34]. Mabona and Vuuren [20] stated that medicinal plants used for the treatment of skin
ailments in South Africa are most commonly prepared by decoction or infusion. As in many other
indigenous communities worldwide, the most frequently used part of the plant was determined as leaf.
According to our data, while the most widely used part is leaf, the most preferred method of preparation
is decoction. Even though plants used in diseases vary according to geography, similarities are observed
in their usage patterns.

Knowledge on traditional medicine requires in vitro, in vivo, and clinical studies to assess and
validate the effectiveness and safety of medicinal plants [30]. Recently, many pharmacological studies
that confirm the folkloric claim of plants have been carried out. We reported that nine plant species are
frequently used in Turkish folk medicine for the treatment of eczema, psoriasis and vitiligo. As these
skin diseases are related to inflammation and the most commonly used prescription drugs are
corticosteroids, the plants were mainly evaluated for their anti-inflammatory activity. Furthermore, these
diseases are immune mediated disorders and dermatologists recommend systemic immunomodulators
(methotrexate, tacrolimus, etc.), immunomodulatory activity also can be helpful in treatment [32,35].
Pharmacological and phytochemical studies for this purpose were reviewed and the findings were given

below.
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Juglans regia L.

Review of ethnobotanical studies revealed that various parts of the Juglans regia are traditionally
used for the treatment of skin diseases in Turkey. Decoction of branches and fruits are used both
externally and internally in psoriasis. Infusion of the leaves is used internally and fruits are eaten to treat
vitiligo. Leaf is the most mentioned part which is prepared for eczema. Mainly infusion and decoction
of the leaves are applied externally. Also, infusion of fruits is used internally. Moreover, fruits are eaten
and its poultice is applied externally to cure eczema. Mashed or boiled fruit pericarp is considered as a
herbal medicine. Seeds, leaves and fruits which are prepared with different methods such as maceration,
decoction, bathed are used externally or internally for eczema and psoriasis. However, used plant parts,
preparation and administration methods were not given in several studies. In some countries, leaves are
recommended for the treatment of superficial inflammation of the skin and they are used for relieve the
itchiness [2]. It is said to have anti-inflammatory activity owing to the flavonoids such as quercetin,
luteolin, hesperidin the plant contains [36,37]. Ethanol extract of leaves showed potent anti-
inflammatory activity (as potent as indomethacin) in the carrageenan-induced hind paw edema model
in mice without causing any gastric damage [38]. According to Hosseinzadeh et al. [36], the aqueous
and ethanol extracts of leaves demonstrated anti-inflammatory activity against acute and especially
chronic inflammation. In xylene induced ear edema test in mice, the extracts showed anti-inflammatory
effects but the efficacy was decreased in higher doses, especially for the aqueous extract. The extracts
also showed anti-inflammatory activity against chronic inflammation in cotton pellet granuloma method
in mice [36]. Previous studies reported that J. regia can cause irritation and skin hyperpigmentation in
topical applications to large areas due to content of Juglone. Nevertheless, contact allergy in humans is

very rare [37,39].

Urtica dioica L.

Herbal drugs from Urtica dioica, which are formed with diverse preparation methods from
various parts of the plant, are traditionally used to treat eczema in Turkey. Decoction of leaves are
administered externally and internally. Decoction and infusion of roots are used internally; decoction of
sprouts is used externally. While decoction of aerial parts is consumed internally, mashed aerial parts
are applied externally to the affected areas. Furthermore, herbal medicines prepared by mashed stem,
leaves and seeds are used in both internal and external ways for the treatment of eczema and psoriasis.
People also benefit from decoction of whole plant and infusion of leafy branches, seeds and sprouts to
treat eczema. Leaves are used externally and decoction of whole plant is used internally to treat psoriasis.
Unspecified parts, preparation and administration methods were observed in the ethnobotanical
literature review. U. dioica is also used to treat skin disorders such as eczema, psoriasis, scabies and
pruritus in some countries. Quercetin, which is the most active flavonoid in U. dioica, has potent

antioxidant and anti-inflammatory activities [40]. It has recently been shown that bioactives such as
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adenine, nicotinamide, synephrine and osthole which exhibit anti-inflammatory and anti-allergenic
effects are readily absorbed into the body and these compounds cannot to cross the blood-brain barrier
[41]. Dar et al. [42] reported that hexane extract of leaves showed a significant inhibition in the rat paw
edema assay, comparable to that of indomethacin, though no significant inhibition of inflammation was
observed in the groups treated with chloroform, ethyl acetate, methanol and aqueous extracts. Moreover,
the major compounds (quercetin, kaempherol and isorhamnetin) isolated from the methanolic extract of
the aerial parts have been shown to possess immunomodulatory activities [43]. Recent study reported
that U. dioica 5% ointment cured all psoriatic lesions with a success rate of 71.693% (38 of 53 patients).

The best results were obtained when the lesion is localized [44].

Juniperus oxycedrus L.

Different parts (tar, stem, fruit, branch, gum) of Juniperus oxycedrus are traditionally used in the
treatment of eczema and psoriasis in Turkey. Tar is applied to the affected skin areas for the treatment
of eczema and psoriasis. Tar is mixed with flour to form pills when people prefer the internal usage to
treat eczema. Fruits are prepared by infusion or decoction and consumed internally for the treatment of
eczema and psoriasis. People also eat raw fruits to cure both diseases. In addition, pitch is administered
externally as a plaster to treat psoriasis. Gum is used externally as a salve for eczema and psoriasis.
Roots, stem and branches are also used externally to treat eczema and psoriasis but information on
preparation method were not given in conducted study. J. oxycedrus is also widely used (especially oil
of cade, known as juniper tar) as traditional folk remedy for treatment of chronic eczema, psoriasis and
other several skin diseases worldwide [33]. Oil of cade has an antiseptic and anti-inflammatory effects
owing to high percentage of cadinene (sesquiterpene). Thus, it is usually used to treat psoriasis and other
skin dermatitis [45]. Moreno et al. [46] reported that methanol and dichloromethanol extracts of leaves
and stems displayed prominent anti-inflammatory activity and inhibition of the rat paw edema induced
by carrageenin, flavonoids are believed to be responsible for the pharmacological activity. In another in
vivo study, the n-butanol subextract prepared from fruit ethanol extract provided a remarkable anti-
inflammatory effect [47]. The anti-inflammatory activity was appraised by carrageenan-induced and
PGE2-induced hind paw edema models. The methanolic extracts of fruit and leaves showed a significant

inhibitory activity in both model at a dose of 100 mg/kg [48].

Chelidonium majus L.

In Turkey, the most frequently used part of the Chelidonium majus for the treatment of eczema is
latex and it is applied externally. Infusion of aerial parts is consumed internally. Flowering branches of
the plant are also traditionally used to treat eczema however, knowledge of preparation and application
methods were not addressed in the ethnobotanical study. In some countries, C. majus has traditionally

been used in the treatment of skin diseases such as eczema and ringworm [49]. In many studies, anti-



J. Fac. Pharm. Ankara, 44(1): 137-166, 2020 Erarslan et al. 145

inflammatory activity of C. majus extracts has been shown using various experimental models of
inflammation in vitro and in vivo. It was highlighted that chemical compounds of alkaloids contained in
extracts may be responsible for these anti-inflammatory properties [50-52]. The fraction of quaternary
benzophenanthridine alkaloids from roots was evaluated in terms of its anti-inflammatory activity
against carrageenan-induced rat paw edema, sanguinarine exhibited a higher anti-inflammatory activity
than chelerythrine [53]. Moreover, Yang et al. [52] revealed that the administration of aerial parts

inhibited the development of atopic dermatit like symptoms in mice.

Dracunculus vulgaris Schott

While fruits and tubers of Dracunculus vulgaris are traditionally used in eczema, only tubers are
prepared to treat psoriasis in Turkey. Fruits are eaten and its decoction is applied externally to cure
eczema. Tubers are prepared by decoction or they are mashed and cooked for the external usage.
Moreover, mashed tubers are swallowed up to treat eczema. In psoriasis treatment, tubers are sliced then
consumed. As far as can be determined from a survey of the literature, there are few studies supporting
the traditional usage of the plant in skin diseases. In one of these studies, anti-inflammatory activity of
petroleum ether, ethyl acetate and methanol extracts of roots were evaluated and petroleum ether extract
exhibited the highest activity [54]. In the light of the data obtained from various researches, it is known

that the underground parts and aerial parts possess antioxidant activity [55-56].

Ecballium elaterium A. Rich.

Fruits and roots of Ecballium elaterium are used as traditional folk medicine for the treatment of
eczema. People can benefit from fruits and roots in both internal and external ways for the treatment of
eczema. It is known that cutted fruits and roots are used internally. Furthermore, decoction of fruits and
roots is mixed with sugar and consumed by local people to treat eczema. Cucurbitacins which is one of
the main compounds in E. elaterium possess anti-inflammatory activity, among them Cucurbitacin B
has the highest effect [57,58]. In study by Yesilada et al. [58], the anti-inflammatory activities of the
fruit juice and its triterpenoid constituent, Cucurbitacin B, were examined in mice against serotonin and
bradykinin induced edemas and both exhibited a significant dose-dependent inhibition of edema.
According to Bourebaba et al. [59], fruits, flowers and leaves extracts possesses anti-inflammatory

effect.

Ficus carica L.

Leaves and latex of Ficus carica are traditionally used in the treatment of eczema. While
decoction of leaves is used externally, infusion of leaves and latex is consumed in internal usage to treat
eczema. The compound responsible for the broad-ranging anti-inflammatory activity of the plant is

Luteolin which is the main free flavonoid in F. carica [60,61]. Quercetin, another flavonoid exist in
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plant, is widely used therapeutically in allergic conditions, including eczema [62]. In vivo, petroleum
ether, chloroform and ethanol extracts of leaves were investigated for anti-inflammatory activity by
carrageenan induced rat paw edema and cotton pellet ranuloma methods. The extracts showed notable
anti-inflammatory effect in both acute and chronic inflammation, as compared with the standard drug
indomethacin [63]. Furthermore, another study on anti-inflammatory activity of F. carica revealed that
hydro-alcoholic extract of leaves showed anti-inflammatory effects in the carrageenan induced paw
edema in rats [64]. In clinical trial, it has been demostrated that the application of aqueous extract of
fruits may provide better treatment results than 1.0% hydrocortisone in mild to moderate atopic

dermatitis in pediatric patients [65].

Malva sylvestris L.

Macerations of leaves, flowers, aerial parts and roots of Malva sylvestris are used internally for
the treatment of eczema in Turkey. Aerial parts and roots are prepared by brewing or mashing to use
internal way. Decoction of aerial parts is used internally. Infusion and decoction of leaves are also used
to treat eczema. Various parts such as leaves, flowers, aerial parts, buds, shoots are considered as
efficient in the treatment of eczema by local people. However, detailed information on preparation and
administration of plant parts were not detected in literature review. The consumption of several parts of
M. sylvestris in the treatment of skin diseases is widespread in many countries as well as Turkey, due to
their anti-inflammatory properties [66,67]. In a study which appraised the topical anti-inflammatory
effect of the plant, 5, 10 and 20% of Malva extract creams were applied on the carragenin-induced
edema in rats. A significative inhibition of edema was obtained with the 5% Malva cream compared
with the placebo. It was demonstrated that this effect was higher than that obtained with a 2%
indometacin cream [68]. The topical anti-inflammatory activity was also studied with hydro-alcoholic
extract of leaves, it reduced edema by 21% (administered at the dose of 300 g/cm2) on croton oil-induced
inflammation in the ears of mice [69]. In a randomized clinical trial, the efficacy of M. sylvestris on
patients with hand eczema was researched. In group on which M. sylvestris 4% ointment was applied
twice a day, significant healing was observed without side effects in the treatment of hand eczema in

comparison with placebo [70].

Rosa canina L.

In Turkey, several parts (especially aerial parts) of Rosa canina are used only internally in the
treatment of eczema. Decoctions of fruits, leaves, seeds, roots and galls are traditionally used by local
healers, whereas fruit is preferred as infusion. Raw fruits are also eaten to treat eczema. Also, people
use decoction of fruits internally. In a previous pharmacological study, the anti-inflammatory activity
of the hydro-alcoholic crude extract of fruits was tested on the carrageenin induced rat paw edema assay.

It was observed that extract inhibited the development of carrageenin-induced edema, similar to the anti-
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inflammatory activity of indomethacin [71]. In another study, the aqueous and ethanol extracts of fruits
displayed potent anti-inflammatory activity in several in vivo inflammatory models (ethanol extract
showed a greater effect than the aqueous extract) [72]. The topical use of R. canina seed oil was effective
in skin disorders like eczema, as seen in a study including 75 patients using seed oil together with an
oral fat-soluble vitamin [73]. It was stated that hydro-alcoholic extract of fruits might have
immunomodulator effect in vivo [74].

In concluding, even though debate continues as to whether plants are sufficiently effective in the
treatment of skin diseases, herbal therapies are still in demand. Their popularity has increased even more
in recent years due to belief that medicinal plants are cheaper and safer than allopathic medicines. There
is an immense amount of information on herbal therapies which can help researchers, pharmacists and
doctors. However, the most important problems encountered in herbal treatment are the lack of
standardization of the active substance in the herbal preparations in terms of concentration and purity
and the inability to control their side effects. Therefore, the dermatologist who wants to use herbal
treatment in practice should know the effects and side effects of the plant.

We have compiled the medicinal plants traditionally used in the treatment of eczema, psoriasis
and vitiligo and determined nine of them which are most frequently used. Most considered effects for
these plants are anti-inflammatory and immunomodulatory activities. Despite the fact that there have
been several pharmacological and phytochemical studies proving the efficacy of the plants in the
treatment, more studies are needed for some species. In conclusion, findings reinforce the importance
of the ethnobotanical literature as a potential source of pharmaceutical raw materials. It is hoped that

this study will lead the way for future studies and guide healthcare professionals.

Table 1. Medicinal plants traditionally used to treat eczema, psoriasis and vitiligo in Turkey.

Botanical name, Family name Local names Used Preparation/ Ailments
parts Adminstration treated (Ref)
Adoxaceae
Sambucus ebulus L. Sahmelik, Biza, Sultan R Dec/Int E [23]
otu F -/Int E [75]
Sambucus nigra L. Meliksah, Piran, Piren, F Ma, Ea/Int, Ext E [76]
Sultanotu, Sultan, F -/Int E [77]
Sahmelek F Mix, Ma/Int, Ext  E [78]
Altingiaceae
Liquidambar orientalis Mill. Giinliik agac1 Bls -/- P [79]
Amaranthaceae
Beta vulgaris L. Pancar L Dec/- E [80]
Amaryllidaceae
Allium sativum L. Sarimsak Bl Spl/Ext E [81]
Anacardiaceae
Cotinus coggygria Scop. Tetre, Tetra otu, Tetere L Dec/Ext E [75, 82, 83,
84]
L Inf, Dec/Ext E [85]
Leb Dec/Int E[75]
Pistacia terebinthus L. Menengi¢ agaci, F, Gu -/- E [86]
]

Kokoragag L Dec/Int P [84




148 Erarslan et al.

J. Fac. Pharm. Ankara, 44(1): 137-166, 2020

Rhus coriaria L. Sumak, Sumakotu - Spi, Dec, E [87]
Ma/Int, Ext
Apiaceae
Caucalis platycarpos L. Pitirak, Bitirak R -/- E [88]
Crithmum maritimum L. Kaya korugu, Okseotu Aer Pasp/Int, Ext E [76]
Eryngium campestre var. virens (Link) Gazyagl diken, Kenger Lt -/Ext P [89]
Weins dikeni Aer Dec/Int, Ext E, P [90]
Ferula orientalis L. Kirkor, Kinkor, St, R Dec/Int P [91]
Katkorik
Malabaila lasiocarpa Boiss. Bijberhik Aer, F, L Dec, Ma/Int, Ext  E [92]
Petroselinum crispum (Mill.) Fuss Maydanoz L Dec/Int E [93]
- -/- E [94]
Aer Inf/Int E [81]
Apocynaceae
Nerium oleander L. Ay agaci, Zakkum Lt App/Ext E [95]
Fb Dec/Ext E [96]
Araceae
Arum italicum Mill. Yilan yastig1, Yilancik,  Tb Co, Dec/- E [97]
Gabarcik, Yilan kilic F Dec/Int E [77]
Domuzyandiran Tb Pla/Int E [98]
- -/- E [94]
Tb Cut/Int E [75]
Arum orientale M. Bieb. Yilanyastigi F - E [99]
Dracunculus vulgaris Schott Yilan bigagi, Yilan F Dec/Ext E [100]
yasti81, Kabarcik, - -/- E[101]
Yilankamgisi F -/Int E[102]
Tb Dec/Ext E[102]
Tb Ma+Co/Ext E [96]
Tb Sli/Int P [96]
Tb Ma/Int E[103]
F Ea/Int E [104]
Asparagaceae
Asparagus officinalis L. Kuskonmaz F,R Dec/Ext P [105]
Ruscus aculeatus L. Tavsan cuiciigli, Tavsan R Dec/Int E[106]
gbbegi, Tavsan elmast
Aspleniaceae
Asplenium trichomanes L. (Syn: Asplenium  Sigan otu Wh Dec/Ext E [80]
trichomanes subsp. quadrivalens D.E.Mey.)
Asplenium adiantum-nigrum L. Yar otu Wh Dec/Ext E [80]
Asteraceae
Achillea crithmifolia Waldst. & Kit. Mayasil otu, Cap Dec/Int E [75]
Giizelnamusotu
Achillea nobilis subsp. neilreichii (A.Kern.) Mayasil otu - -/- E[101]
Velen Cap Inf/Int E[102]
Achillea setacea Waldst. & Kit. Ayvadana Aer Dec/Int E[107]
Anthemis tinctoria L. var. pallida DC. Papatya Fl Dec/Ext E [108]
Arctium tomentosum Mill. Dulavrat otu L Ma/Ext E, P [109]
Artemisia absinthium L. Tahlig Aer Inf/Int, Ext E [92]
Bellis perennis L. Koyungozii - -/- E [94]
Calendula officinalis L. Portakal nergisi, Fl Moi/Ext E, P [88]
Aynisafa Aer Sal/Ext E, P [109]
Aer Sal, Dec/Int, Ext P [84]
Cichorium intybus L. Hindiba, Mavihindiba, Aer Dec/Int E, P [77]
Ham siitliivan Aer Dec/Int E[110,111]
Aer -/- E[112,113]
Cirsium hypoleucum DC. Visne kangali - -/- E [94]
Echinops orientalis Trautv. Topuz dikeni Aer -/- E[114]
Filago arvensis L. Paryavsan otu, Cayir Aer Mc, Inf, Ea/Int, E[115]
giizeli Ext
Gundelia tournefortii L. Kenger S Coffee/- V[116]
S,Lt,R, St  Dec, App/Int, V[117]
Ext
F Roa/Int E[118]
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Matricaria chamomilla L. Adi papatya, Alman Fl -/Ext E[119]
papatyasi, Mayis
papatyasi
Phagnalon rupestre subsp. graecum Batt. Ar1 boku Aer Dec/Ext E [120]
Senecio vulgaris L. Sar1 papatya R -/Ext E [81]
R Dec/Ext E[110]
Taraxacum campylodes G.E. Haglund Karahindiba, Kopek L, Sh Tin/- E[79]
(Syn: Taraxacum officinale (L.) Weber ex marulu
F.H.Wigg.)
Taraxacum sp. Hindiba, Aslan disi R, FI Tin, Inf/- E[121]
Tragopogon dubius Scop. Marsing, Siping Wh Ma/Ext E [122]
Xanthium strumarium L. Domuz pitrag, Pitrak, R, F Dec/Int, Ext E[115]
Siraca otu
Berberidaceae
Leontice leontopetalum L. Patlangag, Yer somunu  Tb Dec/Ext E [106]
Betulaceae
Alnus glutinosa (L.) Gaertn. Kizil agac Mfl Dec/Ext E [98]
Carpinus orientalis Mill. Istirig - -/- E [94]
Corylus maxima Mill. Findik L Dec/Int E [106]
Boraginaceae
Alkanna megacarpa A.DC. Havaciva R Inf/Ext E [123]
Anchusa azurea Mill. Ballik otu, Sig1r dili FL,L Dec/- E [88]
Heliotropium europaeum L. Bostanotu, Sirken, Aer, L Inf, Lot, Mc, E[115]
Pampul, Sigilotu, Deli He, Dec/Int, Ext
sirken
Symphytum officinale L. Karakafesotu L -/Ext P [23]
Brassicaceae
Lepidium draba subsp. chalepense (L.) P. Tahlis Wh Ma/Ext E [92]
Fourn. (Syn: Cardaria draba subsp.
chalepensis (L.) O.E.Schulz)
Nasturtium officinale R.Br. Su gedimesi Aer Ra/Int E [124]
Campanulaceae
Campanula involucrata Aucher ex A.DC. Sarim ¢ant L -/- E [125]
Capparaceae
Capparis spinosa L. Gebre, Gebere, Kapari, Bud, F, Fr, Ra, Che, Dec, E[115]
Kedi tirnagi, Kindira R Ma/Int
Caryophyllaceae
Gypsophila sp. Coven R -/Ext P [23]
Silene latifolia Poir. [Syn: Garagile Aer Dec/Ext E[117]
Silene alba subsp. divaricata (Rchb.)
Walters]
Stellaria media (L.) Vill. Kusotu Aer -/- E, P [126]
Cucurbitaceae
Cucurbita pepo subsp. ovifera (L.) Sakiz kabag1 - -/- E [94]
D.S.Decker (Syn: Cucurbita pepo L. var.
ovifera (L.) Bailey)
Ecballium elaterium (L.) A. Rich. Aci kavun, Acidiilek, F,R Dec (+sugar) E[75]
Seytan kavunu /Int
R Dec/Ext E [127]
R -/Int E [99]
R, F Drug, Dro/Int, E [128]
Ext
F Cut/Int E[129]
R Cut/Int E [130]
Momordica charantia L. Kudretnar1 F Rind, Pas/Ext E, P [120]
F,L Cut/Int P [108]
F Ma/Int E[131]
Cupressaceae
Juniperus oxycedrus L. Katran ardic1 Br (Ta) -/Ext E[132]
Ta + Flour to form  E[111]
pills/Int
F Inf, Dec, Ra/Int  E, P [133]
Pit Plas/Ext P [134]
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Ta -/- E [88]
Ta -/Ext E, P [135]
Gu Sal/Ext E, P [100]
wd Pix/Ext E [84]
R, St, Br, -/Ext E, P [110]
Ta
Juniperus sabina L. Kara ardig Ta Mix/Int E[111]
Juniperus sp. Ardig bebesi F Dec/Ext E [136]
Juniperus foetidissima Willd. Katran ardici Br, F, S -/- E,P[112]
Dennstaedtiaceae
Pteridium aquilinum (L.) Kuhn Akallr egrelti, Egrelti - -/- E[101]
L Inf/Ext E[102]
Dioscoreaceae
Dioscorea communis (L.) Caddick & Sarmagik R Sli/Ext E[104]
Wilkin (Syn: Tamus communis L.)
Elaeagnaceae
Elaeagnus angustifolia L. igde F1 Dec (+ honey) /-  E[137]
Equisetaceae
Equisetum arvense L. Atkuyrugu, Cam otu, Wh Dr/Int E [80]
Dede sakali L -/- E [127]
- -/- E [79]
Aer,L, Wh -/- E[113]
Equisetum ramosissimum Desf. At kuyrugu, Tilki Wh Dec/Ext E [138]
kuyrugu, Ulama, L, Sh Inf E[79]
Yayilgan otu
Equisetum telmateia Ehrh. Atkuyrugu, Cam otu, Aer Dec/Ext E [81]
Dede sakali, Zemberek - -/- E [94]
otu, Tilkikuyrugu
Ericaceae
Arbutus andrachne L. Sandal agac1 wd He/Ext E [120]
Calluna vulgaris (L.) Hull Funda, Siipiirge otu FLL Ol/Ext E [86]
Erica manipuliflora Salisb. Funda, Siipiirge otu Fr, Br, Fl oV/- E[112]
Rhododendron ponticum L. Beyaz kumar Aer -/- P [139]
Vaccinium myrtillus L. Coban {iziimii L -/Ext E [23]
Euphorbiaceae
Euphorbia esula subsp. tommasiniana Siitliican, Siitcan F1 App/Ext E[117]
(Bertol.) Kuzmanov (Syn: Euphorbia Fl -/Ext E [140]
virgata Waldst. & Kit.)
Euphorbia falcata L. Siitlegen, Yilan otu Lt -/Ext E[117,141]
Euphorbia falcata subsp. falcata var. Egri siitlegen Lt -/- E [126]
galilaea (Boiss.) Boiss.
Euphorbia helioscopia L. Feribanotu - -/- E [94]
Euphorbia macroclada Boiss. Siitlegen, Y1ilan otu Lt -/Ext E [141, 89]
Aer App/Ext E[117]
Euphorbia marschalliana subsp. armena Dualek, Dile Lt -/Ext E [91]
(Prokh.) Oudejans (Syn: Euphorbia armena
Prokh.)
Euphorbia orientalis L. Gezer siitlegen St, Lt -/Ext E [142]
Euphorbia oblongifolia (K. Koch) K. Koch  Haladiza - -/- E [94]
Euphorbia rigida M. Bieb. Siitli, Sitliiot, Siitlegen Lt -/Ext E[120]
Aer Lot/Ext E [124]
Aer, Lt, R Bat, Lot/Ext E[115]
Fabaceae
Lathyrus cicera L. Deli bakla, Deli F -/Int P[115]
bezelye, Keklikbaklasi
Ononis spinosa subsp. leiosperma (Boiss.) Kayiskiran kokii Aer Ma/Ext E[132]
Sirj. Aer Inf E, P [143]
Fagaceae
Quercus cerris L. Kizilmese F Dec/Int E[118]
Gentianaceae
Centaurium erythraea Rafn Afyonotu, Kirmiz1 Flb Inf/Int E [106]
kantaron Aer Pow/Int E[77]
Wh Dec/Int E [93]
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Geraniaceae
Erodium moschatum (L.) L'Hér. Egzama otu, Ignelik, Aer Mix/Ext E [104]
Leylekayag,
Leylekgagasi
Hypericaceae
Hypericum perforatum L. Sinirotu, Sar1 kantaron,  Aer Dec/Int E [84]
Yara otu, Kantaron,
Mide otu, Binbirdelik
otu
Hypericum scabrum L. Kantaron otu, Sar1 F Inf/Ext E [144]
kantaron, Serkil otu FL L Dec, Inf, E [145]
Pom/Int, Ext
Hypericum helianthemoides (Spach) Boiss.  Hosap kizilotu Fl -/- E [125]
Hypericum montbretii Spach Mayasil otu, Cay Aer Dec/Int E[77]
kanraronu Aer Dec/- E[110]
Juglandaceae
Juglans regia L. Ceviz - -/- E [146, 101,
94]
L F Inf, Ea/Int E, V[110]
L Inf/Ext E [109]
L -/Ext E[126, 141]
L Inf/- E [147]
L Dec/Ext E[117]
L, Frp Ma/Ext E [120]
Frp, L Dec/- E [143]
- Dec, Dro, E [87]
Mc/Int
L, F, Frp -/- E[113]
F,L -/Int, Ext P [145]
F Po/Ext E[111]
Imfr Ma/Ext E[102]
S,L,F Mc, Dec, E, P [76]
Bat/Int, Ext
Br Dec/Int, Ext P [91]
Br, F Dec/Int, Ext P [148]
Lamiaceae
Ajuga orientalis L. Mayasil otu F1, St Dec/- E [149]
Lavandula stoechas L. Karabas otu FLL Inf/Int E [150]
Origanum onites L. Kekik Aer Dec, Sal/Ext E [100]
Teucrium chamaedrys subsp. lydium O. Egzama otu, Mahmut L, Fl -/- E[151]
Schwarz otu, Mayasil otu - -/- E[101]
Aer Inf/Int E[102]
Teucrium flavum subsp. hellenicum Rech.f.  Mayasil otu Aer Dec/Ext E [106]
Teucrium polium L. Kisamahmut otu, - -/- E[101]
Mayasilotu Aer Inf/- E [128]
Aer Dec/Ext E[129]
Aer Inf/Int E[102]
Thymbra spicata L. Zahter, Nuzla kekigi L Dec/- E [147]
L Dec/Ext E[109]
Aer, F1 Inf, Lot, Pow, E [78]
Spi, Che/Int
Thymus longicaulis subsp. chaubardii Kekik otu Wh Inf/Int E [93]
(Rchb.t) Jalas (Syn: Thymus
longicauli var. subisophyllus (Borbas)
Jalas)
Thymus nummularius M. Bieb. (Syn: Limonkekigi - -/- E [94]
Thymus pseudopulegioides Klokov & Des.-
Shost.)
Thymus transcaucasicus Ronniger Kek otu, Catira Wh Inf/- E [149]
Vitex agnus-castus L. Ayt - -/- E[101]
F Dec/Int E[102]
Sh Inf/Int E[102]

Lauraceae
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Laurus nobilis L. Defne of -/Ext E [120]
L Dec/Ext E[152]
L Dec/Int E [153]
L Inf/Ext E, P [154]
Linaceae
Linum usitatissimum L. Keten S Inf/Int E [150]
Malvaceae
Alcea apterocarpa Boiss. Diigmeli ¢igek, Dolik F1, Aer -/- E[114]
Malva neglecta Wallr. Dognuk, Ebe giimeci, L Dec, Ma/- E[136]
Hiru Aer Dec, Inf, Mc/Int, P [145]
Ext
Malva sylvestris L. Ebegiimeci L, Fl, Aer, -/- E[113]
Bud, Sh
L, Fl Mc/Int E [154]
L Inf, Dec/- E[79]
Aer, R Inf, Ma, Mc/Int E[124]
Aer Dec/Int E[103]
Aer, L Dec, Inf, Mix, E[115]
Mc, He/Int
Moraceae
Ficus carica L. Deli yemis, Incir, L Dec/Ext E[106, 155]
Yemis L Inf/Int E [104]
- -/- E [94, 101]
Lt Inf/Int E [102]
Ficus carica subsp. rupestris (Hausskn.) Yabani incir Lt -/Ext E[141]
Browicz
Morus alba L. Dut L Inf/Ext E[103]
Morus nigra L. Kara dut F Dec, Pas/Int E [148]
F Pas/Int E [91]
Myrtaceae
Myrtus communis L. Mersin, Mersin otu F -/- P[113]
Nitrariaceae
Peganum harmala L. Ugzerlik, Nazar otu S -/- E [86]
S Pow/Ext E [150]
Oleaceae
Phillyrea latifolia L. Pirnal F -/Int E [129]
Oxalidaceae
Oxalis corniculata L. Eksi yonca Aer -/- E[121]
Papaveraceae
Chelidonium majus L. Sarilik otu, Sultan otu, Lt -/Ext E [156]
Mayasilotu, Yaraotu, Flb -/- E[139]
Temraotu Lt -/- E[157]
Lt -/Ext E[77,110]
Lt Fresh/Ext E [84]
Aer Inf/Int E [81]
- -/- E [94]
Fumaria asepala Boiss. Sahtere otu - -/- E [158]
Fumaria capreolata L. Sahtere Lt -/Ext E [120]
Fumaria officinalis L. Sahtere Aer Inf/Ext E[159]
Fl Inf/Int E [160]
Flb Inf/Ext E, P [154]
Aer Dec/Ext P [109]
Wh Dec/Int E [96]
Papaver dubium L. Gelincik Aer Inf/Ext E [135]
Papaver rhoeas L. Ubiik Lt -/Ext E [160]
Pedaliaceae
Sesamum indicum L. Susam Oil Sal/Ext E [100]
Pinaceae
Cedrus libani A. Rich. Katran agaci Res -/Ext P [105]
Picea orientalis (L.) Peterm. Ladin - -/- E [94]
Pinus brutia Ten. Kizilgam Br, Ba, C, Inf, Oil P [160]
L, Res removed/Int, Ext
Pinus nigra J.F. Amold Cam Br, L, Res  Inf/Int, Ext P[161]
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Pinus nigra subsp. pallasiana (Lamb.) Karagam Ta -/Ext E[162]
Holmboe C, Sh Dec/Int E[163]
Plantaginaceae
Digitalis ferruginea L. Yabani zambak Wh Dec/Ext E [106]
Linaria genistifolia subsp. confertiflora Geysenik L, Fl Dec/Ext E[118]
(Boiss.) P.H. Davis
Plantago sp. Damarotu, Sinirli ot, L He/- E [136]
Balyaprag, Sigil otu,
Yedidamar otu
Plantago lanceolata L. Yedidamar otu L Ma/Ext E [93]
- -/- E [94]
Plantago major L. Yara otu, Simsek otu, Aer Mg, Inf, Dec/Int  E [124]
Kirksinir otu L Dec/Int E [164]
Wh -/- P [80]
L,S Ma/Ext E[139]
L E [93]
Plantago major subsp. intermedia (Gilib.) Sinirotu, Sinirliot, Aer, L Mc, Inf, Ra, Cat, E[115]
Lange Kirksinirotu, Pow/Int
Kirkdamarotu, Cibanotu
Plumbaginaceae
Plumbago europaea L. Soyulgan otu, Kuduz - -/- E[101]
otu, Sitma otu, Déven L Ma/Ext E[165,102]
otu R, L Dec/Int E [166]
Aer Ma/Ext E [120]
Poaceae
Zea mays L. Misir piiskiilii Sty Dec/Ext P [82]
Polygonaceae
Persicaria decipiens (R.Br.) K. L Wilson Bibercik Wh Dec/Int E [93]
(Syn: Polygonum salicifolium Brouss. ex
Willd.)
Persicaria lapathifolia (L.) Delarbre (Syn: Dereotu, Dere biberi, Aer Dec/Ext E [84]
Polygonum lapathifolium L.) Deve siirdegi
Polygonum cognatum Meisn. Madimak, Kus ekmegi Fr,L -/- E[112]
Rumex crispus L. Evelik, Kuzu kulagi L Dec, Ea/Int P [133]
R -/- E[167]
Rumex cristatus DC. Yunan labadasi R -/- E[167]
Rumex obtusifolius subsp. subalpinus Yabani labada R -/- E[167]
(Schur) Celak.
Rumex patientia L. Akilli labada R -/- E[167]
L Ma/Ext E[109]
Rumex caucasicus Rech.f. Trisog, Evelik R -/- E[167]
Rumex conglomeratus Murray Labada, Kuzukulag: R -/- E[167]
Aer Ma/- E[137]
Rumex pulcher L. Ibidag R Ma, Dec/Ext E [96]
Portulacaceae
Portulaca oleracea L. Semiz otu Wh -/- P[113]
Ranunculaceae
Ficaria verna subsp. ficariiformis (Rouy &  Basur otu R -/- E[168]
Foucaud) B.Walln. (Syn: Ranunculus
ficaria subsp. ficariiformis (F.W.Schultz)
Rouy & Foucaud)
Ranunculus kotschyi Boiss. Giritlalesi - -/- E [94]
Resedaceae
Reseda lutea L. Esek turpu F1 Cat/Ext P [137]
Rhamnaceae
Paliurus spina-christi Mill. Karagali S,L Dec, Inf/Int E[110]
Rosaceae
Mespilus germanica L. Dongel L Po/Ext E[111]
Prunus spinosa L. (Syn: Prunus spinosa Go6gem erigi F Dec/Int E[108]
subsp. dasyphylla (Schur) Domin)
Prunus persica (L.) Batsch Seftali L Dec/Int E [93]
Rosa boissieri Crép. (Syn: Rosa montana Has giil - -/- E [94]

subsp. woronowii (Lonacz.) O. Nilsson)
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Rosa canina L. Kusburnu, Okiiz gézii, F,R Dec/Int E[107]
Gtilbubusu, Yabanigiil F Inf/Int E [98]
L Dec/Int E [84]
F,L,S,Gl Dec, Ra/Int E[115]
F Dec/Int E, P [90, 93]
Rubus caesius L. Fuska dikeni, Pamuk R Dec/Int E, P [80]
dikeni, Handuka,
Fiskofi
Rubus idaeus L. Diken ¢ilegi, Bogiirtlen ~ Wh -/- E[139]
R Dec/Int E [82]
Rubus sanctus Schreb. Bogiirtlen, Karanti L Dec/Int E[111]
R Dec/Int E[103]
Sanguisorba minor subsp. balearica Kesmeotu Aer Dec/Ext E[104]
(Bourg. ex Nyman) Mufioz Garm. & C.
Navarro (Syn: Sanguisorba minor subsp.
muricata (Spach ex Bonnier & Layens)
Briq.)
Rubiaceae
Galium verum subsp. glabrescens Ehrend. Beyazsedef otu Aer Inf/Int P [132]
Plocama calabrica (L.f.) M. Backlund & Yumurta boyasi Aer Ma/Ext E [120]
Thulin (Syn: Putoria calabrica (L.f.) DC.)
Rubia tinctorum L. Yapigkan otu Aer, Sh -/- E[113]
Rutaceae
Ruta graveolens L. Sedef otu, Biro otu L -/- E, P [86]
L Ma/Ext E [84]
Salicaceae
Salix alba L. Sogiit agaci, Sogiit, St Dec/Ext E [84]
Salkimsogiit Ba -/Ext P [23]
Sapindaceae
Acer campestre L. Akcaagac Gl -/Ext E[111]
Scrophulariaceae
Verbascum sp. Okiiz kuyrugu, L,Fl Inf/Ext E[118]
Sigirkuyrugu
Verbascum thapsus L. Burunca Fl -/- E [126]
Smilacaceae
Smilax aspera L. Sperne F,L Dec/- E[137]
Sp -/Ext E [120]
Smilax excelsa L. Oz diken, Diken F, Sh, Br Inf, Fr, Co/- E [97]
sarmastk Sp -/Ext E [120]
Solanaceae
Datura stramonium L. Datura, Tatala S -/Int E[77, 81]
Lycium anatolicum A. Baytop & R.R. Mill  Yapiskan cal1 Sp -/Ext E [144]
Mandragora officinarum L. Adamotu R Pow/Int E [86]
Nicotiana rustica L. Deli tiitiin L Ma/Ext E [150]
Solanum tuberosum L. Patates Tb Co, Ma/Ext E[169]
Urticaceae
Parietaria judaica L. Yapigkan otu Aer Po/Ext E[170]
Urtica sp. Isirgan L Inf/- E [136]
Urtica dioica L. Isirgan otu - -/- E [94, 146]
Aer Ma/Ext E [120]
St,L, S Ma/Int, Ext E, P [133]
Aer, L Dec/Int E [152]
Leb, S, Spr  Inf/- E[171]
St, L, Fl -/Int E[172]
L, St Dec/Ext E[159]
St, L -/Int E[131]
L, Br -/- E[121]
Aer, S, R Inf, Dec, Mix, E[115]
Dec, He/Int
L Dec/- E [89]
Spr Dec/Int E [170]
Wh Dec/Int E, P [93]
Aer Dec/Int E [93]
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R Dec/Int E [90]
Aer -/- E[168]
L Mix/Int E[111]
L -/Ext P [23]
Urtica urens L. Isirgan, Dalagan, Aer Dec/Int E [85]
Dalagazotu R Dec/Int E [90]
Violaceae
Viola tricolor L. Hercai menekse Aer Inf/- E [147]
Aer Inf/Ext E[109]
Wh Inf/Int, Ext P [23]
Aer Dec/Int E[172]
Xanthorrhoeaceae
Asphodeline baytopiae Tuzlaci Ince ¢iris, Ince ¢irisotu R Ma, Pow/Ext E [76, 78]
Asphodeline brevicaulis (Bertol.) J. Gay ex  Ciris, Ciris otu R Ma, Pow/Ext E [78]
Baker
Asphodeline taurica (Pall.) Endl. Ciris, Ciris otu R Ma, Pow/Ext E [78]
Asphodelus aestivus Brot. Ciris, Hidrellez kamgist - -/- E[101]
R -/- E[168]
R -/Int E[102]
Tb Dec/Int E[103]
Asphodelus ayardii Jahand. & Maire Ciris, Ciris otu R Ma, Pow/Ext E [76, 78]
Asphodelus fistulosus L. Ciris, Ciris otu R Ma, Pow/Ext E [78]
Eremurus spectabilis M. Bieb. Ciris, Gulik L Fr, Po/Int, Ext E[117]
L Ma/Ext E[141]
Zygophyllaceae
Tribulus terrestris L. Cobangokerten, Aer Dec/Int E[104, 123]
Demirdikeni, Demir Aer Dec, Inf, Lot/Int  E [124]
otu, Kizilbacak, Aer, Fl, Dec/Int E[115]
Demirpitrag: Spi

Abbreviations: External use Ext; Internal use Int; Eczema E, Psoriasis P; Vitiligo V; Aerial parts Aer; Balsam Bls; Bark Ba;
Branch Br; Bulb BI; Capitulum Cap; Cone C; Flower Fl; Flowering branch Flb; Flowering bud Fb; Fruit F; Fruit oil Of; Fruit
pericarp Frp; Gall Gl; Gum Gu; Immature fruit Imfr; Latex Lt; Leaf L; Leafy branch Leb; Male flower Mfl; Pitch Pit; Raw
Fruit Fr; Resin Res; Root R; Sap Sp; Seed S; Shoot Sh; Spicule Spi; Sprout Spr; Stem St; Style Sty; Tar Ta; Tuber Tb; Whole
plant Wh; Wood Wd; Cataplasm Cat; Chewing Che; Cooking Co; Direct application App; Dried Dr; Dropped Dro; Eaten Ea;
Heated He; Lotion Lot; Maceration Mc; Mash Ma; Mixed Mix; Moisturizer Moi; Ointment with olive oil Ol; Paste Pas;
Pickle paste Pasp; Planed Pla; Plaster Plas; Pomade pom; Pounded Po; Powdered Pow; Raw Ra; Roasted Roa; Salve Sal;
Skin bath Bat; Sliced Sli; Spice Spi; Split Spl; Tincture Tin.
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Amac: Diinya ¢apinda artan niifusa bagh olarak yash niifusun artmasi Alzheimer hastaligi (AH) nin
goriilme sikliginin artmasina yol agmustir. Son yillarda, farkli demans tiirleri ve ozellikle de AH konusundaki
bilimsel arastirmalar hizlanmistir. Hastaligin multi-genetik nedenlerle ortaya ¢ikabilecegi bilinse de, bir¢ok
biyolojik ajana maruziyetin de AH nin patofizyolojisinde rol oynayabilecegi belirtilmektedir. Literatiirde
Herpes simplex viriis tip-1 (HSV-1), insan immiinoyetmezlik viriisii 1 (HIV-1) ve Helicobacter pylori gibi
enfeksiyon etkenlerinin ve viicutta endojen olarak bulunan prion proteinlerinin bu hastaliginin gelisimine
vol acabilecegi belirtilmektedir. Diger taraftan, diyabet gibi hastaliklarin da AH’nin geligimini
hizlandirabilecegine dair arastirmalar bulunmaktadir. Bu derlemede, AH'nin genel ozelliklerinden
bahsedilecek; bu hastaligin patofizyolojinde rol oynayabilecegi bildirilen biyolojik ajanlardan ve bu konuda
yapilmis ¢alismalardan soz edilmesi amaglanmigtir.

Sonuc ve Tartisma: AH 'nin ortaya ¢cikmasinda genetik faktorlerin yani sira, bir¢ok biyolojik ajanin rolii
olabilecegi belirtilebilir. Bu konuda daha ileri diizeyde ve mekanistik ¢calismalara ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Alzheimer hastaligi, Helicobacter pylori, Herpes simplex viriis tip-1 (HSV-1), insan
immiinoyetmezlik viriisii 1 (HIV-1)

ABSTRACT

Objective: The increase in elderly population due to the increasing population worldwide has led to an
increase in the prevalance of Alzheimer’s disease (AD). In the last years, scientific studies on different types
of dementia and particularly on AD have accelerated. It is known that this disease has multi-genetic
grounds. However, exposure to several biological agents are also suggested to play roles in the
pathophysiology of AD. There are studies in literature suggesting that infections like Herpes simplex virus
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tip-1 (HSV-1), human immunodeficiency virus type 1 (HIV-1), Helicobacter pylori and endogenous prion
poteins can contribute to the development of this disease. On the other hand, there are studies suggesting
that diseases like diabetes can expedite the development of AD. In this review, we aimed to focus on the the
general properties of AD and will also mention the biological agents that are suggested to play roles in the
pathophysiology of AD and the studies performed on these agents.

Result and Discussion: Other than genetic factors, several biological agents may play roles in the
emerging of AH. AH nin ortaya ¢itkmasinda genetik faktorlerin yam sira, bir¢ok biyolojik ajanin rolii
olabilecegi belirtilebilir. Comprehensive and mechanistic studies are needed on this subject.

Keywords: Alzheimer’s disease, Helicobacter pylori, Herpes simplex virus type-1 (HSV-1), human
immunodeficiency virus type 1 (HIV-1)

GIRIS

Saglik hizmetlerinin yayginlagsmasi ve teknolojik ilerlemeler sonucunda diinyada oliim hizi
giderek diismektedir. Boylece ortalama insan 6mrii uzamig ve tiim diinya genelinde yasl niifus artmistir.
Ulkemizde 1960’11 yillarda yas ortalamasi 48 iken, bu ortalama 2011 yilinda 72’ye ulagmistir. Diinya
Saglik Orgiitii (DSO) verilerine gore, ilerleyen yillarda gelismekte olan iilkelerin niifuslarinda %95
oraninda bir artig beklenirken, yasli niifus i¢cin %240 oraninda artis olacagi ongdriilmektedir [1-3].

Diinyada yaklasik 30 milyon kisi Alzheimer hastaligi (AH)’den etkilenmektedir [1]. AH, santral
sinir sisteminin ¢esitli kisimlarinda néron ve sinaps kayiplart sonucu ortaya ¢ikan, cesitli davranigsal
bozukluklar, biligsel islevlerde azalma, 6z bakim yetersizlikleri ile karakterize ilerleyici bir
norodejeneratif hastaliktir. AH, beyinde bellekle ilgili yapilardan en oOnemlisi olan hipokampus
bolgesinden baglayarak beynin korteksinde frontal, parietal ve temporal alanlara da yayilarak konusma,
anlama ve plan yapmada bozulmalar, yakin ge¢cmisini unutma ve mekan bilgisinde bozulmalara neden
olur [4]. Hastalarin ¢ogunda duygu durumunda bozulmalar, ice kapanma, depresyona egilim de
gozlenebilir [5]. Bu belirtilerin ortaya ¢ikmasinda beyindeki hiicrelerin 6liimiiniin yan sira, beyinde
hiicreler aras1 iletisimde gorev alan ndorotransmitterlerden biri olan asetilkolinin  (ACh)
salgilanmasindaki azalmalar da 6nemli rol oynar. AH geri doniisiimlii bir hastalik olmadigindan, sadece
hastaligin ilerleyisini durdurmak veya azaltmak i¢in donepezil, rivastigmin gibi asetilkolinesteraz
inhibitori ilaglar kullanilmasiyla tedavi saglanir. Hastaligin seyri kisiden kisiye farkliliklar gosterir.
Hastaligin erken evresindeki ilk uyarn bulgular1 genellikle hastalifa spesifik olmadigindan, hastada
herhangi bir sorunun varliginin anlagilmasi zor olabilir ve zaman alabilir [4]. AH’ nin tanisi, klinik
muayene ve bazi mental durum degerlendirme testleri ile konulabilir [5].

AH’nin sik goriilen bir hastalik haline gelmesindeki etmenler kisaca soyle siralanabilir:

. Yash niifustaki artig
. Diyabet, kalp hastalig1 gibi hastaliklarin sik goriilmesi
. Kisilerin baz1 enfeksiyonlara maruz kalmasi gibi faktorler

. Genetik yatkinlhk
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Genetik yatkinlik, AH gelisimde s6zii edilmesi gereken en 6nemli faktorlerden biridir. AH’ye
sahip birinci derece yakin akrabalari olan bireylerde hastalik riskinin arttig1 belirlenmistir [5,6]
Bu derlemenin amaci; AH’ nin fizyopatolojisinde rol oynadig: diisiiniilen prionlar, bakteriyel ve

viral enfeksiyonlar ve diger bazi hastaliklar gibi biyolojik etkenlerin olasi roliinii degerlendirmektir.

Alzheimer Hastalig

Diinyada 30 milyon civarinda Alzheimer hastasi bulunmaktadir. Tirkiye'de, ise bu saymnin
yaklasik 350 bin oldugu belirtilmektedir." AH’nin en biiyiik risk faktorii yastir ve arastirmalara gore,
AH 60 yas {istii insanlarda daha fazla goriilmektedir. Bu nedenle yash popiilasyonun fazla oldugu
iilkelerde hastaligin goriilme orani daha yiiksektir. Gilinlimiizde tiim diinyada, 6zellikle gelismis
iilkelerde en hizli artan yas grubunu 65 yas ve Ustii kisiler olusturmaktadir. AH nin prevalansi 65 yas
iizerinde %6-10, 85 yas tizerinde %30-47’dir. Prevalans, 60 yasindan sonra her bes senede bir iki katina
cikar. Ayrica, AH gelisiminin cinsiyete bagli olarak da degisebilecegi ve kadinlarda goriilme sikliginin
erkeklere oranla daha fazla oldugu belirtilmistir [7-9].

Tiirkiye’de 1960’11 yillarda yas ortalamasi 48 iken, bu rakam 2011 yilinda 72’ye ulagmistir. DSO,
2050’lerde 65 yas iistii niifusun %20 civarinda olacagini1 tahmin etmektedir. Tiirkiye’nin bu yillarda en
¢ok Alzheimer hastasi olacak iilkeler arasinda 4. sirada yer alacagi belirtilmektedir. Ulkemizde 65 ve
iizerindeki niifus 2012 yilinda 5.682.003 kisi iken, 2016 yilinda %17,1 artarak 6.651.503 kisi olmustur.
Yasl niifusun toplam niifus i¢indeki oran1 ise 2012 yilinda %7,5 iken, 2016 yilinda %8,3’e yiikselmistir
[10]. Tiirkiye Alzheimer Dernegi ve Istanbul Universitesinin yaptigi ortak ¢alismada, Istanbul’un
Kadikoy bolgesi taranmis ve ¢alismada 70 yas lizerinde AH goriilme siklig1 %10 oraninda bulunmustur
[3].

Oliim nedeni istatistiklerine gore, AH’den &len yaghilarin sayis1 2011-2015 yillar1 arasinda
yaklagik 2 kat artmistir. Diinya genelinde AH’den 6len yaslilarin oran1 2011 yilinda %2,9 iken bu oran
2015 yilinda %4,3'e yiikselmistir. AH’den dlen yaslilarin orani cinsiyet bazinda incelendiginde, her iki
cinsiyette de artis oldugu goriilmiistiir. AH’den 6len yashlarin orani, 2011 yilinda erkeklerde %2,4,
kadinlarda %3,4 iken bu oranlar 2015 yilinda erkeklerde %3,5’e, kadinlarda ise %5,2’ye yiikselmistir

[11].

Risk Faktorleri

Alzheimer hastaligi i¢in bilinen risk faktorleri sunlardir [12]:
°e Yas
e Cinsiyet
e Demans

e Genetik faktorler [Apolipoprotein E (ApoE) e4 geninin varligi]
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e Down sendromu

e Kafa travmasi

e Major depresyon Oykiisii

e Ateroskleroz

e Hipertansiyon veya hipotansiyon
e Diabetes mellitus (DM)

e Sigara

e immiinolojik faktorler

e Metabolik faktorler (amiloid-p metabolizmasi)
e Inflamatuvar faktorler

e Sistemik hastaliklar

e Bulasici faktorler ve bazi zehirli kosullara maruz kalma

Zehirlenmeler (6rnegin toksik metallerle, bocek ilaglariyla zehirlenmeler)

Belirtiler

Yaslanma ile insanlarda unutkanlik, konugmada yavaslama, halsizlik, mutsuzluk ve uyku halinin
artmas1 goriilebilir. Ancak, bu belirtiler AH’nin belirtileri olabilir ve AH gelip gegici bir hastalik
degildir. Kisiye gore degisken bir sekilde ilerleme gosterir; hastalarin yagamini oldukga zorlastirir ve
yasam kalitesini ciddi anlamda azaltir [1].

AH’nin en onemli 6zelligi spesifik belirtileri olmadan baslamasi ve yavas seyirli olmasidir.
Hastalar ve yakinlar1 yakinmalarin baslangic zamanim kesin olarak sdyleyememektedir. Yashlikta
unutkanligin normal oldugu diisiincesi ile AH’ nin baglangicinin tespit edilmesi zorlagir. Bu nedenle
hekime basvuru zamani da gecikir [13].

AH’nin seyrinde yakinma ve bulgularn siddetine gore klinik tablo tige ayrilir [13-15]:

Erken Evre; Bu evrede bellek bozuklugu ve yeni bir bilginin 6grenilmesinde gii¢liik goriilmesi
gozlenir. Sorularin tekrar tekrar sorulmasi, esyalarin yerini karigtirmak, konugmalarin tekrarlanmasi,
isimleri unutmak, anahtari evde unutup disar1 ¢ikmak, konusma esnasinda kelime bulmada giigliik
cekmek, kullanimi kismen karmagsik olan cihazlart kullanmayi 6grenememek, varsa hobileri
gerceklestirmekte zorlanmalar erken evrenin genel 6zellikleridir. Genel olarak akil yiiriitme becerileri
etkilenmigtir. Davranmigsal sorunlar fazla goriilmez. Bu belirtiler nedeniyle bazi hastalarda reaktif
depresyon gelisebilir.

Orta Evre; Baslangig belirtilerinin agirlagsmasiyla gilinliik yasam aktivitelerindeki ¢cogu islevde
kayip goriiliir. Yeni bir bilgi 6grenme imkénsiz hale gelmistir. Var olan bilgiler de yakin gegmisten
baglayarak yavas yavas kaybolmaya baslar. Disar1 ¢iktiklarinda kaybolmalar olabilir, ev diginda tek

baglarina dolasamazlar. Parasal ve aligveris islerini tek baglarina halledemezler. Karsilikli sohbet
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gerceklestiremeyecek kadar dilsel islevlerde bozulmalar goriiliir. Gece-giindiiz ayrimimin bozulmas,
zaman oryantasyon bozukluklar1 goriiliir. Bu evrede ajitasyon, yerinde duramama, saldirganlik,
suclayici davranislar, siiphecilik gibi psikiyatrik belirtiler de ortaya ¢ikabilir.

Ileri Evre; Hastanin en temel giinliik yasam aktivitelerini dahi siirdiirebilmesi igin bir bagkasmin
yardim1 gerekmektedir. Giyinme, yikanma, beslenme gibi ihtiyaglar tamamen bagimli hale gelmistir.
Sosyal ortamlara ¢ikmakta sorunlar olur. Yakin akrabalarini tantyamama durumu ortaya c¢ikar; hatta
hasta aynada kendisini bile tamimayabilir. Zihinsel islevler en diisiik diizeye inmistir. Konusmalarinda
sadece anlamsiz kelimeler veya sesler vardir; bu nedenle hastay1 anlamak olduk¢a zordur. Bu evrenin
sonuna dogru hastalar yataga bagiml hale gelirler. Yatak yaras1 enfeksiyonlari, akciger embolisi veya
enfeksiyonu, iiriner enfeksiyon, beslenme bozukluklarinin yarattifi komplikasyonlar baslica 6lim

nedenlerini olusturur.

Patofizyoloji

Alzheimer hastalig1 santral sinir sistemi (SSS)’nin bazi kisimlarinda néron ve sinaps kaybi
olusumuyla ortaya c¢ikan ilerleyici norodejeneratif bir hastaliktir. AH’nin gelisiminde en 6nemli
etkenlerden biri genetik yatkinliktir. Birden fazla yolakta, pek ¢ok seviyede bozukluk ile kendini
gosteren kompleks bir hastaliktir. Hastalikla ilgili iki temel patolojik bulgu tanimlanmistir. Bunlar,
amiloid plaklar ve norofibriler yumaklardir [5,16]. AH ile iliskili oldugu saptanmis baslica genler
sunlardir:

e Amiloid prekiirsor protein (APP)
e Presenilin 1 (PS1)

e Presenilin 2 (PS2)

e ApoE

Erken baslangicli AH denilen ve 65 yas 6ncesi goriilen AH’den sorumlu genler APP, PS1, PS2;
gec baslangicli AH’den (65 yas sonrasi) sorumlu gen ise, ApoE olarak belirlenmistir. 21. kromozomda
yer alan APP ve 1. kromozomda yer alan PS2 genlerinin mutasyonunun, AH’de amiloid-f peptid
seviyelerini arttirdig1 goriilmiistiir. Bu mutasyonlar, APP geninin hatali boliinmesi, toksik amiloid-
B tiretimine, Tau proteinlerinin hiperfosforilasyonuna ve norofibriler yumak (NFY) olusumuna neden
olur. Erken baslangicl ailesel AH’ nin %2-3’1i APP, %20’si PS2, %70-80’i PS1 gen mutasyonuna baglh
olarak ortaya ¢ikmaktadir [5].

ApoE, kandaki lipoproteinlerde bulunur ve yiiksek trigliserit igerikli lipoproteinlerin
katabolizmasindan sorumludur. Esas olarak karacier ve makrofajlarda iiretilir. Kolesterol
metabolizmasinda gorevlidir. ApoE geninin 3 adet aleli vardir. Bunlar; e2, €3, e4’tiir [16].

Geg¢ baglangich AH olusumunda 19. Kromozomda bulunan ApoE geninin etkili oldugu

bildirilmistir. Bu genin e2 aleli koruyucu aleldir ve AH riskini azaltmaktadir. ApoE e4 aleli ise, amiloid
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plak ve NFY olusumuna neden olarak AH riskini arttirdigi bildirilmistir. ApoE genindeki mutasyonlar
gec baglangicli AH nin yaklagik %50-80’ini olusturur. ApoE e4, AH’nin ortaya ¢ikmasinda tek basina
yeterli bir faktor degildir [5,16]. AH’de en bilinen patolojik bulgu amiloid plaklardir. Amiloid prekiirsor
proteinin proteolitik yikimi sonucu olugan amiloid-f peptidleri hastalik ile iliskilendirilir. APP proteini,
a-, B-, y- sekretaz adi verilen proteolitik enzimler tarafindan metabolize edilir. ilk basamakta APP, a-
sekretaz (norotoksik olmayan, normal kesim) veya [-sekretaz (ndrotoksik, anormal kesim)
enzimlerinden biri ile kesilir. Ikinci basamakta y-sekretaz, C99’dan amiloid-p ve AICD (APP’ nin
intraseliiler etki alan1) fragmanlarini olusturur. APP’nin proteolitik yikimi ve amiloid-f olusumu Sekil

1’de gosterilmistir [16].

APP

Sekil 1. APP’nin proteolitik yikim1 ve amiloid-f olusumu [16]. APP: amiloid prekiirsor protein; Af:

amiloid beta plaklar

AH’de senil plaklarda APP’den tlireyen norotoksik amiloid-f’nin ekstraseliiler birikimi s6z
konusudur. Bu durum mitokondriyal ve sinaptik hasara ve Tau proteininin hiperfosforilasyonuna neden
olarak hiicresel islevlere zarar verir [5].

AH olusumunda toksik amiloid-f olusumu ve neden olan faktorler Sekil 2°de gosterilmistir.
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c Alzheimer Hastaligi :

Sekil 2. Alzheimer hastaligi olusumunda toksik amiloid-f olusumuna neden olan faktorler [12].

Alzheimer hastaligindaki temel mikroskobik degisiklikler, néron icerisinde birikim gosteren
NFY” ler, ekstraseliiler birikim gosteren amiloid plaklar ve noron kayiplaridir. AH’de NFY patolojisi
beyinde klinik belirtilere paralel bir ilerleme gosterir. NFY’ler, mikrotiibiil baglantili bir protein olan
Tau proteininin hiperfosforillenmis seklini iceren, hiicre gévdelerinde ve dendritlerde biriken ¢ift sarmal
iplik¢ik y1ginlarindan olugmaktadir. Tau proteini hiperfosforile halde mikrotiibiillerle etkilesimi azaltir
ve hiicre islevlerinde bozukluk meydana getirir [5].

Tau proteininin ana gdrevi mikrotiibiillerin organizasyonu ve stabilizasyonudur. Mikrotiibiiller
ise, akson ve dendritlerdeki transportu saglamaktadir. Hiperfosforilizasyona ugrayan Tau proteinleri
mikrotiibiillere baglanamaz, kendilerine baglanarak agregatlar olusturur. Bu agregatlar ise, NFY
olusumuna 6nemli derecede neden olur [17].

Alzheimer hastaliginda bazi noromediyatorlerin ve en belirgin olarak ACh seviyelerinde
farkliliklar meydana gelmektedir. ACh sentezinde diislis goriiliir. Bunun nedeni asetilkolin transferaz
enziminin miktar1 ve iglevinin azalmasi, kolin geri aliminin azalmasi, kolinerjik néron ve aksonlardaki
hasar ve kayiplardir. Ogrenme ve bellek iizerinde etkili olan nikotinik reseptorlerde ve presinaptik M2
muskarinik reseptorlerde de kayiplar gézlenmistir. AH’de meydana gelen kolinerjik kayip, hastalardaki
depresyon, ajitasyon gibi psikiyatrik rahatsizliklara neden olur. Bu rahatsizliklarin ortaya ¢ikmasinda
serotonerjik ve dopaminerjik ndrotransmisyondaki diizensizlikler ve ndron kayiplar da etkilidir. Sinir
hiicrelerinin, viicudun diger kisimlarindaki hiicrelerden farkli olarak kendilerini yenileme yetenekleri

sinirlidir. Bu nedenle hiicre hasarina daha yatkindirlar [5,16].
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Alzheimer hastaliginda glutaminerjik sistemin siirekli olarak uyarilmasi sonucunda intraseliiler
kalsiyum (Ca™?) konsantrasyonu artar; bu durum néronal eksitotoksisiye, ndronal disfonksiyona ve
hiicre 6liimiine neden olur. Beyinde Ca'™ artis1 ile bu iyonla aktive edilen ndtral proteinazlarin
(kalpainler) aktivitesi artar, bu durum amiloid plak ve NFY olusumuna neden olur. Ayrica hastalikta
ortaya ¢ikan amiloid-B’nin da Ca™> homeostazim bozdugu bilinmektedir [5].

Alzheimer hastaligina neden olan etkenlerden bir digeri de oksidatif strestir. Beyinde demir, civa
ve aliiminyum konsantrasyonlarinin artmasi ve bu maddelerin serbest radikal olusumunu uyarmasi ile

oksidatif stres olusur [18].

Tani

Alzheimer hastalig1 tanist icin tek bir test yoktur. Norolog ve geriatri uzmam gibi farkli
branglardaki hekimler tan1 koymak i¢in ¢esitli yaklagimlar ve tan1 koymaya yardimci araglar kullanirlar.
Bunun i¢in takip edilmesi gerekenler;

e Hastanmn psikiyatrik Oykiisii, biligsel ve davranmigsal degisim Oykiisii dahil olmak iizere
bireyden tibbi ve aile ge¢cmisinin edinilmesi

e Bir aile iiyesinden hastanin diisiinme becerileri ve davranislarindaki degisiklikler hakkinda
bilgi vermesini istemek

e Hastaya biligsel testler uygulama, fiziksel ve ndrolojik muayene

e Bireyin kan testlerinin yapilmasi, beyin goriintiillemesinin yapilmasi, demans semptomlarinin
diger olast nedenlerini (6rnegin, timor olusumu veya bazi vitamin eksiklikleri gibi) ortadan kaldirir.

Alzheimer hastaliginin teshisi i¢in dikkatli ve kapsamli bir tibbi degerlendirme gerekir. Hekimler,
bir kisinin demansi olup olmadigim kolayca belirleyebilir; ancak kesin nedeni belirlemek oldukca
zordur. Hastanin gerekli testleri ve muayeneleri tamamlamasi ve hekimlerin sonuglar1 yorumlamasi ve
son olarak da teshis koymasi i¢in birkag giin veya hafta gerekebilir [19].

Tiim hastalarda kranial beyin tomografisi ya da manyetik rezonans (MR) ile nororadyolojik
inceleme yapilmalidir. Bu inceleme, diger demans nedenlerinin dislanmasina yardimei olur. Voliimetrik
caligmalarla temporal loblarda, hipokampal olusumda atrofinin gortilmesi AH tamisim1 destekler.
Serebrospinal sivida artmis Tau proteini, azalmis amiloid-p da tanida kullanilabilecek testlerdir. Bunlara

ragmen kesin AH tanis1 ancak 6liim sonras1 beynin incelenmesiyle konulabilir [20].

Tedavi

AH’nin temel tedavisi semptomatiktir, hastanin hafiza ve biligsel semptomlarmi diizeltmeye
yoneliktir. Burada amag¢ hastanin biligsel durumunu daha iyi hale getirmek, olmazsa hastaligin

ilerlemesini durdurmak veya yavaslatmaktir. Ikincil tedavi olarak ise, hastaligin seyri sirasinda ortaya
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cikan depresyon, ajitasyon, uyku bozuklugu gibi bulgularin giderilmesini amaglamaktadir. Hastanin

yasam kalitesini arttirip bakimini destekleyici niteliktedir [20].

Azhemier Hastaligimin Gelisiminde Biyolojik Ajanlarin Etkileri
- Enfeksiyonlar

Yillar boyunca AH patogenezi ve hastaligin ilerlemesinde etkili faktorlerle ilgili farkli hipotezler
ortaya atilmigtir. Viral enfeksiyonlarin bu konuda 6nemli bir rol oynadig1 diisiiniilmektedir. Gegmis
yillardan beri bulasici patojenlerin AH’ye neden oldugu ileri siiriilmekte ve bu konuda arastirmalar
yiriitiilmektedir. Farkli klinik ve subklinik enfeksiyonlarin, AH’nin ilerlemesine neden olabilecek
cesitli mekanizmalarla iliskisi bulunmustur. Herpes simplex viriis tip 1 (HSV-1), Helicobacter pylori,
Borrelia burgdorferi ve Chamydophila pneumoniae gibi enfeksiyoz ajanlarin insanlarda ve deney
hayvan modellerinde ndrobiligsel azalmalara neden oldugu tespit edilmistir. Bu patojenler dogrudan
SSS enfeksiyonuna ve noéroinflamasyon olusumuna, dolayli olarak beyindeki sistemik olaylarin
degisimine neden olabilir. Beyni hedef alan otoimmiin bir cevaba yol agarak noroinflamasyon
olusumuna ve AH’ye neden olabilir. Ancak, insanlarda ge¢ baslangicli AH’ye neden oldugu kesin olarak
bilinen bir patojen bulunmamaktadir [21,22].

Amiloid-f plaklar1 ve NFY’ler AH nin histopatolojik bulgular1 olmasina ragmen bu hastaliga
ozgii degildir. Kronik enfeksiyonlar ve ¢esitli SSS hastaliklarinda da bu patolojiler gériiliir. Ornegin,
tiilberkiilloz ve lepra gibi kronik enfeksiyonlarda serum amiloid diizeylerinin artmis olmasi ve
dokulardaki amiloid birikimi sik goriilen bir durumdur [22].

Helicobacter pylori, sitomegaloviriis gibi enfeksiyonlar kan-beyin engelini asan sistemik pro-
inflamatuvar sitokinlerin {iiretilmesine yol agarak norodejenerasyonu indiikler. Patojen kaynakli
inflamasyon ve SSS’de amiloid-f birikmesi AH’ nin patofizyolojisine katkida bulunur ve kan-beyin
engeline zarar verir. Herpes Simplex Viriis Tip 1 (HSV-1) ve Chlamydophila pneumoniae gibi
patojenler ApoE4’lin beyne gegisini arttirabilirler. ApoE4, bagisiklik sistemi tarafindan artan pro-
inflamatuvar cevap ile de iliskilidir [23]. Alzheimer hastalagina sebep olabilecegi diisiiniilen

enfeksiyonlar Sekil 3’te gosterilmistir.
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Hepatit B

Enfeksiyonlar

Sekil 3. Alzheimer hastaligi olusumuna etki eden enfeksiyonlar [21-23].

Herpes Simplex Viriis Tip 1

Herpes Simplex Viriis Tip 1 primer enfeksiyonu genellikle ¢ocukluk g¢aginda goriiliir ve
baslangigta yliz mukozal membranlarinin epitel hiicrelerini ve ikincil olarak duyusal sinir terminallerini
etkiler. Bu bolgelerde viriisiin duyu gangliyonlarinda gizli halde kalarak sinir sitemini istila edebilecegi
goriilmiistiir [24]. Ikincil HSV-1 reaktivasyonu sonucu, ensefalit de dahil olmak iizere ciddi nérolojik
komplikasyonlar goriilebilir. Epidemiyolojik a¢idan bakildiginda viriisiin kaliciliginin birgok norolojik
kronik patolojiyi tetiklediginden sliphelenilmektedir. Bu nedenle sadece HSV-1 degil, diger birgok DNA
ve RNA viriisiiniin (kizamik, HIV vb.) de sinir sisteminin agir patolojileri ile ilgili oldugu bilinmektedir.
Biitiin bu hastaliklar birincil enfeksiyondan yillar sonra gelisebilir [25].

Alzheimer hastalariin beyin otopsilerinde HSV-1 DNA’sinin saptanmasi sonucu bu viriisiin AH
patogenezinde rol oynayip oynamadigi arastirilmaya baglanmistir. Yapilan arastirmalar sonucunda AH
olmayan bireylerin de siklikla HSV-1 tasidig1 goriilmistiir [26]. Molekiiler arastirmalar sonucunda
HSV-1 enfeksiyonunun ndronal ve glial hiicrelerde APP transportunun artmasina, NFY’lerin ana
bileseni olan 7au proteininin hiperfosforilasyonuna ve amiloid-B’ nin hiicre i¢i diizeylerinde artisina
neden oldugu tespit edilmistir [25]. In vitro ¢alismalarda HSV-1 enfeksiyonlarmin noronal hiicrelerde
-amiloid plaklarm birikimine neden oldugu gosterilmistir [27,28]. Piacentini ve ark. (2015) nin yaptig
in vitro ¢aligmada ise, HSV-1’in ndron hiicrelerinde sinaptik fonksiyonu bozdugu gostermistir [28].
Ayrica, hayvan modelleri iizerinde yapilan ¢alismalar HSV-1 enfeksiyonunun AH’de etkilenen beyin

bolgeleriyle ayni bolgeleri hedef aldigimi gostermistir [29]. Sokolov & Reincke (2012) yaptiklar
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caligmada insan HSV-1 virlisiinden kaynakli ensefalitin ana olarak korteks bolgesinde frontal ve
temporal loblar1 ve hipokampus bolgesini hedef aldigini géstermislerdir [30].

Herpes Simplex Viriis Tip 1’in AH’nin gelisiminde rol oynayabilecegi hipotezi, 1980’lerin
basinda gesitli gozlemlere dayanarak Melvyn Ball (1982) tarafindan onerilmistir. Bu goézlemlerden en
onemli olanlar1 kizamik viriisiiniin neden oldugu subakut sklerozan panensefalitte oldugu gibi norolojik
bozukluklara viral tutulumun neden olmasi; HSV-1’nin bulasici bir hastalik olup AH nin insidansinin
yiiksek olmas1 ve HSV ensefaliti vakalarinda AH’de etkilenen basta limbik yap1 beyin bolgelerinin
etkilenmesidir. Bunlara ek olarak, bazi akut HSV ensefaliti durumlarinda hafiza bozukluklari
gorlilmistiir [31]. Son olarak HSV-1, enfekte olmus noronlarda saklanma kapasitesine sahiptir ve viriis
daha once enfekte olmamis bdolgelere yayilmasina neden olabilecek cesitli uyaranlara, 6zellikle
yaslanmanin dogal bir olay1 olan immiinosupresyon gibi faktdrlere yanit olarak kendiliginden yeniden
etkinlesebilir. HSV-1’in bu 6zellikleri AH nin agamali ve kronik olarak ortaya ¢ikmasiyla uyumludur.
Yeniden etkinlestikten sonra viriis néronlar yoluyla AH’nin neden oldugu ve nérodejenerasyon olusmus
bolgelerde taginarak patoloji olusturabilir ve hastaligin seyrini de hizlandirabilir [32,33].

Beyinde HSV-1’in saptanmasi i¢in viriisin veya genomunun SSS hiicrelerinde bulunmasi
gereklidir. AH’ye sahip kisilerin post-mortem beyin dokularinda HSV-1 varligina dair arastirilmalar
yapilmistir [34]. Beyindeki viral DNA tespiti i¢in in situ hibridizasyon teknigi kullanilmistir.
Hibridizasyon caligsmalar1 insan beyninde HSV-1 DNA’sin1 bagartyla tespit etmesine ragmen diger
caligmalar viral genomu tespit etmede basarisiz kalmistir. Calismalar sonucunda, Alzheimer hastasi
bireylerde HSV-1 genomuna rastlanmistir; ancak hasta olmayan bireylerin beynindeki ¢calismalarda da
HSV-1 antijenleri tespit edilmistir [35]. Itzhaki ve ark. (1993) hibridizasyondan daha yiiksek hassasiyete
sahip polimeraz zincir reaksiyonu (PCR) kullanarak Alzheimer hastalarin ¢ogunun beyinlerinde
temporal ve frontal kortekslerinde HSV-1 DNA varhigini gostermiglerdir [36]. Ancak, baska bir
calismada Alzeheimer hastalarinin beyinlerinde nispeten korunan bir bolge olan oksipital kortekste viral
genom varligi bulunamamistir [37]. Bir diger ¢alismada Itzhaki ve ark. (1997), 46 Alzheimer hastasi ile
uyumlu yagslardaki 44 kontroliin post-mortem beyin numunelerinde ApoE genotipi ile HSV-1 DNA
varlig1 arasindaki iliskiyi incelemislerdir [38]. Sonug olarak, HSV-1 pozitif olan Alzheimer hastalarinda
ApoE e4 alleli sikliginin belirgin derecede yiiksek oldugunu bulmuslardir. Bir veya daha fazla ApoE e4
aleli tagtyan ve ayn1 anda beyinlerinde HSV-1 barmdiran bireylerde AH teshisinin daha fazla oldugu
bulunmustur. Dolayisiyla, HSV-1’in AH i¢in tek basina bir risk faktorii olmadigi; ancak diger risk
faktorleriyle birlikte bulundugunda AH riskini arttirdig1 sonucuna varilmistir [39].

Itzhaki ve ark. (1993) AH’ nin patofizyolojisinde rol oynayabilecek viriis spesifik faktorlere de
odaklanmistir. Bu baglamda, HSV-1 glikoprotein B (gB)’nin bir kismmin amiloid-B’ya carpici
benzerlikler sergiledigi bulunmustur. Viral gB in vitro kosullarda amiloid-f gibi kendiliginden amiloid

fibriller olusturur. Ayrica, amiloid-f’ya tiirdes boliimiin primer kortikal néronal kiiltlirlere nérotoksik
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oldugu kanitlanmistir. gB’nin daha ileri ndrodejenerasyona yol agan 6nemli bir molekiiler etkilesimi

temsil edebilen lipoproteinlerin, 6zellikle ApoE ile etkilesime girdigi gosterilmistir [36].

Helicobacter pylori

Helicobacter pylori, spiral sekilli, esas olarak kronik gastrit, peptik iilser ve gastrik kanser gibi
iist gastrointestinal bozukluklarla iliskisi olan gram-negatif bakteridir. Epidemiyolojik caligmalar
sonucunda AH patogenezinde Helicobacter pylori’nin rol oynadigi kanitlanmistir. Ornegin, Kountouras
ve ark. (2009), 27 Alzheimer hastasinin ve yag olarak onlara uyumlu, bilissel islevleri normal 27 kiginin
serum ve serebrosipinal sivilarini analiz ederek karsilastirmis ve AH grubunda Helicobacter pylori
immiinoglobulin G antikorlar1 ve anti-Helicobacter pylori konsantrasyonlarini anlamli derecede yiiksek
bulmustur. Ayrica, Alzheimer hastalariin mide mukozal biyopsilerinde Helicobacter pylori goriilme
sikliginin kontrol grubuna gore ¢ok daha yiiksek oldugu bulunmustur [40]. Helicobacter pylori’nin,
AH’deki bilissel bozuklugun artma siddetiyle ilgili olabilecegi de belirtilmektedir. Alzheimer
hastalarinda yapilan mini-mental durum muayenesinde, Helicobacter pylori enfeksiyonu olan hastalar
daha kotli performans gostermiglerdir. Ayrica beyin-omurilik sivist (BOS)’daki anti- Helicobacter
pylori ve imminuglobiilin G antikor konsantrasyonlari Alzheimer hastalar1 arasindaki biligsel
bozukluklarin siddetiyle orantili bulunmustur [41]. Alzheimerl hastalarda Helicobacter pylori tedavisi
yapilmasi ile enfeksiyonun ortadan kaldirilmasiyla tedaviden 2 yil sonrasinda hastalarin biligsel ve
islevsel durumlarinda belirgin iyilesmeler saglanmistir ve 5 yillik sag kalim oranlar1 anlamli olarak
yiikselmistir [42]. Biitiin bu bulgulara ragmen, Helicobacter pylori ile AH arasinda nedensel iliski ve
olas1 mekanizmalar konusundaki bilgiler yetersizdir. Helicobacter pylori'nin norotropik etki
gostermeksizin, dogrudan noroinflamasyona yol agarak AH’yi indiiklemesi olasilik dahilinde

gorlilmemektedir [22,40].

Chlamydophila pneumoniae

Chlamydophila pneumoniae, kisiden kisiye esas olarak damla teneffiis yoluyla yayilan bir
bakteridir. Oncelikli olarak pndmoni ve bronsit gibi alt solunum yolu hastaliklariyla iliskilidir; ancak,
AH patogenezinde rol alabilecegine dair kanitlar bulunmaktadir. Chlamydophila pneumoniae,
postmortem analizlerde Alzheimer hastalarinin beyin dokusunda hem dogrudan hem de dolayl olarak
tespit edilmistir. Ornegin, Balin ve ark. (1998) Chlamydophila pneumoniae’nin tespiti igin Alzheimer
hastas1 olan 19 vakadan ve 19 kontrol grubundan postmortem beyin dokusu numunelerini test etmek
icin, elektron ve immiinoelektron mikroskobu, kiiltliir ve immiinohistokimyay1 igeren ¢esitli yontemler
kullanmistir. Chlamydophila pneumoniae, 19 vaka numunesinin 17’sinde tespit edilmistir; ancak 19
kontrol numunesinin sadece 1 tanesinde tespit edilmistir [43]. Gerard ve ark. (2006) yaptiklar

epidemiyolojik bir calismada AH’ye sahip hastalarin beyinlerinde yapilan Polimeraz zincir reaksiyonu
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(PCR) analizi sonucunda Chlamydophila pneumoniae DNA’sia rastlanmigtir ve néronlarin %20’sinin
enfekte oldugu goriilmiistiir [44]. In vitro ve in vivo calismalar da AH ve Chlamydophila pneumoniae
arasinda olasi bir iliskiyi ortaya koymaktadir. Postmortem olarak AH’ye sahip bir beyinden izole edilen
Chlamydophila pneumoniae ile enfekte edilen farelerde AH amiloid-f plaklarina benzer amiloid
birikimleri gelismistir [45]. Bu birikintilerin yogunlugu, boyutu ve sayis1 enfeksiyon ilerledik¢e 6nemli
olglide artmistir. Ayrica, enfekte hastalarda Chlamydophila pneumoniae’nin ortadan kaldirilmasiyla
onemli bir klinik iyilesme goriilmesi bu iliskiyi dogrular niteliktedir. Ancak, Chlamydophila
pneumoniae enfeksiyonu AH arasinda bir iligkinin olmadigina dair de literatiirde calismalar
bulunmaktadir. Bu durum AH patogenezinde Chlamydophila pneumoniae’nin rolii konusunda

belirsizlik yaratmaktadir [22,45].

Prion

Yapilan birgok calisma AH, Parkinson hastaligi ve prion hastaliklar1 gibi ndrodejeneratif
hastaliklarm énemli bir boliimiiniin patogenezinin temelinde hiicre proteinlerinin toplanarak agregatlar
olusturmasmin yattigin1 gostermektedir [46]. Prion hastaliklarindan sorumlu olan ajanlar, yanlis
katlanmis prion proteinleri olup, normal hiicresel prionlarin (PrPc), anormal bir konformasyon (PrPsc)
karakteristigi gelistirmesine neden olur. PrPsc, normal hiicre prionu PrPc’nin posttranslasyonel
modifikasyonundan ortaya ¢ikan ve azalmis bir plak yapisiyla karakterize edilen patojenik prion
formdur. PrPsc, yeni PrPsc molekiilleri olusmasinda ve yanlis katlanmis proteinin biiylik fibriler
agregatlar olusturmasinda rol oynar. AH’ye neden olan amiloid proteinlerin prion benzeri sekanslar
igerdigi diigiiniilmektedir [47].

Normal hiicresel prionlarin fonksiyonel olarak bakir metabolizmasi, ndron koruma, sinyal iletimi
ve hiicrenin gelisiminde etkilidir. Antioksidan PrPc inflamatuvar olaylarin bastirilmasma katkida
bulunur. PrPc endojen olarak oldukga islevi olan bir protein olmasimna ragmen norotoksik olma
egilimindedir. AH’de noérodejenerasyon ile iliskili amiloid-p oligomerinin de PrPc’ nin ligand1 gibi
davrandig bildirilmigtir [48].

1980’lerden beri PrP ile ilgili ¢calismalar, gogunlukla PrPc’nin PrPsc’ye donlismesi ve 6limciil
norodejenerasyon ve agregasyona neden olan bu mekanizmalar {izerine yogunlasmistir. PrPc
ekspresyonu prionun neden oldugu norotoksisitenin gelismesinde 6ncii rol oynar. PrPc’nin, APP’nin [3-
sekretaz boliinmesini diizenledigi ve bdylece amiloid-f olusumunu arttirdigi gozlemlenmistir. Ayrica,
a-sekretaz N-terminal fragmani ndroprotektif aktivasyon ile regiile edilerek PrPc’nin bdliinmesini
diizenler. PrPc’ye amiloid-f oligomerleri baglanmasi, Fyn-bagimli kinaz (FRK) aktivasyonuna yol acar.
FRK aktivasyonu, N-metil-D-aspartat reseptorii (NMDAR) ve Tau fosforilasyonuna neden olur. Sonug

olarak, bu fosforillenme ile sinaptik bozukluk ve nérodejenerasyon olusur [49].
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PrPC tabanli lipit raft sinyal platformunda, amiloid- oligomerine bagli PrPc’ ye sahip reseptorler
olan diisiik dansiteli lipoprotein reseptorii 1 (LRP1) ve metabotropik glutamat reseptorii (mGluR)
kiimeleri FRK aktivasyonuna yol acar. FRK, NMDAR ve Tau proteinini fosforile eder. Boylece,
sinaptik bozukluk ve nérodejenerasyona neden olur [48]. Anormal Tau birikimi ve temizlenmesi igin
ortaya ¢ikan hiicresel mekanizmalar ndronal dengeye zarar verir. Intra-aksonal ve intra-ndronal Tau
agregatlariin aksonopati ile iliskili olduguna dair kanitlar vardir. Aym sekilde, AH’de aksoplazmik akis

ve aksonal transport engellenir. Prematiire ndron kaybi patolojik siirecin son noktasidir [50].

Fungal Enfeksiyonlar

Yapilan son calismalar fungal enfeksiyonlarn da AH gelisiminde rol oynayabilecegini
gostermektedir. Beyinde enfeksiyonlara karsi tiretilen B-amiloidin 6zellikle Candida albicans tiirii
fungal enfeksiyonlarda etkili oldugu gosterilmistir. Enfeksiyon durumunda -amiloidin fazla
iiretilmesinin beyinde plak olusumununa neden olabilecegi bildirilmektedir [5S1]. Alonso ve ark. (2018)
yaptiklar calismada AH’ye sahip hastalardan alinan sinir dokularinda fungal proteinlerin ve fungal
DNA’nin bulundugunu gostermislerdir [52]. Ayrica, Alzheimer hastalarindan alinan post-mortem beyin
dokusunda yapilan proteomik analizler dokuda fungal proteinlere kesin olarak karsilik gelen birkag
peptiti ortaya ¢ikarmistir [53,54]. Bunlara ek olarak Alonso ve ark. (2014) poliglikanlar, proteinler ve
DNA gibi fungal makromolekiillerin AH hastalarindan alinan periferik kan ve beyin omurilik sivisi
orneklerinde de bulunabilecegini gostrmistir [55].

- Cinsel yolla Bulasan Hastaliklar
Hepatit B

Diinya genelinde en yaygin goriilen viral enfeksiyonlar hepatit B ve hepatit C’dir. Bu
enfeksiyonlara sirasiyla hepatit B viriisiit (HBV) ve hepatit C viriisiit (HCV) neden olur. HBV pozitif
bireylerde AH’de de goriilen hafif kognitif bozukluk goriilebilir ve HBV enfeksiyonunun AH igin yeni
bir risk faktorii oldugunu diisiindiirmektedir. AH’de degisen mikroglial transkriptlerin %6’sinin viral
stireglerle iligkili oldugu goriilmiistiir. Parkinson hastaliginda bu oran %1’ dir [56].

HBV pozitif bireylerde, HBV’nin kan-beyin engelini gegme ve beyne ulasip ulasamadigini
saptamak i¢in immiinohistokimyasal teknikler kullanilmistir. AH’ye sahip vakalarda beyinde hiicre ici
néronal HBV immiinreaktivitesi gozlenmistir. Yapilan arastirmalara gore mikroglial transkript
degisikliklerinin en fazla néronal onarim ile ilgili transkriptlerde oldugu goriilmiistiir. Bu sonuglar
mikroglianin sinir sisteminde 6nemli rolleri oldugu bilgisini desteklemektedir. Simdiye kadar yapilan
caligmalarin ¢ogu Herpes viriisii ve bazi bakteri tiirlerine odaklanmis olsa da HBV enfeksiyonu da
beyinde saptanmigtir. AH vakalarinda beyinde artan HBV immiinreaktivitesi, AH patogenezinde

HBV’nin 6nemli bir rolii oldugunu gdésterir [57].
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Insan Immiinoyetmezlik Viriisii

Insan Immiinoyetmezlik Viriisii (HIV) ile iliskili demans, AH’ye benzeyen bir subkortikal
noropatolojidir. Giincel veriler gelecekte AH gorillen ¢ok sayida HIV hastast olabilecegini
diistindiirmektedir. HIV ile indiiklenen amiloid birikimi, glikoprotein ve TAT proteininin eksitotoksik
etkilerinden dolay1 norotoksik olmasi, AH’nin risk faktorleridir. Ayrica, HIV hastalari, bozulmus
immiin islevlerinden dolayr AH ile ilgkilendirilen diger patojenlere de duyarlilik gostermektedirler.
Antiretroviral ilaclarin lipodistrofik ve metabolik etkileri aym sekilde AH i¢in bir risk faktoriidiir.
Ayrica, Chlamydia pndmonisi gibi yaygin bulasici ajanlar AH nin patogenezini siddetlendirebilir [58].

HIV ile iligkili demans, AH’den farkli olarak genellikle bilissel belirtileri giderek degisen ve geri
doniistimlii bir bozuklukken, son zamanlarda AH’de oldugu gibi kalict kognitif bozukluklar siklikla
goriilmeye baslanmigtir. Ancak, bu konuda kesin bir yargiya ulasmak i¢in HIV’1i hastalarda AH goriilme
sikligiyla ilgili arastirmalar arttirilmalidir [59].

- Diger Etkenler
Diyabet

Beyinde insiilin sinyalinin azalmast AH ile iligkili davranis bozukluklarmin olusumuna katkida
bulunur. Tip 2 diyabet AH igin 6nemli bir risk faktoriidiir. Molekiiler seviyede bu durum beyinde
insiiline yanitindaki eksiklik sonucunda olugan norofizyolojik bozulmalarla iliskilendirilir. AH ile ilgili
davranigsal bozukluklar, bellege aracilik eden noéronlarin disfonksiyonu ve oliimiinden kaynaklanir.
AH’nin patofizyolojisiyle dogrudan iligkili olan amiloid-f ve Tau proteinlerinin hiperfosforilizasyonu
da beyinde insiilin reseptorlerine erisilebilirligi azaltarak bu dongiliyii arttirir. Bu durumun yani sira
amiloid-p oligomerleri, tiimoér nekroz faktdrii alfa (TNFo) salimimi uyarir. TNFo’nin néronal TNFa
reseptorlerine baglanmasi nihai olarak insiilin etkisini saglayacak iki protein kinaz olan fosfoinositid 3
kinaz ve serin/treonin kinaz’in aktivasyonunu Onleyerek insiilin sinyalini baskilamaktadir. Bu islemi
saglayan TNFo’'nin diger bir kaynagi mikrogliadir. Mikroglianin amiloid-f3 oligomerlerine maruz
birakilmastyla TNFa salimini indiikledigi bulunmustur [60].

Tip 2 diyabet hastalarinda beyine giden insiilin miktarinin ve ndronal insiilinin azaldigi
gbzlenmistir. Ayrica diyabet hastalarinda gelisen serebrovaskiiler degisikliklerin de AH gelisiminde rol

oynayabilecegi bildirilmistir [61].

SONUC VE TARTISMA

Diinya genelinde yash niifus oraniin ve kronik hastaliklarin giderek artmasi ve yagam tarzinda

dogalliktan uzaklagma AH goriilme sikligini arttirmaktadir. Bu nedenle, AH’ye yol agmasi olasi
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faktorlerin bilinmesi, hastaliga erken donemde tan1 konmasi ve tedaviye miimkiin oldugunca erken
baglanmasi agisindan dnemlidir.

Birgok kimyasal ve biyolojik ajanin AH'na neden oldugu iddia edilmektedir. Ozellikle
anestezikler, endokrin bozucular ve aliiminyuma temasin AH’ye yol acabilecegine dair literatiirde
calismalar bulunmaktadir. Ancak, hastaligin multifaktdriyel oldugu ve genetik dahil bir¢ok farkli
nedenle ortaya ¢ikabildigi daha yaygin bir kanidir.

Giliniimiizde insanlarin tek tek veya ayn1 anda birgok biyolojik ajana temas etmesi s6z konusudur.
Biyolojik ajanlarin da farkli mekanizmalarla AH gelisimine yol agabilecegi belirtilmektedir. Ancak, bu
mekanizmalar heniiz birgok ajan i¢in tam olarak aydmlatilamamistir. HSV-1, Helicobacter pylori,
Borrelia burgdorferi ve Chamydophila pneumoniae gibi enfeksiydz ajanlarin insanlarda ve deney
hayvan modellerinde norobiligsel azalmalara ve kognitif islevlede diisiise neden oldugu tespit edilmistir.

Epidemiyolojik calismalarda AH patogenezinde Helicobacter pylori’nin roliinlin olabilecegine
dair giiclii kanitlar elde edilmistir. Alzheimer hastalarinda Helicobacter pylori immiinoglobulin G
antikorlar1 plazma ve BOS’ta anlamli derecede yiiksek bulmustur ve bu yiikseklik bozulmus kognitif
islevlerle iligkilendirilmistir. Ayrica, Alzheimer hastalarindan elde edilen mide mukozal biyopsilerinde
Helicobacter pylori gorilme sikligimin da yiiksek oldugu belirlenmistir. Tiim bu verilere ragmen,
Helicobacter pylori enfeksiyonu ile AH arasindaki iliskinin mekanizlalari tam aydinlatilamamistir.
Bakterinin dogrudan ndroinflamasyona yol agtabilecegi ve AH’ye yol acabilecegi en ¢ok iistiinde
durulan konudur.

Herpes Simplex Viriis Tip 1’in AH’nin gelisiminde rol oynayabilecegi Alzheimer hastalarinin
beyin otopsilerinde HSV-1 DNA’smin saptanmasi ile giindeme gelmistir. HSV-1 néronlarin iginde
saklanabilir ve yillar sonra aktive olarak da etkisini gdsterebilir. HSV-1’in AH patogenezine Tau
hiperfosforilasyonunu arttirdigi ve NFY benzeri yapilar olusturdugu bulunmustur. Anormal Tau
birikimi ve takiben bu birikimin temizlenmesi i¢in kullanilan {icresel mekanizmalar néronal dengeyi
bozar. Tau agregatlarinin aksoplazmik akis ve aksonal transportu engelleyebilecegi belitilmektedir. Bu
durum aksonopati, prematiir ndron kaybi1 ve AH’nin baslangiciyla sonuglanabilir. Yapilan in vitro
calismalarda ise HSV-1’in noronal hiicrelerde B-amiloid plaklarin birikimine yol agabilecegine dair
kanitlar elde edilmistir. HSV-1 nedeniyle olusan ensefalitlerde AH’de etkilenen bagta limbik bolgelerin
etkilendiginin belirlenmesi ile de bu konuya yogunlagilmstir.

Prion hastaliklarindan sorumlu olan yanlis katlanmis prion proteinleridir. PrPsc’nin yeni PrPsc
molekiilleri olusmasina yol ac¢tig1 ve yanlis katlanmis proteinin biiytik fibriler agregatlar olusturmasinda
gorev alabilecegi belirtilmistir. Ayrica, AH’ye yol ac¢tig1 bilinen amiloid proteinlerin prion benzeri
sekanslar igerebilecegi gdsterilmistir ve AH’de ortaya ¢ikan norodejenerasyon ile iligkili oldugu bilinen

amiloid-p oligomerinin ise PrPc’nin ligand1 seklinde davrandigi belirlenmistir.



Ankara Ecz. Fak. Derg. 44(1): 167-187, 2020 Adal1 ve ark. 183

Sonug olarak, bir¢ok biyolojik ajanin AH patogenezinde rol alabilecegi ifade edilmektedir.

Ozellikle, bu konudaki post-mortem ¢alismalarin hiz kazanmasi gereckmektedir. Ayrica, genis

popiilasyonlarda yapilacak epidemiyolojik caligmalar ile bu ajanlar ile AH arasindaki iligkinin

aydinlatilmasi, toplumlarda hizla artis gosteren AH ve benzeri ndropatolojik durumlarin azaltilmasi ve

hatta 6nlenmesi agisindan biiyiik 6nem tagimaktadir.
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ABSTRACT

Objective: In this review, the wide range of different applications of portable and miniaturized Fourier
transform infrared (FT-IR), near-infrared (NIR), and Raman spectrometers for quality control, assessment and
inspection of pharmaceutical products are discussed. In regard to counterfeiting, these portable spectrometers
are utilized for vibrational and scattering spectroscopies in the identification of counterfeits, adulterated,
fraudulent, falsified and substandard pharmaceutical products which are becoming significant problems and a
danger to general well-being, particularly in the developing nations.

Material and Method: Different scientific articles and books were researched and reviewed to explain the
applications of miniaturized and portable near infrared (NIR), Fourier transform Infrared (FT-IR) and Raman
spectrometers for the inspection and control of pharmaceutical products from past to nowadays.

Result and Discussion: Adulterated pharmaceutical products have become the greatest threat for
developing countries. This problem can reduce the confidence for pharmaceutical products. The application of
mentioned portable devices for determinations the quality control of pharmaceutical product, enables the
techniques to be more accessible, quick, accurate, simple, precise, robust and more importantly, efficient.
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0z

Amac: Bu derlemede, farmasotik iiriinlerin kalite kontrollerinin degerlendirilmesi ve belirlenmesi i¢in
portatif ve minyatiir Fourier transform infrared (FT-IR), yakin kizil dtesi (NIR) ve Raman spektrometrelerin
genis uygulama alanlart tartisilmigtir. Farmasotik tiriinlerde yapilan sahtecilikler sonucunda, genel refah icin
bir tehlike haline gelen taklit, hileli, tahrif edilmis ve standart alti farmasotik iiriinlerin belirlenmesinde
kullanilan bu portatif spektrometreler, titresimsel ve sagilma spektroskopileri icin kullanmilmaktadir.

Gerec ve Yontem: Cesitli bilimsel makaleler ve kitaplar incelenmis olup, ge¢misten giiniimiize kadar olan
siiregte, Fourier transform infrared (FT-IR), yakin kizil otesi (NIR) ve Raman spektrometrelerin farmasotik
tirtinlerin kalite kontrolii ve denetimi ile ilgili uygulamalar: derlenmistir.

Sonuc ve Tartisma: Hileli farmasdétik tiriinler ozellikle gelismekte olan iilkeler igcin onemli bir tehdit haline
gelmistir. Bu problem, farmasdétik iiriinlere olan giiveni azaltabilmektedir. Bu makalede bahsi gecen portatif
cihazlarin uygulanmasi, fitofarmasdétiklerin kalite kontroliinde tekniklerin daha erisilebilir, hizli, dogru, basit,
hassas, saglam ve daha da onemlisi, verimli olmasini saglamaktadir.

Anahtar Kelimeler: Denetim, farmasdotik iiriinler, kalite kontrol, tasinabilir Fourier doniigiimlii infrared
(FTIR) spektroskopisi, Yakin infrared (NIR) ve Raman Spektrometresi.

INTRODUCTION

Today, some of the greatest dangers and threats encountered by the pharmaceutical industry
globally are issues of falsification, counterfeiting, adulteration, incapability and fraudulence. These
issues have a negative impact on patients and are not beneficial for curing the target disease due to their
reduced efficiency. This threat causes a loss in confidence in pharmaceutical products, health care
providers and the health system in general.

According to the World Health Organization (WHO), antibiotics and anti-malarial drugs are the
most reported adulterated pharmaceutical products which has led to anti-microbial resistance and likely
drug-resistant infections. These falsified and substandard pharmaceutical products can be found in
illegal street markets, illegal pharmacies, clinics, hospitals etc. and range from generic innovator
medicines to expensive pharmaceutical products for cancer treatment and even includes inexpensive
products used as analgesics. WHO defines falsified or substandard pharmaceutical products as medical
products that do not contain any active pharmaceutical ingredients (API), while the incorrect ingredients
include potato starch, corn starch or chalk etc. or an inadequate proportion of the active pharmaceutical
ingredient. Some of these products are found to be toxic in nature, which are mostly produced in
substandard and unhygienic environment/conditions, predominantly by unqualified personnel [1].

The usage of portable NIR, FT-IR and Raman spectroscopies are among the most appropriate
methods for the detection and identification of organic and inorganic chemical constituents present in
any pharmaceutical product. They provide information concerning the vibrational transitions of

molecules or crystals with various sensitivities and specificities due to the different selection rules that
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govern infrared absorption and Raman scattering [2]. The information obtained from the vibrational
spectroscopies is sometimes complementary to a degree depending on the symmetry degree of the
molecules investigated [3—5]. Today, commercial handheld and portable FT-IR, NIR and Raman
spectrometers are coupled with optical fibers or a proper instrument of measurement that allows spectral
acquisition in reflection mode with a distance of about 1 cm and without any contact with the sample
surface. Sequentially Shifted Excitation (SSE) is the technology that involves the principle of the Bravo
spectrometer to acquire shifted Raman spectra while a suitable or desired algorithm allows the extraction
of the spectral data in true Raman space.

This procedure was recently validated extensively for pharmaceutical applications, and is now
widely accepted and used in routine analysis [6—15].

This review focuses on the advancement of rapid drug detection techniques using portable,
miniaturized and handheld FT-IR, NIR and Raman spectrometers for inspecting the quality and quantity
of pharmaceutical products. Moreover, some new characteristics of counterfeit, falsified and adulterated
drugs are discussed and the ways of countering such products are given. For example, the usage of NIR
models (Universal quantitative models) can be employed to examine pharmaceutical drugs with the
same API made by different manufacturers. Finally, these portable spectroscopic techniques have good

specificity, robustness, linearity, precision and accuracy [16, 17].

SPECTROSCOPIC METHODS
Near Infrared (NIR) Spectroscopy

The NIR region was first discovered by Herschel over 200 years ago, the region lies between 780-
2500 nm, and is located between the red band of the visible light and the mid-infrared region. The
obtained NIR spectrum is a result of molecular vibrations which comprise of combinations of
fundamental vibrations and overtones of hydrogen bonds such as O-H, C-H and N-H [18]. This
technique enables quick analysis for a wide range of materials, which have the possibility of having a
large number of physicochemical parameters and chemical composition of many formulations. Many
physicochemical parameters of pharmaceutical products can be analyzed quantitatively using NIR
spectroscopy such as particle size, hardness, dissolution rate compaction force and water content among
others [19-26]. For the last two decades, portable and miniaturized NIR spectroscopy has been utilized
to provide numerous possibilities in industrial and pharmaceutical applications. It is a rapid technique,
whereby FT-NIR can record a spectrum within only a few seconds. One of the advantages of this
technique is the non-destructive method of the analysis, which means that analysis can be conducted
with minimal sample preparation or sometimes no sample preparation. This facilitates the avoidance of
steps that are responsible for errors. It also enables the measurement of packaged samples via package

material [27] .
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Bei et al. [28] applied an orthogonal approach using handheld NIR, portable FT-IR and portable
Raman analyzers which were coupled to offline chemometric data analysis to quickly distinguish
different producers of domestic and imported oxcarbazepine drugs found in the Chinese market in a
quality controlled laboratory setting. API of the synthesized pharmaceutical product as well as the
starting materials, solid dosage forms and coatings were analyzed using an orthogonal approach. The
results of the FT-IR, Raman and NIR were found to be in conformity to each other and constitute sources
of cross-validation within the scope of this study. All three portable and handheld analyzers employed
the advantages of utilized spectroscopic techniques for their potential in assisting and complementing
regulatory bodies in adopting efficient, innovative and effective solutions.

Plugge et al. [29] reported that NIR spectroscopy coupled with a polar qualification system is a
substantial method for differentiating similar pharmaceutical substances which only differ slightly in
terms of physical or chemical characteristics. One of the applications of this powerful coupling is the
more precise selection and definition of starting materials involved in the synthesis of medicinal
products and its application in blending validation.

Vakili et al. [30] reported that quality control tools used in assessing the quality of printable
orodispersible formulations have yet to be defined. In study, four different orodispersible formulations,
consisting of two slightly soluble drugs, prednisolone and levothyroxine, were synthesized by
piezoelectric inkjet printing using two different edible substrates. A compact miniaturized and handheld
NIR device with the range of 1550-1950 nm was utilized for the quantitative determination of drugs in
the printed formulations. The spectral data was further treated with Savitzky-Golay filtering, mean
centering and third derivative approach. Orthogonal partial least squares (OPLS) regression and
principal component analysis (PCA) were used to create predictive models for the quality control of the
printed dosage formulations. The actual dose present in each formulation was confirmed using high
performance liquid chromatography (HPLC) for levothyroxine (0.15-0.86 mg with R*=0.999). It was
found that the model has the ability of to predict and cluster the drug formulations using both Q* and
R?Y values in the range of 0.94-0.99.

Many other international institutions are aware of the considerable potential of the NIR technique
particularly when using handheld and miniaturized devices for process monitoring and quality control
in the pharmaceutical industry [31].

In addition, Dreassi et al [32] reported the integrated quality control of cefuroxime axetil drug,
through the identification of starting materials and the API, and proceeded with controlling the drug
ingredients. For the quality control, discriminant analysis (DA) was applied to both the PCA scores and
the original spectral data. On the other hand, cluster analysis (CA) was also discussed in the research,

which was also applied for the PCA scores. Both methods (DA and CA) gave veritable information
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concerning the identification of different intermediates in the production cycle. They can as well be used

to differentiate between two similar and related granular types of Cefuroxime axetil.

Fourier Transform Infrared (FT-IR) Spectroscopy

Infrared spectroscopy is a useful tool for the identification of drugs [33]. It is also useful in
quantitative analysis as it allows for the continuous monitoring of spectral baseline and aids in the
simultaneous analysis of numerous parameters of the same sample [34]. Among its greatest advantages
is the ability to study the sample at virtually any given state. As a result of advances in instrumentation,
numerous new techniques were designed and introduced in order to test and identify the samples that
were formerly considered difficult [35, 36].

The infrared region is at around 700 nm (14.285,71 cm™"), which is immediately beyond the visible
region. Wave number is generally used to indicate the infrared spectral region. The radiation energy of
this region ranges between 48 kjmol™ at 2,500 nm and 2.4 kj mol™ at 50,000 nm. Two units can be used
in such vibrational spectroscopy; cm™ (wave number) and nm. The unit of choice depends on the type
of the spectrometer (i.e dispersive vs Fourier Transform) and in order to avoid large numbers whereby

nm is used. The mathematical relationship of these two units is given below.

[Cm'] =1/[nm]x 107 (1)

The development of Fourier Transform infrared (FT-IR) has to a true revolution in the area of IR
spectrometry, due to its positive impact. It is a fast and accurate analytical technique which provides
impressive qualitative information for gaseous, liquid and solid samples. The use of IR has grown
immensely in recent years. The importance of FT-IR was originally intended to identify and learn about
functional groups present in a particular chemical sample, but in recent years, it has been widely used
for the identification, evaluation, quality control and inspection of pharmaceutical products for the
purpose of drug design and minimizing the undesired alteration of products [37—42].

The miniaturization of vibrational spectrometers has emerged in the past decade, but the real
handheld FT-IR, NIR and Raman scanning spectrometers have only recently become readily and
commercially available. This development is due to advances in microelectromechanical systems
(MEMS) and recently, they have had a significant impact on the analytical techniques as well as on-site
analysis. Their applications have been demonstrated in many fields, such as terror defense, homeland
security, forensic investigations and in some drug agencies.

Sorak et al. [43] reported that the recent miniaturization of infrared and Raman spectrometers has
led to substantial progress in analytical techniques. The usage of handheld and portable infrared

spectrometers resulted in a reduction in instrument size and increased measurement performance. These
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portable devices have had an impact on quality control as well as process control. They can also be used
to calibrate the handheld and portable systems provided, while the qualitative and quantitative results
for certain solid and liquid samples of these handheld spectrometers are evaluated according to their
comparability with other laboratory instruments and their suitability for field and on-site measurements
are also compared. The results showed that the application of these handheld devices for on-site purposes
will open up a wide range of new applications of such devices in various industrial branches and hence
will revitalize the application of vibrational spectroscopy in quality control, identification, process
control and inspection in the near future.

Moreover, FT-IR was designed for quick and direct analysis of acetylsalicylic acid (ASA) in
various pharmaceutical drugs [44]. The API were determined and compared using conventional KBr
spectra. Two chemometric approaches, principal components regression (PCR+) and partial least
squares (PLS), in addition to Beer-Lambert’s law were employed in data processing. Additionally, the
researchers studied the possibility of applying the Beer-Lambert law to determine the quality of ASA in
pharmaceutical products at a wave number of 1,605.49 cm™, and similarities within the results were
observed suggesting the application of PCR+ technique due to a smaller value of relative standard
deviation (RSD; <3.0%).

Fourier transform infrared spectroscopy was applied for rapid and direct measurement of vitamin
C (ascorbic acid) and Vitamin B; (biotin) in various pharmaceutical products. The APIs in drug
preparation were best determined by comparing conventional KBr spectra. The data was also processed
using chemometric and Beer-Lambert approaches [45]. Vitamin C is an essential nutrient for a wide
number of primates [46], which include 20% of the mammalian group, as well as small number of other
species such as certain birds, fish and guinea pigs. Biotin is soluble in water and composed of ureido
(tetrahydroimidazolone) ring fused with tetrahydrothiophene ring.

Antimalarial drugs such as artesunate tablets were among the most counterfeited pharmaceutical
products. A newly introduced analytical technique which comprises the combination of ATR
(Attenuated Total Reflection)-FTIR imaging, Raman spectroscopy, and Spatially Raman Spectroscopy
(SORS) was developed to screen and characterize genuine and adulterated artesunate tablets.

Vibrational spectroscopy shows the chemical constituents present in the tablets by using the
complementary properties of FT-IR imaging and Raman scattering allowing the characterization of the
surface and overall compositions of the tablets. The advantages of this analytical technique, point to its
potential to be included and used in analytical methods for the investigation of falsified and fake drugs
or medicines [47].

The quality control assurance of pharmaceutical products such as ginseng has significant
importance for consumer safety [48,49]. Ginseng is an expensive and precious herb normally adulterated

with less expensive products. Its quality control and inspection is strongly needed and recommended
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due to its high degree of consumption and commercial importance. It can be consumed in powder,
capsule, tea, or softgel forms [50]. Extracts of American ginseng (The root of Panaxquinque folius),
Notoginseng (the root of Panax notoginseng) and Asian ginseng (the root of Panax ginseng) were
distinguished using conventional FTIR spectroscopy (ID-FTIR) and the two dimensional correlation
FT-IR using thermal perturbation. Moreover, the differences in their peak intensity were observed at
about 1640, 1416, 1372 and 1048 cm™ in the FTIR results of these species to ease their differentiation
and identification [51].

A pseudopolymorphic and two polymorphic crystal forms of local anesthetic agent
hydrozxyprocaine hydrochloride were characterized and analyzed using spectroscopy (FTIR, SSNMR
spectroscopy, FT-Raman), water vapor sorption analysis, thermal analysis (hot stage microscopy,
thermogravimetry and differential scanning calorimetry) and powder x-ray diffractometry [52].

Nitrofurantoin and Ampicillin in both the hydrate and hydrous forms were characterized using x-
ray diffractometry (XRD), thermogravimetric and differential thermal analysis (TG/DTA) and powder
DRIFTs. Among the analytical tools used, only DRIFTs indicate the formation of H-bonds of the
anhydrous drug constituents and the presence of crystalline water taken up from the atmospheric
moisture, which shows significant absorption from 3,500-3,700 cm™ that corresponds to crystalline
water. The FTIR spectral results of the hydrate and anhydrous forms of the nitrofurantoin also show
significant differences [53].

FT-IR spectrometry is applied for the analytical quantification of various pharmaceutical
formulations with commercial software and chemometric approaches. It is a simple, quick and precise
method when compared to chromatographic methods used previously. The quantification is completed
within 15-16 minutes, including sample preparation and the spectral result acquisition [54].

Finally, FT-IR is a quick, non-destructive and reliable analytical technique and when coupled
with chemometrics, it can be a powerful tool in the pharmaceutical industry. It is also being used in the
analysis of herbal medicine and can also be applied in the quality control of pharmaceutical products

and to inspect possible counterfeiting [55].

Raman Spectroscopy

The first discovery of a new kind of secondary radiation which called ‘Raman’ scattering, was by
Raman and Krishnan in the year 1928. The instrumentation was further developed when using this
principle through advances in optoelectronics and photonics, as well as the rapidly expanding range of
usage and applications. Raman spectrometers have evolved continuously over the decades [56]. Based
on history, the evolution of Raman tools were also augmented through numerous discoveries of different
phenomena rather than the basic Raman Effects such as resonance Raman (RR), surface-enhanced

Raman scattering (SERS). It was proven to be a useful instrument in numerous fields such as



J. Fac. Pharm. Ankara, 44(1): 188-203, 2020 Usmanetal. 195

pharmaceuticals, process control, in vivo biomedical studies, environmental sciences, catalysts,
pigments, archeology, glasses and forensic sciences [57].

The spectral analysis of pharmaceutical products using Raman spectroscopy provides more
benefits than mid or NIR spectroscopy (the comparision between Raman and IR spectroscopies are
summerized at Table 1). As a result of its scattering technique, it does not require a reference light path
as in IR or NIR. This allows remote sampling and is also amenable to fiber optics. A typical Raman
measurement for a single scan can give spectral data in the range of 4000-40 cm™ and a finger print
range of 4000 and 400 cm™. Some chemical groups give strong Raman signals such as C=S, which
produces a signal in the range of 1000-1250 cm™and C-Cl with a signal around 500-800 cm'. Certain
polar groups such as O-H give a weak signal as opposed to IR, which gives a strong signal. As an
example of Raman spectrum, Curcumin shows characteristic groups and is interpreted as having groups

such as aromatic C=0 stretching signal at 1626 cm™ and C=C stretching signal at 1601 cm™ [58].

Table 1. Comparison between Raman and Infrared (FT-IR and NIR) spectroscopies

RAMAN Spectroscopy Infrared Spectroscopy

It is the result of absorption of light by vibrating

It is due to the scattering of light by the vibrating lecul
molecules

molecules

The vibration is Raman active if it causes a change in Vibration is IR active if there is change in dipole
polarizability moment

The vibration concerned should have a change in

The molecule doesn’t have to posses a permanent dipole ) yeat
dipole moment due to that vibration

moment

Water can’t be used in IR due to its high intense
Water can be used as a solvent absorption in IR

Sample preparation is elaborate gaseous samples

Sample preparation is not very elaborate it can be in any
can rarely be used

state

Gives an indication of ionic character in the
Gives an indication of covalent character in the molecule molecule

Cost of instrumentation is very high Comparatively inexpensive

Without any sample preparation, Raman spectroscopy is able to perform non-destructive and
noninvasive screening and analysis into the packaging and hence can keep the sample constituents intact
in case of further analysis.

Raman spectrometers are composed of a laser light source, focusing optics and spectrographs that
consist of detector and dispersity elements [59].

Nowadays, the Raman-based instruments are portable, handheld, miniaturized, cheaper, smaller
and faster. Furthermore, the concept of analyzing real world samples from the production unit through

to packaged containers has developed from being merely to a hypothetical proposition to the level of a
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well-established concept for the quality control and inspection of various pharmaceutical products [60,
61].

According to a study conducted for the measurement of some pharmaceutical products using
portable Raman spectrometer with 785 nm excitation, the sample was further transferred into a small
brass cylinder and the head of the spectrometer was set on top of a small brass cylinder to allow for the
focusing of the laser beam into the sample. A wave number between 1800-400 cm™ was then chosen to
develop PLS-1 calibration for each of the active ingredients. This was done in order to demonstrate the
performance of the portable Raman spectrometer for quality control and inspection of the qualitative
and quantitative active ingredients [62].

Similar to NIRs, Raman spectroscopy has been tested and shown to be successful in portable and
miniaturized units for the identification and detection of counterfeiting and falsification [63]. Raman
spectroscopic techniques have become increasingly popular as a result of the invention of portable and
miniaturized Raman devices [64].

Noonan et al. [65] developed a universal approach for models that can classify and categorize
multiple drugs of interest in the presence of three cutting agents, some of them had high similarity to
the drugs of interest. Based on the idea of the models developed they were opportune to cluster four
drug surrogates successfully, namely lidocaine, benzocaine, norephedrine and isoxsuprine. They further
expatiated the spectral acquisition by applying both rugged and home built, handheld and commercial
devices as well as the preprocessing of the needed spectra before developing the model.

Loethen et al [66] also reported a method which was developed to rapidly screen a bread group
of anti-infective agent, as a form of anti-conterfeit screening. They used only Raman spectra of the
active pharmaceutical ingredients as reference point.

Rohleder et al. [67] demostrated the application of Raman spectroscopy during a study on anti-
oxidative stability of cosmetic products formulations [68]. Larmour and Bell utilized the ultraviolet
resonance Raman technique to ascertain the stability of some biopharmaceutical protein formulations.

The Raman spectroscopic technique can be applied in testing coatings as well as checking their
falsification and counterfeiting. Witkowski et al. [69] compared the Raman spectra of an authentic and
original coated tablet and that of a coated tablet under suspicion of adulteration. They realized that the
major spectral features seen in both the two spectra were due to the presence of titanium oxide.
Additionally, upon further inspection on the spectral data, another peak was observed in the Raman
spectrum of the suspected adulterated and counterfeited coated tablet, which was not observed on the
authentic and original coated tablet’s Raman spectrum. Therefore, this study proved the counterfeiting
in the sample tablet [70].

Tfayli et al. [71] showed the application of confocal Raman microscopy to determine the amount

of drugs present in human skin.
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Finally, Raman spectroscopy has advantages for the diagnosis of various diseases that have been
widely accepted in the health sciences. It has been applied in biomedicine to understand and identify the
dynamics of nucleic acids. It can also be applied to detect and test human papilloma virus at its early
stage, thereby enabling timely application of the correct medication for curing the disease. It can also
help in the development of stroke-preventing medication and in the detection of squamous cell
carcinoma, brain tumors, brain metastasis and lymph nodes metastasis through studying the

histopathology of tissue [72—-74].

RESULT AND DISCUSSION
A wide range of applications, chosen to demonstrate and show the high performance of portable
and miniaturized NIR, FT-IR and Raman spectrometers for the inspection and quality control of

pharmaceutical products, were explained and summerized in Table 2.

Table 2. Summary of some reviewed studies

Device Sample Source
Four different orodispersible formulations, consisting of two
NIF slightly soluble drugs, prednisolone and levothyroxine, were [30]
synthesized by piezoelectric inkjet printing using two different
edible substrates
NIF Quality control of cefuroxime axetil drug, through identifying the [32]
starting materials and the API, and proceeded with the drug control
FTIR Vitamin C and Biotin [44]
ID-FTIR and Two Extracts of American ginseng (The root of Panaxquinque folius),
dimensional correlation Notoginseng (the root of Panax notoginseng) and Asian ginseng [49]
FT-IR (the root of Panax ginseng)
FTIR, SSNMR A pseudo polymorphic and two polymorphic crystal forms of local [50]
spectroscopy, FT-Raman anesthetic agent hydrozxyprocaine hydrochloride
X-ray diffractometry
(XRD),
Thermogravimetric and Nitrofuraintoin and Ampbhicilline in both the hydrate and hydrous
. : [51]
Differential Thermal forms
Analysis (TG/DTA) and
Powder DRIFT
Raman spectroscopy Anti-counterfeit rapid screening of some finished pharmaceutical [64]
products
Raman spectroscopy Anti-oxidative stability of cosmetic products formulations [67]
Raman microscopy Determination the amount of drugs present in human skin [69]
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Today, substandard pharmaceutical products have become the greatest threat to the general

well-being in developing countries. This can decrease the confidence of the pharmaceutical products

and the health care in general. These techniques enable the quick monitoring, inspection and

identification of adulteration of different pharmaceutical products.

The application and usage of these portable instruments make the techniques accessible, fast,

reagent free (in some cases), simple and more importantly, efficient.
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Ankara Universitesi Eczacilik Fakiiltesi Dergisi (Ankara Ecz. Fak. Derg. - J. Fac. Pharm. Ankara)
yilda ti¢ kez (Ocak-Mayis-Eylul) yayimlanir.

Dergiye Eczaciligin her alaninda daha &nce higbir yerde yaymlanmamus, Tiirkge veya Ingilizce
olarak hazirlanmis makaleler kabul edilir. Deneylerde, insan icin “the Declaration of Helsinki” ve
hayvan icin “European Community Guidlines’’a bagli kalinmalidir.

Yayin Komisyonuna gelen makaleler en az 2 danigmana gonderilir.

Makaleler yayina kabul edilis sirasina goére yayinlanir.

Danigsmanlar tarafindan onerilen diizeltmelerin yapilmasi i¢in yazar/ yazarlara geri gonderilen
makaleler, diizeltilip yaymlanmak tizere 3 ay i¢inde tekrar yaym kuruluna gonderilmezse, yeni
basvuru olarak islem goriir. Makale yayimmlanmadan once yazarlarin yayimciya makalenin
“Copyright Transfer Form’unu doldurarak telif hakkini géndermesi gerekmektedir.

Yayimlarda intihal olup olmadigi kontrol edilmelidir.

Dergimize asagidaki makale tiirleri kabul edilir:

a) Arastirma makalesi: Tiirk¢e veya ingilizce hazirlanmis, sekiller ve tablolar dahil tamami en ¢ok
20 A4 kagidi sayfasi olan, orjinal arastirmalarin bulgu ve sonuglarini agiklayan makalelerdir.

b) Derleme: Tirkge veya ingilizce hazirlanmis, sekil ve tablolar dahil tamami en ¢ok 25 A4 kagidi
sayfasi olan, yeterli sayida bilimsel makale taranarak, o giine kadarki gelismeleri 6zetleyerek
ortaya koyan ve sonuglarini yorumlayarak degerlendiren makalelerdir.

c¢) Onbilgiler: Devam etmekte olan bir calismanin bulgularin1 zaman kaybetmeden duyurmak igin
Tiirkce veya ingilizce yazilan en ¢cok 5 A4 kagidi sayfasi olan makalelerdir.

Yayim Gonderme

Yazarlar makalelerini https://dergipark.org.tr/tr/pub/jfpanu adresinden online olarak yikleyeceklerdir.
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Metinler, A4 normunda (21 x 29,7 cm) yazilmis olmalidir.

Biitiin tablo ve sekiller metin igindeki yerlerine yazim alanindan tagmadan yerlestirilmis
olmalidir.

Metinler A4 normundaki sayfanin sag ve sol tarafindan 2,5 cm., iist ve alt kenarlarindan 3 er cm
bosluk birakilarak (ilk sayfada yukaridan 5 satir aralig1) 1,5 satir aralikla yazilmalidir. Yayimi
kabul edilen makaleler dogrudan “Microsoft Word” dosyasi halinde online olarak sisteme
yuklenecektir (online submission). Ana metin yazi karakteri “Times New Roman” ve 11 punto
olmalidir.

Sayfa numaralar1 makalede belirtilmemelidir.

Yazar adi (kiiciik harf) ve soyadi (biiyiik harf) koyu olarak bagligin altina ii¢ satir aralik
verildikten sonra altina unvan belirtmeden yazilmalidir. Birden ¢ok yazar varsa virgiille ayrilip
bir bosluk birakilarak yazilmalidir. Yazarlarin soyadlar {izerine konulacak rakamlarla hemen
isimlerin altindaki satira kurum adlar1 ve posta adresleri acik¢a yazilmalidir.

Baslik sayfasinda yayin adi, yazar/yazarlarin adlar1 ve yazisma yapilacak yazarin acik adresi,
telefon ve faks numaralari, varsa e-mail adresi belirtilmelidir. Sorumlu yazarin soyadinin {istiine
(*) isareti konularak belirtilmelidir. Bu kisinin acik 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”
sozciikleri 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 i¢ine yerlestirilirken metin
ile aralarinda net ayirimi saglayacak kadar bosluk birakilmalidir.

Paragraf baslar1 1 cm igeriden baglamalidir.

. Uluslararasi kisaltmalar kullanilabilir. Metin i¢inde mililitre i¢in ml; dakika i¢in dak. olarak

belirtilen sekliyle yazilmaldir.

Makalelerin boliimleri Baslik, Oz, Anahtar kelimeler, Giris, Gere¢ ve Yontem, Sonug ve
Tartigma, Tesekkiir ve Kaynaklar sirasina uygun olarak hazirlanmalidir. Derleme makalelerinde
Gere¢ ve Yontem bolimii bulunmayabilir. Bu boliimler birbirlerinden 2 satir aralik ile
ayrilmahdir. Bu béliimleri ifade eden basliklar 12 punto ile koyu olarak biiyiik harflerle ve
sayfanin solundan baslanarak yazilmalidir. Boliim bagliklari 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 agik ifadeli
olmalidur.

Oz: Tiirkge 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 i¢inde amag, gereg ve
yontem, sonug ve tartisma olarak alt basliklar 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 ¢alismalarin yer aldigi boliim olmalidir.

Gereg ve Yontem: Kullanilan gereg belirtilerek, uygulanan yontem hakkinda gerekli bilgiler
acikca ifade edilmelidir. Deneylerde hayvan kullanilmasi1 durumunda lokal etik komiteden
veya ilgili diizenleyici makamlardan onay alinmalidir ve bilgilendirilmis onam
belgelendirilmelidir.

Sonug ve Tartisma: Bulgularin verilerek degerlendirildigi boliimdiir.



12.

TesekkUr: 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, 6rnegin: [1,2,...] gibi numaralandirilmali ve metin
sonunda bu numaralara gore siralanmalidir. Kaynaklar asagidaki 6rneklere uygun olarak
yazilmalidir.

i. Makale igin: Yazarin soyadi, adinin bas harfleri, makalenin tam baglig1 derginin adi, cilt no,
varsa say1 no (parantez i¢inde), baslangi¢ ve bitis sayfa no, yi1l 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 igin:

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 igin:

Clinical Pharmacology Web site. (2001). Retrieved June 16, 2004, from http://cpip.gsm.com/

iv. Kitap i¢in: Yazarin soyadi, adinin bas harfleri, kitabin adi, cilt no (varsa), kitabevi,
yayinlandig: sehir, sayfa no, basildigi1 yil (parantez i¢inde) yazilmalidir.

Franke, R. (1984). Theoretical Drug Design Methods, Elsevier, Amsterdam, p.130.

v. Kitap B6lUm icin: Yazarin soyadi, adinin bas harfleri, b6liimiin basligi, editor/edit6rlerin
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 ayri bir paragraf ile gosterilmeli ve yeni bilesiklerin safliklar1 ve
yap1 aydmlatilmalar1 saglanmalidir.
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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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