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public responsibility for the content. Any portion of a manuscript that
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GENERAL GUIDELINES

Manuscripts can only be submitted electronically through the Journal
Agent website (http://journalagent.com/tjps/) after creating an account.
This system allows online submission and review.

The manuscripts are archived according to ICMJE, Web of Science-
Emerging Sources Citation Index (ESCD, SCOPUS, Chemical Abstracts,
EBSCO, EMBASE, Analytical Abstracts, International Pharmaceutical
Abstracts, MAPA(Medicinal & Aromatic Plants Abstracts), Tubitak/
Ulakbim Turkish Medical Database, Tirkiye Citation Index Rules.

Format: Manuscripts should be prepared using Microsoft Word, size A4
with 2.5 cm margins on all sides, 12 pt Arial font and 1.5 line spacing.

Abbreviations: Abbreviations should be defined at first mention and used
consistently thereafter. Internationally accepted abbreviations should be
used; refer to scientific writing guides as necessary.

Cover letter: The cover letter should include statements about manuscript
type, single-Journal submission affirmation, conflict of interest statement,
sources of outside funding, equipment (if applicable), for original research
articles.

The ORCID (Open Researcher and Contributor ID) number of the all authors
should be provided while sending the manuscript. A free registration can
be done at http://orcid.org.

REFERENCES
Authors are solely responsible for the accuracy of all references.

In-text citations: References should be indicated as a superscript
immediately after the period/full stop of the relevant sentence. If the
author(s) of a reference is/are indicated at the beginning of the sentence,
this reference should be written as a superscript immediately after the
author's name. If relevant research has been conducted in Turkey or by
Turkish investigators, these studies should be given priority while citing
the literature.

Presentations presented in congresses, unpublished manuscripts, theses,
Internet addresses, and personal interviews or experiences should not
be indicated as references. If such references are used, they should be
indicated in parentheses at the end of the relevant sentence in the text,
without reference number and written in full, in order to clarify their
nature.

References section: References should be numbered consecutively in the
order in which they are first mentioned in the text. All authors should be
listed regardless of number. The titles of Journals should be abbreviated
according to the style used in the Index Medicus.

Reference Format

Journal: Last name(s) of the author(s) and initials, article title, publication
title and its original abbreviation, publication date, volume, the inclusive
page numbers. Example: Collin JR, Rathbun JE. Involutional entropion: a
review with evaluation of a procedure. Arch Ophthalmol. 1978;96:1058-
1064.

Book: Last name(s) of the author(s) and initials, book title, edition, place of
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cited.

Example: Herbert L. The Infectious Diseases (1st ed). Philadelphia; Mosby
Harcourt; 1999:11;1-8.

Book Chapter: Last name(s) of the author(s) and initials, chapter title, book
editors, book title, edition, place of publication, date of publication and
inclusive page numbers of the cited piece.
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place of publication, date of publication and inclusive page numbers of
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TABLES, GRAPHICS, FIGURES, AND IMAGES

All visual materials together with their legends should be located on
separate pages that follow the main text.

Images: Images (pictures) should be numbered and include a brief title.
Permission to reproduce pictures that were published elsewhere must be
included. All pictures should be of the highest quality possible, in

JPEG format, and at a minimum resolution of 300 dpi.

Tables, Graphics, Figures: All tables, graphics or figures should be
enumerated according to their sequence within the text and a brief
descriptive caption should be written. Any abbreviations used should
be defined in the accompanying legend. Tables in particular should be
explanatory and facilitate readers’ understanding of the manuscript, and
should not repeat data presented in the main text.

MANUSCRIPT TYPES
Original Articles

Clinical research should comprise clinical observation, new techniques
or laboratories studies. Original research articles should include title,
structured abstract, key words relevant to the content of the article,
introduction, materials and methods, results, discussion, study limitations,
conclusion references, tables/figures/images and acknowledgement
sections. Title, abstract and key words should be written in both Turkish
and English. The manuscript should be formatted in accordance with the
above-mentioned guidelines and should not exceed 16 A4 pages.

Title Page: This page should include the title of the manuscript, short title,
name(s) of the authors and author information. The following descriptions
should be stated in the given order:

1. Title of the manuscript (Turkish and English), as concise and explanatory
as possible, including no abbreviations, up to 135 characters

2. Short title (Turkish and English), up to 60 characters

3. Name(s) and surname(s) of the author(s) (without abbreviations and
academic titles) and affiliations

4. Name, address, e-mail, phone and fax number of the corresponding
author

5. The place and date of scientific meeting in which the manuscript was
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presented and its abstract published in the abstract book, if applicable

Abstract: A summary of the manuscript should be written in both Turkish and English. References should not be cited in the abstract. Use of
abbreviations should be avoided as much as possible; if any abbreviations are used, they must be taken into consideration independently of the
abbreviations used in the text. For original articles, the structured abstract should include the following sub-headings:

Objectives: The aim of the study should be clearly stated.

Materials and Methods: The study and standard criteria used should be defined; it should also be indicated whether the study is randomized or not,
whether it is retrospective or prospective, and the statistical methods applied should be indicated, if applicable.

Results: The detailed results of the study should be given and the statistical significance level should be indicated.

Conclusion: Should summarize the results of the study, the clinical applicability of the results should be defined, and the favorable and unfavorable
aspects should be declared.

Keywords: A list of minimum 3, but no more than 5 key words must follow the abstract. Key words in English should be consistent with “Medical
Subject Headings (MESH)” (www.nlm.nih.gov/mesh/MBrowser.html). Turkish key words should be direct translations of the terms in MESH.
Original research articles should have the following sections:

Introduction: Should consist of a brief explanation of the topic and indicate the objective of the study, supported by information from the literature.
Materials and Methods: The study plan should be clearly described, indicating whether the study is randomized or not, whether it is retrospective
or prospective, the number of trials, the characteristics, and the statistical methods used.

Results: The results of the study should be stated, with tables/figures given in numerical order; the results should be evaluated according to the
statistical analysis methods applied. See General Guidelines for details about the preparation of visual material.

Discussion: The study results should be discussed in terms of their favorable and unfavorable aspects and they should be compared with the
literature. The conclusion of the study should be highlighted.

Study Limitations: Limitations of the study should be discussed. In addition, an evaluation of the implications of the obtained findings/results for
future research should be outlined.

Conclusion: The conclusion of the study should be highlighted.

Acknowledgements: Any technical or financial support or editorial contributions (statistical analysis, English/Turkish evaluation) towards the study
should appear at the end of the article.

References: Authors are responsible for the accuracy of the references. See General Guidelines for details about the usage and formatting required.
Review Articles

Review articles can address any aspect of clinical or laboratory pharmaceuticals. Review articles must provide critical analyses of contemporary

evidence and provide directions of or future research. Most review articles are commissioned, but other review submissions are also welcome.
Before sending a review, discussion with the editor is recommended.

Reviews articles analyze topics in depth, independently and objectively. The first chapter should include the title in Turkish and English, an
unstructured summary and key words. Source of all citations should be indicated. The entire text should not exceed 25 pages (A4, formatted as
specified above).
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Synthesis and Aldose Reductase Inhibitory Effect
of Some New Hydrazinecarbothioamides and
4-Thiazolidinones Bearing an Imidazo[2,1-b]
Thiazole Moiety

Imidazo[2,1-b]Tiyazol Cekirdegi Tasiyan Bazi Yeni
Hidrazinkarbotiyoamitler ve 4-Tiyazolidinonlarin Sentezi ve Aldoz
Reduiktaz inhibitor Etkileri

® Nuray ULUSOY GUZELDEMIRCI'™, @ Selin CIMOK?, Net DAS-EVCIMEN2, @ Mutlu SARIKAYA2

Tistanbul University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, istanbul, Turkey
2Ankara University, Faculty of Pharmacy, Department of Biochemistry, Ankara, Turkey

ABSTRACT N

Objectives: To synthesize and characterize 2-[[6-(4-bromophenyDimidazo[2,1-blthiazol-3-yllacetyl]-N-alkyl/arylhydrazinecarbothioamide and
3-alkyl/aryl-2-[((6-(4-bromophenyDimidazo[2,1-blthiazol-3-yDacetyDhydrazonol-5-nonsubstituted/methyl-4-thiazolidinone derivatives and
evaluate them for their aldose reductase (AR) inhibitory effect.

Materials and Methods: 2-[[6-(4-bromophenyDimidazol2,1-b]thiazol-3-yl]acetyl]-N-alkyl/arylhydrazinecarbothioamides (3a-f) and 3-alkyl/aryl-
2-[((6-(4-bromophenylimidazo[2,1-blthiazol-3-yDacetyDhydrazonol-5-nonsubstituted/methyl-4-thiazolidinones  (4a-j) were synthesized from
2-16-(4-bromophenylimidazol[2,1-blthiazole-3-ylJacetohydrazide (2). Their structures were elucidated by elemental analyses and spectroscopic
data. The synthesized compounds were tested for their ability to inhibit rat kidney AR.

Results: Among the synthesized compounds, 2-[[6-(4-bromophenylimidazo[2,1-b]thiazol-3-ylJacetyl]-N-benzoylhydrazinecarbothioamide (3d)
showed the best AR inhibitory activity.

Conclusion: The findings of this study indicate that the different derivatives of the compounds in this study may be considered interesting candidates
for future research.

Key words: Hydrazinecarbothioamide, 4-thiazolidinone, imidazo[2,1-blthiazole, aldose reductase inhibition

s

Amag: Bu calismanin amaci, 2-[[6-(4-bromofenillimidazo[2,1-bltiyazol-3-illasetill-N-alkil/arilhidrazinkarbotiyoamit ve 3-alkil/aril-2-[((6-(4-
bromofenilimidazol2,1-b]tiyazol-3-iDasetiDhidrazono]-5-nonsiibstitiie/metil-4-tiyazolidinon tlrevlerini sentezlemek, yapilarini aydinlatmak ve
aldoz rediiktaz (AR) inhibitér etkilerini arastirmaktir.

Gereg ve Yontemler: 2-[6-(4-bromofenilimidazo[2,1-bltiyazol-3-illasetohidrazitten (2) hareketle 2-[[6-(4-bromofenilimidazol2,1-bltiyazol-3-il]
asetil]-N-alkil/arilhidrazinkarbotiyoamit  (3a-f) ve 3-alkil/aril-2-[((6-(4-bromofenilimidazo[2,1-bltiyazol-3-iDasetiDhidrazono]-5-nonstibstitiie/
metil-4-tiyazolidinon turevleri (4a-j) sentezlenmistir. Bilesiklerin yapilari elementel analiz ve spektroskopik bulgularla kanitlanmistir. Sentezlenen
bilesikler sigan bobrek AR enzimini inhibe etme &zellikleri agisindan test edilmistir.

Bulgular: Sentezlenen bilesikler arasindan, 2-[[6-(4-bromofeniDimidazol2,1-bltiyazol-3-illasetil]-N-benzoilhidrazinkarbotiyoamit (3d) en iyi AR
inhibitdr etkiyi gdstermistir.

Sonug: Bu galismanin bulgulari, bu galismadaki bilesiklerin farkli turevlerinin gelecek arastirmalar igin ilging adaylar olarak gorilebilecegini
gdstermektedir.

Anahtar kelimeler: Hidrazinkarbotiyoamit, 4-tiyazolidinon, imidazol2,1-bltiyazol, aldoz rediktaz inhibisyon
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INTRODUCTION

Diabetes mellitus (DM) is a chronic disease caused by deficient
production of insulin by the pancreas and by resistance to
insulin’s effects, or in some cases both. According to the World
Health Organization, more than 422 million people worldwide
have diabetes and the number is expected to rise to almost
double by 2030 Furthermore, hyperglycemia is the major
risk factor responsible for the broad range of complications
that are the main cause of mortality and morbidity in people
with DM. There are two forms of complications: acute and
chronic, including nephropathy, neuropathy and retinopathy.?
Various biochemical pathways have been proposed to explain
the pathological mechanisms of diabetic complications. These
include increased polyol pathway flux, activation of the protein
kinase C pathway, oxidative stress, and accelerated advanced
glycation end-product formation.?3

Aldose reductase (AR) (AR; ALR2; EC 111.21) is the first
enzyme in the polyol pathway and reduces glucose to sorbitol
in the presence of nicotinamide adenine dinucleotide phosphate
(NADPH). Sorbitol dehydrogenase, the second enzyme in the
polyol pathway, oxidizes the intermediate sorbitol to fructose
with NAD* as cofactor (Figure 1.*5 It has been reported that
AR enzyme activity increases in diabetes.® Total glucose
utilization by AR-catalyzed reduction is less than 3% under
normoglycemia (5.5 mM), whereas the rate is more than 30%
under hyperglycemia (20 mM).¢ Increased AR activity has been
implicated in the pathogenesis of diabetic complications.®”
Activated AR leads to cell damage through several mechanisms,
including accumulation of sorbitol,®* NADPH depletion,o"
increased NADH/NAD" ratio,”” and increased fructose levels.”
Inhibitors of AR thus seem to have the potential to prevent or
treat diabetic complications. Even though a wide number of AR
inhibitors (ARIs) have been obtained over the last 30 years,
the clinical efficacy of these compounds is not completely
satisfactory and several of them have shown undesirable side
effects Sorbinil, tolrestat, zopolrestat and ponalrestat were
withdrawn from clinical trials because of their side effects.®
Various thiazolidinedione derivatives are a newer class of
antidiabetic drugs'®? that improve glycemic control in type 2
diabetes by increasing insulin action in skeletal muscles, the
liver, and adipose tissue.???

aldose sorbitol
reductase dehydrogenase
Glucose m Sorbitol m Fructose
NADPH NADP + NADH

Figure 1. Polyol pathway
NADPH: Nicotinamide adenine dinucleotide phosphate

There has been considerable interest in the chemistry of
4-thiazolidinone ring systems, which are a core structure in
various synthetic pharmaceuticals displaying a broad spectrum
of biological activities such as antidiabetic,?*% anticancer,??

antiviral/anti-HIV,* antibacterial and antifungal 32
antitubercular,® antiinflammatory, and analgesic® activities.
Moreover, imidazo[2,1-blthiazole®® and thiosemicarbazide3®
moieties are also associated with various biological properties
including antidiabetic activity.

As a continuation of our previous studies on 4-thiazolidinone
derivatives with ARIs** or different biological activities,**4®
we report the synthesis of some novel imidazo[2,1-blthiazole
derivatives incorporating two known bioactive nuclei such as
hydrazinecarbothioamide or 4-thiazolidinone.

EXPERIMENTAL

Chemical methods

Melting points were determined using a Bichi B-540 melting
point apparatus in open capillary tubes and are uncorrected.
Elemental analyses were performed on a Thermo Finnigan Flash
EA 112 elemental analyzer. IR spectra were recorded on KBr
discs, using a Shimadzu IR Affinity-1 FT-IR spectrophotometer.
'H-NMR and ®C-NMR (APT) spectra were measured on a Varian
UNITY INOVA (500 MHz) spectrometer using dimethyl sulfoxide
(DMSO)-d,. The starting materials were either commercially
available or synthesized according to the references cited.

General procedure for the synthesis of 2-[[6-(4-bromophenyl)
imidazo[2,1-b]thiazol-3-yl]acetyl]-N-cycloalkyl/aralkyl/
arylhydrazinecarbothioamides (3a-f)

To a solution of 2-[6-(4-bromophenylimidazol2,1-b]thiazole-3-
yllacetohydrazide (2) (0.005 mol) in ethanol (30 mL) was added
the appropriate isothiocyanate (0.005 mol). The resulting mixture
was heated under reflux for 3 h. After cooling, the precipitate was
separated and purified by washing with hot ethanol.

2-[[6-(4-bromophenyDimidazo[2,1-b]thiazol-3-yllacetyl]-N-cycl
ohexylhydrazinecarbothioamide (3a)

Yield: 71%; m.p. 246°C; IR (KBr, cm™: 3207 (N-H), 1672 (C=0),
1195 (C=S); 'H-NMR (500 MHz, DMSO-d,):  10.09 (s, 1H, NH),
9.44; 918 (2s, TH, NH), 8.27; 815 (2s, TH, imidazothiazole C-H),
7.77-1.73 (m, 2H, 4-Brphenyl C, .-H), 7.66 (s, TH, NH), 7.60-7.56
(m, 2H, 4-Brpheny!l Cz,s'H)' 710; 7.06 (2s, 1H, imidazothiazole C,-
H), 4.06 (s, 1H, cyclohexyl), 3.82 (s, 2H, CH,CO), 1.77-1.03 (m, 10H,
cyclohexyl). Anal. Calcd. for C,,H,BrN OS C, 48.78; H, 4.50; N,

200 22

14.22. Found: C, 48.25; H, 3.90; N, 13.97.

2-[[6-(4-bromophenyimidazo[2,1-b]thiazol-3-yl]acetyl]-N-
benzylhydrazinecarbothioamide (3b)

Yield: 88%; m.p. 251-252°C; IR (KBr, cm™: 3217 (N-H), 1674 (C=0),
1195 (C=S); 'H-NMR (500 MHz, DMSO-d,): 4 10.24 (s, 1H, NH),
9.63; 945 (2s, TH, NH), 8.68 (s, TH, NH), 8.21 (s, TH, imidazothiazole
C,-H), 7.72 (d, 2H, J=8.78 Hz, 4-Brphenyl C,-H), 7.57 (d, 2H,
J=8.78 Hz, 4-Brphenyl C3v5-H), 7.30-7.20 (m, 5H, phenyD, 7.10 (s,
TH, imidazothiazole C,-H), 4.78 (s, 2H, CH,), 3.83 (s, 2H, CH,CO).
Anal. Calcd. for C,H BrN ,0S.: C, 50.40; H, 3.63; N, 13.99. Found

21 18

C, 50.20; H, 3.65; N, 13.46.
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2-[[6-(4-bromophenylimidazo[2,1-b]thiazol-3-yllacety!]-N-
phenethylhydrazinecarbothioamide (3c)

Yield: 89%; m.p. 251°C; IR (KBr, cm™): 3197 (N-H), 1672 (C=0), 1163
(C=S); 'H-NMR (500 MHz, DMSO-d,): 6 1019 (s, 1H, NH), 9.55;
9.35 (2s, 1H, NH), 8.26 (s, TH, NH), 8.21 (s, TH, imidazothiazole C,-
H), 7.77 (d, 2H, J=9.27 Hz, 4-Brphenyl C, .-H), 7.58 (d, 2H, J=8.78
Hz, 4-Brphenyl C, .-H), 7.31-7.28 (m, 2H, phenyl), 7.25-7.20 (m,
3H, phenyl), 711; 706 (2s, TH, imidazothiazole C,-H), 3.83 (s, 2H,
CH,CO), 3.66 (g, 2H, J=7.81 Hz, N-CH)), 2.82 (t 2H, J=7.07 Hz,
CH -Ph). Anal. Calcd. for C,,H, BrN OS C,51.36; H, 3.92; N, 13.61.

22020

Found C, 51.33; H, 3.82; N, 13.60.

2-[[6-(4-bromophenylimidazo[2,1-b]thiazol-
benzoylhydrazinecarbothioamide (3d)

Yield: 73%; m.p. 215°C; IR (KBr, cm™): 3178 (N-H), 1666; 1645 (C=0),
1172 (C=8); 'H-NMR (500 MHz, DMSO-d,): § 12.55 (s, TH, NH), 11.77
(s, TH, NH), 11.32 (s, TH, NH), 8.35 (s, TH, imidazothiazole C.-H),
795 (d, 2H, J=8.78 Hz, phenyl), 7.78 (d, 2H, J=8.29 Hz, 4-Brphenyl
C, M), 7.66-7.63 (m, 1H, phenyl), 7.60-7.57 (m, 2H, 4-Brphenyl
C H) 7.54-7.50 (m, 2H, phenyl), 715 (s, TH, imidazothiazole C,-
H) 399 (s, 2H, CH,CO). Anal. Calcd. for C,H,BrN,0,S: C, 4903

21" 16

H, 314; N, 13.61. Found C, 48.97; H, 3.66; N, 12.89.

2-[[6-(4-bromophenyDimidazol[2,1-b]thiazol-3-yl]acetyl]-N-(4-
fluorophenyDhydrazinecarbothioamide (3e)

Yield: 90%; m.p. 209-210°C; IR (KBr, cm™): 3134 (N-H), 1674 (C=0),
1213 (C=S); 'H-NMR (500 MHz, DMSO-d,): 4 10.40 (s, 1H, NH), 9.81
(s, TH, NH), 9.73 (s, 1H, NH), 8.24 (s, 1H, imidazothiazole CS-H),
7.72 (d, 2H, J=8.29 Hz, 4-Brphenyl C,,-H), 7.58 (d, 2H, J=8.79
Hz, 4-Brphenyl C, -H), 7.44-7.41 (m, 2H, pheny), 7.20-717 (m, 2H,
phenyD), 712 (s, 1H, imidazothiazole C,-H), 3.88 (s, 2H, CH,CO).
Anal. Calcd. for C, H,.BrFN,OS : C, 47. 63 H, 3.00; N, 13.88. Found

200 15

C, 47.66; H, 319; N, 13.29.

2-[[6-(4-bromophenylimidazo[2,1-bthiazol-3-yl]acetyl]-N-(4-
methoxyphenyDhydrazinecarbothioamide (3f)

Yield: 86%; m.p. 230°C; IR (KBr, cm™: 3296; 3134 (N-H), 1672
(C=0), 1236 (C=S); 'H-NMR (500 MHz, DMSO-d,):  10.36 (s, TH,
NH), 9.70 (s, TH, NH), 9.59 (s, 1H, NH), 8.25 (s, 1H, imidazothiazole
C,-H), 771 (d, 2H, J=8.78 Hz, 4-Brphenyl C,-H), 7.57 (d, 2H,
J-878 Hz, 4-Brphenyl C,.-H), 7.28 (d, 2H, J=8.79 Hz, phenyD,
712 (s, TH, |m|dazoth|azole C -H), 6.91 (d, 2H, J=8.79 Hz, phenyD,
3.87 (s, 2H, CH,CO), 3.76 (s 3H, OCH,). C-NMR (APT) (500
MHz, DMSO-d,): 6 181.50 (C=9), 162.20 (C:O), 157.59 (phenyl C),
149.53 (imidazothiazole C, ), 145.47 (imidazothiazole C,), 134.23
(4-Brphenyl C), 132.51 (phenyl C), 132.27 (4- Brphenle35),12733
(phenyl C, ), 127.25 (4-Brphenyl C, ), 126.85 (imidazothiazole C)),
120.50 (4-Brphenyl C), 1141O(phenle35),111 46(|m|dazoth|azole
C,), 109.75 (|m|dazoth|azole CJ), 55.92 (CH)), 33.41 (CH,). Anal.
Calcd for C,H BrN.O.S_: C, 4884 H, 351 N, 13.56. Found C,

21" 18 57272

49.05; H, 3.54; N, 13.71.

3-yllacetyl]-N-

General procedure for the synthesis of 3-cycloalkyl/aralkyl/
aryl-2-[((6-(4-bromophenyDimidazo[2,1-b]thiazol-3-yacetyl)
hydrazono]-5-nonsubstituted/methyl-4-thiazolidinones (4a-j)

To a suspension of 2-[[6-(4-bromophenylimidazo[2,1-blthiazol-
3-yllacetyl]-N-alkyl/arylhydrazinecarbothioamides (0.005 mol) in

absolute ethanol (30 mL) were added anhydrous sodium acetate
(0.02 mol) and ethyl bromoacetate/ethyl 2-bromopropionate
(0.005 mol). The reaction mixture was refluxed for 20 h, then
cooled, diluted with water, and allowed to stand overnight. The
crystals were filtered, dried, and purified by crystallization from
ethanol or ethanol/water.

3-Benzyl-2-[((6-(4-bromophenylimidazo[2,1-b]thiazol-3-y1)
acetyDhydrazono]-4-thiazolidinone (4a)

Yield: 96%; m.p. 232-233°C; IR (KBr, cm™: 3215 (N-H), 1720
(ring C=0), 1670 (C=0); 'H-NMR (500 MHz, DMSO-d,): 6 (NH
proton not observed), 8.32; 8.10 (2s, 1H, imidazothiazole C-H),
7.76 (d, 2H, J=8.30 Hz, 4-Brphenyl C, -H), 7.58 (d, 2H, J=7.32
Hz, 4-Brphenyl C3'5—H), 7.38-7.19 (m, 5H, phenyD), 7.03; 6.84 (Zs,
TH, imidazothiazole C-H), 4.82 (s, 2H, NCH,), 415-3.83 (m, 4H,
CH,CO and SCH,). Anal Calcd. for C,H, BrN 0,S.: C, 5111; H,

57272

336 N, 12.96. Found C, 50.74; H, 338 N 1310

3-Phenethyl-2-[((6-(4-bromophenylimidazo[2,1-b]thiazol-3-
ylacetyDhydrazono]-4-thiazolidinone (4b)

Yield: 88%; m.p. 134-135°C; IR (KBr, cm™): 3142 (N-H), 1716 (ring
C=0), 1658 (C=0); 'H-NMR (500 MHz, DMS0-d,): 4 10.72; 10.55
(2s, 1H, NH), 8.28; 8.20 (2s, 1H, imidazothiazole CS-H), 7.78
(d, 2H, J=8.78 Hz, 4-Brphenyl C,-H), 7.59 (d, 2H, J=8.30 Hz,
4-Brphenyl C, .-H), 7.28-7.23 (m, 2H, phenyD), 7.21-7.16 (m, 3H,
phenyl), 7.08; 7.05 (2s, 1H, imidazothiazole C,-H), 4.08-3.82 (m,
6H, CH,CO, SCH, and NCH,), 2.89 (t, 2H, J=7.32 Hz, CH,-Ph).
Anal. Calcd forC H,BrN O S,.2H,0: C, 48.82; H, 4.10; N, 11 86.

24" 720 57272°

Found: C, 48.90; H, 3.51; N, 11.87.

3-Benzoyl-2-[((6-(4-bromophenyl)imidazo[2,1-b]thiazol-3-y!)
acetylhydrazono]-4-thiazolidinone (4c¢)

Yield: 53%; m.p. 260°C; IR (KBr, cm™: 3197 (N-H), 1757 (ring
C=0), 1681 (C=0); 'H-NMR (500 MHz, DMSO-d): & 11.48 (s,
TH, NH), 8.16 (s, TH, imidazothiazole C.-H), 8.06 (d, 2H, J=8.30
Hz, phenyl, 7.65-7.56 (m, 3H, 4- Brphenyl C,,-H and phenyD,
7.51-7.48 (m, 4H, 4-Brphenyl C,.-H and phenyl) 7.20 (s, 1H,
imidazothiazole C,-H), 4.28- 412 (m, 4H, CH,CO and SCH,).
Anal. Calcd. for C H BrN.O,S: C, 49.83; H, 2.91; N, 12.63.

23" 16 57372

Found: C, 50.46; H, 2.97; N, 13.02.

3-(4-Fluoropheny)-2-[((6-(4-bromophenylDimidazo[2,1-b]
thiazol-3-yDacetyDhydrazono]-4-thiazolidinone (4d)

Yield: 84%; m.p. 279-281°C; IR (KBr, cm™): 3122 (N-H), 1751 (ring
C=0), 1705 (C=0); 'H-NMR (500 MHz, DMSO0-d,): 5 11.33 (s, TH,
NH), 8.14 (s, 1H, imidazothiazole C.-H), 7.56 (d, 2H, J=8.30 Hz,
4-Brpheny! C, -H), 7.42 (d, 2H, J=8.30 Hz, 4-Brpheny! C,_-H),
719-714 (m, 3H, phenyl and imidazothiazole C,-H), 6.91-6.88 (m,
2H, phenyD, 4.36-3.83 (m, 4H, CH,CO and SCH,). Anal. Calcd.
for CH..BrFN.0.S.: C, 48.54; H, 278 N, 12.86. Found C, 49.04;

22° 15 57272

H, 2.99; N, 12.82.
3-(4-Methoxypheny)-2-[((6-(4-bromophenylimidazo[2,1-b]
thiazol-3-yDacetyDhydrazono]-4-thiazolidinone (4e)

Yield: 98%; m.p. 277-279°C; IR (KBr, cm™: 3209 (N-H), 1732

(ring C=0), 1672 (C=0); 'H-NMR (500 MHz, DMSO-d,): & (NH
proton not observed), 814 (s, 1H, imidazothiazole C.-H), 7.53
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(d, 2H, J=6.35 Hz, 4-Brphenyl C, -H), 7.40 (d, 2H, J=8.79 Hz,
4-Brphenyl C, ,-H), 715 (s, TH, imidazothiazole C,-H), 6.90 (d, 2H,
J=6.83 Hz, phenyl), 6.82 (d, 2H, J=8.79 Hz, phenyl), 4.22-3.93
(m, 4H, CH,CO and SCH,), 3.80 (s, 3H, OCH,). *C-NMR (APT)
(500 MHz, DMSO-d,): & 169.23 (thiazolidinone C=0), 166.69
(C=0),156.99 (phenyl C ), 152.44 (C=N), 149.60 (imidazothiazole
C,), 145.54 (imidazothiazole C)), 14116 (phenyl C), 134.02
(4-Brphenyl C), 132.31 (4-Brphenyl C,,), 12714 (4-Brphenyl
C, ), 126.69 (imidazothiazole C)), 122.55 (phenyl C,,), 120.34
(4-Brpheny! C)), 115.32 (phenyl Cas)v 111.61 (|m|dazoth|azole C),
109.39 (imidazothiazole C,), 55.90 (OCH,), 33.24 (CH,), 30. 75
(thiazolidinone C,). Anal. Calcd for C H BrN 0,S.:C, 4965 H,

23 18 57372

3.26; N, 12.59. Found C, 49.84; H, 311; N, 12.40.

3-Benzyl-2-[((6-(4-bromophenyDimidazo[2,1-b]thiazol-3-y1)
acetylDhydrazono]-5-methyl-4-thiazolidinone (4f)

Yield: 72%; m.p. 171-172°C; IR (KBr, cm™: 3186 (N-H), 1720
(ring, C=0), 1668 (C=0); 'H-NMR (500 MHz, DMS0-d,):  10.68
(s, TH, NH), 8.26; 811 (2s, 1H, imidazothiazole C-H), 7.77 (d,
2H, J=8.29 Hz, 4-Brphenyl C,,-H), 7.58 (d, 2H, J=8.29 Hz,
4-Brphenyl C, -H), 7.34-7.23 (m, 5H, phenyl), 7.05; 6.87 (2s, TH,
|m|dazoth|azoleC -H), 4.87; 4.83 (2s, 2H, NCH,), 4.52; 4.47 (2q,
1H, J=7.33; 7.32 Hz SCH), 3.92; 3.85 (2s, 2H, CH ,CO), 1.58; 1.54
(2d, 3H, J=7.32 Hz, CH,). Anal. Calcd. for C H BrN.,O,S,: C,

24" 20

51.99; H, 3.64; N, 12.63. Found C, 51.47; H, 311; N, 1217

3-Phenethyl-2-[((6-(4-bromophenylimidazo[2,1-b]thiazol-3-
yDacetyDhydrazono]-5-methyl-4-thiazolidinone (4g)

Yield: 89%; m.p. 224-225°C; IR (KBr, cm™: 3169 (N-H), 1712
(ring C=0), 1666 (C=0); 'H-NMR (500 MHz, DMSO-d,): 8 10.71;
10.54 (2s, 1H, NH), 8.28; 8.20 (2s, 1H, imidazothiazole CS-H),
7.78 (d, 2H, J=8.78 Hz, 4-Brphenyl C, -H), 7.58 (d, 2H, J=8.29
Hz, 4-Brphenyl C,-H), 7.27-7.23 (m, 2H, phenyl), 719-716 (m,
3H, phenyD, 7.08; 7.06 (2s, TH, imidazothiazole CZ-H), 4.33; 4.27
(2q, TH, J=6.83; 7.32 Hz, SCH), 4.10; 3.89 (2s, 2H, CH,CO), 3.87-
3.80 (m, 2H, NCH)), 2.99-2.86 (m, 2H, CH_-Ph), 1.44; 1.36 (2d,
3H, J=7.32 Hz, CH) Anal. Calcd. for C.H BrN 0,S:C, 52.82;

25 22 57272

H, 3.90; N, 12.32. Found C, 52.67; H, 3.75; N, 12.07.

3-Benzoyl-2-[((6-(4-bromophenyDimidazo[2,1-b]thiazol-3-yl)
acetyDhydrazono]-5-methyl-4-thiazolidinone (4h)

Yield: 88%; m.p. 192-194°C; IR (KBr, cm™: 3219 (N-H), 1749 (ring
C=0), 1697 (C=0); 'H-NMR (500 MHz, DMSO-d,): 8 11.52 (s, 1H,
NH), 8.17; 815 (2s, 1H, imidazothiazole C.-H), 8.07-8.03 (m,
2H, phenyl), 7.66-7.57 (m, 3H, 4-Brphenyl C -H and phenyD,
7.53-7.47 (m, 4H, 4-Brphenyl C_ .-H and phenyl) 7.21; 7.20
(2s, TH, imidazothiazole C,-H), 4.52, 4.44 (2q, H, J=7.32 Hz,
SCH), 4.23-411 (m, 2H, CH,CO), 1.63; 1.56 (2d, 3H, J=7.32 Hz,
CH,). Anal. Calcd. for C,,H BrN 0,S.: C,50.71; H, 3.19; N, 12.32.

24" 18 57372

Found C, 50.72; H, 3.29; N, 12.39.

3-(4-Fluoropheny)-2-[((6-(4-bromophenyl)imidazo[2,1-b]
thiazol-3-yDacetyDhydrazono]-5-methyl-4-thiazolidinone (4i)
Yield: 90%; m.p. 194-196°C; IR (KBr, cm™: 3118 (N-H), 1747 (ring
C=0), 1701 (C=0); 'H-NMR (500 MHz, DMSO-d,): 6 11.36 (s, H,
NH), 8.22; 8.14 (2s, 1H, imidazothiazole C,-H), 7.59-7.53 (m, 2H,
4-Brphenyl C,-H), 7.45-7.42 (m, 2H, 4-Brphenyl C,.-H), 7.31-

714 (m, 2H, phenyD, 7.03 (s, TH, imidazothiazole C,-H), 6.92-
6.87 (m, 2H, phenyl), 4.54; 4.50 (2q, 1H, J=7.32 Hz, SCH), 4.16-
4.01 (m, 2H, CH,CO0), 1.58; 1.53 (2d, 3H, J=7.32 Hz, CH,). Anal.
Calcd. for C_H BrFN 0.S.: C, 49.47; H, 3.07; N, 12.54. Found C,

23 7 57272

49.68; H, 3.07; N, 12.51.

3-(4-Methoxypheny)-2-[((6-(4-bromophenyl)imidazo[2,1-b]
thiazol-3-yDacetyDhydrazono]-5-methyl-4-thiazolidinone (4))
Yield: 64%; m.p. 159-161°C; IR (KBr, cm™): 3163 (N-H), 1732 (ring
C=0), 1672 (C=0); 'H-NMR (500 MHz, DMSO-d,): 8 11.34; 10.58
(2s, TH, NH), 8.22; 8.12 (2s, 1H, imidazothiazole C,-H), 7.77-7.71
(m, 2H, 4-Brphenyl C, .-H), 7.59-7.53 (m, 2H, 4-Brphenyl C, -H),
7.42-6.80 (m, 5H, phenyl and imidazothiazole C-H), 4.51; 4.48
(2g, H, J=7.32 Hz, SCH), 3.83, 3.78 (2s, 2H, CH,CO), 3.76 (s,
3H, OCH,), 1.62; 1.53 (2d, 3H, J=6.84; 7.32 Hz, CH,). *C-NMR
(APT) (500 MHz, DMSO-d,): & 175.00; 172.58 (thiazolidinone
C=0), 166.44 (C=0), 159.84 (phenyl C,), 151.40; 151.09 (C=N),
149.55 (imidazothiazole C, ), 145.44 (imidazothiazole C/), 140.98
(phenyl C), 134.20 (4- Brphenyl C), 13230 (4- Brphenyl Cis)
127.29 (4-Brphenyl C,)), 126.28 (|m|dazoth|azole Cp, 122.60
(phenyl C, ), 120.40 '(4 Brphenyl C)), 115.32 (phenyl Cis)
111.86 (imidazothiazole C,), 109.60 (imidazothiazole C,), 56.09
(OCH,)), 4310; 40.49 (th|azol|d|none Cy, 33.77 (CH) 19.90;
19.76 (thlazol|d|none 5-CH,). Anal. Calcd. for C,,H BrN 0.S.:C,

24" 20 57372

49.60; H, 3.66; N, 12.23. Found C, 4917; H, 3.40; N, 12.54.

Biological methods

Isolation of aldose reductase enzyme

Kidneys obtained from Wistar albino rats were thawed on
ice and homogenized with 3 volumes of distilled water.
The homogenate were centrifuged at 10,000 x g for 20 min.
Saturated ammonium sulfate was added to the supernatant
for 40% saturation. The thick suspension was stirred for 15
min and then centrifuged at 10,000 x g for 20 min. The inert
protein left in the supernatant was removed by increasing the
ammonium sulfate concentration to 50% saturation followed
by centrifuging the mixture at 10,000 x g for 20 min. The AR
enzyme was precipitated from the 50% saturated solution by
adding powdered ammonium sulfate to 75% saturation and was
recovered by centrifugation at 10,000 x g for 20 min.*’ Protein
concentration was measured as described by Bradford® using
bovine serum albumin as a standard. The protein concentration
was 5.13+0.09 mg/mL.

Determination of aldose reductase activity

AR activity of the freshly prepared supernatant was assayed
spectrophotometrically by determining the decrease in
NADPH concentration at 340 nm by a UV-1700 Visible
spectrophotometer. DL-glyceraldehyde was used as a substrate.
The enzyme was dissolved in 10 mL of 0.05 M NaCl solution.
Then 25 pL of enzyme was added to the incubation medium,
which contained 175 plL of phosphate buffer (0.067 M, pH: 6.2),
25 pL of NADPH (2x10° M final concentration), and 25 pL of
inhibitor compound (10 M stock solution). The reaction was
started by adding 25 pL of DL-glyceraldehyde (5x10° M final
concentration) to the incubation medium and the decrease in
NADPH concentration was recorded at 340 nm for 10 min at
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37°C. Readings were taken at intervals in the periods when the
changes in absorbance were linear.”’

The AR activity was calculated as,

Activity(: r:L) -

where 6.22 is the micromolar extinction coefficient of NADPH
at 340 nm,

(AA Enzyme/min - AA Control/min)
(6.22 x Volume of enzyme)-(Total Volume)

Activity (U/mL)

Specific activity (U/mg protein) =
Protein Cont. (mg/mL)

The ARI activity of each sample was calculated using the
formula.
AA Sample/min-AA Blank/min
- — | x 100
AA Control/min-AA Blank/min

% |nhibition=[1 -

RESULTS AND DISCUSSION

The target compounds were prepared from
2-[6-(4-bromophenyl)imidazo[2,1-b]thiazole-3-yl]
acetohydrazide (2)% by a two-step synthesis as shown in
Scheme 1. By heating ethyl (6-(4-bromophenylimidazol[2,1-b]
thiazol-3-yDacetate hydrobromide® and hydrazine hydrate
in  ethanol,  2-[6-(4-bromophenylimidazo[2,1-blthiazole-3-
yllacetohydrazide was obtained. Hydrazide and cycloalkyl/
aralkyl/aryl isothiocyanates were heated in ethanol to yield
2-1[6-(4-bromophenylimidazo[2,1-blthiazol-3-yllacetyl]-
N-cycloalkyl/aralkyl/aryl  hydrazinecarbothioamides (3a-f).
3a-f were then reacted with ethyl a-bromoacetate/ethyl
2-bromopropionate in the presence of anhydrous sodium

i
N\
\
> HzNAf jﬂ
CH,
o/
abs.EtOH N
J N AN e HBr
LKL
N s
1

HaNNH, . H,0

NH—NH, NH—nNH Ry

3a-f

NH

Br- CHCOOC2H5

@(Lﬁ l

Scheme 1. Synthesis of title compounds 3a-f and 4a-j

CH:,COONa

acetate in absolute ethanol to yield 3-cycloalkyl/aralkyl/aryl-
2-[((6-(4-bromophenylimidazo[2,1-b]thiazol-3-yDacetyl
hydrazono]-5-nonsubstituted/methyl-4-thiazolidinones (4a-j).

The IR spectra of 3a-f displayed bands at about 3296-3118 and
1674-1645 cm™ associated with the N-H and C=0 functions.
Absorption bands at 1236-1163 cm”, which were attributed to
the C=S stretching vibrations, were observed in the IR spectra
of compounds 3a-f. The three 'H-NMR resonances located in
the region of 12.55-7.66 ppm were assigned to the NH protons
of the hydrazinecarbothioamides and supported the structures
of 3a-f.3

New C=0 bands (1757-1712 cm™ in the IR spectra of
4-thiazolidinones (4a-j) provided confirmatory evidence
for ring closure.’* 'H-NMR and ™C-NMR data were also in
agreement with the formation of a 4-thiazolidinone ring. NH
signals of 4b-d and 4f-j appeared at § 11.52-10.54 ppm. In the 'H
NMR spectra of compounds 4f-j, CH-CH, protons appeared as
a double quartet (1H) at 8 4.54-4.33 and & 4.50-4.27 ppm and
CH-CH, protons appeared as a double doublet (3H) at & 1.63-
1.44 and 0 1.56-1.36 ppm, indicating the presence of two isomers
in unequal proportions in DMSO-d,. This may be explained
on the basis of the difference in the relative stability of the £
and Z isomers formed due to the rotational restriction about
the exocyclic N=C bond at position 2 of the 4-thiazolidinone
ring.5% In the C-NMR (APT) spectra of 3f, 4e, and 4j chosen
as prototypes, all the carbons resonated in the expected
regions.®® For example, the protons resonated at & 30.75, &
152.44, and 3 169.23 ppm in the *C-NMR (APT) spectrum of
the compound 3-(4-methoxyphenyD)-2-[((6-(4-bromophenyl)
imidazo[2,1-b]thiazol-3-yDacetyDhydrazonol-4-thiazolidinone
(4e) assigned for S-CH,, C=N, and C=0 moieties, confirming
the carbon skeleton of the 4-thiazolidinone ring. Furthermore,
BC-NMR resonances of the S-CH, C=N, and C=0 carbons of the
compound bearing 5-methyl substituted 4-thiazolidinone (4j)
were observed at § 43.10; 40.49, 6 151.40; 151.09 and 8 175.00;
172.58 ppm, respectively. The protons of the imidazo[2,1-b]
thiazole nucleus and the other protons resonated in the
expected regions.*®

The in vitro ARI activity of the synthesized compounds
is listed in Table 1. The enzyme activity was assayed by
spectrophotometrically monitoring the NADPH oxidation that
accompanies the reduction of | -glyceraldehyde, which is used
as substrate. The inhibition study was performed merely by
using a 10 M concentration of each drug. Depending upon the
results the best ARI effect was found at the rate of 25.41% in
compound 3d. Among these inhibitors, in compound 3¢, which
is the phenethyl substituted compound, 14.03% inhibition
was observed, while in compounds 3e and 3f, which are
4-fluorophenyl and 4-methoxyphenyl substituted compounds,
21.31% and 13.73% inhibition were observed, respectively
(Table 1). Compound 4g, derived from compound 4b as a result
of methylation of the nitrogen atom on the thiazolidinone
ring, showed 8.22% inhibition, while compound 4h, obtained
from compound 4c by methylation of the nitrogen atom on
the thiazolidinone ring, showed 5.93% inhibition (Table 1.
Compounds 4i and 4j, obtained by methylation of compounds
4d and 4e, showed 9.31% and 1.42% inhibition, respectively.
According to these results, 5-nonsubstituted thiazolidinone
derivatives (4a-e) did not show inhibition but 5-methyl
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substituted thiazolidinone derivatives (4g-j) showed significant
inhibition inthe range 1.42-9.31%. A positive influence was exerted
by 5-methyl substitution at the thiazolidinone ring on activity.
The most efficient compounds were hydrazinecarbothioamide
derivatives (3c-f) with 25.41-13.73% (Table .

Table 1. Aldose reductase inhibition by compounds 3a-f and 4a-j*

Compounds R, R, Inhibition + SD (%)
3a CH, - 0.00+0.00
3b CH,-C H, - 0.00£0.00
3c CH,-CH,-C H, - 14.03+1.07
3d CO-C,H, - 25.41x012
3e 4-FCH, - 21.31£1.07
3f 4-CH,0CH, - 13.73+0.49
4a CH,-C H, H 0.00+0.00
4b CH,-CH,-C,H, H 0.00+0.00
4c CO-C,H, H n.t.

4d 4-FCH, H 0.00+0.00
4e 4-CH,0CH, H 0.00+0.00
4f CH,-CH, CH, 0.00+0.00
4g CH,-CH,-C,H, CH, 8.22+1.55
4h CO-C,H, CH, 5.93+2.05
4i 4-FCH, CH, 9.31+1.90
4j 4-CH,0C.H, CH, 1.42£1.79

SD: Standard deviation, n.t.: Not tested, *Values represent the mean + SD of three
individual experiments

CONCLUSION

ARIs are one of quite a few types of drugs that have shown
prevention of diabetic complications. It is still a challenge to
develop a drug candidate molecule. We report the synthesis
and ARI activity effects of hydrazinecarbothioamides (3a-
f) and 4-thiazolidinones (4a-j) bearing an imidazo[2,1-b]
thiazole moiety. On the basis of our preliminary ARl screening
results on imidazo[2,1-blthiazole derivatives, we embarked
on the synthesis of more derivatives to discover more active
molecules.
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ABSTRAC T

Objectives: Gemifloxacin Mesylate is a fourth generation fluoroquinolone antibacterial agent. A simple, accurate, and precise reversed phase (RP)-
ultra performance liquid chromatography (UPLC) method was developed and validated for short time analysis of Gemifloxacin Mesylate in its bulk
and pharmaceutical preparation.

Materials and Methods: The optimum separation was achieved at 0.5+0.03 min using an Acclaim™ RSLC 120 C18 column 2.2 ym (2.1x100 mm)
at 30°C by isocratic mobile phase at pH 3.0 composed of acetonitrile:phosphate buffer (25 mM) in a ratio of 75:25 (v/v). The column effluents
were monitored at 276 nm using a photodiode array detector at a flow rate of 0.5 mL/min. The method was validated according to International
Conference on Harmonization guidelines.

Results: The linearity of the calibration curve ranged from 0.5 pg/mL to 10 pg/mL and the square of the regression coefficient (r2) was 0.9991. The
% relative standard deviation (RSD) of inter-day precision ranged from 0.081% to 1.233%, while for intra-day it ranged from 0.364% to 1.018%. The
method was accurate with % recovery ranging from 93.71% to 100.29% and % RSD ranging from 1.054 to 2.722. The limit of detection and the limit
of quantification were 0.066 and 0.2 pg/mL, respectively.

Conclusion: The validated method proved its ability for the assay of Gemifloxacin Mesylate in its bulk and dosage form in a short time (less than 1
min). To the best of our knowledge, this is the first RP-UPLC method for the determination of Gemifloxacin Mesylate.

Key words: Gemifloxacin Mesylate, ultra performance liquid chromatography, method validation

OZ |

Amag: Gemifloksasin Mesilat dordiinct jenerasyon fluorokinolon antibakteriyel ajandir. Basit, dogru ve hassas bir ters fazli (RP)-ultra performansli
sivi kromatografisi (UPLC) yontemi, Gemifloksasin Mesilatin, bulk ve farmasétik preparatinda kisa strede analizi igin gelistirilmis ve valide edilmistir.
Gereg ve Yontemler: Optimum ayirma, AcclaimT™ RSLC 120 C18, 2.2 pm (2.1x100 mm) kolonu kullanilarak, 30°C'de, 75:25 (h/h) asetonitril:fosfat
tamponu (25 mM) igeren pH 3.0 izokratik hareketli faz ile 0.5£0.03 dk'da elde edildi. Kolon atigi 0.5 mL/dk’lik bir akis hizinda fotodiyod detektdri
kullanilarak 276 nm’de izlenmistir. Yontem Uluslararasi Uyumlastirma Konferansi kilavuzlarina gére valide edildi.

Bulgular: Kalibrasyon egrisinin dogrusalligi 0.5 ug/mL ile 10 pyg/mL arasindadir ve regresyon katsayisinin karesi (r2) 0.9991'dir. Giin ici kesinligin % bagil
standart sapmasi (RSD) %0.081 ile %1.233 arasinda degisirken, giinler arasi igin %0.364 ile %1.018 arasinda degisiyordu. Yéntem %93.71 ile %100.29 ve
% RSD degeri 1.054 ile 2.722 arasinda degisen % geri kazanim ile dogrudur. Saptama limiti ve tayin limiti sirasiyla 0.066 ve 0.2 pg/mL idi.

Sonug: Valide edilmis yontem, Gemifloksasin Mesilatin bulk ve dozaj formundan tayininde kisa strede (1 dakikadan az) tayinin olabilecegini
kanitlamistir. Bildigimiz kadariyla, bu, Gemifloksasin Mesilatin belirlenmesi igin ilk RP-UPLC ydntemidir.

Anahtar kelimeler: Gemifloksasin Mesilat, ultra performansli sivi kromatografisi, metod validasyonu
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INTRODUCTION

Gemifloxacin Mesylate (Figure 1) is a synthetic broad-spectrum
antibacterial agent for oral administration. It is a member of the
fourth generation fluoroquinolone antibiotics. Its mechanism
of action is by inhibition of both topoisomerase IV and DNA
gyrase, which are essential for bacterial cell replication. It is
characterized by its broad spectrum of activity against both
gram-positive and gram-negative bacteria. It is used in the
treatment of respiratory tract and urinary tract infections.™

CH;Q

e,

+«CH;S0;H

I“lln..

H,N

Figure 1. The chemical structure of Gemifloxacin Mesylate

The IUPAC name of Gemifloxacin Mesylate is T7-[(42)-
3-(AminomethyD-4-methoxyiminopyrrolidin-1-yl]-1-
cyclopropyl-6-fluoro-4-oxo-1,8 naphthyridine-3-carboxylic
acid, methanesulfonic acid. Its molecular formula is
C,gH,,FN,0,¢CH,0.S; its molecular weight is 485.49 g/mol.

18" 20

In the literature, different analytical methods have been
reported for its determination, including spectrophotometry,>”
spectrofluorimetry,®®  high  performance thin layer
chromatography  (HPTLC),"" high  performance layer
chromatography  (HPLO)-ultraviolet (UV)*"® and liquid
chromatography (LC)-mass spectrometry.20

Ultra-performance liquid chromatography (UPLC), introduced
in 2004, proved to be more efficient than HPLC in many aspects
such as resolution, sensitivity, and consuming much smaller
amounts of solvents.

The aim of the present research was the rapid and sensitive
determination and quantification of Gemifloxacin Mesylate in its
bulk and pharmaceutical preparation with lower consumption
of solvents using reverse phase (RP)-UPLC-UV in addition
to its validation with respect to International Conference on
Harmonization (ICH) guidelines. To the best to our knowledge,
this is the first RP-UPLC method for the determination of
Gemifloxacin Mesylate.

MATERIALS AND METHODS

Instruments and software

The UPLC system employed was a Thermo Fisher UHPLC
Dionex Ultimate 3000 (Germering, Germany). The pump was
an 1SO-3100SD, while the autosampler was a WPS 3000
SL, and the column thermostat was a TCC-3000 SD. The

detector was a diode array detector (3000 RS) (Germering,
Germany). The software utilized for data acquisition was
Chromeleon 6.8 (Germering, Germany). pH of the buffer was
measured using a pH meter (Jenway pH-meter 3310, Dunmow,
Essex, United Kingdom). Milli-Q water was produced in-house
from an ultrapure water purification system (Thermo Scientific
Barnstead Smart2Pure 3 UV, Hungary). The separation was
carried out using an Acclaim™ RSLC 120 C18 column 2.2 um
(21x100 mm), Thermo Fisher.

Chemicals and reagents

Acetonitrile (HPLC grade), monobasic potassium phosphate,
and phosphoric acid (high grade) were purchased from
Sigma-Aldrich, Germany. Gemifloxacin Mesylate standard
was obtained from Sigma Pharmaceutical Company (Cairo,
Egypt). Gemifloxacin Mesylate pharmaceutical preparations
(Quinabiotic® Utopia) were purchased from the Egyptian
market.

Methods

Mobile phase preparation

The mobile phase was composed of acetonitrile and 25 mM
phosphate buffer (pH 3.00) (75:25, v/v). The mobile phase was
mixed and then degassed using an ultrasonicator.

The phosphate buffer was prepared by mixing monobasic
potassium phosphate and phosphoric acid, and then the pH was
measured by the pH meter and adjusted to 3.00.

Standard solution preparation and calibration curve plotting

The standard stock solution was prepared by dissolving 25 mg
of Gemifloxacin Mesylate standard in 25 mL of deionized water,
so that the final concentration was 1000 pg/mL. After that,
serial dilutions (0.5-10 pg/mL) were accomplished to construct
the calibration curve.

Sample preparation

Ten tablets of Quinabiotic® containing 320 mg of Gemifloxacin
Mesylate equivalent to 320 mg of Gemifloxacin were accurately
weighed and crushed into fine powder. A concentration of
1000 pg/mL was prepared by taking an equivalent amount of
25 mg of Gemifloxacin Mesylate and dissolving it in 25 mL of
deionized water. The solution was sonicated for 15 min and
then filtered using a 0.22-pm nylon syringe filter. After that a
dilution equivalent to 1 pg/mL was prepared and it was then
injected into the UPLC system.

Chromatographic conditions

The mobile phase was a mixture of acetonitrile and phosphate
buffer (75:25, v/v) at a flow rate 0.5 mL/min. The temperature of
the column oven was adjusted to 30°C and the injection volume
of the sample was 10 pL. The photodiode array (PDA) detector
was maintained at a wavelength of 276 nm.

Method validation
Validation was performed as stated in the ICH guidelines
with reference to the following parameters: linearity, limit of
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quantification and detection, precision (inter- and intra-day),
and accuracy.?

Linearity is the ability of a method to get a response directly
proportional to the sample concentration over a given range.
The linearity of the analytical method was determined by
preparing 7 serial dilutions ranging from 0.5 to 10 pg/mL.
Each concentration was injected 3 times into the UPLC. After
different peak areas were determined, the average peak area
was obtained for each concentration. Hence, concentrations
against the average peak area were plotted accordingly in
a calibration curve. Using linear regression analysis, the
regression equation was determined along with the correlation
coefficient. Linearity was evaluated using the square of the
regression coefficient (r?).

For the limit of quantification (LOQ), it is equivalent to the
concentration of the analyte in which S/N is equal to 10,
while for the limit of detection (LOD), it is equivalent to the
concentration of the analyte in which S/N is equal to 3.3.

Precision measures whether the method is able to generate
reproducible results or not. The precision of the method was
evaluated using intra-day (repeatability) and inter-day precision
(intermediate precision). Intra-day precision was determined
by injecting 4 different concentrations into the UPLC; each
was injected three times on the same day. The average peak
was obtained along with the standard deviation. The precision
was evaluated with respect to % relative standard deviation
(RSD). While inter-day precision was obtained by injecting four
concentrations into the UPLC system, each concentration was
injected 3 times on two consecutive days. The average peak
between day one and day two was analyzed to calculate the
standard deviation and, accordingly, % RSD was evaluated.

Accuracy is the closeness of the results obtained from a
method to the true reference values. The accuracy of the
method was determined by evaluating recovery studies on the
pharmaceutical preparation. Three different solutions were
prepared; each contained 1 ug/mL pharmaceutical preparation
spiked with known concentrations of standard solution of 0.4
pg/mL, 0.8 ug/mL, and 1.2 ug/mL so that the final concentrations
were 1.4 pg/mL, 1.8 pg/mL/mL, and 2.2 pg/mL, respectively.
Each sample was injected three times on two consecutive days.
Accuracy was evaluated by calculating percentage recovery
and, accordingly, % RSD was determined.

The robustness of the method was assessed by the ability of
the method to remain unaffected by small deliberate changes
in the following parameters:?> wavelength, % acetonitrile, and
pH of the buffer.

System suitability test

System suitability was tested by injecting a working solution of
1 wg/mL Gemifloxacin Mesylate under the optimum condition.

RESULTS AND DISCUSSION

Method development

In order to achieve the optimum condition, the analytical
conditions, including temperature, mobile phase composition,
wavelength, and flow rate, were optimized.

At the beginning, methanol was investigated as an organic
solvent, instead of acetonitrile. Better peak shape and shorter
retention time were achieved using acetonitrile.

Both the buffer strength and pH were also studied. Although
a higher concentration of buffer gave a shorter retention
time and better peak shape, it led to an increase in pump
pressure; accordingly, 25 mM was selected as the optimum
buffer strength. For pH, a value greater than 3.00 showed a
broader peak and lower pH did not improve the peak shape. As
a consequence, pH 3.00 was chosen as the optimum buffer pH.
This could be explained by the fact that at pH 3.00 it was below
the pKa of Gemifloxacin Mesylate (pKa,=5.53, pKa,=9.53).

While for the temperature, reaching T 30°C was enough to
enhance the peak shape, higher temperature did not have a
significant effect on the peak. For the flow rate, 0.5 mL/min was
optimum to achieve a short analysis time without increasing the
pump pressure.

The optimum wavelength for detecting Gemifloxacin Mesylate
was 276 nm using the PDA detector as shown in the spectrum
(Figure 2). The flow rate was set at 0.5 mL/min. The optimum
temperature for analysis was 30°C and the pH for the phosphate
buffer was 3.0. The mobile phase composition was acetonitrile:
25 mM phosphate buffer, pH 3.00 (75:25 v/v). Under this
condition, the peak for Gemifloxacin Mesylate appeared at tR
0.5£0.03 min (Figure 3). To the best to our knowledge, this is
the first UPLC-PDA method for the analysis of Gemifloxacin
Mesylate reported in the literature. Accordingly, when compared
to other HPLC-UV methods reported in the literature, it provided
shorter analysis time and less consumption of solvents.

Next, the analytical method developed was evaluated and
validated as per ICH guidelines.

Validation of the developed method

Linearity

The graphical representation calibration curve shows that the
linearity ranged from 0.5 to 10 pyg/mL. Using linear regression
analysis, the slope, the intercept, and the regression coefficient

276.19

30.01

21624

2004

10.04

0.04

nm
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Figure 2. Ultraviolet spectrum of Gemifloxacin Mesylate
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Figure 3. Chromatograms of 1 pg/mL Gemifloxacin Mesylate under the
optimum condition, i.e., acetonitrile: 25 mM phosphate buffer, pH 3.00
(75:25; v/v), at a flow rate 0.5 mL/min and T 30°C

were determined from the regression equation y= 396.69x-
6.8416. The regression coefficient [R?] was equal to 0.9991. The
slope was 396.69 and the intercept was 6.8416.

The LOD was 0.066 pg/mL, while the LOQ was 0.2 pg/mL.

Precision

For the inter-day precision % RSD was determined and ranged
from 0.0807% to 1.2326%, while for intra-day precision % RSD
ranged from 0.1562% to 1.0176%.

The results of both inter- and intra-day precision are shown in
Table 1.

Accuracy

Accuracy of the method was evaluated. % Recovery ranged
from 93.71% to 100.29% while % RSD ranged from 1.054 to
2.721 as shown in Table 2.

Table 1. Inter-day and intra-day precision of Gemifloxacin Mesylate

Concentration Inter-day precision
(ug/mL)

Intra-day precision

Peak area* % RSD Peak area* % RSD
1 76.458 1.233 75.791 0.156
2 145.734 0.653 145.061 1.018
4 230.634 0.368 230.035 0.364
8 306.400 0.081 306.575 0.653

RSD: Relative standard deviation, *Average of 3 times

Table 2. Accuracy of Gemifloxacin Mesylate

Absorbance [mAU]

Theoretical Actual % RSD % Recovery* % RSD
concentration concentration*

(pg/mL) (pg/mL)

1.4 1.374 1197 98.19 2.7122
1.8 1.687 0.632 93.71 1.054

2.2 2.206 1.217 100.29 1.723

RSD: Relative standard deviation, *Average of 3 repetitions

Robustness

To evaluate the robustness of the method, minor changes were
made to the parameters intentionally. Hence, the % RSD was
calculated and the results were as follows: wavelength 276+3
nm with % RSD 1.73%, the % acetonitrile 75+1% with % RSD
2.35%, and pH of the buffer 3.00+0.5 with % RSD 2.90%.

System suitability test

System suitability was tested to demonstrate the adequacy
of the analysis system. In order to accomplish that, different
parameters were verified. The column efficiency, which can
be evaluated by the plate number, the asymmetric factor to
evaluate the peak symmetry, and the reproducibility of the
system were assessed by the % RSD of both the peak area and
the retention time. The data are presented in Table 3.

Table 3. System suitability data of the suggested UPLC method

Parameters Gemifloxacin Mesylate
Number of theoretical plates (N) 3300

Asymmetric factor (A) 1.05

Capacity factor 5.25

% RSD (retention time)* 0.35

% RSD (peak area)* 0.634

UPLC: Ultra-performance liquid chromatography, RSD: Relative standard deviation,
*Average of 4 repetitions

Application on pharmaceutical preparation

To determine the suitability of the method for the determination
of Gemifloxacin Mesylate in its pharmaceutical preparations,
Quinabiotic® 320 mg was purchased from the local market.
Next, 10 tablets were weighed and crushed. Hence an equivalent
amount of 25 mg was dissolved in 25 mL of deionized water,
followed by sonication and filtration. Then the filtrate was
diluted with deionized water to have a concentration equivalent
to 1 pg/mL. As presented in Figure 4, the tR of Gemifloxacin
Mesylate was 0.500 min and tablet excipients did not interfere
with the analysis. The % recovery was 99,496 with % RSD
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Figure 4. Chromatograms of 1 ug/mL Quinabiotic® under the optimum
condition, i.e., acetonitrile: 25 mM phosphate buffer, pH 3.00 (75:25; v/v), at
a flow rate 0.5 mL/min and T 30°C
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1431. Accordingly, the method proved its ability to determine
Gemifloxacin Mesylate in its pharmaceutical preparations.

Statistical analysis

To ensure the applicability of the newly suggested method,
it was compared to a published reference method. It was
investigated whether there are any significant differences
between the two methods and to what extent this difference
can affect the applicability of the new method rather than an
already used one.

Comparing the obtained F- and t-values with the tabulated
ones, it is clear that the obtained values were lower than the
theoretical tabulated values, i.e., the methods suggested do not
exhibit significant differences in comparison to those of the
published methods, which reflects the accuracy and precision of
the suggested UPLC method. The results are shown in Table 4.

Table 4. Statistical comparison between the proposed method and
reference methods

Proposed method Reference method

Pure solution

Mean + SD 100.06+0.76 99.38+0.51%
n 7 6

Student's t-test (tabulated)  1.91(2.18)

F test (tabulated) 2.24 (4.95)

Probability <0.05

Quinabiotic®

Mean + SD 97.40+1.83 98.48+1.82"
n 3 5

Student's t-test (tabulated)  0.81(2.37)

F test (tabulated) 1.01(6.94)

Probability <0.05

SD: Standard deviation

CONCLUSIONS

The newly developed RP-UPLC method for the short time
analysis of Gemifloxacin Mesylate in its bulk and pharmaceutical
preparation was rapid, simple, accurate, and precise. The method
was validated as per ICH guidelines for linearity, accuracy, and
precision. Linearity was determined at an acceptable range
from 0.5 to 10 pg/mL. Finally, the method was accepted for
the analytical evaluation of the drug in its pharmaceutical
preparations with respect to the satisfactory results obtained
and it showed a lower retention time in comparison to other
HPLC methods reported in the literature.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Determination of Potential Drug-Drug Interactions
Using Various Software Programs in a Community
Pharmacy Setting

Serbest Eczanede Farkli Yazilm Programlarinin Kullanilarak Olast ilac-llag
Etkilesimlerinin Saptanmasi
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ABSTRACT |

Objectives: The aim of the present study was to compare various software programs in detecting potential drug-drug interactions in a community
pharmacy setting.

Materials and Methods: Details of prescriptions were collected from 50 community pharmacies located in istanbul in March and April 2015 (two
days per week). From each pharmacy, the first 20 prescriptions that included more than one drug were collected to evaluate potential drug-drug
interactions. The following software programs were utilized to detect potential drug-drug interactions: micromedexsolutions.com, medscape.com,
and drugs.com. The number of potential interactions detected by the software programs was determined.

Results: At least one potential drug-drug interaction was detected in 39.2% of the 1000 prescriptions by one of the software programs. According
to the rates of total drug-drug interactions gathered from various software programs, these programs gave the following results: medscape.com
33.3%, drugs.com 31.3%, and micromedexsolutions.com 21.2%.

Conclusion: After comparing different software programs, the potential drug-drug interactions found by the programs proved to be different.
Therefore, we recommend that pharmacists confirm with a different program before making a decision when they detect clinically significant
potential drug-drug interactions.

Key words: Drug-drug interactions, software programs, community pharmacy, pharmacist

)

Amag: Calismada eczaneye gelen regetelerdeki olasi ilag-ilag etkilesimlerinin saptanmasi ve farkli yazilim programlari kullanilarak belirlenen olasi
ilag-ilag etkilesim sonuglarinin karsilastirilmasi amaglanmistir.

Gereg ve Yontemler: Calisma Mart ile Nisan 2015 (haftada iki giin) tarihleri arasinda istanbul'da yer alan 50 eczanede yuratilmastir. Calismanin
yurUtulecegi eczanelerde en az 2 ilag bulunan ardisik 20 regetedeki olasi ilag-ilag etkilesmeleri incelenmistir. Olasi ilag-ilag etkilesimleri
micromedexsolutions.com, medscape.com ve drugs.com programlari kullanilarak karsilastirilmistir.

Bulgular: Calismamizda toplam 1000 elektronik regete incelenmis ve bu regetelerin %39.2'sinde yazilim programlarin herhangi birine gére en
az bir tane olasi ilag-ilag etkilesimi tespit edilmistir. Regetelerde saptanan olasi ilag-ilag etkilesimlerinin yazilimlar tarafindan bulunma oranlari,
‘micromedexsolutions.com’ igin %21.2, ‘medscape.com’ igin %33.3 ve ‘drugs.com’ i¢in ise %31.3 olarak hesaplanmistir.

Sonug: Farkli yazilim programlarini karsilastirdiktan sonra, yazilim programlari tarafindan bulunan potansiyel ilag-ilag etkilesimlerinin birbirlerinden
farkli olduklarini kanitlanmistir. Bu nedenle, eczacilarin, klinik olarak anlamliilag-ilag etkilesimi saptadiklarinda, karar vermeden 6nce bu etkilesimleri
farkli bir programla da teyit etmelerini 6nermekteyiz.

Anahtar kelimeler: ilag-ilag etkilesimleri, yazilim programlari, serbest eczane, eczaci
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INTRODUCTION

Drug-drug interactions (DDIs) are considered a drug-related
problem that could result in severe consequences. Hospital
admission, death, disability, organ failure, and congenital
abnormalities can be caused by DDIs. Therefore, evaluation and
determination of possible DDIs are essential.

It was determined that DDIs can result in risk according to
results gathered from the reason for admission to emergency
departments.! To eliminate the number of DDIs and their
possible detriments, pharmacists should be aware of these
possible interactions and must evaluate the clinical relevance
of each. Pharmacists should be involved in optimizing
medication treatment by preventing harmful DDIs and unsafe
utilization of medication. However, pharmacists are exposed
to countless warnings including many minor and moderate
interactions while using software to detect possible DDIs. As a
consequence, major DDIs might be ignored.?

The reliability of software programs commonly used to detect
possible DDIs has been evaluated and the concordance rate
between each has been investigated. The criterion for many
DDIs has not been standardized for every software program.
Therefore, some of the programs contained too much data.
Hence, most of the time, it is difficult to distinguish clinically
significant information.®

In one drug utilization review study retrospectively conducted
with a high patient population, it was determined that the
possible number of DDIs detected at baseline decreased 70.8%
when more sophisticated filtration was applied and it was also
observed that this number fell 80.6% after evaluation by a
clinical pharmacist.*

Many studies highlighted a problem of inconsistency between
these DDI software programs. These studies mostly examined
DDI software programs that generally require subscription and
paid membership, and in these studies researchers especially
chose programs that they had institutional subscriptions to.
Fewer evaluated some web sources that could be accessed
freely.

Patient-oriented services including clinical pharmacy and
pharmaceutical care have recently been developed in Turkey.
In accordance with this development, it can be concluded that
community pharmacists’ skill to check possible DDIs is still
progressing slowly.

Although there are many DDI checking programs in the
literature and practical applications, Micromedex and Lexicomp
are commonly used programs due to their providing strong and
comprehensive evidence including onset, severity, scientific
evidence, pharmacologic effects, mechanisms of action, and
management of each DDI. In developing countries, Medscape
Drug Interaction Checker and the Monthly Index of Medical
Specialties Interaction Checker, which are accessible free
of charge, are commonly used rather than Micromedex and
Lexicomp.®

The aim of the present study was to compare Micromedex with
two web-based programs freely accessible (medscape.com
and drugs.com) to investigate whether one software program
is sufficient to determine possible DDIs in the community
pharmacy setting or not. The result of the present study will be
important when establishing guidelines to determine DDIs in
community pharmacies.

MATERIALS AND METHODS

Details of prescriptions were collected from 50 community
pharmacies in istanbul in March and April 2015 (two days
per week). These pharmacies were chosen from among
those where fifth-year pharmacy students went to complete
their ‘Pharmacy Practice’ course. Oral and written consent
was received from the pharmacist after he or she was given
information regarding the aim and methods of the present
study. Ethical approval was obtained from Marmara University,
Institute of Health Science (Approval number: 26.01.2015-7).

Details of the first 20 prescriptions that included more than
one drug were collected to evaluate potential DDIs from each
pharmacy by students. If the prescription was for a patient
under 18 years old, it was excluded from the study.

Patients’ demographic information including age and sex
were recorded. The prescriptions that included any drugs not
covered by the software programs were excluded.

The following software programs were utilized to detect
potential DDIs: micromedexsolutions.com, medscape.com,
and drugs.com (Table 1). The possible DDIs were analyzed
retrospectively. The interactions were reported as major or
serious, moderate or significant, and minor or mild (Table 1).

Table 1. Characteristics of DDI software programs

Programs Access/payment Classification Reference Addition interactions

Micromedex  Required 0: None, 1: Minor, 2: Moderate,  Yes, with quality of Yes, with alcohol, diseases, lab test,
3: Major, 4: Contraindicated evidence pregnancy, food

Medscape Not required None, Minor, Significant No No
(monitor closely), Serious (use
alternative), Contraindicated

Drugs.com Not required, also with  None, Minor, Moderate, Major ~ Yes Yes, with food

customer information

DDI: Drug-drug interaction
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Statistical analysis

Continuous variables were presented as mean + standard
deviation and ordinal and nominal data were shown as
number (n) and percentage (%). The correlation between
data was investigated using Spearman’s correlation test. The
concordance between these online drug interaction programs
according to the results of three severity levels of interaction
was checked by evaluating each DDI using kappa analysis. The
statistical analysis was done using SPSS for Windows 11.0.
p<0.05 was defined as the level of statistical significance.

RESULTS

In each prescription, the mean number of medications was
3.01£119 (2-10). At least one potential DDl was detected in
39.2% of a total of 1000 prescriptions by using at least one
software program. More than half (58.7%) of the prescriptions
for which at least one potential DDI was detected were for
female patients. Moreover, the mean of age of these patients
was 54.63+17.20. The rates of total DDIs gathered from the
various software programs were as follows: medscape.com
33.3%, drugs.com 31.3%, and micromedexsolutions.com 21.2%.
33.3%, drugs.com 31.3%, and micromedexsolutions.com 21.2%.
The total numbers of DDIs detected by micromedexsolutions.
com, medscape.com, and drugs.com were 389, 917, and 670,
respectively. The rate of DDIs detected in prescriptions with all
programs was 18%.

When considering the programs in two-pair comparisons, the
concordance rate was high and kappa coefficients were of
moderate level (Table 2).

The concordance rate of the three programs (which is defined
as detecting the number of patients with or without DDI at
the same time) was 78.9%, and this rate was lower than the
concordance rates obtained in the two-pair comparison, which
is shown in Table 2.

When considering two-pair correlations between the programs,
Spearman'’s r correlation values were 0.629, 0.711, and 0.688
(p<0.001), respectively. These results showed that the two-pair
correlations were moderate.

To measure the severity rankings of the three DDI programs,
the total number of DDIs without repetition (the number of DDIs

Table 2. Concordance rate obtained with two-pair comparison

according to the number of DDIs gained in prescriptions in the
three programs

Program Concordance  Kappa coefficient Standard p
(%) error

Micromedex - 83.9 0.601 0.027 <0.001
Medscape

Micromedex - 87.6 0.686 0.025 <0.001
Drugs.com

Medscape - 86.3 0.688 0.025 <0.001
Drugs.com

DDls: Drug-drug interactions

was considered as one if the same DDI was obtained for more
than one patient or if the same DDI with different mechanisms
was considered as more than one DDI) obtained in these three
programs in 1000 patients was calculated. The total number of
DDIs was calculated as 625 according to the above statement.
The rate of these DDIs obtained in Micromedex 2.0® Software
Drug Interactions, Medscape Drug Interaction Checker®, and
drugs.com was 42.2%, 65.6%, and 74.1%, respectively. The
severity ranking scored by three programs for these 625 DDIs
was dissimilar (Table 3).

Table 3. Severity ranking of software programs according to 625
different DDIs

Severity ranking n (%)

Programs 0 (Not 1 2 (Moderate 3 (Major 4
found) (Minor) or or (Contraindicated)
significant) serious)
Micromedex 361 10 162 89 3
(57.8) 1.6) (259 (14.2) (0.5
Medscape 215 T4 302 32 2

(34.4) (11.8) (48.3) BN (0.3)

Drugs.com 162 62 360 41 *
(259 99 ((57.6) (6.6)

DDlIs: Drug-drug interactions, *The severity classification of drugs.com did not
contain 4, which was defined as contraindicated

When evaluating the two-pair concordances in programs
according to the severity ranking none of them was higher than
50% (Table 4). It was determined that 82 (13.1%) of them were
scored with the same severity level in all three programs among
a total of 625 DDIs. Most of them (68) among these 82 DDIs
were ranked as moderate DDIs. The major DDIs classified as
major by Micromedex numbered 89 and only 12 of them were
defined as major DDIs with the other two DDI programs used in
the present study.

When considering two-pair correlations between the three
programs according to the severity ranking, Spearman’s r
correlation values were 0.222 (p<0.001), 0.366 (p<0.001), and
0.061 (p=0.125), respectively. These results showed that the
two-pair correlations were moderate.

Table 4. Concordance rate obtained with two-pair comparisons

according to the rate of severity ranking obtained among 625 DDls
in the three programs

Program Concordance Kappa Standard p

(%) coefficient error
Micromedex - 389 0.083 0.027 0.001
Medscape
Micromedex - 45.6 0.21 0.025 <0.001
Drugs.com
Medscape - 359 -0.029 0.029 0.286
Drugs.com

DDls: Drug-drug interactions
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DISCUSSION

In the literature, the studies that evaluated more than one
DDI software program usually emphasized the difference
between each program and they were compared especially
in terms of their severity classifications. However, the three
DDI software programs evaluated in the present study had
similar classification systems when evaluating the clinical
consequences of each possible DDI. Community pharmacists
mostly prefer the freely accessible DDI software programs
because of economic concerns. For that reason, two web-
based DDI software programs were chosen in the present
study. To compare these programs, Micromedex, which is
utilized as a comprehensive drug information source, was
selected. The researchers’ university library had a subscription
to Micromedex and in the present study, conducted during fifth
year students’ pharmacy courses, as a part their assignment
during this course, all students could subscribe to Micromedex
and could check possible DDIs in the prescriptions. The
1000 patient prescriptions were selected and analyzed by
the researchers again in accordance with the purpose of the
present study.

In the present study, which assessed possible DDIs in 1000
patient prescriptions inacommunity pharmacy setting with three
DDI software programs, it was found that Micromedex detected
possible DDIs in the fewer patients (21.2%) when compared
with the other software programs. Moreover, comparison of
the total number of possible DDIs in each program obtained
showed that Micromedex detected half the number obtained by
the other two DDI programs. Medscape DDI checker software
evaluated separately each DDI with more than one mechanism
attributed and scored with several severities. This discrepancy
could be caused by the fact that in Medscape it was determined
as a separate DDI in cases where more than one mechanism
occurred. Moreover, the number of minor interactions found in
Medscape is higher than that of the other programs. This could
be reason for the higher total number of possible DDIs obtained
in Medscape.

Similarly, Oshikoya et al.® obtained a total of 596 potential DDls
in 280 patients with HIV and 84.6% of them were detected in
Medscape and only 50.7% of them were obtained in USA MIMS
(Monthly Index of Medical Specialties Interaction Checker). The
rate of DDI was 46.1% and the correlation between severity
scores was weak.

Olvey et al.® compared Micromedex with two standard software
programs: Drug-Reax and Drug Interactions: Analysis and
Management by analyzing DDI lists at the US Department of
Veterans Affairs (VA). According the result of that study, 13.7%
of atotal of 982 DDIs considered as critical by VA were detected
in all three software programs and the concordance between
programs was low. In the present study, the rate of DDls
detected in prescriptions with all programs was 18%. Binary
concordance rates based on number of patient prescriptions
obtained by the DDI software programs were approximately 84-
88% and the kappa coefficient was between 0.6 and 0.7. On the
other hand, when all of them were analyzed, the concordance

rate was under 80%. These results and correlation values
showed that there was a moderate concordance between
all three DDI software programs according the number of
patient prescriptions. When compared with other studies, the
concordance rate was higher in the present study. Vonbach et
al® found a total of 157 DDIs by using Drug Interaction Facts,
Drug-Reax, Lexi-Interact, and Pharmavista, and only 11% of
them were detected by all of the DDI software programs. In
that study, none of the DDI software programs could determine
more than 50% of the total DDls.

Bergk et al.” determined that 33% of them were similar in all
DDI programs when they compared clinically significant DDIs
by utilizing German SmPC, DRUGDEX, Hansten/Horn's Drug
Interaction Analysis and Management, and Stockley’s Drug
Interaction programs.

Chao and Maibach® compared four DDl compendia (Mosby's
GenRx, USP DI, AHFS Drug Information, and the Physicians’
Desk Reference) most commonly utilized inthe USA intheir study
by screening DDIs and the most prescribed four medications
involved in dermatology services, and these programs were
incompatible. The concordance rate was reduced when more
than two software programs were compared. Only 8.9% of the
total number of DDIs were found in all four DDI compendia.
Therefore, Chao and Maibach® suggested reassessment of
these programs according to information in the literature and
the clinical relevance of each DDI.

In another study that compared BNF with the programs Medicine
Compendia (eMC) and DailyMed, it was found that BNF obtained
two-fold more DDIs when compared with DailyMed and 63.9%
of them were found with only one compendium and the rate
of DDIs detected in all three compendia was 15.12%.° A weak
correlation coefficient (0.366) was measured between the
three compendia. It was stated that this incompatibility was
caused by the difference between drug classifications in the
three systems and also the source of DDIs in the programs was
not presented.’

The difference in the total number of possible DDIs did not cause
this discordance between most of the various DDI programs
and it was suggested that this could be caused because of
differences in the severity classification in these programs.°™

The concordance between the DDI programs used in the present
study was high in terms of the number of patients detected with
possible DDI in each program when compared with previous
studies mentioned above. Although the DDI programs used in
the present study were quite similar to each other according to
the severity classification of possible DDIs, the concordances
regarding the rate of severity ranking were low. The rates of
concordance in two-pair comparisons of the DDI programs
were approximately less than 50% and the kappa coefficients
were also relatively low in the present study. Only 13.1% of a
total of 625 DDIs were scored with the same severity level
in all three programs. The major DDIs classified as major by
Micromedex numbered 89 and only 12 of them were defined as
major DDIs by the two other DDI programs used in the present
study.
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Vitry" found the rate of major interactions obtained by at least
one program was between 14% and 44% when they compared
four different programs and mentioned inconsistency between
programs according to the grading of the severity and the quality
of their supporting evidence. Vitry" stated the reasons for this
discordance between programs as various inclusion criteria,
different information sources, and dissimilar therapeutic drug
classifications in each program used, and also the severity
classification based on the clinical relevance of each DDI was
not common between the programs.

Ekstein et al!”® found more than 30% of interactions in at least
one program when they compared three different DDI programs
according to antiepileptic drugs in their study. In that study, the
concordance rate was less than 30% even if severity levels
were classified as high between programs. These discrepancies
could be attributed to differences in definitions and terminology
in each program, various clarifications of information in the
literature, and different classifications of drugs used in various
DDI programs.

It is well known that DDI programs should be more sensitive
and specific for practical usage by pharmacists!®'” Reis and
Cassiani'® compared DDI programs by selecting one of them as
the gold standard and calculated their sensitivity and specificity.
In that study, the limitations of DDI programs were emphasized
and evaluation of DDI programs chosen for detection of possible
DDls in a hospital setting was suggested.

Some of the possible DDIs were definitely different between
programs in the present study. For example, some of the experts
defined polypharmacy if two NSAIDs were present in the same
prescription. Only Medscape warned of a moderate (significant)
interaction for this situation when the DDI programs used in
this study are considered. The other programs did not report
any interaction between two NSAIDs if they were prescribed
concurrently. Discordance between programs could be slightly
attributed to this kind of interaction, which was obtained in 21
of 1000 patients in the present study. All these discrepancies
raised the question of which DDI program should be selected
as the gold standard when the sensitivity and specificity of DDI
programs are evaluated.

Based on the result of the present study and other studies in
the literature, DDI programs should be re-evaluated to improve
concordance between them by assessing evidence-based
outcomes and severity classifications. According to the report
by the consensus panel where it was evaluated and evidence of
DDlIs inthe process of clinical decision, the following statements
were offered to obtain highly qualified information from DDI
programs: consistent terminology should be constituted, the
Drug Interaction Probability Scale should be utilized to assess
case reports regarding possible DDIs, a new approach should
be formed to evaluate evidence regarding DDIs, the assessment
of FDA documents and drug leaflets should be performed with
the same criterion like evidence reported, and when evidence
is detected, this possible DDI should be classified according to
therapeutic/pharmacology groups.”

The following suggestions would improve patient safety:
well-designed studies should be conducted to determine the
incidence, outcomes, and patient-related risk factors of DDls;
algorithms should be produced for defining systematic and
clear processes of assessing evidence to evaluate the risk and
severity of possible DDls; and evidence of possible DDIs should
be integrated into electronic systems.?°

Because of discordance between DDI programs, when
pharmacists detect a major DDI and/or any DDI in clinically
critical patients, they should confirm that using another DDI
program. Although it seems time consuming, this could result in
elevated patient safety. Therefore, it was suggested that health
care providers should check possible DDIs with more than one
DDI program in clinically critical patients such as those with HIV.®

Limitation of the study

In the present study, only three software programs were used,
because the ones chosen had similar severity classification
properties and the two web-based programs used are freely
accessible worldwide including Turkey. One of the limitations
of the present study was that Rx Media Pharma was not used,
which is the most commonly utilized Turkish drug information
sources. The number of the prescriptions analyzed in the
present study was large. This allowed evaluation of different
medications and diseases with a large number of them.
Although this might seem to be advantage to assess possible
DDIs comprehensively, some experts might consider it a
limitation because of the lack of concordance demonstrated
between special medication groups such as antiepileptics,
antidepressants, and anticoagulants.

CONCLUSIONS

A high rate of potential DDIs was detected in a community
pharmacy setting in the present study. After comparison of
various software programs, it was found that potential DDIs
reported in various software programs were different from each
other. Therefore, we recommend that pharmacists confirm with
a different DDI program before making a decision when they
detect clinically significant potential drug-drug interactions.
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Establishment and Escalation of an Amino Acid
Stacked Repressible Release Embedded System
Using Quality by Design

Tasarnm Uzerinde Kaliteyi Kullanarak Amino Asit Yigilmis Bastirilabilir
Salinan Gomula Sistemin Kurulmasi ve Arttiriimasi
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ABSTRACT

Objectives: The traditional approach of developing a new delivery system is an exhaustive task and requires a number of resources like manpower,
money, material, and time. To overcome this problem Quality by Design (QbD) can be utilized to obtain pharmaceutical products of desired (best)
quality with minimum use of the above resources as well as determination of the impact of one factor over the desired associated process. The
present research is focused on establishing a design for formulating optimized gelatin microspheres using QbD.

Materials and Methods: Repressible released embedded microspheres of L-arginine were prepared by performing cross linking of gelatin
using glutaraldehyde. Characterization of the formulated embedded microspheres was done based on infrared spectroscopy, scanning electron
microscopy, percentage yield, microsphere size, drug entrapment efficiency, and drug release. The impact of concentrations of gelatin and ethyl
cellulose was determined over dependent response like percentage yield, microsphere size, and drug entrapment efficiency.

Results: A response surface curve was obtained using a 32 central composite design and the optimized batch was obtained with percentage yield,
microsphere size, and drug entrapment efficiency of 89.98, 333.32 mm, and 82.61%, respectively. Validation of the optimized batch was done by
formulating four different batches with optimized values of independent response and a comparison of the observed responses with the predicted
ones was set up and all these batches were found close to the predicted values and show the validity of the optimized data.

Conclusion: The QbD approach is quite efficient to get optimized drug delivery systems of L-arginine without exhaustive study.

Key words: L-arginine, gelatin, central composite design, microspheres, characterization of microspheres

(OZ |

Amag: Yeni bir dogum sisteminin gelistirilmesine ydnelik geleneksel yaklasim, kapsamli bir gérevdir ve insan, para, malzeme ve zaman gibi birtakim
kaynaklari gerektirir. Bu sorunun tstesinden gelmek icin Tasarim Uzerinde Kalite (QbD), istenen (en iyi) kalitenin farmasotik trintinin, yukarida
belirtilen kaynaklarin asgari kullanimi ile istenilen ilgili streg Uzerinde bir faktorin etkisinin belirlenmesi igin kullanilmasini saglar. Bu arastirma,
QbD'yi kullanarak optimize edilmis jelatin mikrokireleri formiile etmek igin bir tasarim olusturulmasina odaklanmistir.

Gereg ve Yontemler: Yeniden basilabilir serbestlestirilmis L-argininin mikro-kdreleri, glutaraldehit kullanilarak jelatinin gapraz baglanmasiyla
hazirlandi. Formile edilmis mikrosferlerin karakterize edilmesi kizil 6tesi spektroskopi, taramali elektron mikroskobu, ytzde verimi, mikroskop
boyutu, ilag tutma verimi ve ilag salinimi ile yapildi. Jelatin ve etil seltiloz konsantrasyonunun etkisi, ylzde verimi, mikro kire boyutu ve ilag tutma
verimi gibi bagimli tepki Gzerinde belirlenmistir.

Bulgular: Yanit merkezi egrisi 32 merkezi kompozit dizayn kullanilarak elde edildi ve sirasiyla yiizde verim, mikro kiire boyutu ve ilag tutma verimi
89.98, 333.32 mm ve %82.61 olarak optimize edilmis toplu elde edildi. Optimize edilmis partinin gegerliligi, bagimsiz yanitin optimize edilmis
degerleri ile dort farkli parti formile edildi ve gozlemlenen yanitlarin 6ngdrilen degerlerle karsilastirilmasi ve tim bu partilerin 6ngérilen degerlerin
yakininda bulundugu ve duizginlestirilmis verilerin gegerliligini gésterdigi bulundu.

Sonug: QbD yaklasimi, asiri etkili galisma yapmadan L-argininin optimize edilmis ilag verme sistemlerini elde etmek igin oldukga etkilidir.

Anahtar kelimeler: L-arginin, jelatin, merkezi kompozit tasarimi, mikrosferler, mikrosferlerin karakterizasyonu
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INTRODUCTION

Quality by Design (QbD) is a helpful tool for systemic
development of drug formulations based on sound scientific
principles; it refers to the successful achievement of predictable
quality with desired predetermined specification and without
doing exhaustive conventional study.! The QbD paradigm of drug
regulation necessitates very good understanding of the product
to overcome future product failures.? Design of experiment and
response surface method help in finding the individual as well
as combined effects of variables on a product.3*

Oral controlled release formulations are developed to lessen
the problems associated with oral conventional dosage
forms; for example, they can reduce side effects and improve
therapeutic efficacy by delayed/prolonged drug release so that
the frequency of drug administration can be reduced, thus
assuring better patient compliance.>® Various techniques have
been developed for controlled release formulations; they utilize
the cross-linking ability of polyelectrolyte in the presence of
counter ions to form a multiparticulate system. These delivery
systems are spherical cross linked hydrophilic polymeric
systems, which upon gelation and swelling in simulated
biological fluids release the drug in a controlled manner. These
developed microspheres can be loaded with high amounts of
drug compared to the conventional delivery system.”®

Arginine,anergogenic(i.e.,performanceenhancing) supplement,
most notably in the nitric oxide (NO) class of supplements, is a
semi-essential amino acid involved in multiple areas of human
physiology and metabolism. NO produced from it improves
outcomes in various diseases.’ L-arginine is readily available
over the counter and is popular as a nutritional supplement to
increase muscle mass. Recently, L-arginine has been tested
as a potential therapeutic in numerous acute and chronic
disease states, including sickle cell chest crisis, pulmonary
artery hypertension, coronary heart disease, pre-eclampsia,
and myocardial infarction, because of its bronchodilator and
vasodilator actions.”®"

MATERIALS AND METHODS

Materials

L-arginine was obtained from CDH Laboratory Chemicals and
sodium alginate (low viscosity grade, 250 cp of 2% solution
at 25°C) from Loba Chemie Pvt. Ltd (Mumbai). Gelatin, ethyl
cellulose (EC), and Span 80 were purchased from Thermo
Fisher Scientific India Pvt. Ltd. (Mumbai). Glutaraldehyde and
light liquid paraffin were procured from Loba Chemie (Mumbai).
All other chemicals used in the study were of analytical grade.
high performance liquid chromatography (HPLC) grade water,
methanol, and potassium dihydrogen orthophosphate were
purchased from Qualigens Fine Chemicals (Gujrat).

Methods

Preparation of microspheres

Controlled release microspheres of L-arginine were prepared
by cross linking of gelatin using glutaraldehyde. The required
amount of gelatin was placed in a beaker; to this 8 mL of distilled

water was added and this mixture was heated at 40°C for 3-4
min to get a uniform polymer mixture. Different concentrations
of EC were added as shown in Table 1. Then the specified amount
of drug was dispersed thoroughly to the polymer solution. A
mixture of light liquid paraffin (200 mL) and Span 80 (0.1 mL)
was prepared. The mixture was maintained at 4°C with an ice
bath and stirred at 200 rpm and to this mixture previously
prepared polymeric drug solution was added through a syringe
with a 22-gauge needle. After some time glutaraldehyde (2 mL)
was added dropwise to it with continuous stirring for 2 h. The
microspheres were filtered, washed with iso-propyl-alcohol to
remove the liquid paraffin, and dried at room temperature. Then
the dried microspheres were collected, weighed, and stored.”"

32 central composite design

A 3% central composite design (CCD) was adopted for the
optimization study. The two independent variables investigated
were functional excipients such as concentrations of gelatin
(X) and EC (Y). The impact responses of these independent
variables were investigated on the dependent responses
such as percentage yield, microsphere size (MS), and drug
entrapment efficiency (DEE). The experimental points used
according to the design are shown in Table 1.

Polynomial equations were generated and used to express
the function of independent variables. A common polynomial
equation to observe the effect of an independent variable can
be expressed as,

Y, =b,+b X +b,X,+b, XX, +b, X +b X, +b, X X, +b.X X, eqgn. (1)

617722 72

where Y, is the dependent variable and b is the arithmetic
mean response of 13 runs.

Table 1. Formulation design and their coded value

Batch Coded value Actual value

code Factor A Factor B Factor A Factor B
gelatin (mg) (X) EC (mg) (X)  gelatin (mg) (X) EC (mg) (X)

B1 + -1 1000 50

B2 +1 0 1000 100

B3 +1 +1 1000 150

B4 o -1 900 50

BS o 0 900 100

B6 o +1 900 150

B7 A1 -1 800 50

B8 4 0 800 100

B +1 800 150

B10O o 0 900 100

Bl o 0 900 100

B12 ¢ 0 900 100

BI3 ¢ 0 900 100

EC: Ethyl cellulose
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The main independent variables, that is, effects X, and X,
represent the average result of changing one factor at a time
from its lower values to its higher values. The 32 CCD is the
most efficient tool for estimating the influence of individual
variables (main effects) and their interactions using minimum
experimentation. In the present research, the 32 CCD was
considered to be best as the values of the response surfaces
were not known from the previous findings. Thus, this design
was selected for optimization of the formulated microspheres.

Evaluation of prepared microspheres

Characterization of microspheres

Fourier-transform infrared (FTIR) spectra was obtained using a
Jasco FTIR 6100 type A spectrometer (Japan), the sample was
prepared in KBr disks, and the spectra were recorded over the
wavenumber 4000-400 cm™. All three spectra were completely
analyzed™

Percentage yield

Microspheres dried at room temperature were weighed and
the percentage yield of microspheres was calculated using the
formula:™

) Amount of sphere prepared experimentally
% yield =

- - x 100 egn. (2)
Theoretical amount of microspheres (mg)

Morphological analysis

A scanning electron microscope (Zeiss, Supra 40, India)
was used to characterize the surface topography of the
microspheres. The microspheres were fixed on a brass support
using thin adhesive tape and the samples were coated with thin
layer gold under vacuum to render them electrically conductive
(approximately 3000 A). The surface picture was taken at 15 kV
and 20 kV for the drug-loaded microspheres.

Particle size determination of microspheres

Particle size was analyzed by sieving. Microspheres were
separated out in different size fractions by passing them
through a set of sieves over 5 min. This set of sieves included
standard sieves having nominal mesh apertures of 1.0 mm,
0.71 mm, and 0.5 mm (sieve no. 16, 22, and 30, respectively).
The particle size distributions of the beads were determined
and mean particle sizes of beads were calculated using the
following formula:

) ) Y (Mean particle size of the fraction x weight)
Mean particle size =

eqgn. (3)
> Weight fraction

Swelling index

The gelatin microspheres were kept in double distilled water
for swelling for 1 h to achieve maximum swelling. Volumetric
measurements were made by determining the increase in
volume in the swelling medium at specific time intervals. The
swelling index was calculated as follows:®

Volume of swollen particles

Swelling index = eqn. (4)

Volume of dry particles

Drug entrapment efficiency

Accurately weighed drug-loaded microspheres equivalent to
100 mg of L-arginine were added to 0.1 N HCl and shaken on a
mechanical shaker for 24 h. Then the solution was filtered and
the drug content was estimated spectrophotometrically using
HPLC (Younglin, ACME-9000, China). The drug entrapment
efficiency was determined using the following formula:'

Actual drug content

Drug entrapment efficiency= x 100 egn. (5)

Theoretical drug content

In vitro drug release

In vitro release studies were carried out on L-arginine loaded
microspheres using a USP XXIV dissolution test apparatus-|
(Electrolab, TDT-06T, Maharashtra, India). Weighed quantities
of microcarriers equivalent to 100 mg of L-arginine were
introduced into a dissolution basket and the basket was placed
in 900 mL of phosphate buffer solution (pH 7.4 for 8 h) at
37+0.5°C (Ph. US 24" edn) and 50 rpm.” Aliquots of 5 mL of
solution were withdrawn at specific time intervals and replaced
with fresh dissolution medium. The withdrawn samples were
analyzed for drug content by HPLC (Younglin, ACME-9000,
China) using a ultraviolet detector. The samples were studied
at 210 nm to obtain the retention time of 2.2-2.4 min and AUC®
The results of the in vitro release data were fitted into various
release equations and kinetic models.”*?!

Optimization and data validation

Concentrations of gelatin were selected as 1000, 900, and 800
mg, whereas for EC they were 50, 100, and 150 mg. Thirteen
formulations were developed by selecting nine possible
combinations among which the center point was repeated four
times and the mean value was taken for further study. The
dependent responses were analyzed using Design Expert®
8.0.71 (trial version). The models were tested for significance
and the optimized batch was selected with desired values of
dependent responses. Four formulations (VCB1 to VCB4) along
with the optimized batch were developed and validated by
response surface methodology. The observed and predicted
responses were critically compared. Linear correlation plots
were constructed for the chosen check-point formulations. The
residual graphs between predicted and observed responses
were also constructed separately and the percent prediction
error (% bias) was calculated with respect to the observed
responses. The optimized batch was validated taking a total of
four formulations selected as check-points.

RESULTS

The FTIR profile of the formulated microspheres was obtained
to identify the drug-polymer interaction. Hence the formulated
microspheres were subjected to IR analysis to evaluate the
possible interaction between drug and polymer. The infrared
curve of pure drug and formulated microspheres shows similar
peaks (Table 2, Figure 1), which confirms that there is no
interaction between drug and polymer.



SHARMA et al. A Repressible Release Embedded System Using QbD 23

Table 2. IR interpretation of optimized L-arginine microspheres

IR frequencies (cm™) Assignments

3158.57 NH Str
2935.78 CH, Str
1681.04 NH, Bend
1576.87 CO Str
1517.08 OH Bend
1458.25 CH, Asy Bend
140713 CH, Sym Bend
1356.02 CH, Sym Bend
1320.33 OH Bend
1176.56 Sym Str CCC Bond
899.46 NH, Bend
521.77 CO Bend
44750 NH, Rock

IR: Infrared

Figure 1. Scanning electron micrograph of microspheres, a) single bead, b)
enlarged surface view

Surface topography

Scanning electron microscopy was used to investigate the
surface topography of prepared microspheres and the result is
shown in Figure 2.

The percentage yield and mean particle size of the formulation
are given in Table 3.

Drug entrapment efficiency
DEE is an important variable used to assess the drug loading
capacity of microspheres and their drug release profile. DEE

Figure 2. FTIR spectra of a) L-arginine and, b) formulated microspheres

FTIR: Fourier-transform infrared

depends upon various parameters such as the process used
for preparation, physicochemical properties of the drug, and
various formulation variables (Table 3).

Table 3. Evaluation of formulated batches of microspheres

Batch code Yield% Mean particle size (MS) (um)  DEE (%)

B1 8355  326.81 75.32+2.261
B2 8636 32938 78.0+2.458

B3 8998 33332 80.15£0.79%4
B4 7798 31598 73.59+1.744

BS 80.07 31859 75.43+1.877

B6 8344 32153 787641572

B7 7465  302.34 75.09+0.872
B8 7545  307.08 7815+0.519

B9 77.21 311.65 82.610.700
B10 81.07  317.73 75.87+0.519
B11 8032  317.89 76.67+0.519
B12 8054  316.52 77.05£0.519
B13 7996 31565 75140519

MS: Microsphere size, DEE: Drug entrapment efficiency

In vitro release behavior of drug

The in vitro drug release behavior of the formulated
glutaraldehyde cross-linked gelatin microspheres is shown
in Figure 3. All batches were studied for their drug release
profile for up to 8 hits and it was observed that in all formulated
systems the rate of release varied due to the use of different
concentrations of dependent variables. It is clear that as the
amount of EC increases from 50 to 150 mg the rate of drug
release decreases, which indicates the hydrophobic nature of
EC in the formulation; hence increasing amounts of EC lead
to retardation in drug release. The cross linking property of
glutaraldehyde leads to the formation of a rigid hydro gel to
restrict leaching, thereby decreasing drug dissolution (Table 4,
Figure 3).

—+—Batch F1
= Batch F2
Batch F3
—x—Batch F4
Batch F5
—e Batch F6
—+—Batch F7
—=—Batch F8
==—Batch F9

0 ——m

0] 2 4Time (Hrs)6 8 10

Figure 3. In vitro evaluation of L-arginine loaded gelatin microspheres
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Table 4. Drug release kinetics study

Batch DR Korsmeyer Higuchi  First- Zero-

code 8 R? R? order R?  order R?

Bl 85754 09781 09953 09881 09122  0.4590
B2 83963 09773 09935 09835 09325 0.4955
B3 79508 09796 09917 09824 09474 0.4875
B4 86693 09774 09955 09837 09263 0.4848
BS 84323 09757 09920 0983 09346 0.4826
B6 80454 09778 09923 09869 0939  0.4905
B7 85255 09633 09901 09830 09193 0.4861
B8  g5617 0978 09892 09833 09268 0.4566
B9 81194 0972 09918 0978 09351  0.4664

Data analysis and optimization

The drug release mechanism was investigated by fitting to
models representing zero-order, first-order, Higuchi's square
root of time, and Korsmeyer—Peppas models. Results of ANOVA
for the response surface quadratic model for various dependent
parameters were as follows:

Validation of the statistical model

Validation of the optimized batch was done by formulating
four different batches using an overlay plot (Figure 5) by
utilizing the optimum value as found by statistical analysis,
i.e., by considering the optimum value found (Table 5) and a
comparative study was done between predicted values and
observed values to determine the prediction error (Figure 6).

% yield = +80.47+5.45A+2.73B+0.97AB+0.51A%+0.32B?-
0.48A?B-0.037AB?, eqgn. (7)

MS = +317.64+11.15A+2.77B-0.62AB+0.29A%+0.82B2+1.10A?
B+0.31AB?, eqgn. (8)

DEE= +76.38-0.075A+2.39B-
0.67AB+1.79A2+0.082B2+0.70A?B-0.48AB?, eqn. (9)

where A indicates the concentration of gelatin and B represents
the concentration of EC.

Figure 4 shows response surface and contour plots for % yield,
MS and DEE.

% yleld (%)

oY o
#

- . -

MS (mm)

NS (mm)

&Y mg)

&Y (mg} L D £ X (mg)

Figure 4. Response surface methodology and contour plots for a)
percentage yield, b) microsphere size, ¢) drug entrapment efficiency
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Figure 5. Overlay plot showing area for optimized product

Table 5. Validation checkpoint formulations and their results

Validation check Response  Predicted Experimental  Percent
batch value value error
yield% 79.91 79.97 -0.075
VCB1 MS 315.56% 315.50 0.019
DEE 96.71% 96.67% 0.041
yield% 8215 821 0.048
veB2 MS 319.94% 319.94 -0.990
DEE T7.26% 7719% 0.090
yield% 81.45 81.47 -0.024
VCB3 MS 320.07% 320.27 -0.064
DEE 76.14% 76.15% -0.013
yield% 80.69 80.67 0.024
VCB4 MS 319.96% 31993 0.009
DEE 75.29% 7517% 0159
yield% 89.98 89.95 0.033
Optimized batch MS 333.32% 333.30 0.006
DEE 82.61% 82.98% -0.447

MS: Microsphere size, DEE: Drug entrapment efficiency

DISCUSSION

FTIR spectra (Figure 1) of pure L-arginine and formulated
microspheres of L-arginine shows the identical peaks as that of
standard L-arginine which proves that excipients incorporated



SHARMA et al. A Repressible Release Embedded System Using QbD 25

92 335
» 90
{5 )
288 2 330
28 2 325
2 5 y =0,9997x g y =0.998x
G R2=09009 | =3 2 R?=0.996
2 82 1 £ 315 *
e a
a 80
78 310 +¥—m—
7‘5 8'0 8'5 9’0 9‘5 310 315 320 325 330 335
EXPERIMENTAL VALUES
EXPERIMENTAL VALUES

y =0,9985x
R?=0,9981

PREDICTED VALUE
=]
«

70 80 90 100
EXPERIMENTAL VALUES

Figure 6. Regression coefficient between predicted and experimental
response: a) % yield, b) microsphere size, ¢) drug entrapment efficiency

in formulated microspheres do not interact with L-arginine and
all ingredients of beads are compatible with each other.

Scanning electron microscopy of microspheres of L-arginine
shows well-rounded spheres with rough surface because of
sudden cross linking of gelatin with glutaraldehyde. The particle
size of the formulations was found to be between 320-351.11
pum. It was observed that the mean particle size of formulated
microspheres were decreased with respect to the increased
the amount of ethyl cellulose in the formulation (Figure 2).

Results for drug entrapment efficiency indicates that as the
concentration of EC increases the DEE increase which is due
practically insoluble nature of hydrophobic polymer i.e. EC.
DEE was increased as the amount of EC was increased in the
formulation because of practically insoluble nature of EC in
water.

In vitro drug release study of microspheres of L-arginine was
carried out in 900 mL of phosphate buffer solution (pH= 7.4 for
8 h) at 37+0.5°C. In the fasted state gel micro carriers exhibited
a biphasic release profile as an initial rapid drug release phase
due to burst which are loosely into or just beneath the surface
of microspheres followed by a slower, gradually decreasing
drug release phase after 1 hour extending up to 8 hours (Table
4, Figure 3).

Drug release mechanism was investigated for number of
models i.e. zero-order, first order, Higuchi’'s square root of
time model and Korsmeyer-Peppas model. Zero-order, first
order, Higuchi's square root of time and Korsmeyer-Peppas
model gave R? value 0.9101 to 0.9473, 0.9832-0.9889, 0.9901-
0.9992 and 0.963-0.991 respectively, showing Fickian diffusion
involving a combination of swelling, diffusion and/or erosion
of matrices. Various response surface plots were also drawn
to analyse impact of independent variables on dependent
variables as discussed earlier.

Optimizations of formulated microspheres were done by
using 32 CCD. The outcomes for response parameters, that is,
% vyield, MS and DEE were subjected to regression analysis
and statistical models were found to be significant. Observed

dependentresponsesi.e. % yield, MS and DEE shows fair relation
between the dependent and independent variables. Percentage
yield for formulated batches were found in the range of 74.65-
86.36% while particle size was found in range of 302.34-333.32
mm. Drug entrapment efficiency of all the formulation was
found to be between 73.59+1.744 to 82.61+0.700.

Figure 4a shows that values of % yield, increases with increase
in concentration of gelatin and also increases with increasing
EC concentration. Maximum % yield is observed at the highest
levels of Gelatin and EC.

Figure 4b shows a nearly linear ascending pattern for MS, as
the content of gelatin increased, this MS increase slowly with
increasing gelatin. Value of MS achieves to its maximum value
at the highest levels of gelatin and EC. Nonlinear pattern of
contour lines indicates significant impact on gelatin and EC.

Figure 4c shows that the DEE increases almost linearly with
increase in concentration of gelatin whereas it decreases very
slowly and then increases with increase in EC concentration.
Maximum value of DEE was observed at the highest gelatin and
EC concentration.

Validation of optimized batch was done by setting up a
comparison of the observed responses with the predicted
ones (Table 5), the prediction error varied between -0.024 to
0.048, -0.990 to 0.090 and -0.013 to 0.159 for % yield, MS and
DEE respectively. Validation of these data was also confirmed
by overlay plot (Figure 5) obtained by design expert software
(Dx8 trial version) The linear correlation plots drawn between
the predicted and observed responses, forcing the line through
the origin, demonstrated high values of R (0.996 to 0.999,
Figure 6), indicating excellent goodness of fit (p<0.005). The
corresponding residual plots show nearly uniform and random
scatter around the mean values of response variables.

CONCLUSIONS

Spherical amino acid loaded gelatin microspheres were
prepared to achieve repressible release by cross-linking
technique. An L-arginine stacked repressible release matrix
delivery system was successfully established and escalation
was achieved by using QbD applying a 32 central composite
design. Hence it can be concluded that QbD is a powerful tool
for the present research that helps in developing a desired
formulation without wastage of time as well as manpower,
money, and material.

Conflict of Interest: No conflict of interest was declared by the
authors.

REFERENCES

1. Verma S, Lan Y, Gokhale R. Burgess DJ. Quality by Design approach to
understand the process of nano susspension preparation. Int J Pharm.
2009;377:185-198.

2. Lionberger RA, Lee SL, Lee L, Raw A, Yu LX. Quality by Design: Concepts
for ANDAs. AAPS J. 2008;10:268-276.




26

SHARMA et al. A Repressible Release Embedded System Using QbD

Singh, B, Pahuja S, Kapil R, Ahuja N. Formulation development of oral
controlled release tablets of hydralazine: optimization of drug release
and bioadhesive characteristics. Acta Pharm. 2009;59:1-13.

Singh L, Nanda A, Sharma S, Sharma V. Performance Optimization of
Buoyant Beads of Anti-Diabetic Drug Using Quality by Design (QbD). Lat
Am J Pharm. 2014;33:14-23.

Desai S, Bolton S. A floating controlled-release drug delivery system: in
vitro-in vivo evaluation. Pharm Res. 1993;110:1321-1325.

Panos I, ACOSTA N, Heras A. New Drug delivery systems based on
Chitosan. Curr Drug Discov Techol. 2008;5:333-341.

Patil JS, Kamalapur MV, Marapur SC, Kadam DV. lonotropic gelation and
polyelectrolyte complexation: the novel techniques to design hydrogel
particulate sustained, modulated drug delivery system: a review. Digest
Journal of Nanomaterials and Biostructures. 2010;5:241-248.

Suganeswari M, Senthil Kumar V, Anto SM. Formulation and evaluation
of metoclopramide hydrochloride microbeads by ionotropic gelation
method. Int J Pharm Bio Arch. 2011;2(Suppl 3):921-925.

Morris CR, Poljakovic M, Lavrisha L, Machado L, Kuypers FA, Morris SM
Jr. Decreased arginine bioavailability and increased serum arginase
activity in asthma. Am J Respir Crit Care Med. 2004;170:148-153.

. Appleton J. Arginine: Clinical potential of a semi-essential amino acid.

Alt Med Rev. 2002;7:512-522.

Sharma V, Singh L, Verma N, Kalra G. The nutraceutical amino acids-
nature’s fortification for robust health. Br J Pharm Res. 2016;11:1-20.

. Esposito E, Cortesi R, Nastruzzi C. Gelatin microspheres: influence of

preparation parameters and thermal treatment on chemico-physical and
biopharmaceutical properties. Biomaterials. 1996;17:2009-2020.

20.

21.

Vandelli MA, Rivasi F, Guerra P, Forni F, Arletti R. Gelatin microspheres
crosslinked with D,L-glyceraldehyde as a potential drug delivery system:
Preparation, characterization, in vitro and in vivo studies. Int J Pharm.
2001;215:175-184.

. Mishra B, Sahoo S, Biswal PK, Sahu SK, Behera BC, Jana GK.

Formulation and Evaluation of Torsemide intragastric buoyant sustained
release microspheres. 2010;3:742-746.

Wagner JG. Interpretation of percent dissolved-time plots derived
from in vitro testing of conventional tablets and capsules. J Pharm
Sci1969;58:1253-1257.

Sato Y, Kawaafaima Y, Takenchi H, Yamamoto H. /n vitro and in vivo
evaluation of riboflavin containing microoballoons for floating controlled
delivery system in healthy humans. Int J Pharma. 2004;275:75-82.

USP, (24th ed) (Rockville: United States Pharmacopeial Convention Inc;
2000;1941-1943.

Obreshkova D, Ivanov K. Quality Control of Aminoacids in Organic Foods
and Food Supplements. Int J Pharmacy Pharmaceutical Sciences.
2012;4:404-409.

Ritger PL. Peppas NA. A simple equation for description of solute release
IIl. Fickian and anomalous release from swellable devices. J Controlled
Release. 1987;5:37-42.

Korsmeyer RW, Gurny R. Doelker E, Buri P, Peppas NA. Mechanisms of
solute release from porous hydrophilic polymers. Int J Pharmaceutics.
1983;15:25-35.

Higuchi T. Mechanism of sustained-action medication: Theoretical
analysis of rate of release of solid drugs dispersed in solid matrices. J
Pharm Sci. 1963;52:1145-1149.



Ty | ORIGINAL ARTICLE |
DOI: 10.4274/tjps.77598 ORIGINAL ARTICLE

[R5

Preclinical Evaluation of the Haematinic Activity of
an Oral Indiffusible Mixture of Tamarindus indica L.
Leaf Extract

Tamarindus indica L. Yaprak Ekstresinden Hazirlanan Oral Dagilmayan
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ABSTRACT N

Objectives: Tamarindus indica L. is known to be a multipurpose traditional plant in India. It is used to treat some bacterial infections, parasitic
infestations, constipation, and inflammation. It is also used as a blood tonic and for wound healing. This study was designed to substantiate the
traditional claim of haematinic activity for T. indica.

Materials and Methods: T. indica leaf extract was formulated into an oral indiffusible mixture (TIM) and evaluated for its haematinic activity in
phenylhydrazine (single dose of 10 mg/kg per oral for 8 days) induced anaemia. Wistar rats were grouped into six (n=6). Groups | and Il served as
normal control and disease control groups, respectively. Group Il received the standard drug (haematinic suspension 2 mL/kg). Groups IV, V, and
VI received the formulated oral indiffusible mixture of T. indica at a dose of 100, 200, and 400 mg/kg, respectively.

Results: The TIM was formulated and pharmaceutically optimized. It produced significant increases in red blood cells, hemoglobin, and packed cell
volume and a decrease in mean corpuscular volume.

Conclusion: The results showed that the treatment with TIM reversed phenylhydrazine induced anemia. However, the short duration of the present
study is regarded as a limitation, and therefore a longer duration is required for obtaining better responses.

Key words: Tamarindus indica, haematinic activity, phenylhydrazine
O |

Amag: Tamarindus indica L. Hindistan'da gok amagli kullanilan geleneksel bir bitki olarak bilinmektedir. Bazi bakteriyel ve parazit enfeksiyonlarinin
tedavisinde, kabizlik ve inflamasyonun tedavisinde kullanilmaktadir. Kan tonigi ve yara iyilestirici amagla da kullanimi kayitlidir. Bu galisma, T.
indica’'nin geleneksel kullaniminin dogrulugunun arastirilmasi amaciyla yapilmistir.

Gereg ve Yontemler: T. indica yapragindan hazirlanan ekstre oral dagilmayan karisim (TIM) halinde formule edilmis ve fenilhidrazin-nedenli (8 gin
boyunca 10 mg/kg tek doz, oral) anemi modeli tizerindeki hematinik etkisi degerlendirilmistir. Wistar siganlari alti gruba ayrilmistir (n=6). Grup | ve
Il sirasiyla normal kontrol ve hastalik kontrol gruplari olarak ayrilmistir. Grup lll'e standart ilag (hematinik siispansiyon 2 mL/kg) verilmistir. Grup
IV, V ve VI'ya, sirasiyla 100, 200 ve 400 mg/kg'lik dozlarda oral dagilmayan karisim seklinde formiile edilmis olan T. indica ekstresi uygulanmistir.
Bulgular: TIM formdle edilmis ve farmasotik olarak optimize edilmistir. Bu karisimin kirmizi kan htcreleri, hemoglobin ve paketlenmis hicre
hacminde dnemli artis ve ortalama kan hacminde azalmaya neden oldugu bulunmustur.

Sonug: Bu sonuglar, T. indica yaprak ekstresinden hazirlanan TIM'nin, fenilhidrazin-nedenli aneminin etkilerini tersine gevirdigini géstermistir.
Bununla birlikte, bu galismanin kisa streli olmasi bir sinirlama olarak kabul edilmistir, bu nedenle daha iyi yanitlar elde edebilmek igin daha uzun
bir slreye ihtiyag duyulmaktadir.

Anahtar kelimeler: Tamarindus indica, hematinik etki, fenilhidrazin
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INTRODUCTION

All through history, irrespective of culture, plants have been
a dependable source of medicine!? Plants and their derived
products are considered to be the main source for food and
medicines. Plant derived medicines, popularly known as
“herbal drugs” or “phytomedicines”, are well known and
accepted as the most common form of alternative medicine.
Almost 70-90% of the world'’s rural population still depends on
herbal remedies for health care.® Plants produce a good deal of
secondary metabolites that have benefited mankind in various
ways, including treatment of diseases.* They are mostly used
in Ayurveda, Unani, Siddha, homeopathy, allopathy, and other
alternative medicinal practices.®

Anaemia is defined as a reduction in haemoglobin level and
oxygen carrying capacity below the normal range and is the
most common disorder of the blood. It is characterised by a
decrease in haemoglobin level to less than 13 g/dL in males
or 12 g/dL in females.® In anaemia the rate of production of
mature red blood cells entering the blood from the red bone
marrow does not keep pace with the rate of haemolysis.” Iron
is the main constituent of haemoglobin, which is accountable
for transporting oxygen, and of myoglobin in muscles and is
part of many enzymes concerned with cellular processes,
respiration, and cell division.® Low haemoglobin (Hb) levels
result in a corresponding decrease in the oxygen carrying
capacity of blood” and other parameters such as total red blood
cell (RBC) count, packed cell volume (PCV), mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH), and MCH
concentration (MCHC).™

Tamarindus indica is the third largest family of flowering plants,
with a total of 727 genera and 19,327 species.® T. indica is known
to have mild laxative, preservative, and anti-measles effects due
to the presence of tartaric acid and malic acid." Polysaccharide
obtained from T. indica pulp showed significant antipyretic
activity against bacterial pyrogen.” Aqueous fruit extract of
T. indica was shown to possess both central and peripherally
acting analgesic activity.® Traditionally, T. indica leaves are
used as a blood tonic' and for their wound healing, antimalarial,
aphrodisiac, antihistaminic, antitussive, anti-inflammatory,
antidiabetic, hepatoprotective, and antimeasles properties.
The bark and stem possess anti-asthmatic, antitussive, anti-
inflammatory, astringent, hepato-protective, anthelmintic, and
abdominal pain relieving effects!” The antioxidant property
(flavonoids) of leaves of T. indica and also the existence of
iron content in the leaves of T. indica have been previously
reported.®'" Taking this into consideration, the present study
was undertaken to substantiate the traditional claim of
haematinic activity for leaves of T. indica in phenylhydrazine
(PHZ) induced anaemia in Wistar rats.

MATERIALS AND METHODS

Plant material and preparation of T. indica leaf extract

Fresh leaves of T. indica were collected in the field of the KMF
Society Hostel farm, Bangalore, Karnataka. The plant material
was identified and authenticated by Dr. S. N. Yoganarasimhan,

plant taxonomist. The taxonomic identification was carried out
following Flora of the Presidency of Madras (2005), Flora of
Hassan District (1976), and Flora of Bombay (1967). The voucher
specimen was deposited at the herbarium of the Faculty of
Pharmacy, M. S. Ramaiah University of Applied Sciences,
Bangalore. The plant material was shade dried, coarsely
powdered, and stored in an airtight container. These shade
dried leaves were extracted with 95% v/v ethanol in a Soxhlet
apparatus. The alcohol extract was filtered, the solvent was
evaporated, and accurate weight of the extract was recorded.
The colour and consistency of the extract were noted.

Phytochemical screening

Preliminary phytochemical screening of T. indica extract involved
qualitative determination of the following substances: alkaloids,
carbohydrates, glycosides, phytosterols, phenolic compounds,
tannins, saponins, terpenes, and flavonoids. It was carried out in
accordance with procedures described by Kokate.®

Formulation of oral indiffusible mixture

The ethanolic extract of T. indica leaf was formulated into an
oral indiffusible mixture by hydrating overnight an accurately
weighed quantity of ethanolic extract of T. indica and cross
povidone (1%) solution. Sodium CMC (2%) was taken in separate
beaker and kept for overnight hydration. These mucilages were
put into a mortar along with glycerine (10%) and triturated to
obtain a uniform mixture. Calcium chloride (0.8%) was added
dropwise to the above mixture and it was triturated continuously
until a uniform dispersion of extract was obtained. The prepared
formulation was transferred to a measuring cylinder and the
volume was adjusted. Three formulations were prepared as per
the dose required for the pharmacological studies'?° (Table 1).
Formulation codes are given as follows: TIM1 - 100 mg/kg (15.8
mg/mL), TIM2 - 200 mg/kg (31.6 mg/mL), TIM3 - 400 mg/kg
(54 mg/mL).

The oral indiffusible mixture of T. indica leaf ethanolic extract
was evaluated for pH using a digital pH meter, viscosity using
a Brookfield viscometer,? redispersibility,”” flow rate (F) using

Table 1. Formulation of TIM

Sl. no. Ingredients TIM1 TIM2 TIM3
1 Ethanolic extract (g) 8 18 27

2 Sodium CMC (2%) (g) 10 10 10

3 Cross povidone (1%) (g) 5 5 5

4 Glycerine (10%) (mL) 50 50 50
5 Calcium chloride (0.8%) (g) 4 4 4

6 Methyl paraben (g) 0.5 0.5 0.5
7 Propyl paraben (g) 0.5 0.5 0.5
8 Raspberry flavour (mL) 5 5 5

9 Amaranth solution (g) 0.02 0.02 0.02

10 Purified water (g.s.) Make up to 500 mL

TIM: T. indica mixture, CMC: Carboxymethyl cellulose
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a 10 mL pipette, particle size measurement using an Olympus
microscope,??> and sedimentation volume using a 100 mL
measuring cylinder.?24

Experimental animals

Wistar rats of 8-12 weeks old, weighing between 140 and 230 g
of either sex were used for the study. The animals were bred,
reared, and housed in the animal house of the Department of
Pharmacology, Faculty of Pharmacy, M. S. Ramaiah University
of Applied Sciences. The animal house was well maintained
under standard hygienic conditions, at a temperature of 22+2°C
and room humidity of 60+£10%, with 12-h day and night cycle,
and with food and water ad libitum. Paddy husk was provided
as bedding material and cleaning was done on alternate
days. The animals were housed in groups of 3 per cage. The
pharmacological study was approved by the Institutional Animal
Ethics Committee of the Faculty of Pharmacy (IAEC certificate
no. Ref. No. MSRCP/SP-51/2014).

Acute toxicity study

The oral indiffusible mixture of ethanolic extract of T. indica
leaf was screened for its toxicity following the OECD guidelines
423. A limit test was carried out with a dose of 2000 mg/kg in
3 female Wistar rats.?®

Experimental design

Anaemia was induced by oral administration of PHZ at a dose
of 10 mg/kg per day for 8 days. The animals were divided into
six groups. Each group consisted of six animals of either sex.

Groups | and Il served as normal control and disease control
groups, respectively. Group Il received the standard drug
(haematinic suspension 2 mL/kg). Groups IV, V, and VI received
formulated oral indiffusible mixture of T. indica at a dose of 100,
200, and 400 mg/kg, respectively.

The animals were treated once daily for 14 days with different
doses of the oral indiffusible mixture. After day 14 of treatment,
blood was collected from the retro-orbital plexus under light
ether anaesthesia from overnight fasted experimental animals.
Physical parameters (body weight and food and water intake)
were evaluated during treatment of the animals. Haematological
parameters including RBC and Hb were estimated using
automatic analysers. PCV was evaluated by centrifugation.
MCV, MCH, and MCHC were calculated using the standard
formulae according to Ghai.?

Statistical analysis

The results of haematinic activity of the oral indiffusible mixture
of T. indica leaf extract were subjected to statistical analysis.
The data were expressed as mean + standard error mean.
Significant differences between groups were determined using
one-way ANOVA followed by Tukey's multiple comparison;
p<0.05 was considered significant.

RESULTS AND DISCUSSION

Preliminary phytochemical analysis

The phytochemical screening of T. indica revealed the presence
of alkaloids, flavonoids, saponins, phenols, oils and fatty acids,
carbohydrates, and tannins.

Evaluation of the oral indiffusible mixtures

The oral indiffusible mixtures were evaluated for pH,
redispersibility, flow rate, particle size, viscosity, and
sedimentation volume. The results of these parameters are
reported in Tables 2 and 3. The pH of these formulations was in
the range of 4.5-4.8, which is slightly acidic. In sedimentation
TIM3 showed greater sedimentation volume when compared
to the other two formulations. Slightly higher viscosity was
observed in the higher dose formulation. The flow rate of
the mixtures was in the range of 0.10-0.14. Particle size was
determined using a microscope and was between 215 and
230 pm (Table 2). After the complete sedimentation of the
suspension, formulations were redispersed. In that, the TIM1
formulation took fewer cycles to redisperse (Table 3).

Acute toxicity

A limit test was carried out following OECD guidelines 423. The
results are reported in Table 4. All the animals were free of
intoxication signs and there were no signs of mortality in the
acute toxicity study (Table 4).

Table 2. Evaluation parameters of TIM1, TIM2, and TIM3
formulations

Sl

Parameters TIM1 TIM2 TIM3

1 pH 4.5+0.2 4.8+0.1 4.5+0.2

Redispersibility 3 times 4 times 6 times

0.1388+0.002 0.1250+0.005 0.1041+0.003

Particle size (um) 220+25 230+29 215+35

2
3 Flow rate (mL/s)
4
5

Viscosity (cp) 9.0+0.23 12.6+£0.43 13.5+0.31

TIM: T. indica mixture

Table 3. Sedimentation volume of different formulations

F=V /V,
Formulation . ond 3 4t
1h 2h 6h 12h 1¢t day day day day
TIM1 1 09 091 088 0.85 0.81 0.78 0.74
TIM2 1 096 090 0.87 0.83 078 0.75 0.70
TIM3 1 095 090 0.85 0.81 077 075 0.70

TIM: T. indica mixture

Haematinic activity

The haematological parameters of the experimental animals
after treatment with oral indiffusible mixtures of T. indica leaf
extract are presented in Table 5. PHZ treated animals showed
reductions in the levels of RBC and Hb, while MCV and MCHC
increased significantly, resulting in macrocytic anaemia. There
was also a slight increase in MCH, which supports the induction
of macrocytic anaemia by PHZ. Fourteen day treatment of
anaemic rats (groups IV, V, and VI) with oral indiffusible mixture
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Table 4. Acute toxicity results

Dose 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 16 17 18 19 20
2000 . .
mg/kg - - - - - - - - - - - - - - - -

1. Alertness, 2. Aggressiveness, 3. Pile erection, 4. Grooming, 5. Gripping, 6. Touch response, 7. Decreased motor activity, 8. Tremors, 9. Convulsions, 10. Muscle spasm, 11.
Catatonia, 12. Muscle relaxant, 13. Hypnosis, 14. Analgesia, 15. Lacrimation, 16. Exophthalmos, 17. Diarrhoea, 18. Writhing, 19. Respiration, 20. Mortality

Table 5. Haematinic activity of oral indiffusible mixture of T. indica leaf extract

Parameters Normal control Disease control Standard TIM1 TIM2 TIM3

RBC (millioncells/mm?) 5.68+0.07 5.06+0.172 5.75+£0.12* 5.46+0.14 5.68+0.19* 5.48+0.11
Hb (g/dL) 17.32+0.23 15.31£0.5° 17.33+0.33* 16.50+0.42 1715+0.57* 16.58+0.33
PCV 58.68+1.72 51.69+1.70 58.85+2.78 52.40+3.02 52.96+3.51 57.90+1.30
MCV 96.30+1.99 102.1+£0.782 102.1£2.08 95.49+3.57 92.67+3.24* 105.6+0.41
MCH 30.19+0.04 30.20+0.09 30.15+£0.07 30.18+0.06 30.18+0.07 30.24+0.06
MCHC 35.08+0.85 29.61+0.172 29.66+0.87 32.72+1.24 32.72+1.24 28.64+0.12

RBC: Red blood cell, Hb: Hemoglobin, PCV: Packed cell volume, MCV: Mean corpuscular volume, MCH: Mean corpuscular haemoglobin, MCHC: Mean corpuscular haemoglobin
concentration, Values are expressed as mean + standard error mean; n=6; *p<0.001 in comparison with normal control; *p<0.05 in comparison with disease control

of T. indica leaf extract reversed the effect of PHZ induced anaemia.
The treatment resulted in a significant increase in the level of RBC
and Hb (p<0.05) and a significant decrease in MCV (p<0.05).

Table 5 represent the changes in RBC, Hb, PCV, MCV, MCH, and
MCHC in each group after 14 days of treatment. Administration
of PHZ resulted in megaloblastic anaemia characterised by
decreases in RBC, Hb, and PCV. Treatment for 14 days with the
oral indiffusible mixture of T. indica leaf extract reversed the
effects of PHZ induced anaemia. There were also increases in
MCV and MCH due to PHZ, which indicated macrocytic anaemia.
The recovery time for the haematological parameters was low
for the lowest dose but there was progressive recovery in RBC,
HB, and PCV after 14 days.

All three formulations showed increases in RBC, Hb, and PCV
and a decrease in MCV. There was a statistically significant
improvement in the level of RBC and Hb (p<0.05) after treatment
with TIM2 (200 mg/kg). The improvement seen after treatment
with TIM2 was comparable with that of the standard drug.
There was no further increase in the levels of RBC or Hb with
TIM3 (400 mg/kg). This shows that the response to treatment
with the oral indiffusible mixture of T. indica leaf extract was
dose related. TIM1 caused increases in RBC, Hb, and PCV to
submaximal levels when compared to TIM2. There were no
large changes in MCH in the groups including the standard,
whereas MCV significantly decreased (p<0.05) after treatment
with TIM2. However, the short duration of the present study
can be considered a limitation; therefore, a longer duration is
required for obtaining better responses.

CONCLUSIONS

It is postulated that the presence of flavonoids, phenols, and
iron in herbal extracts is responsible for haematinic activity.
The oral indiffusible mixture of T. indica leaf extract significantly
increased the haemoglobin and RBC count in anaemic rats,
indicating haematinic activity at a dose of 200 mg/kg. Thus, the
oral indiffusible mixture of T. indica L. leaf extract was proven

to possess haematinic activity. Further studies are needed to
elucidate the mechanism (s) involved in the haematinic activity.
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Quantification of Galantamine in Sternbergia
Species by High Performance Liquid
Chromatography

Sternbergia Turlerinde Yuksek Performansli Sivi Kromatografisi ile
Galantamin Miktar Tayini
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ABSTRACT N

Objectives: This study describes the qualitative and quantitative analysis of galantamine in Sternbergia species growing in Turkey.

Materials and Methods: Galantamine was isolated from Sternbergia fischeriana bulbs and the structure of the compound elucidated by spectroscopic
methods. The qualitative and quantitative analysis of galantamine was investigated in Sternbergia lutea subsp. lutea, S. lutea subsp. sicula, Sternbergia
candida, S. fischeriana, and Sternbergia clusiana using a specially developed and validated high performance liquid chromatography (HPLC) method.
Results: S. lutea subsp. sicula had the highest content of galantamine, i.e., 0.0165+£0.0002 g/100 g. The limits of detection and quantification were
7.5 pg and 25 pg, respectively.

Conclusion: Isolation of galantamine from S. fischeriana growing in Turkey is reported for the first time. An HPLC method was developed for
identification and quantification of galantamine in Sternbergia species.

Key words: Galantamine, HPLC, Sternbergia spp.

OZ |
Amag: Bu galismada Turkiye'de yetisen Sternbergia turlerinin galantamin igeriklerinin kalitatif ve kantitatif analizi amaglanmistir.

Gereg ve Yontemler: Galantamin Sternbergia fischeriana yumrularindan izole edilmis ve yapisi spektroskopik yéntemler kullanilarak aydinlatilmistir.
Sternbergia lutea subsp. lutea, S. lutea subsp. sicula, Sternbergia candida, S. fischeriana ve Sternbergia clusiana turlerinin galantamin icerigi kalitatif
ve kantitatif olarak yeni gelistirilen ve valide edilmis bir ylksek performansli sivi kromatografisi (HPLC) yontemi kullanilarak yapilmistir.

Bulgular: S. lutea subsp. sicula tirinin 0.0165+0.0002 g/100 g olarak en yiiksek galantamin igerigine sahip oldugu belirlenmistir. Galantamin igin
saptama ve kantifikasyon siniri degerleri sirasiyla 7.5 pg ve 25 pg olarak belirlenmistir.

Sonug: Turkiye'de yetisen S. fischeriana tiriinden galantamin izolasyonu ilk kez bu galisma ile rapor edilmistir. Ayrica bu ¢alisma ile Sternbergia
turlerinin galantamin igeriginin tespit edilmesi ve miktar tayini igin yeni bir HPLC metodu gelistirilmistir.

Anahtar kelimeler: Galantamin, HPLC, Sternbergia spp.
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INTRODUCTION

Galantamine is approved by the Food and Drug Administration
for the treatment of mild to moderate Alzheimer's disease!
Razadyne® (formerly Reminyl® and Nivalin® are licensed
drugs of galantamine, currently available on the market.2 This
drug inhibits acetylcholinesterase enzyme reversibly and
acts as an allosteric modulator of the nicotinic cholinergic
receptor. Interaction potentiates cholinergic  nicotinic
neurotransmission by modulating ion channel activity in the
presence of acetylcholine™ This drug provides the requisite
cholinergic stimulation without producing desensitization.
Furthermore, galantamine appears to be a more powerful
elevator of frontal cortical dopamine levels compared to other
cholinesterase inhibitors such as donepezil! Galantamine
exerts neuroprotection on neuronal cell cultures subjected to
oxidative stress or amyloid beta stress. Neuroprotection in rat
hippocampal slices subjected to oxygen and glucose deprivation
followed by a reoxygenation period was also demonstrated by
galantamine. Galantamine also acts as a neuroprotective agent
in an in vivo model of global cerebral ischemia, even when given
after the ischemic insult.>®

Galantamine was firstly isolated from the snowdrop, Galanthus
woronowii. Generally Amaryllidaceae plants including Narcissus,
Galanthus, Lycoris, and Leucojum species are used for extraction
of galantamine. Leucojum aestivum is known as the main source
of this compound. Narcissus species also contain galantamine
in varying amounts from trace amounts to as much as 2.5% of
dry weight. Synthetic methods for production of galantamine
have been developed; however due to their high cost, plants are
still the main sources for galantamine production.”

The galantamine content of Amaryllidaceae plants was
investigated using different high performance liquid
chromatography (HPLC) methods.” An isocratic solvent system
consisting of an acetonitrile:methanol:water (containing 7.5
mM triethanolamine, pH 6.9) mixture as mobile phase was
used for detecting galantamine on an RP-C8 column in L.
aestivum.® In another study conducted on L. agestivum, an
acetonitrile:methanol:buffer pH 4.5 (10:10:80) mixture was
used for elution on an RP-C18 column to determine galantamine
amount’ Lubbe et al!® also reported HPLC analysis of
galantamine in Narcissus pseudonarcissus on a C18 column using
10% (v/v) acetonitrile in water containing 0.1% trifluoroacetic
acid (TFA) as mobile phase. Galanthus elwesii was also
analyzed for its galantamine content by using a mobile phase
comprising a TFA:water:ACN (0.01:90:10) mixture on an RP-

C18 column." Petruczynik et al'? analyzed galantamine on an
RP-C18 column with a mobile phase containing 5% MeCN, 20%
acetate buffer at pH 3.5, and 0.025 mL™ diethylamine as well as
on an SCX column using an 8% MeCN and phosphate buffer at
pH 2.5 mixture as mobile phase in L. aestivum, Leucojum vernum
var. carpaticum, Galanthus nivalis, Zepyranthes rosea, and Clivia
minata.The genus Sternbergia Waldst. and Kit. (Amaryllidaceae)
is represented by eight species and they are widely distributed
from the East Mediterranean to Caucasia. In Turkey six taxa of
this genus grow naturally.”® Sternbergia species are well known
due to their alkaloid contents, i.e., lycorine and galantamine, with
interesting pharmacological properties.!*’ Alkaloids including
lycorine, homolycorine, haemanthidine, haemanthamine, 6c.-
and 6p-hydroxy-haemanthamine, and tazettine have been
isolated from Sternbergia species!*™® It has been reported
that Sternbergia species contain especially crinine-type and
lycorine-type Amaryllidaceae alkaloids.”®

In order to investigate new sources for galantamine, Sternbergia
species were investigated using HPLC in the current study.
Sternbergia lutea, Sternbergia sicula, Sternbergia fischeriana,
Sternbergia clusiana, and Sternbergia colchiciflora, which were
collected from different locations of Anatolia, were analyzed
using HPLC. An isocratic system was developed and used
for HPLC analysis. Galantamine, which was isolated from S.
fischeriana bulbs previously, was used for quantification of
the galantamine contents of S. lutea, S. sicula, S. fischeriana, S.
clusiana, and S. colchiciflora.

EXPERIMENTAL

Plant materials

Sternbergia species were collected from different parts of
Anatolia as shown in Table 1. Voucher specimens are kept at
the Herbarium of Ankara University, Faculty of Pharmacy with
their herbarium numbers (Table 1).

Isolation of galantamine

Galantamine was isolated from S. fischeriana bulbs. The dried
bulbs (500 g) were extracted with ethanol (5 L) by percolation.
Ethanolic extract was filtered and concentrated under vacuum
at 50°C by evaporation. The pH of the extract was adjusted to 3
by addition of 5% HCL. After filtration CHC|, was used for liquid-
liquid extraction. The chloroform part was concentrated under
vacuum by evaporation to obtain extract A (13.7538 g), which
contained lycorine and tazettine. The remaining acidic-water
part was extracted with CHCL, after addition of alkali solution

Table 1. Plant materials, collected places, and herbarium numbers

Species Herbarium numbers Collection sites
Sternbergia candida Mathew & T.Baytop AEF 23794 Mugla-Fethiye
Sternbergia clusiana (Ker Gawl.) Ker Gawl. ex Sprengel AEF 23697 Kahramanmaras-Goksun
Sternbergia fischeriana (Herbert) Rupr. AEF 23793 Antakya-Yayladag
Sternbergia lutea subsp. lutea Waldst. & Kit. AEF 23694 izmir-Torbali
Sternbergia lutea subsp. sicula Tineo ex Guss. AEF 23695 Mugla-Marmaris
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(NH,OH 25% to obtain pH 8). The concentrated chloroform
part gave extract B (19712 g). Extract B was separated by
Chromatotron on aluminum oxide GF Gypsum (Merck 1092)
plates. Elution was performed with a CHCl:MeOH (9:1)
mixture. Fractions 1-4 were subjected to further separation by
preparative TLC on precoated TLC sheets (Merck 5744) eluting
with CHCL:MeOH (85:15) to obtain galantamine (5.04 mg).” The
structure of the isolated compound was elucidated by 'H-NMR
and comparison of these data with the literature 2

Galantamine: 'H-NMR (CDCl,, 400 MHz, §, ppm, J/Hz): 6.63 (1H,
d, J=8 Hz, H-12); 6.53 (1H, d, J=8 Hz, H-11); 6.02 (1H, d, J=10.3
Hz, H-4); 6.00 (1H, d, J=10.3 Hz, H-3); 4.47 (1H, brs, H-16); 4.10
(1H, m, H-2a); 4.06 (1H, d, J=15.2 Hz, H-98); 3.98 (1H, d, J=15.2
Hz, H-9a); 3.05 (1H, m, H-7a); 2.95 (1H, m, H-7p); 2.56 (1H, m,
H-1a), 2.45 (1H, m, H-1p); 1.50 (1H, m, H-6a); 1.47 (1H, m, H-p),
372 (s, 0-CH), 2.51 (s, N-CH,).

HPLC analysis

HPLC analyses were carried out using an Agilent LC 1100
model chromatograph (Agilent Technologies, Inc., Santa Clara,
CA, USA). The diode-array detector was set at wavelength 292
nm and peak areas were integrated automatically by computer
using Agilent software. The chromatograms were plotted and
processed using the above-mentioned software. Separation was
carried out using a SUPELCOSIL LC-18 column (250x4.6 mm
i.d.; 5 um; Supelco, Bellefonte, PA, USA). The mobile phase was
made up of ammonium carbonate (Laboratory BDH Reagent,
Poole, UK) water solution (purified water was obtained by
using Milli-Q Plus System (Millipore Corp., Molsheim, France)
and acetonitrile (HPLC grade 99.93 % purity, Sigma-Aldrich
270717) (85:15 v/v) applied at a flow rate of 1 mL/min, column
temperature 24°C, and 20 pL portions were injected into the
liquid chromatography system.

Preparation of standard and sample solutions

Standard stock solution was prepared in 1 mg/mL concentration.
First 10 mg of galantamine was weighed in a 10 mL volumetric
flask and then it was dissolved in 10 mL of 1% H,SO,. Different
concentration levels (0.025 mg/mL, 0.05 mg/mL, 0.075 mg/
mL, 0.1 mg/mL, 0.2 mg/mL, 0.3 mg/mL, and 0.4 mg/mL) were
prepared by diluting the stock solution.

Sample solutions were prepared by extraction of dried and
powdered bulbs (10 g) of each plant with 1% H,SO, by rinsing
at room temperature for 7 days. The extraction procedure
was tested with Mayer’s reagent to be sure all alkaloids
were extracted. Each extract was filtered through a 0.45-mm
membrane filter and adjusted to a final volume of 500 mL with
acidic solution.

Limits of detection and quantification

The limit of detection (LOD) and limit of quantification (LOQ)
were established at a signal to noise ratio (S/N) of 3 and 10,
respectively. LOD and LOQ concentrations were experimentally
verified by six injections of galantamine. The precision of the
method (intra-day variations of replicate determinations) was
checked by injecting galantamine nine times at the LOQ level.

RESULTS AND DISCUSSION

To date, any Sternbergia species growing in Turkey has
been reported that does not contain galantamine. In addition,
galantamine has not been determined in any Sternbergia species
growing in Turkey. However in the present study galantamin
was detected and quantified in Sternbergia species®?* This
study led to the isolation of this compound from the bulbs of
S. fischeriana collected from Yayladag in Antakya Province.
Additionally, the current study describes the development
of a method for identifying and quantifying galantamine in
Sternbergia species. Good separation and determination of
this compound were achieved using a mobile phase consisting
of ammonium carbonate and acetonitrile (85:15 v/v) on a
SUPELCOSIL LC-18 column (250x4.6 mmx5 pm) at wavelength
292 nm as shown in Figures 1 and 2.

LOD and LOQ values were 7.5 pg and 25 pg, respectively. Table
2 shows the wavelength measured, the calculated calibration
curve, and the LOD and LOQ results for this compound. The
precision of the method is expressed as the relative standard
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Figure 1. HPLC chromatogram of galantamine

HPLC: High performance liquid chromatography, DAD: Diod-array detector
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Figure 2. HPLC chromatogram of Sternbergia fischeriana
HPLC: High performance liquid chromatography, DAD: Diod-array detector

Table 2. Linearity results, LOQ, and LOD

Compound A Equation r? Slope RSD % Intercept RSD % LOQ LOD
(ug) (ug)
Galantamine 292 Y=118484.33X + 448.2 0.995 2.0594 4.4493 25 7.5

LOQ: Limit of quantification, LOD: Limit of detection, RSD: Relative standard deviation
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Table 3. Galantamine contents of Sternbergia species

Galantamine % (n=3, mean *
standard deviation)

Species

Sternbergia candida 0.0092+0.0005
Sternbergia clusiana 0.0077+0.0001
Sternbergia fischeriana 0.0069+0.0006
Sternbergia lutea subsp. lutea 0.0100+0.0005
Sternbergia lutea subsp. sicula  0.0165+0.0002

deviation at the LOQ level.

The presence of galantamine (Figure 3) in S. lutea subsp. lutea, S.
lutea subsp. sicula, S. candida, S. fischeriana, and S. clusiana was
analyzed quantitatively and qualitatively by HPLC. The current
study results, as shown in Table 3, revealed that all plant samples
contain galantamine and the highest content was determined
in S. lutea subsp. sicula (0.0165+0.0002% dw) followed by S.
lutea subsp. lutea (0.0100+0.0005% dw). According to previous
studies, G. woronowii and L. aestivum contain 0.003-0.506%
and 0.0028-0.2104% galantamine, respectively.®>® The
galantamine content ranged from 0.05 to 0.36 mg/g dw in the
bulbs of G. nivalis and from 0.3 to 0.033 mg/g dw in the bulbs of
Narcissus tazetta samples collected from different locations in
Iran. According to the results, geographical regions and cultural
practices affected the chemical composition of the plants.
The chemical variations can be attributed to environmental
factors.” L. aestivum plants collected during different periods of
vegetation were analyzed for their galantamine contents and the
amounts were determined as 0.13% and 0.14%, respectively, for
the plant in bloom and fructification, respectively.® According
to Petruczynik et al!?, different extraction procedures such
as maceration, extraction in an ultrasonic bath, and extraction
in an ultrasonic bath following maceration yielded different
amounts of galantamine. Galantamine content in L. aestivum
was determined as 0.0196 mg/mL, 0.0273 mg/mL, and 0.0949
mg/mL, respectively, by the mentioned extraction procedures.
Ultrasonic bath extraction following maceration induced a
relatively high amount of galantamine extraction. In the same
study the highest amount of galantamine was determined in L.
aestivum roots with 2.3524 mg/g dw, followed by leaves with

HOH

Figure 3. Structure of galantamine

1.6611 mg/g dw. Z. rosea bulbs and C. minata leaves as well as
roots were found to contain 0.8384 mg/g dw and 0.1489 mg/g
dw, and 0.0284 mg/g dw galantamine, respectively. In all parts
of G. nivalis galantamine content varied from 0.0003 mg/g
dw to 0.0178 mg/g dw. G. elwesii samples collected from two
different locations in Turkey, izmir and Karaburun, contained
0.026% and 0.007% galantamine, respectively." The amount of
galantamine also varied from 2.36 mg/g dw to 3.32 mg/g dw
in N. pseudonarcissus bulbs collected from the Netherlands.”
According to our results, galantamine content of the Sternbergia
species was lower than that of L. aestivum when they were
compared. The current study’s results revealed that Sternbergia
species are not valuable sources for galantamine extraction.
Differences in galantamine content among all the investigated
species could be explained by the existence of chemotype.
Furthermore, a number of factors such as temperature, season,
stages of maturity, geographical origin, climatic conditions, and
soil can affect the phytochemical content of plants.?”?® Plants
cultivated under different conditions exhibit an alteration in
the quantity of phytochemicals and therefore display varied
therapeutic effects.?*®

CONCLUSIONS

The present study is the first report of galantamine isolation from
Sternbergia species growing in Turkey. An HPLC method was
developed for identification and quantification of galantamine
in the genus Sternbergia. The presence of galantamine could
be related to growing conditions such as temperature, season,
climatic conditions, soil, or stages of maturity as well as
geographical origin. Chemotype of the mentioned species
could be also the reason for the presence of galantamine in
Sternbergia species. Therefore, further studies will be planned
to investigate Sternbergia species collected from different
locations in Turkey for their galantamine contents.

Conflict of Interest: No conflict of interest was declared by the
authors.
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ABSTRACT |

Objectives: Several mushrooms species have been reported to be nematophagous and antiprotozoan. This study reported the antiplasmodial and
cytotoxic properties of the n-hexane extract from the edible mushroom Pleurotus ostreatus and the isolation of a sterol from the extract.

Materials and Methods: Antiplasmodial and cytotoxicity assays were done in vitro using the plasmodium lactate dehydrogenase assay and human
Hela cervical cell lines, respectively. The structure of the isolated compound from the n-hexane extract was elucidated using spectroscopic
techniques.

Results: The n-hexane extract (yield: 0.93% w/w) showed dose dependent antiplasmodial activity with the trend in parasite inhibition of: chloroquine
(IC,,=0.016 pg/mL) > n-hexane extract (IC_ =258 ug/mL). It also showed mild cytotoxicity (IC, >100 pg/mL; selectivity index >4) compared to the
reference drug emetine (IC,;=0.013 ug/mL). The known sterol, ergostan-57,22-trien-3-ol, was isolated and characterized from the extract.

Conclusion: This study reporting for the first time the antiplasmodial activity of P. ostreatus revealed its nutraceutical potential in the management
of malaria.

Key words: Pleurotus ostreatus, nutraceuticals, malaria, cytotoxicity, ergosterol
(O
Amag: Bazi mantar turlerinin nematofagdz ve antiprotozoan oldugu bildirilmistir. Bu ¢alismada, yenilebilir mantar Pleurotus ostreatus n-hekzan

ekstresinin antiplazmodiyal ve sitotoksik etkileri arastilmis ve ekstreden bir sterol izolasyonu yapilmistir.

Gereg ve Yontemler: Antiplazmodiyal ve sitotoksisite deneyleri, sirasiyla, plasmodium laktat dehidrojenaz analizi ve insan Hel.a servikal hiicre hatlari
kullanilarak in vitro gergeklestirilmistir. n-Hekzan ekstresinden izole edilen bilesigin yapisi, spektroskopik teknikler kullanilarak aydinlatilmistir.

Bulgular: n-Hekzan ekstresi (verim: %0.93 a/a) parazit inhibisyonunda doza bagli antiplazmodiyal aktivite gésterdi: klorokin (IC,,=0.016 ug/mL) >
n-hekzan ekstresi (IC, =25.18 pg/mL). Ayrica referans ilag emetine kiyasla (IC,;=0.013 pg/mL) hafif sitotoksisite (IC_>100 pg/mL; segicilik indeksi
>4) gosterdi. Bilinen sterol bilesigi ergostan-5,7,22-trien-3-ol izole edildi ve yapisi tayin edildi.

Sonug: P. ostreatus'un antiplazmodiyal aktivitesini ilk kez rapor eden bu galisma, sitma tedavisindeki nutrasétik potansiyelini ortaya koymustur.

Anahtar kelimeler: Pleurotus ostreatus, nutrasétik, malarya, sitotoksisite, ergosterol
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INTRODUCTION

The scourge of malaria infections has continued to be a
global health burden, with countries in Sub-Saharan Africa
contributing about ninety percent! Children and expectant
mothers are the worst hit with attendant high mortality if not
treated promptly. Malaria remains a threat to the poor people
living in endemic regions, where access to quality health
facilities is limited and the cost of orthodox drugs is high.
More worrisome is the high occurrence of drug resistant
Plasmodium falciparum strains of the causative parasite. These
obstacles to receiving effective treatment for malaria have led
to the continued search for new anti-malarial agents that are
relatively nontoxic. Bioactive metabolites from nature’s flora
and fauna are veritable leads in drug development. Mushrooms
are basidiomycetous fungi and the edible ones are popular not
only for their nutritive value but also as functional foods in the
treatment of various diseases. The antiparasitic properties
of some mushrooms and closely related fungi species have
been reported. Some of these include: the antimalarial
properties of Cordyceps species? and Bulgaria inquinans®
and the amoebicidal* and anti-trypanosomiasis® properties of
Pleurotus ostreatus. Other reported biological activities include
nematicidal,® anti-inflammatory and immunomodulatory,” and
anticancer®’ properties among others. As a follow up to earlier
reports on the scientific validation of the health benefits and
the characterization of bioactive secondary metabolites from
indigenous edible mushrooms in Nigeria,®" the present study
aimed to determine the nutraceutical potentials of the n-hexane
extract (NHE) of the fruiting bodies of the edible mushroom P.
ostreatus in the management of malaria infections.

EXPERIMENTAL

Collection of mushroom samples

P.ostreatus (fresh fruiting bodies) was collected from the Dilomat
farm, Rivers State University of Science and Technology, Port
Harcourt, Rivers State, and identified by a mycologist in the
Department of Crop and Soil Sciences, Faculty of Agriculture,
University of Port Harcourt, Port Harcourt, Rivers State. After
due authentication, a voucher specimen (UPH/C/075) was
deposited at the herbarium of the Department of Plant Science
and Biotechnology of the same university. The fresh fruiting
bodies of P. ostreatus were chopped into small pieces, after
which they were dried under a current of air in a dehumidified
environment. The dried samples were pulverized using an
electric blender.

Preparation of extract

The dried pulverized fruiting body (362.1 g) was cold macerated
for 72 h with n-hexane with fresh replacement of solvent at
24-h intervals to obtain the NHE. The NHE was concentrated
using a rotary evaporator (Model RES2A, Labscience made in
India for England) and used for this study.

Phytochemical methods

Confirmatory phytochemical tests were carried out on the
extract using standard phytochemical screening reagents."°

Isolation and purification of compound 1

The bioactive NHE (1g) was dissolved in n-hexane and
pre-adsorbed on silica gel in the ratio of 1:1 w/w to form a
homogeneous paste, which was allowed to air dry in a fume
cupboard. The mixture was loaded on a chromatography
column (internal diameter 4.1 cm and packed with normal
phase silica gel mesh 200-400 to a height of 27 cm). The
column was eluted with gradient of increasing order of
polarity:n-hexane (100%, 500 mL), n-hexane:dichloromethane
(1:1, 500 mL), and dichloromethane (100%, 500 mL). After
thin layer chromatography (TLC) examination of the eluates,
they were pooled into 3 subfractions: F1-F3. F2 eluted
with n-hexane:dichloromethnane (1:1) yielded a white solid
compound 1 (Figure 1) after re-crystallizing with acetone.
Its purity was determined using TLC performed on plates
pre-coated with silica gel 60 HF,, (Merck, TLC grade, with
gypsum binder). The TLC bands were visualized by exposure
to iodine and by spraying with concentrated H,SO, using a
spray gun. Complementary purity confirmation by melting point
determination was recorded on an electrothermal melting point
apparatus and the results are uncorrected.

The 'H and C-NMR spectra of compound 1 (Figure 1) were
recorded at 300 MHz (75 MHz for ®C-NMR analysis) on a
Bruker Avance spectrometer in deuterated CDCl,. Chemical
shifts are expressed in parts per million (ppm) downfield of
trimethylsilane as internal reference for 'H resonances, and
referenced to the central peak of the appropriate deuterated
solvent's resonances. Infrared spectra were recorded on a
1600 ATI Matson Genesis series FTIR™ spectrometer. Mass
spectra were recorded on a FINNIGAN MAT 12 spectrometer.
Unambiguous assignment of the positions was done using
two-dimensional nuclear magnetic resonance (2D-NMR)
experiments like heteronuclear multiple bond correlation
(HMBC), heteronuclear single quantum correlation (HSQC), and
proton-proton correlation spectroscopy (H-H-COSY).

Cell viability assay

Briefly mammalian HelLa cells were plated in 96-well plates at
2x10% cell per well in 150 pL the culture medium. The culture
medium was prepared from Dulbecco’s Modified Eagle's
Medium supplemented with 5 mM L-glutamine, 10% (v/v)
fetal bovine serum, and antibiotics (penicillin/streptomycin/
amphotericin B). After overnight incubation in a 5% CO,
humidified incubator, various concentrations (0.006104-100
pg/mL) of the test samples prepared following a 10-fold serial
dilutions approach in 96-well plates were added to the cultures
(duplicate wells; 200 pL of final culture volume) and incubation
continued for an additional 48 h. The viability of cells in individual
wells was assessed by adding 20 pL of resazurin toxicology
reagent (Sigma-Aldrich) per well and measuring fluorescence
intensity (exc. 560 nm/em. 590 nm) in a Spectramax M3 plate
reader after incubation for 2 h. Fluorescence readings in
experimental wells were converted to % cell viability relative
to control wells containing untreated cells and used to obtain
dose-response plots of mean % cell viability against log (test
sample concentration) using the nonlinear regression function
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of Microsoft Excel 2007 software with the median inhibition
concentration IC,, values derived from the plot by extrapolation.
Emetine of various concentrations (0.00000325-32.5 pg/mL)
prepared following a 10-fold serial dilutions approach in 96-
well plates was used as standard drug for comparison.

Plasmodium falciparum growth inhibition assay

Briefly, the P. falciparum (3D7 strain) parasites were maintained
in medium composed of RPMI 1640 supplemented with 2

mM L-glutamine, 25 mM Hepes (buffered between a pH of
7.2 and 7.4), 5% (w/v) Albumax I, 20 mM glucose, 0.65 mM
hypoxanthine, 60 ug/mL gentamicin sulfate, and 2-4% (v/v)
human red blood cells, in an atmosphere containing a mixture of
0,, CO,, and N, (5:5:90 v/v/v). For the growth inhibition assays,
parasite cultures were adjusted to 2% parasitaemia and 1%
haematocrit (final) and incubated for 48 h, after addition of the
test samples (final test concentrations range of 0.006104-100
pg/mL prepared in duplicate following a 4-fold serial dilutions

Table 1. Spectral data of compound 1 isolated from the n-hexane extract of Pleurotus ostreatus

S/No. 1 DEPT-135 Published" 1 1 1 1

d.ppm d.ppm HSQC H-multiplicity H-H-COSY HMBC
,, ppm)

1 384 CH, 384 2.08 2 Hm H, C,

2 32.0 CH, 32.0 152,191 2 Hm H, H,

3 70.5 CH 70.4 3.65 1Hm H,.

3-OH - -

4 40.8 CH, 40.8 2.32 2 Hm H, C,

5 139.8 C 139.8 -

6 119.6 CH 119.6 5.60 1Hd H, C.C,

7 116.3 CH 116.3 5.42 1Hd H,

8 141.4 C 141.3 -

9 46.3 CH 46.2 1.99 1THm

10 37.0 C 37.0

1 211 CH, 211 1.65, 1.70 2 Hm

12 391 CH, 391 2.05 2 Hm

13 42.8 C 42.8

14 54.6 CH 54.6 1.92 1Hm

15 230 CH, 230 1.40, 1.70 2 Hm

16 283 CH, 283 1.38, 1.80 2 Hm

17 55.8 CH 55.7 1.30 1Hm

18 12.0 CH, 12.0 0.65 3Hs

19 17.6 CH, 17.6 0.93 3 Hs

20 40.4 CH 40.4 248 1THm

21 211 CH, 211 1.05 3 Hd (J=6 MHz)

22 135.6 CH 135.6 5.25 1 Hdd C,y Cyy

23 132.0 CH 1321 5.20 1 Hdd C,

24 42.8 CH 42.8 1.90 1Hd

25 331 CH 331 152 1THm H,o H,.H,,

26 199 CH, 19.8 0.86 3 Hd (J=6 MHz) s

27 19.6 CH, 19.6 0.84 3 Hd (J=6 MHz) H,,

28 16.3 CH 17.8 0.97 3 Hd (J=6 MHz)

3

s: Singlet, d: Doublet, dd: Doublet of doublet, m: Complex multiplet, HSQC: Heteronuclear single quantum correlation, H-H-COSY: Proton-proton correlation spectroscopy, HMBC:
Heteronuclear multiple bond correlation
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approach in 96-well plates (200 L culture/well; two wells per
test sample dilution). After the incubation period, the levels
of parasite were determined by colorimetric determination of
parasite lactate dehydrogenase activity® Chloroquine (eight
final test concentrations within the range 0.00000516129-
51.6129 pg/mL) prepared following 10-fold serial dilution was
used as standard antimalarial drug for comparison. At 620 nm
the absorbance values in the wells containing test samples
and standard drug (chloroquine) were converted to percentage
parasite viability relative to the wells containing untreated
parasite cultures. The median pLDH inhibition concentration
(IC,,) values were derived from graphs of mean % parasite
viability against log (test sample concentration) using the
nonlinear regression function of Microsoft Excel 2007 software.

RESULTS

Phytochemical analysis of the NHE and structural elucidation
of compound 1: The NHE was found to contain isoprenoids
(triterpenoid/steroids, cardenolides) and fatty acids as
metabolites from phytochemical screening using appropriate
standard reagents. Compound 1 (Figure 1) was isolated and
characterized from the NHE after chromatography separation
and spectroscopic analysis, respectively.

28

25 26

27

Figure 1. Compound 1: Ergostan-5,6,22-trien-3-ol (ergosterol)

Structural elucidation/characterization of isolated compound 1:
Appearance: White solid;

Melting point: 155-160°C;

Solubility: Freely soluble in chloroform, dichloromethane;
Molecular Mass: 396.7 (calculated for C__H,,0).

28' 144
IR spectrum: [frequency, V, cm]: 3412; 3404 [OH str], 3060 [=CH
str], 2951; 2868 [CH,/CH, str], 1655; 1600 [C=C str], 1053/1030
[C-O str], 727 [CH, rocking].
El-Mass spectrum: [m/z (rel. int)]: 396 (62.66) [M*], 378 [M*-
H,0J, 363 (42.96) [M* - (18+15)], 271 (20.45) [M*- aliphatic chain],
253 (30.95) [M*- H,0 - aliphatic chain], 285 [M*- H,0 -15-ring
Al. 69 (100), 55 (80.83), 57 (43.95), 43 (74.37).
'H-NMR (300 MHz, CDCL,, ppm): Details of the spectra data
are presented in Table 1.

3C-NMR (75 MHz, CDCL,, ppm): Details of the spectra data are
presented in Table 1.

Cytotoxicity activity: A marked onset of cytotoxicity for the
NHE (Figure 2, Table 2) was observed at the highest screened
concentration of 100 ug/mL (=75% cell viability translating to
=25% cell death and a selectivity index >4). This is indicative
of low cytotoxicity (IC, 100 pg/mL) compared to the reference
drug emetine with IC,,=0.013 ug/mL).

150

100

——% Cell viability assay for
the n-hexane extracts of
50 P. ostreatus

——% Cell viability assay for
the reference drug
emetine

% Cell Viability

0
6 -4 2 0 2 4

Log [ug/mL Concentration]

Figure 2. Dose dependent mammalian Hela cell viability profile of the
n-hexane extracts of Pleurotus ostreatus

Antiplasmodial activity

The NHE inhibited Plasmodium parasite lactate dehydrogenase
activity in a dose dependent manner in vitro (Figure 3, Table
2) with a median inhibition concentration (IC, ) of 2518 pg/

—
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Figure 3. Dose dependent plasmodium parasite growth inhibition profile of
the n-hexane extracts of Pleurotus ostreatus

mL. It was, however, significantly (p=0.02, <0.05) less active
compared to the standard drug chloroquine diphosphate
(IC,,=0.016 pg/mL); see Figure 3 and Table 2.

DISCUSSION

The Plasmodium pLDH is an essential energy-producing
enzyme. It is the last enzyme in the parasite glycolytic
pathway. It is produced by both the sexual and asexual stages
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Table 2. pLDH inhibition and mammalian cell (HeLa) viability assay results for the n-hexane extract from Pleurotus ostreatus fruiting bodies

n-hexane extracts

Reference drug Emetine

Reference drug Chloroquine diphosphate

Concentration pg/mL  pLDH inhibition %  Cell viability % Concentration pg/mL  Cell viability % Concentration pg/mL  pLDH inhibition %
0.006 93.160+6.067 104.670+5.054  0.00000325 102.571 0.00000516129 9.677.495
0.024 101.742£19.000  95.809+1.053 0.0000325 103.607 0.0000516129 1.056.567
0.098 90.250+2.164 99.096+13.659 0.000325 99.648 0.000516129 1.059.009
0.391 110.896+0.239 111.970£11.730 0.00325 93.383 0.00516129 1.033.283
1.563 107.290+4.063 106.438+13.305  0.0325 17.465 0.0516129 0.032861
6.250 109.731+4.222 115.149+7.605 0.325 3.878 0.5161289 -946.859
25.000 48.751+£3.997 130.106+6.337 3.250 2.282 5161.289 -591.963
100.000 8.830+3.466 75.664+5.530 32.50 1.032 516129 -0.2488
IC,, (ug/mL) 25.179+2.456 >100 0.013 0.016

Selectivity index >4 NA NA NA

pLDH: Plasmodium lactate dehydrogenase

of parasites, as well as the mature gametocytes of all human
Plasmodium species.®? The parasite and erythrocytic cells
(human host) lack a complete citric acid cycle for mitochondrial
ATP production, making dependence on anaerobic glucose
metabolism an imperative. Thus, the pLDH plays an important
role in catalyzing energy production in the parasite/®?' The
activity of the enzyme pLDH is reported to disappear within 24 h
of effective malaria treatment.?' The pLDH antigen is considered
a specific marker for the presence of viable plasmodium in
blood. A report by the United States National Cancer Institute
regards plant extract with cytotoxic IC,, 20 pg/mL or lower as
being highly cytotoxic.?2?* Those with IC,  greater than 100 ug/
mL are regarded to be of low to zero toxicity.?? The observed
low cytotoxicity of the NHE is suggestive that the observed
antiplasmodium activity may not necessarily be due to general
cytotoxicity of the extract thus is a clue to its potential as a
source of nontoxic agents for drug development.

The presence of isoprenoids (triterpenoid/steroids,
cardenolides) and fatty acids as metabolites in the NHE from
phytochemical screening using appropriate standard reagents
corroborated our earlier report about the presence of these
metabolites in a closely related species Pleurotus tuber regium."
The observed dose-dependent plasmodium pLDH inhibition by
the NHE from the fruiting bodies of P. ostreatus could be due to
the presence of these observed metabolites. Similar reports on
the antimalarial activities of edible mushroom and related fungi
have been documented.?*?> After chromatography separation of
the NHE, compound 1 was isolated and its structure elucidated
using mass spectrometry, nuclear magnetic resonance (1D and
2D), and fourier transform infrared spectroscopic techniques to
be the known compound, ergostan-5,7,22-trien-3-ol. Compound
1 gave positive Liebermann and Salkowski phytochemical test
reagents confirming it to have a steroidal nucleus. The NMR
spectra data (Table 2) are evident with the 'H and "C chemical
shift signals for a conjugated di-substituted olefinic bond in
ring B and the isolated olefinic bond in the aliphatic side chain,

and six methyl (two angular and four at the aliphatic side chain)
and one secondary carbinol (CHOH) at position 3 of ring A,
which were unambiguously assigned as stated in Table 2 using
2D-NMR (HMBC, H-H-COSY, and HSQC) experiments. In all, a
total of 28 carbon signals, i.e., four quaternary (4xC), eleven
methine (11xCH) of which one is the CHOH at position 3 of ring
A, seven methylene (7xCH,), and six upfield methyl (6xCH)),
were observed, which corresponded to the molecular formula
C,gH,,0O, corroborating the observed molecular ion peak at m/z
396 from the El-mass spectrum analysis. These trends in the
spectra data are characteristic of an unsaturated steroidal
alcohol and when compared to literature reports for ergosterol”
were similar. Owing to solubility limitations, compound 1 was,
however, not evaluated for the reported biological activities.
Ergosterol derivatives like ergosterol endoperoxide isolated
from P. ostreatus have been reported to exhibit antiparasitic
properties like trypanocidal® and amoebicidalactivities.

CONCLUSIONS

This study showed the first time the nutraceutical potential in
the management of malaria infection of the edible mushroom P.
ostreatus cultivated in Nigeria. The isolation and characterization
of the known steroid ergostan-5,6,22-trien-3-ol (commonly
called ergosterol) fromthe bioactive extracts from spectroscopic
analysis was also reported. After further investigation, this
edible mushroom species may be recommended in the diet as a
prophylaxis against malaria infection.
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Characterization of Gamma-Irradiated Rosmarinus
officinalis L. (Rosemary)

Gama Isinlanmis Rosmarinus officinalis L. (Biberiye)
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ABSTRACT N

Objectives: Rosmarinus officinalis L., a member of the family Lamiaceae, is regarded as the spice with the highest antioxidant activity.

Materials and Methods: In this study, the transmission electron microscopy, X-ray diffraction, and fourier transform infrared spectroscopy (FTIR)
physicochemical characteristics of the nanostructure of gamma-irradiated rosemary were investigated.

Results: The particle size distribution of the gamma-irradiated rosemary prepared under irradiation at 30 kGy in a Cobalt-60 irradiator exhibited a
very narrow size distribution with average size of 70 nm. The results showed that irradiated (30 kGy) and crude rosemary had similar patterns of
FTIR spectra, typical of phenol compound, without any notable changes in the key bands and functional groups status. Rosemary irradiated with 50
kGy and 10 kGy showed the highest and lowest crystallinity, respectively. Rosemary crystallinity of irradiated samples was lower compared with
the nonirradiated sample.

Conclusion: Therefore, 30 kGy can be optimum for the synthesis of nanoparticles, average size of 70 nm, with low crystallinity and without any
notable change in key bands compared to nonirradiated samples.

Key words: Rosemary, gamma irradiation, FTIR, transmission electron microscopy, nanoparticles, X-ray diffraction
(OZ |

Amag: Lamiaceae familyasi bitkisi olan Rosmarinus officinalis L., en ytksek antioksidan aktiviteye sahip baharat olarak kabul edilmektedir.

Gereg ve Yontemler: Bu galismada, gama isinlariyla isinlanmis biberiyenin nanoyapilarinin fizikokimyasal 6zellikleri transmisyon elektron mikroskobu,
X-1sini difraksiyonu ve fourier donistimu kizilotesi spektroskopisi (FTIR) kullanilarak incelenmistir.

Bulgular: Bir kobalt-60 isinlayicida 30 kGy'de isinlama altinda hazirlanan gama isinlanmis biberiyenin partikul buytklugi dagilimi, ortalama
biyukltgu 70 nm olan gok dar bir boyut dagilimi sergilemistir. Sonuglar, isinlanmis (30 kGy) ve ham biberiyenin, tipik fenol bilesiginin, fonksiyonel
gruplara iliskin bantlarda kayda deger bir degisiklik géstermeden benzer FTIR spektrum paternine sahip oldugunu géstermistir. 50 kGy ve 10 kGy
ile 1sinlanmis biberiye sirasiyla en ytksek ve en diustk kristallenme 6zelligi gosterdi. Isinlanmis 6rneklerin kristallenme 6zelliginin, 1sinlanmamis
numuneye kiyasla daha disik oldugu belirlendi.

Sonug: Bu nedenle, 30 kGy'nin ortalama boyutu 70 nm olan nanopartikiillerin sentezi igin ideal oldugu, isinlanmamis 6rnekler ile karsilastirildiginda
dusuk kristallenme ve bantlardaki kayda deger olmayan degisikliklere neden oldugu belirlenmistir.

Anahtar kelimeler: Biberiye, gama radyasyon, FTIR, transmisyon elektron mikroskobu, nanopartikdl, X-1sini difraksiyonu
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INTRODUCTION

Synthetic antioxidants are widely used to retard undesirable
changes as a result of oxidation in many foods. Many
synthetic substances such as butylated hydroxyanisol (BHA),
propyl gallate, and citric acid are commonly used in lipids to
prevent oxidation. Recently, these synthetic substances have
been shown to cause effects such as enlarged liver size and
increased microsomal enzyme activity. Therefore, there is a
need for other compounds to use as antioxidants and to render
safer food products for mankind.® Plant originated antioxidants
are more suitable as food additives, not only for their free radical
scavenging properties, but also because of the belief that
natural products are safer than synthetic antioxidants.*> Chang
et al.® reported the results of investigations of the antioxidative
effect of rosemary and sage due to the peroxide value. Naturally
occurring compounds in rosemary extracts have been reported
to exhibit antioxidant properties greater than BHA and equal
to BHT."® Rosmarinus officinalis L. (rosemary), a member of
the family Lamiaceae, is an attractive evergreen shrub with
pine needle-like leaves that grows wild in most Mediterranean
countries. Rosemary has been accepted as the spice with
the highest antioxidant activity. Many compounds have been
isolated from rosemary such as flavones, diterpenes, steroids,
and triterpenes.’

On the other hand, nanoparticles produced by plant extracts
are more stable and the rate of synthesis is faster than that in
the case of other organisms.®Various methods of synthesizing
nanoparticles are namely chemical reduction, interfacial
polymerization, solvent evaporation, solvent deposition,
nanoprecipitation, emulsification-diffusion, controlled
jellification, microwave processing, and irradiation!"
Irradiation induced reduction synthesis, which offers some
advantages over the conventional methods; it provides metal
nanoparticles in fully reduced, highly pure, and highly stable
state due to its simplicity." Moreover, gamma irradiation
of natural polysaccharides, such as chitosan, carrageenan,
and sodium alginate, offers a clean method for the formation
of low molecular weight oligomers. These oligomers have
valid applications as antibiotic, antioxidant, and plant-growth
promoting substances.'"®

Therefore, this study aimed to investigate the transmission
electron microscopy (TEM), X-ray diffraction (XRD), and fourier
transform infrared spectroscopy (FTIR) physicochemical
properties of the nanostructure of gamma-irradiated R.
officinalis L. (rosemary).

MATERIALS AND METHODS

Plant material

Rosemary leaves were obtained from the Institute of Medicinal
Plants herbarium (1394/0/037 for R. officinalis L.), Karaj, Iran.
The leaves were washed first under running tap water, followed
by sterilized distilled water, and dried at room temperature in
the dark without applying any heat treatment to minimize the
loss of active components; then they were ground into powder
using an electrical blender (SME GmbH).

Preparation of gamma-irradiated R. officinalis L. (Rosemary)

Ground rosemary powder was suspended in sterile 0.15 M
phosphate buffered saline (pH 7.2). A sample was sonicated for
30 min in a water bath sonicator (Jencons, Leighton Buzzard,
UK) and centrifuged at 5000 rpm for 15 min."® After precipitation
in 2.5 volumes of 96% ethanol, the ground rosemary powder
sample was dried at 40°C and then milled to the mesh size of
53-125 pm. The remaining powder was packed in a plastic cover
and weighed. Irradiation was carried out at a dose rate 10, 20,
30, 40, and 50 kGy with a Cobalt-60 gamma irradiator (PX-30
Issledovapel, Russia) at a dose rate of 0.22 Gy s™. Furthermore,
dosimetry was performed with a Fricke reference standard
dosimetry system and after the irradiation process the gamma-
irradiated rosemary was stored at 4°C for further experiments.

Characterization of gamma-irradiated R. officinalis L.

(Rosemary)

Fourier transform infrared spectroscopy

An amount of irradiated rosemary powder was mixed with KBr
powder and, after drying, was compressed to form a disc. The
discs were later subjected to FTIR spectroscopy measurement.

These measurements were recorded on a Bruker
spectrophotometer (EQUINOX 55, Germany) in transmittance
mode with a resolution of 4 cm™ in the wavenumber region
of 400 to 4000 cm™. FTIR measurements were carried out in
order to obtain information about the chemical groups present
around gamma-irradiated rosemary for their stabilization and to
understand the transformation of functional groups due to the
reduction process.

X-ray diffraction

XRD was carried out using a Philips PW-1710 diffractometer
(with sample holder PW 1729 X-ray generator, target copper)
fixed at 20 mA and 40 kV. It employed Cu-Ko. X-radiation of
wavelength A=1.54060 A, between a 20 angle. XRD was used
to determine whether a material was amorphous or crystalline.

Transmission electron microscopy
The nanoparticles were immobilized on a coated copper grid

and were allowed to dry at room temperature. The particle size
and shape were observed using an FEI/Philips EM 208S TEM.

RESULTS AND DISCUSSION

Gamma irradiation has been extensively used to generate
nanoscale metals and nanocomposites at room temperature and
normal pressure!” Recently, polymeric nanoparticles have been
focused on for their use as clinical diagnostics, therapeutics,
and carriers for delivery systems!” In the present study, the
particle size of gamma-irradiated rosemary prepared under
irradiation of 30 kGy exhibited a very narrow size distribution.
This means that the size of the prepared gamma-irradiated
rosemary gets smaller and the particle size is 70 nm. TEM
micrographs were taken into account. Figure 1 represents TEM
images of the gamma-irradiated rosemary at different doses
ranging from 10 to 50 kGy.
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Figure 1. TEM images of gamma-irradiated rosemary at different doses
ranging from 10 to 50 kGy

TEM: Transmission electron microscopy

To investigate whether any structural changes occurred during
gamma irradiation, FTIR spectra were recorded. FTIR is one
of the most widely used tools for the detection of functional
groups in pure compounds and mixtures and for compound
comparison’® The FTIR spectra are shown in Figure 2, and
the wavenumbers of characteristic bands and corresponding
assignments for the gamma-irradiated rosemary with different
doses are listed in Table 1.

The key bands of rosemary are at 1735.62, 1672.95, 1454.06,
1366.32, 1242.9, 1078.01, 987.37, 886.13, 839.84, and 787.79 cm™°

The FTIR spectra of rosemary exhibited the following
absorption bands: broad absorption, band peaking at 3414.50
cm”, corresponding to OH stretching bands of alcohols and/or
carboxylic acids vibrations, followed by peaks at 2929.63 cm™
and 2854.70 cm’, assigned to vibration of the -CH, asymmetric
stretching and symmetric stretching absorption band of the
methylene group vibration, respectively. Other bands in this

50 40 —30 20 10 —Control

Absorbance

‘leAmi‘ I\
/a\l

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wave Number (cm™)

Figure 2. FTIR spectra of rosemary gamma irradiated with different doses

FTIR: Fourier transform infrared spectroscopy

spectrum are observed at 1636.57 cm™, 1453.40 cm”, 1375.98
cm™, 1262.36 cm”, 1039.65 cm”, and 603.35 cm™ due to the
bond vibrations of the asymmetrical carboxylic acid and C=0
stretching vibration, C-N stretching, symmetrical carboxylic
acid group, C-O stretching vibrations (amide) and phenyl
groups and of the C-O stretching, and at last attributed to C-O
stretching vibrations of mono-, oligo-, and carbohydrates,
respectively (Table 1.

According to Hollenstein et al.?°, FTIR spectroscopy can be used
to determine particle configuration. As particle size increases,
the width of the peak decreases and intensity increases.
Furthermore, the intensity of an absorption peak depends on
the path length, concentration, and strength of the absorption
band.20?'

In this research, after radiation, two C-H stretching vibrations
became merged and appeared as a single vibration in all groups;
this was due to the increased peak width. The shift of this band
could be attributed to the weakening of hydrogen bonds.?
As mentioned above, the width and intensity of the peak can
reveal the particle size.?°?' Therefore, increased peak width and
reduced peak intensity accompany decreased particle size in
all treatments.

On the other hand, the results revealed that irradiated (30
kGy) and crude rosemary had similar patterns of FTIR spectra,
typical of phenol compound, without any notable changes in the
key bands or functional groups status. The results are similar
in other herb extracts.

The XRD results of the nonirradiated and irradiated rosemary
at 10, 20, 30, 40, and 50 kGy are presented in Figure 3. XRD
patterns from materials with different cubic crystal structures
provided in textbooks can be used as reference.? In the present
study, based on XRD pattern, rosemary has a structure that
can be described as face centered cubic.?® Moreover, the
nonirradiated rosemary showed diffraction peaks at 20.85°,
31°, 45.47°, 56.51°, 66.28°, 75.29°, and 76.76°. A comparison
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Table 1. Wavenumbers of characteristic bands and corresponding assignments for normal and gamma-irradiated rosemary

Wavenumbers (cm™) of measured peaks for

Irradiated rosemary (kGy) Assignment
Normal rosemary
50 40 30 20 10
3403.86 339613 3400.58 3369.01 3376.18 3414.50 OH stretching bands of alcohols
2950.55
2916.81 C-H stretching vibrations specific to CH3
292798 2929 2926.88 2928.49 2929.63 5870.52 and CH2
2848.25
1672.95
1710.27 1716.76 1710.27 1716.76 1723.24 1659.45 C=0 stretching vibration, C-N stretching,
1610.51 1608.62 1609.04 1609.15 1607.10 164113 COO- antisymmetric stretching
1617.02
1516.60 1517.95 1516.72 1515.87 1513.52 1572.66 Aromatic domain and N-H bending
1454.06 C-O stretching vibration (amide) and C-C
1407.30 1408.19 1406.32 1405.73 1406.35 1376.93 stretching from phenyl groups, COO-
1366.32 symmetric stretching, CH2 bending
12911
1262.76 126312 1262.61 1264.38 1264.55 1242.9 C-O stretching
1203.36
1190.83
1163.83
1144.85 Stretching vibrations C-O of mono-, oligo-,
1071.97 107216 1072.30 107212 1073.83 116,58 and carbohydrates
1078.01
1035.59
987.35
81719 817.25 817.07 817.56 818.39 960.37 C-H out-of-plane bending vibrations from
611.99 776.65 609,93 776.84 778.50 917.95 isoprenoids
’ 609.22 ’ 608.13 611.77 886.13
787.77

700.0
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Figure 3. X-ray diffraction of Irradiated and non-irradiated Rosemary

among diffraction patterns of the rosemary, before and after Therefore, the rosemary crystallinity of irradiated samples was
irradiation, showed that the intensity of the reflection markedly lower as compared with the nonirradiated sample.

declined with gamma irradiation compared to the control. The

order of irradiated rosemary reflection intensity was 50, 40, CONCLUSIONS

30, 20, and 10 kGy. The rosemary irradiated with 50 kGy and This work presents a simple, available, and effective method
10 kGy had the highest and lowest crystallinity, respectively. for preparation of rosemary nanoparticles. The purpose of
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the research was to synthesize new rosemary nanoparticles
using gamma irradiation. The developed nanoparticles were
characterized for particle size and structural and optical
properties of the irradiated rosemary via TEM, XRD, and FTIR.
The particle size distribution of the gamma-irradiated rosemary
prepared under irradiation at 30 kGy in a Cobalt-60 irradiator
exhibited a distribution with average size 70 nm. In addition, the
results showed that irradiated (30 kGy) and crude rosemary had
similar patterns of FTIR spectra, typical of phenol compound,
without any notable changes in the key bands or functional
groups status. The rosemary crystallinity of irradiated samples
was lower than that of the nonirradiated sample. The rosemary
irradiated with 50 kGy and 10 kGy had the highest and lowest
crystallinity, respectively. Therefore, 30 kGy can be optimum
for synthesis nanoparticles, average size of 70 nm, with low
crystallinity and without any notable change in key bands
compared to nonirradiated samples.
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Enhancement of Dissolution of Fenofibrate Using
Complexation with Hydroxy Propyl $-Cyclodextrin

Hidroksi Propil 3-Siklodekstrin ile Kompleksasyon Kullanilarak
Fenofibratin Coziinmesinin Arttiriimasi
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ABSTRACT N

Objectives: The aim of the present study was to enhance the dissolution rate of fenofibrate using complexation with hydroxy propyl f-cyclodextrin
(HPBCD).

Materials and Methods: The phase solubility behavior of fenofibrate was studied in various concentrations of (HPBCD) aq. solution at 37°C. The
solubility of fenofibrate increased with an increase in the amount of HPBCD aq. solution. Gibbs free energy (AG"), values were all negative.
Complexes of fenofibrate with HPBCD were prepared in 1:1 ratio by kneading and coprecipitation. These complexes were evaluated by dissolution
studies, fourier transform infrared (FTIR) spectroscopy, and differential scanning calorimetry (DSC) studies.

Results: The complexation of fenofibrate with HPBCD exhibited an enhanced dissolution rate. The mean dissolution time of fenofibrate decreased
significantly upon complexation. FTIR studies showed the formation of intermolecular hydrogen bonding between fenofibrate and HPBCD. DSC
studies indicated a loss in crystalline state of fenofibrate in complexes.

Conclusion: Complexation with HPBCD can be used as a useful tool for the enhancement of dissolution of fenofibrate.

Key words: Fenofibrate, hydroxy propyl f-cyclodextrin, solubility, Gibbs free energy, dissolution rate

(OZ |
Amag: Bu galismanin amaci, hidroksi propil B-siklodekstrin (HPBCD) ile kompleksasyon kullanarak fenofibratin ¢éziinme hizini arttirmakti.

Gereg ve Yéntemler: Fenofibratin faz ¢ézunirlik davranislari (HPBCD) gesitli konsantrasyonlardaki sulu ¢ézeltisinde, 37°C’de galisildi. Fenofibratin
¢6zUnUrlGgu, artan miktarda HPRCD'nin sulu ¢ozeltisi ile artti. Gibbs serbest enerji (AG"), degerlerinin hepsi negatifti. HPBCD ile fenofibrat
kompleksleri, 1:1 oraninda yogurma ve kopresipitasyon ile hazirlandi. Bu kompleksler, ¢6ztinme galigmalari, fourier déntsima kizilotesi spektroskopisi
(FTIR) ve diferansiyel tarama kalorimetrisi (DSC) galismalari ile degerlendirildi.

Bulgular: Fenofibratin HPBCD ile kompleksasyonu, gelismis bir ¢dztinme hizi sergiledi. Fenofibratin ortalama ¢ézlinme siresi, kompleksasyon
Uzerine 6nemli 6lglde azaldi. FTIR galismalari fenofibrat ve HPBCD arasinda molekuller arasi hidrojen baglanmasinin olusumunu géstermistir. DSC
galismalari komplekslerde kristalin fenofibrat durumunda bir kayip oldugunu gosterdi.

Sonug: HPBCD ile kompleksasyon, fenofibratin ¢ézinmesinin arttirilmasi igin yararli bir arag olarak kullanilabilir.

Anahtar kelimeler: Fenofibrat, hidroksi propil g-siklodekstrin, ¢oztnurlik, Gibbs serbest enerjisi, ¢g6zinme hizi
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INTRODUCTION

Fenofibrate, propan-2-yl 2-[4-(4-chlorobenzoyl) phenoxy]-
2-methylpropanoate, is a fibric acid derivative useful as
an antilipidemic agent. Fenofibrate is a hypolipidemic drug
that reduces the levels of lipids (fats) in the blood. It is a
white crystalline powder, practically insoluble in water (log
p=5.24)! Its low water solubility and poor dissolution rate
cause problems in formulation development and restrict its
therapeutic application by influencing the rate of absorption and
the onset of action.

Consequently, its bioavailability is incomplete, irregular, and
oftenvaries fromone persontoanother. Asaresult,commercially
available doses are of higher strength and require repeated
dosing. From an economic point of view, this low bioavailability
of drug leads to wastage of more amounts of drug after oral
administration, increasing the cost of medication. Therefore, it
is very important to find appropriate formulation approaches
to enhance the aqueous solubility, dissolution rate, and thus
the bioavailability of poorly soluble drugs. Nowadays, many
approaches are used to enhance the solubility and dissolution
rate of poorly soluble drugs by the use of pharmaceutical
technology.? Physical modification often aims to increase the
surface area, solubility, and/or wettability of the powder. Other
approaches include cosolvency using various solvent blends,
cyclodextrin complexation,® use of surfactants, salt forms,®
prodrugs,® and alteration of crystal properties.”®

A number of different microorganisms and plants produce
certain enzymes called cyclodextrin glucosyltransferases,
which degrade starch to cyclic products called cyclodextrins.
These cyclodextrins are cyclic oligosaccharides involving
(a-1,4)-associated a-D-glucopyranose units and contain a
genuinely lipophilic cavity and a hydrophilic external surface.
They are shaped like truncated cones rather than perfect
cylinders. In light of such qualities, cyclodextrins are able to
form inclusion complexes both in solid state and in solution
state, in which every guest entity is surrounded by the
hydrophobic environment of the cyclodextrin cavity. Upon
inclusion, the water solubility of the guest can increase as well
as its bioavailability.*'® This inclusion complex formation leads
to alteration of the physicochemical and biological properties
of the guest molecules and may eventually have considerable
pharmaceutical potential.""

The naturally occurring a-, B-, and y-cyclodextrin consist
of six, seven, and eight glucopyranose units, respectively.
Natural cyclodextrins like B-cyclodextrin have limited aqueous
solubility and the complexes formed from the interaction of
lipophilic/hydrophobic drugs with these cyclodextrins may
be of limited solubility. This may result in precipitation of
solid cyclodextrin complexes from water and other aqueous
systems. Cyclodextrin derivatives of pharmaceutical interest
include the derivatives of these naturally occurring p- and
y-cyclodextrins. Out of these cyclodextrin derivatives, hydroxy
propyl B-cyclodextrin (HPBCD) appears the most useful as a
pharmaceutical complexing agent because of its complexing
ability, low cost, and other properties. The approach of

cyclodextrin complexation can be used to increase the water
solubility and dissolution rate of poorly soluble drugs and to
solve bioavailability problems.

As fenofibrate dissolves very slightly in water, the present study
was undertaken to overcome the limitations existing in available
fenofibrate products so as to improve the dissolution profile,
absorption characteristics, and bioavailability and to reduce the
dose required for administration to attain a desired effect.

The study also aimed to develop a method for preparation of an
inclusion complex of fenofibrate with HPBCD that is efficient
and economical, simple, and less time consuming than other
methods.

Thus, the present study was performed to enhance the
solubility and dissolution rate of fenofibrate using complexation
with HPBCD in order to attain a therapeutic effect. The possible
interactions between fenofibrate and HPBCD in both solid
state and liquid states were investigated. The solid state
interaction was investigated by fourier transform infrared
(FTIR) spectroscopy and differential scanning calorimetry
(DSO) studies. The interaction in solution was studied by phase
solubility analysis and dissolution experiments.

MATERIALS AND METHODS

Materials

A gift sample of fenofibrate was received from Shreya Life
Sciences, (Aurangabad, India). HPBCD was obtained from
Wockhardt Pharmaceuticals (Aurangabad, India). All other
solvents and ingredients used were of analytical grade.>'

Methods

Phase solubility studies

Phase solubility studies were performed in triplicate according
to the method reported by Higuchi and Connors® An excess
of drug was added to 5-mL portions of distilled water in vials
each containing a variable amount of HPBCD (2 mM to 10 mM).
All the above solutions were subjected to sonication for 30 min
and then allowed to stand at room temperature (~25°C) for 48
h without disturbance to attain saturation equilibrium. These
saturated systems were carefully filtered through Whatman
filter paper (no. 41) and were analyzed spectrophotometrically
at 287 nm after appropriate dilutions on a ultraviolet (UV)-
visible spectrophotometer.

The solubility of fenofibrate in every HPBCD solution was
calculated and a phase solubility diagram was drawn between
solubility of fenofibrate and different concentrations of HPBCD.
The apparent stability constant (Kc) was calculated by using
the formula'®;

Slope

Stability constant (K¢) = ——
So (1-slope)’

where So=aqueous solubility of fenofibrate.
The Gibbs free energy of transfer (AG"), of fenofibrate from pure
water to the aqueous solution of carrier was calculated as';

AGtr=2.303 RT LOZS0/ S8, vveerrrmmreeeeeireenrensiieeeesseeenn2
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where So/Ss is the ratio of molar solubility of fenofibrate in
aqueous solution of HPBCD to that of the same medium without
HPBCD.

Preparation of solid binary systems

Preparation of physical mixture of fenofibrate with HPBCD
The physical mixture of fenofibrate with HPBCD containing
molar weight ratio 1:1 (fenofibrate:HPBCD) was prepared,
followed by passing through a sieve (no. 72) with minimum
abrasion.

Preparation of inclusion complex by kneading method™
Stoichiometric quantities (1:1) of fenofibrate:HPBCD were
accurately weighed. HPBCD was added to the mortar, and
a small amount of ethanol:water (1:1 v/v) was added while
triturating to get a slurry-like consistency. Then slowly the drug
was incorporated into the slurry, and trituration was continued
for a further 45 min. The slurry was then dried at 50°C for
24 h, pulverized, passed through a no. 72 sieve, and stored in
desiccators until further use.

Preparation of inclusion complex by coprecipitation
Fenofibrate and HPBCD in 1:1 molar ratio were accurately
weighed. Saturated cyclodextrin solution was prepared with
HPBCD and water. Then fenofibrate solution in methanol was
added slowly and a suspension was formed. The suspension
was stirred at 40°C for 30 min and the stirring was continued
at room temperature (25°C) for 30 min. The obtained masses
were filtered through Whatman filter paper no. 41 and dried at
50°C in an oven for 24 h. The dried complexes were pulverized
and passed through a no. 72 sieve and stored in desiccators
until further use®

The yield for HPBCD complex was not significant. Therefore,
we used the following method for coprecipitation.

Fenofibrate and HPBCD in 1:1 molar ratio were accurately
weighed. Cyclodextrin solution was prepared with HPBCD
and water. Then fenofibrate solution in methanol was added
slowly to the above solution and a suspension was formed. The
suspension was stirred at 40°C for 30 min and kept stirring
at room temperature for 12 h. The obtained masses were
refrigerated for 24 h. Then these masses were filtered through
Whatman filter paper no. 41 and dried at 50°C in an oven for 24
h. The dried complexes were pulverized and passed through a
no. 72 sieve and stored in desiccators until further use.”

Dissolution studies
As fenofibrate is a lipophilic compound and practically insoluble
in water, dissolution study of fenofibrate dosage forms
necessitates modifications in the dissolution medium. Sodium
lauryl sulfate (SLS) of concentration 20 mM and above provides
sink conditions.'®"

Dissolution studies of fenofibrate, physical mixture, kneaded
product, and coprecipitated product were performed using the
U.S. Pharmacopeia (USP) model digital tablet dissolution test
apparatus Il (Electrolab, Mumbai) at paddle rotation speed of 75
rpm in 900 mL of 20 mM SLS at 37.0+0.5°C.

The physical mixture equivalent to 145 mg of fenofibrate was
weighed using a digital balance (Make Eagle, India) and added
to dissolution medium. Then 5-mL samples were withdrawn
at predetermined intervals and replaced with fresh dissolution
medium and suitably diluted. Diluted samples were then
assayed for fenofibrate content by measuring the absorbance
at 287 nm using a UV-visible spectrophotometer (Jasco model
V630, Japan). The dissolution studies were either performed
until all the solids were completely dissolved or stopped at 2 h if
the duration of dissolution was longer. Studies were performed
in triplicate (n=3). Mean values of cumulative drug release were
calculated for plotting the release curve.

Fourier transform infrared spectroscopy

FTIR spectra were obtained wusing an FT/IR-4100
spectrophotometer (Jasco, Japan). The samples (fenofibrate,
physical mixture, and drug:cyclodextrin complexes) were
previously ground and mixed thoroughly with potassium
bromide, an infrared transparent matrix, at 1:5 (sample: KBr)
ratio, respectively. Forty scans were obtained from 4000 to
400 cm™.

Differential scanning calorimetry studies

The DSC thermograms were obtained on a DSC (Shimadzu DSC-
60 thermal analyzer, Japan). The instrument was calibrated
using indium as standard. Samples (5 mg) were heated in sealed
aluminum pans under nitrogen using the following program:
hold for 10 min at 40°C and heat from 40.0 to 250.0°C at a
scanning rate of 10°C/min. Then the samples were subjected
to DSC studies. Samples were sealed in 40-pL aluminum pans.
An identical empty pan was used as a reference. The samples
were scanned at 10°C/min with a 50 mL/min nitrogen purge.

RESULTS AND DISCUSSION

Phase solubility studies

The phase solubility profiles of fenofibrate-HPRCD are
presented in Figure 1. This plot showed that aqueous solubility
of the drug increases linearly as a function of HPBCD. The phase
solubility profile of fenofibrate with HPBCD can be classified as
A -type. The linear host-guest correlation coefficient r=0.9969
(r2=0.994) with a slope (m) of 0.004 suggested the formation
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Figure 1. Phase solubility diagram of the fenofibrate-HPBCD system in
water

HPBCD: Hydroxy propyl p-cyclodextrin
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of a 1:1 complex with respect to HPBCD concentrations. The
apparent stability constants, K, ,, obtained from the slope of the
linear phase solubility diagram was 630.0006 M for HPBCD
[Eq. (D]. The K, value suggested that fenofibrate formed more

stable complex with HPBCD.

An indication of the process of transfer of fenofibrate from pure
water to the aqueous solution of HPBCD may be obtained from
the values of the Gibbs free energy change (Table 1). The values
of Gibbs free energy associated with the aqueous solubility of
fenofibrate in the presence of HPBCD ( were all negative for
HPBCD at various concentrations, indicating the spontaneous
nature of the drug solubilization. The values decreased
with increasing HPBCD concentration, demonstrating that
solubilization was more favorable as concentration of HPRCD
increased.

Table 1. Effect of HPBCD concentration and Gibbs free energy on

solubility of fenofibrate

Sr. no. Concentration of ~ Concentration of  (AGtr)
HPBCD (mM) fenofibrate (mM)  (J/Mol)

1 0 0.007012 0

2 2 0.022256 -684.006

3 4 0.033079 -918.699

4 6 0.039483 -1023.508

5 8 0.048561 -1146.070

6 10 0.058632 -1257.683

HPBCD: Hydroxy propyl p-cyclodextrin

Dissolution studies

The results of the dissolution studies for individual samples
(fenofibrate alone, PMs, and complexes) over 2 h are shown
in Figure 2. Onset of dissolution of pure fenofibrate is very
slow, with about 13.29% of drug being dissolved in 120 min.
Complexes of fenofibrate with HPBCD had considerably
enhanced dissolution rates as compared to pure drug fenofibrate
and PMs.

Percentage dissolution efficiencies (%DE) values were
computed for comparative analysis of all the formulations. The
%DE values in the initial time period of the dissolution study, i.e.,

In - Vitro Dissolution Study of Fenofibrate

k1 90 —&— Plain Drug (Fenofibrate)
—; 80 == Physical Mixture
& 10 —=—Kneading Product
‘3 60 —+— Co - Precipitated Product
= 50:
s
] 40
!‘E' 30
2 20
2 10:

o — T T T

0 15 30 45 60 75 90 105 120

Time (min)

Figure 2. In vitro dissolution study of fenofibrate-HPBCD complexes

HPBCD: Hydroxy propyl B-cyclodextrin

%DE,, ., provide comparative information for very fast releasing
formulations, whereas those for %DE, . provide relative
information about both fast and slow releasing formulations.
The values of %DE,, . for the pure drug increased to 32.45%
in PMs and up to 87.39% in kneaded product and 56.46% in
coprecipitated products. The change in DE, . of the drug in its
PMs and complexes is statistically significant (p<0.05).

The results of % dissolution and dissolution efficiency study
indicate an improvement in the dissolution rate of fenofibrate in
cyclodextrin complexes by both techniques. The improvement
in dissolution rate is possibly caused by several factors:

a) the strong hydrophilic character of HPBCD, which improves
the water penetration and wettability of the hydrophobic
fenofibrate,

b) the optimal dispersion of fenofibrate to HPRCD,

c) the absence of crystals corresponds to lower energy required
for dissolution, and

d) the intermolecular hydrogen bonds and the molecular
dispersion of fenofibrate on HPBCD lead to partial miscibility,
improving the hydrophilic characteristics of the drug substance
via interactions with BCD the improvement of dissolution
rate of fenofibrate in the physical mixture is due to increased
wettability of the drug powder.?°

Kneading showed better dissolution than coprecipitation.
This could be attributed to the improved wetting provided by
cyclodextrins in kneading than in coprecipitation, as earlier
reported by Mukne for triamterene? and Deshmukh for
ziprasidone.?? Thus it can be concluded that kneading is better
for complexation than coprecipitation.

FTIR spectroscopy

The FTIR spectra of the systems of fenofibrate-HPBCD and
those of pure components are shown in Figure 3. When the
systems are compared, it can be observed that the ester group
stretching band at 1727.91 cm™ broadens and shifts towards
higher wavenumbers, indicating change in the intermolecular
H-bonds of the drug upon complexation. Similar modifications

\\V// '\/V\—‘_’W\ILAWWME
:\\/\/V\JMD

Wavenumber (cm™)

Figure 3. FTIR spectrograms of a) pure drug fenofibrate, b) HPBCD, c)
physical mixture, d) kneading product, e) coprecipitated product

FTIR: Fourier transform infrared, HPBCD: Hydroxy propyl f-cyclodextrin
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Figure 4. DSC curves of a) fenofibrate, b) HPBCD, ¢) physical mixture, d)
kneading product, e) coprecipitation product

DSC: Differential scanning calorimetry, HPBCD: Hydroxy propyl f-cyclodextrin

were seen in the combination signal of the ester group, which
indicates change in the interaction of this group when the
complex is formed. In addition, the bands at 1050-1340 cm™
corresponding to antisymmetric vibrations of the aryl ether
group and C-O stretching of esters broaden in some cases
and in others peaks vanish upon complexation. The decreased
intensity and vanishing of the band are associated with the out-
of-plane bending of the aromatic C-H bonds at 824-844 cm™,
evidence of the inclusion of the benzene ring.?®

Finally, the C-H stretching seen at 3032-3052 cm™ vanishes in
the complexes, indicating that complexation has occurred.

DSC studies

The DSC thermogram of HPBCD showed a straight line. The
DSC curve of fenofibrate showed a broad endothermic peak in
the range of 80-90°C owing to the melting point of the drug. The
peak of fenofibrate showed changes in terms of peak area and
AH (heat of fusion) value (Table 2) in the case of the complexes
as compared to the physical mixture comprising drug:HPBCD
in the same ratio. This suggested that the presence of HPRCD
resulted in complexation of fenofibrate. The change in peak
height and broadening of peaks may be attributed to loss of
crystallinity.?

Table 2. Peak area and heat of fusion (AH) values obtained from
DSC curves

Sample Height mW  AH (J/gm)
Fenofibrate -8.82 93.83
Physical mixture (P1) -5.35 20.21
Kneading product (B1) -2.44 12.03
Coprecipitation product (C1) -3.41 12.7

DSC: Differential scanning calorimetry

CONCLUSIONS

The solubility and dissolution rate of fenofibrate can be
enhanced by the use of complexes of fenofibrate with HPBCD.
The solubilization effects of HPBCD, reduction of particle

aggregation of the drug, loss in crystallinity, increased
wettability and dispersibility, and alteration in the surface
properties of the drug particles might be responsible for the
enhanced solubility and dissolution rate of fenofibrate from its
complexes and physical mixtures.

Kneading showed better dissolution than coprecipitation.
This could be attributed to the improved wetting provided by
cyclodextrins in kneading than in coprecipitation.

It is concluded that fenofibrate- HPBCD complexation results
in an increase in the solubility and dissolution rate of the drug,
suggesting a possible enhancement of its oral bioavailability.
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Effect of the Lipid Peroxidation Product
4-Hydroxynonenal on Neuroinflammation in
Microglial Cells: Protective Role of Quercetin and
Monochloropivaloylquercetin

Mikroglial Huicrelerde Lipid Peroksidasyon Urlin(i 4-Hidroksinonenalin
Noroinflamasyon Uzerine Etkisi: Kersetin ve Monokloropivaloilkersetinin
Koruyucu Rolu

® Ahmet CUMAOGLU*, ® Asli Ozge AGKAYA, ® Zehra OZKUL

Erciyes University, Faculty of Pharmacy, Department of Biochemistry, Kayseri, Turkey

ABSTRACT N

Objectives: The lipid peroxidation-derived aldehyde 4-hydroxynonenal (HNE) has been implicated in a number of oxidative stress-induced
inflammatory pathologies such as neurodegenerative diseases and aging. In this regard, we investigated the effects of HNE on neuroinflammatory
responses by measuring cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) induction with cytokine production. In addition,
we measured nuclear factor erythroid 2-related factor 2 (Nrf-2)/Kelch-like ECH-associated protein 1 (Keap1) signaling proteins, and antioxidant
enzymes heme oxygenase-1 (HO-1) and nicotinamide adenine dinucleotide phosphate dehydrogenase, quinone 1 (NQO1), and compared the results
with quercetin and monochloropivaloylquercetin (MPQ) pretreated microglial cells.

Materials and Methods: Cytotoxicity was determined by MTT (3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyltetrazolium bromide) assay and production
of cytokines was determined by cytokine array. Furthermore, intracellular Nfr2/Keap1 signaling proteins, HO-1, NQO1, and COX-2 expression were
analyzed by western blot in 2.5 yM HNE treated BV-2 cells.

Results: Inducible nitric oxide synthase (iNOS) and COX-2 mRNA levels were measured with reverse transcription-quantitative polymerase chain
reaction. HNE induced both COX-2 mRNA and protein levels, INOS mRNA expression, and cytokine production. In addition, HNE markedly increased
Keapl levels and decreased cytoplasmic Nrf-2 expression with antioxidant enzyme HO-1 levels. Quercetin and monochloropivaloylquercetin
treatment alleviated neuroinflammatory responses in microglial cells, by decreasing COX-2 mRNA expression. Monochloropivaloylquercetin
decreased cytoplasmic Keapl levels and increased nuclear translocation of Nrf-2 resulted in induction of HO-1 and NQO1 expression.

Conclusion: These results suggest that HNE could be a link between oxidative stress and inflammation in BV-2 microglia cells. In particular,
monochloropivaloylquercetin alleviated inflammation, probably by decreasing the expression of proinflammatory genes and strengthening the
antioxidant defense system.

Key words: 4-Hydroxynonenal, microglia, quercetin, inflammation, cyclooxygenase-2, hemeoxygenase-1

(OZ |

Amag: Lipit peroksidasyonu Urtnd aldehit, 4-hidroinonenal (HNE), nérodejeneratif hastaliklar ve yaslanma gibi oksidatif strese bagli inflamatuvar
patolojilerle iliskilendirilmistir. Bu baglamda, HNE'nin néroinflamatuvar cevap tizerine etkisini siklooksijenaz-2 (COX-2), indiklenebilir nitrik
oksit sentaz (iNOS) ifadelenmeleri ve sitokin Uretimi zerinden incelenmistir. Bunlara ek olarak, niikleer faktdr eritroid 2-iliskili faktér 2 (Nrf2)/
Kelch-benzeri ECH-iligkili protein 1 (Keap!) sinyal proteinleri, antioksidan enzimler hemoksijenaz-1 (HO-1) ve nikotinamid adenin dintkleotit fosfat
dehidrojenaz, kinon 1 (NQO1) ifadelenme duzeyleri 6lglldd ve sonuglar kersetin ve monokloropivaloilkersetin uygulanan hticrelerle karsilastirilmistir.
Gereg ve Yontemler: Sitotoksisite MTT (3-(4,5-dimetiltiyazol-2-yD)-2,5-difeniltetrazolyum bromit) indirgenme y&ntemi ile 6lgildd ve sitokin tretimi
ise sitokin array ile belirlendi. Bununla birlikte, 2,5 uM HNE uygulanmis BV-2 hiicrelerinde hiicre igi Nrf2/Keap1 sinyal proteinleri, HO-1, NQO1
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ve COX-2 ifadeleri Western blot ile analiz edildi. INOS ve COX-2 mRNA duzeyleri ters transkripsiyon-kantitatif polimeraz zincir reaksiyonu ile

olctlmistar.

Bulgular: HNE mikroglial hicrelerde COX-2 mRNA ve protein dizeylerini, INOS mRNA dizeylerini ve bunlarla birlikte sitokin tretimini artirdi.
Buna ek olarak, HNE uygulamasi Keap1 duizeyinde belirgin bir artisla birlikte, sitoplazmik Nrf2 ifadeleri ve antioksidan enzim HO-1 dizeylerini
azaltmistir. Kersetin ve monokloropivaloilkersetin ile tedavi COX-2 mRNA ifadelenme dizeylerini azaltarak néroinflamasyonu hafifletmistir.
Monokloropivaloilkersetin sitoplazmik Keapl seviyelerini azaltirken Nrf2'nin nikleer translokasyonunu artirmistir, bu durum HO-1 ve NQOI1

ifadelenmelerini uyarimi ile sonuglanmistir.

Sonug: Bu sonuglar BV-2 mikroglial hticrelerde HNE'nin oksitatif stres ve inflamasyon arasinda baglayici olabilecegini gostermektedir. Ozellikle
monokloropivaloilkersetin, proinflamatuvar genlerin ifadelenme dizeylerini azaltip, antioksidan savunma sistemini giglendirerek inflamasyonu

hafifletmistir.

Anahtar kelimeler: 4-Hidroksinonenal, mikroglia, kersetin, inflamasyon, siklooksijenaz-2, hemoksijenaz-1

INTRODUCTION

Lipid peroxidation causes generation of highly reactive aldehydes
such as acrolein, malondialdehyde, and hydroxynonenal (HNE).
This lipid by-product is capable of modifying nucleophilic side
chains on amino acid residues (Cys, His, Arg, Lys) primarily
through 1,4-Michael-type conjugate reactions.! The formation
of these adducts (mostly irreversible) can lead to multiple
deleterious events such as inhibition of DNA, RNA, and
protein synthesis; and disruption of protein and cell membrane
functions.? Oxidative stress and associated membrane lipid
peroxidation are involved in the pathogenesis of ageing® and
neurodegenerative diseases,* which include Alzheimer disease
(AD) and others.®> Previous studies reported an important
role of HNE in the development of AD.®" Thus, significant
increases in free HNE in the cerebrospinal fluid® amygdala,
hippocampus, and parahippocampal gyrus’® were detected in
the brains of AD patients compared to control subjects. The
central nervous system (CNS) is sensitive to oxidative stress
because of the high levels of polyunsaturated lipids in neuronal
cell membranes and poor antioxidant defense® HNE-mediated
oxidative stress may indirectly contribute to brain damage
by activating a number of cellular pathways, resulting in the
expression of stress-sensitive genes and proteins to cause
oxidative damage. Moreover, oxidative stress also may activate
glia cell-mediated inflammation, which also causes secondary
neuronal damage. Microglia are unique resident immune cells
of the CNS acting as primary mediators of inflammation."
Under physiological conditions, microglia have small cell
bodies (surveillance mode) and have low levels of reactive free
radicals. When hazardous signals excite microglial cells, cells
pass to the pro-inflammatory phase. The characteristics of the
inflammatory phase (M1 stage) are induction of stress-sensitive
genes in NFkB signaling and proinflammatory cytokines (IL-
6, TNF-a, and IF-y). The pro-inflammatory polarization of
microglia is often followed by a long-lasting repair stage (M2
stage) The M2 program is activated by anti-inflammatory
cytokines such as IL-4, IL-13, and IL-10.2 Finally, activated glial
cells are thus histopathological hallmarks of neurodegenerative
diseases. When activated by proinflammatory stimuli, microglia
release substantial levels of cytokines, chemokines, and other
neurotoxins and mounting evidence suggests this contributes
to neuronal damage during neuroinflammation.”

Nuclear factor erythroid 2-related factor 2 Nrf-2 (NF-E2-
related factor-2) transcription factor regulates oxidative

stress response and represses inflammation. Nrf-2 deficiency
causes an exacerbation of inflammation and an inducer of
Nrf-2 such as dimethyl fumarate has been approved for the
treatment of multiple sclerosis™ in part based on its anti-
inflammatory function. In physiological condition, Nrf-2 is
sequestered by Keapl (kelch-like ECH-associated protein 1.
Keapl is a key regulator of the Nrf-2 signaling pathway and
serves as a molecular switch to turn on and off the Nrf-2/
Keap1-ARE pathway. When oxidative modification of one of the
Keapl occurs, Nrf-2 escapes from this proteolytic pathway,
then translocates to the nucleus, and binds to the antioxidant
response element (ARE). Nrf-2-mediated ARE activation leads
to the expression of cytoprotective enzymes, such as NAD(P)
H: quinone oxidoreductase 1 (NQO1) and heme oxygenase 1
(HO-1).%® Cyclooxygenase-2 (COX-2) is mainly expressed in
activated macrophages and other inflammatory cells and is
upregulated after exposure to inflammatory stimuli, but the use
of COX-2 inhibitors is a successful approach to counter the
damaging effects of inflammation.”

Flavonoids comprise a large group of compounds occurring
widely throughout the plant kingdom and exert several biological
activities, which are mainly related to their antioxidant properties,'
and they are able to regulate immune responses.” Quercetin is
the most common flavonoid in nature and fruits and vegetables,
especially berries and onions, are the primary sources of naturally
occurring dietary quercetin derivatives. Quercetin bioavailability
is generally poor and characterized by high intersubject
variability.?° To find new analogues with increased bioavailability
and enhanced pharmacological activity, researchers have
attempted the chemical modification of quercetin.

Monochloropivaloylquercetin was prepared by Bel/Novamann
International s.r.o. according to Veverka et al.?' Its antioxidant
potential and enzyme inhibitory activity (aldose reductase,
glycosidase, and  sarcoplasmic/endoplasmic  reticulum
calcium ATPases 1) were shown by Zizkova et al? In
addition, cloropivaloylquercetin has an anti-inflammatory
effect on lipopolysaccharide induced neuroinflammation by
downregulating NFkB activity.?

In the present study, we aimed to investigate the influence of
HNE-mediated oxidative stress on the induction of inflammatory
response in BV-2 (mouse microglia cells) and present some
emerging therapeutic options for antioxidant/anti-inflammatory
therapy, together with the therapeutic potential of quercetin and
monochloropivaloylquercetin.
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MATERIALS AND METHODS

Cell culture

BV-2 mouse microglial cells were kindly donated by Lucia
Rackova PhD (Slovak Academy of Sciences, Slovakia). The cells
were cultured in either 75 cm? flasks or 6-well dishes containing
Dulbecco’s Modified Eagle Medium (DMEM) supplemented with
10% fetal bovine serum (FBS), 2 mM glutamine, 100 U/mL
penicillin, and 10 pg/mL streptomycin and grown in a 5% CO,
atmosphere at 37°C.

Determination of cytotoxicity (MTT assay)

The cytotoxic effect of HNE was evaluated by MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5 dipheny! tetrazolium bromide)
reduction assay. BV-2 cells were treated with 0-50 uM of HNE
without phenol red 1% FBS supplemented DMEM for 6 h and
then rinsed three times with ice-cold phosphate-buffered saline
(PBS). MTT was added to the final concentration of 0.5 mg/mL.
After 4 h of MTT incubation, solubilization buffer (10% sodium
dodecyl sulfate in 0.01 mol/L HCD was added and the colored
formazan crystals were gently resuspended. The absorbance
at 570 nm was recorded with a microplate reader (Bio-Tek
ELX800, BioTek Instruments Inc., Winooski, VT, USA).

Western blot analysis of antioxidant proteins (Nrf-2/Keap-1,
HO-1, and NQOT)

Cells were pretreated with N-acetyl-L-cysteine (Sigma-
Aldrich, St. Louis, MO, USA), quercetin (Sigma-Aldrich),
and monochloropivaloylquercetin (indicated concentrations
for 3 h) and treated with HNE (2.5 pumol/L, 6 h). After the
treatment procedure the cells were washed in ice cold PBS
three times and lysed in radio immunoprecipitation assay
buffer supplemented with 2 mM Na,VO, and protease inhibitor
cocktail (Complete MiniTM, Roche, Mannheim, Germany) at 4°C.
The lysate was clarified by centrifugation at 10,000 rpm for 10
min at 4°C to remove insoluble components. We used Ne-PER
(Pierce, Rockford, IL, USA) nuclear and cytoplasmic extraction
reagents to prepare fractions according to the manufacturer’s
instructions. Cell lysates were normalized for protein content
using bicinchoninic acid assay reagent (Pierce). Equal amounts
(30 pg) of protein were loaded onto 10% PAGE gels and separated
by standard SDS-PAGE procedure. Proteins were transferred to
a polyvinylidene difluoride membrane (Bio-Rad, Hercules, CA,
USA) and blocked with 5% nonfat dry milk in TBST. To detect
protein expression, the blots were probed with the specific
antibodies against HO-1, Keap1, Nrf-2 (Bioss, Woburn, MA, USA),
COX-2 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), and
NQO1 (Abcam, Cambridge, MA, USA) followed by the secondary
antibodies coupled to horseradish peroxidase. The detection
of GAPDH (Cell Signaling Technology Inc., Beverly, MA, USA)
with a specific antibody was used as an internal control. The
immunoreactive proteins on the membrane were detected by
chemiluminescence using the SuperSignal® West Pico (Pierce)
on X-ray film.

Determination of COX-2 and inducible nitric oxide synthase mRNA
levels with quantitative real-time polymerase chain reaction

Total RNA isolation from cells was performed via phenol-
guanidine thiocyanate extraction using RNAzol isolation

reagent (Sigma-Aldrich), according to the manufacturer’s
instructions. Total RNA (1 pg) was reverse-transcribed to
cDNA using a Transcriptor High Fidelity cDNA Synthesis Kit
(Roche) in a 20 pL reaction mixture. Real-time polymerase
chain reaction (PCR) was carried out using a LightCycler Nano
System (Roche). To quantify cDNA, gPCR was performed
using FastStart Essential DNA probe master mix (Roche). The
reaction mixture (15 pL) was prepared in LightCycler 8-tube
strips (Roche) and included 10 pL of 2" Master Reaction Mix
(Roche), 4 pL of PCR grade water, 1 uL of catalogue assay kit
(kits consist mix of primers and probes for determination of
iNOS, COX-2, B-actin), and 5 pL of cDNA. Real-time PCR was
performed according to the following conditions: activation of
Tag DNA polymerase and DNA denaturation at 95°C for 10 min,
followed by 45 amplification cycles for 10 s at 95°C and for 30
s at 60°C. For each sample the level of target gene transcripts
was normalized to B-actin.

Cytokine profiling of BV-2 cells by cytokine array

BV-2 cells (1x10°) were treated with HNE (2.5 ymol/L, 6 h) and
the released cytokines were determined semiquantitatively
by mouse cytokine antibody array (Abcam) according to the
manufacturer’s protocol. The density of the cytokine spots was
analyzed by using the ImageJ densitometric analysis program.
We used the intensity of positive control spots for normalization
of array results.

Statistical analysis

Possible associations between groups were analyzed with
SigmaPlot 12 statistical software using the t test. P values
<0.05 were considered statistically significant. Fold increases
or decreases in mMRNA levels were also calculated by relative
expression software tool developed for group-wise comparison
and statistical analysis of relative expression results.

RESULTS

HNE induces microglial cell death

Firstly, we investigated the cytotoxic activity of HNE in BV-2
cells. As shown in Figure 1, HNE dose-dependently triggered
cell death. After 6 h of incubation, HNE significantly reduced
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Figure 1. Effect of HNE on cell viability assessed by MTT reduction assay
in BV-2 cell line

n=4, *p<0.05 vs. control (0)
HNE: 4-hydroxynonenal
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the viability of cultured microglial cells at the conc. >2.5
umol/L, whereas 2.5 umol/L or lower concentrations of HNE
decreased cultured cell viability, but the differences were not
statistically significant. The nontoxic highest concentration of
HNE was used for induction of neuroinflammation. Quercetin
and monochloropivaloylquercetin were toxic over 10 uM (data
not shown). Thus, for all the further studies these nontoxic
doses of quercetin and monochloropivaloylquercetin were
used, ranging from 2.5 to 5.0 pM.

Modulation of the cytokine secretion in BV-2 cells in response
to HNE

We then examined the inflammatory effect of HNE on cytokine
production in BV-2 cells. A mouse cytokine antibody array
was applied to broadly observe the effects of HNE on cytokine
secretion. After the cells were incubated with HNE for 6 h, the
cytokine expression patterninthe treated cells was differentially
compared to that in the control cells (Figure 2). According to the
array results, under basal conditions (in control cells), IL-5, IL-
17, SCF, and VEGF protein expressions were at undetectable
levels After HNE treatment, cytokine protein expressions of
granulocyte colony stimulating factor, granulocyte/macrophage
colony stimulating factor, IL-2, IL-3, IL-4, IL-5, IL-9, IL-10,
IL-13, IL-17, IF-y, SCF, p60/p70, VEGF, and TNF-a all were
increased. Expressions of IL-6, RANTES, MCP-1, and sTNHR1
were slightly increased in HNE-treated cells, compared to those

B
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- - -
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IL-10 1.00 3.84™ TNF-a 1.00 2.70™
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Figure 2. Effect of HNE treatment on cytokine production in BV-2 cells.
(A) Image of cytokine array. (B) Gene map of cytokine array. All spots
are in duplicate. (C) the quantification by image of cytokine secretion in
nontreated control cells and HNE-treated BV-2 cells. Fold changes were
given in the table after average spot signals of control cells were assumed
as 1.00 *p<0.05, **p<0.01

Pos: Positive controls, Neg: Negative controls, HNE: 4-hydroxynonenal, GCSF:
Granulocyte colony stimulating factor, GM-CSF: Granulocyte/macrophage colony
stimulating factor

of the untreated group. IL-12p70, MCP-5, and thrombopoietin
expression patterns did not change in HNE-treated cells, when
compared with those of the untreated group.

Changes in  proinflammatory — gene  expression in
response to oxidative stress: effects of quercetin and
monochloropivaloylquercetin pretreatment

After BV-2 cells were exposed to HNE for O, 1, 3, 6, and 12
h, we performed mRNA and protein expression analysis of
the COX-2 and mRNA expression of iNOS. Real-time PCR
analysis confirmed that there was a time-dependent increase
in the expressions of COX-2 and inducible nitric oxide
synthase (iINOS) in the HNE-treated BV-2 cells compared
with the control (Figure 3). In parallel to these results, HNE
exposure increased COX-2 protein expression. Although
pretreatment with quercetin and monochloropivaloylquercetin
did not affect INOS mRNA expression in HNE-treated BV-2
cells, monochloropivaloylquercetin pretreatment significantly
decreased COX-2 mRNA expression (Figure 4).
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Figure 3. Time-dependent changes in COX-2 mRNA expression (A), iNOS
mRNA expression (B), and COX-2 protein expression (C, D) in HNE-treated
BV-2 cells

n=3, *p<0.05 vs. control (0)

COX-2: Cyclooxygenase-2, HNE: 4-hydroxynonenal, iNOS: Inducible nitric oxide
synthase, GAPDH: Glyceraldehyde-3-phosphate dehydrogenase
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Figure 4. Effects of quercetin and monochloropivaloylquercetin on COX-2
mRNA expression and iNOS expression in HNE-treated BV-2 cells

n=3, *p<0.05 vs. control (0), #p<0.05 vs. HNE

COX-2: Cyclooxygenase-2, HNE: 4-hydroxynonenal, NAC: N-acetyl-L-cysteine, Q;
Quercetin, MPQ; Monochloropivaloylquercetin, iNOS: Inducible nitric oxide synthase
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Quercetin and monochloropivaloylquercetin induce HO-1 and
NQOT expression by inducing nuclear translocation of Nrf-2 in
HNE-treated BV-2 cells

It is known that the redox-sensitive transcription factor Nrf-2
playsanimportantroleincellular defense againstoxidative stress
by inducing the expression of phase Il genes (Figure 5). Western
blot analysis was performed to determine the cytoplasmic
expression and nuclear translocation of Nrf-2 in response to
2.5 pmol/L HNE, quercetin, and monochloropivaloylquercetin.
Although HNE did not cause any nuclear translocation of
Nrf-2 at 6 h, it increased the cytoplasmic expression of
Keapl and decreased the cytoplasmic expression of Nrf-2.
In addition, HNE treatment caused a slight alteration in HO-1
and NQOT1 expression but the difference was not statistically
significant (Figure 6). Pretreatment with quercetin and
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Figure 5. Effects of quercetin and monochloropivaloylquercetin on
cytoplasmic Nrf-2/Keap1 protein expression and nuclear Nrf-2 translocation
in HNE-treated BV-2 cells

n=3, *p<0.05 vs. control (0), #p<0.05 vs. HNE

HNE: 4-hydroxynonenal, NAC: N-acetyl-L-cysteine, Q; Quercetin, MPQ;
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Figure 6. Effects of quercetin and monochloropivaloylquercetin on phase Il
protein NQOT1 expression and antioxidant HO-1 protein expression in HNE-
treated BV-2 cells

n=3, *p<0.05 vs. Control (0), #p<0.05 vs. HNE

COX-2: Cyclooxygenase-2, HNE: 4-hydroxynonenal, NAC: N-acetyl-L-cysteine, Q;
Quercetin, MPQ; Monochloropivaloylquercetin, GAPDH: Glyceraldehyde-3-Phosphate
Dehydrogenase

monochloropivaloylquercetin markedly decreased cytoplasmic
Keap1 levels with increased cytoplasmic Nrf-2 levels. At the
same time, monochloropivaloylquercetin pretreatment induced
expression of the antioxidant proteins HO-1 and NQO1, while
quercetin pretreatment induced NQO1 expression with both
molecules increased nuclear translocation of Nrf-2.

DISCUSSION

The aim of this study was firstly to test the effect of mild-type
oxidative/electrophilic stress on neuro-inflammatory response
inmicroglial cellsinduced by HNE, and secondly to investigate the
protective ability of quercetin and monochloropivaloylquercetin.
We found that HNE induced inflammatory response by increasing
both COX-2 mRNA and protein expression as well as INOS mRNA
levels in a time-dependent manner and augmenting cytokine
production.  Quercetin and monochloropivaloylquercetin
exerted a significant antioxidant effect by strengthening the
antioxidant defense system via induced nuclear translocation of
Nrf-2 and decreased Keap1 expression in addition to increased
NQO1. Additionally, monochloropivaloylquercetin induced
HO-1 expression and behaved as an anti-neuroinflammatory
agent by decreasing COX-2 expression against HNE-induced
inflammatory in BV-2 cells.

HNE is thought to contribute to the dysfunction and death of
neurons in the pathogenesis of neurodegenerative diseases.
Oxidative stress also activates mechanisms that result in
glia cell-mediated inflammation, also causing secondary
neuronal damage. Several studies have shown that when
the oxidative stress is induced by several agents, brain cells
like microglia and astrocytes release diverse inflammatory
mediators.?*?> Moreover, oxidative stress indicators [reactive
oxygen species (ROS), reactive lipid peroxidation products]
act as critical signaling molecules to trigger inflammatory
responses in the CNS through activation of redox sensitive
transcription factors.??” The ability of HNE to exert a number
of toxicological effects has been attributed to its electrophilic
a, B-unsaturated carbonyl moiety that can react through 1, 2
and 1, 4 additions with nucleophiles such as cysteine, lysine,
and histidine residues.?®?* The normal, physiological level of
HNE in human tissues and plasma range from 0.07 to 2.8 pM,
while in diseased states and near the core of lipid peroxidation
sites, its concentration can be greatly increased (even above
100 uM).* Treatment with low (1 and 10 uM) concentrations of
HNE caused significant induction of cell death.*"*? As expected,
in our study, starting with the concentration of 5 umol/L HNE,
a significant drop in BV-2 cell viability was assessed by MTT
(84.19+7.61% of control) after 6 h of treatment. Previous studies
reported that HNE showed toxic effects in neuron cultures and
therefore our data are in agreement with those studies.®%®

The goal of the present study was to identify whether HNE
is a possible intracellular mediator between oxidative stress
and inflammation in microglia cells. Our results reveal that
oxidative stress is an iNOS and COX-2 activator in BV-2
microglia cells. Indeed, COX-2 expression was significantly
increased and similarly release of proinflammatory cytokines
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was significantly raised in response to HNE-mediated oxidative
stress. Previous studies have reported that 4-HNE is an
inducer of COX-2 expression in several types of cells including
3T3-L1 adipocytes,® epithelial RL34 cells,* and macrophages.®
Our data extend these results to BV-2 microglia cells. Given
that lipid peroxidation reactions are an important source of
advanced glycation end products (AGEs),* the production
of lipid peroxidation-derived aldehyde fragments such as
HNE may indicate a mechanism by which AGE epitopes are
generated. Other than HNE, advanced lipid peroxidation end
products induced proinflammatory response by activating
proinflammatory gene expression in monocytes.“’ In addition,
activation of the receptor for advanced glycation end product
mediated pathway on mononuclear phagocytes has been
reported to give rise to this phenotype of activated macrophages
that is manifested by the induction of some proinflammatory
cytokines (IL-1 p and TNF-a), platelet-derived growth factor,
and insulin-like growth factor-1. Moreover, it was emphasized
in these studies that HNE is a possible link between oxidative
stress and inflammation. Our results are also in agreement with
those published by Kauppinen et al.# who reported that 24-h
HNE treatment induced inflammasome signaling by increased
inflammasome component NRLP3 (NLR family, pyrin domain
containing 3) mRNA levels in retinal pigment epithelial cells
(ARPE-19), raising the IL-1 B and IL-18 release. Additionally,
the inflammatory role of HNE was reported by Chen et al.*?,
who stated that single treatment with 10 pM HNE induced
proinflammatory prostaglandin E2 (PGE)) release as well as
COX-2 and microsomal PGE, synthase-1 (mPGES-1) expression
in osteoarthritic chondrocytes. Another key piece of evidence
for the inflammatory effect of HNE was that HNE may contribute
to osteoarthritis development via its ability to alter cellular
phenotype and metabolic activity of osteoblasts by modulating
inflammatory processes. HNE induced PGE, release and COX-2
expression and COX-2 promoter activity with activated MAPK
signaling pathway in osteoblasts.”® Although quercetin and its
derivatives have been shown to have anti-inflammatory and
antioxidant effects in several invivo and in vitro studies, the effect
of a new quercetin derivative monochloropivaloylquercetin
on the HNE-stimulated activation of inflammatory COX-2
expression and Nrf-2/HO-1 and NQO1 antioxidant signaling
pathway, which may be involved in the neuroinflammation
and immune response, has not been studied before. Nrf-2
is sequestered in the cytoplasm with its cytosolic repressor
Keapl. The dissociation of Nrf-2 from Keapl is crucial for its
nuclear translocation, followed by binding to the ARE.* The
innate immune response involves generation of ROS, which can
act as second messengers activating proinflammatory signaling
pathways such as NFkB.* Accordingly, inhibition of NFkB and
herewith activation of the Nrf-2 signaling pathway may be a
beneficial strategy for reduction of the deleterious effects
of inflammation and it is well known that anti-inflammatory
agents suppress NFkB signaling while activating the Nrf-2/
ARE pathway.*48 Activation of the Nrf-2 mediated signaling
pathway results in upregulation of HO-1 expression. HO-1 is
known to play an anti-inflammatory role due to carbon monoxide

production and NFkB inhibition.* In our study, pretreatment
with quercetin and monochloropivaloylquercetin activated Nrf-
2/Keapl signaling by decreasing cytoplasmic expression and
inducing nuclear translocation of Nrf-2, resulting in upregulation
of downstream genes HO-1 and NQO1 in HNE-treated BV-2
cells. Additionally, COX-2 mRNA stimulation by 4-HNE was
inhibited when BV-2 cells were preincubated with quercetin
and monochloropivaloylquercetin. In this regard, there remains
the possibility that induction of Nrf-2 target genes contributes
to both quercetin and monochloropivaloylquercetin's efficacy
to inhibit COX-2 expression. Ramyaa et al.*® have already
reported the modulatory effect of quercetin on oxidative stress
by upregulating Nrf-2 expression and downregulating NFkB
and COX-2 expression. The anti-inflammatory properties
of quercetin accompanied by an increase in HO-1 protein levels
associated with elevated nuclear translocation of Nrf-2 were
previously exhibited by Boesch-Saadatmandi et al.5" in murine
RAW 264.7 macrophages. On the other hand, quercetin acts
as an anti-inflammatory agent in lipopolysaccharide-induced
acute lung injury by significantly reducing COX-2 and iNOS
expression, and NFkB p65 phosphorylation.5? In another study,
intratracheal administration of quercetin affected the protective
agent by modulating HO-1 activity against lipopolysaccharide-
induced acute lung injury. Quercetin was previously shown
to downregulate proinflammatory responses, involving iNOS
expression and NO generation in BV-2 cells through inducing
Nrf-2 mediated HO-1 expression.® In contrast, quercetin
pretreatment did not affect iINOS mRNA expression in our
study; this may be associated with the dose of quercetin or
incubation time.

CONCLUSIONS

Our data provide new evidence for the inflammatory role of HNE,
an oxidative stress-related product, in the physiopathology of
neuro-inflammationand we propose thatthe activation of the Nrf-
2/HO-1 pathway by quercetin and monochloropivaloylquercetin
may mediate its anti-inflammatory properties.
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ABSTRACT N

Objectives: Nowadays, the market is flooded with combinations of drugs in various dosage forms, but there is a lack of official methods to quantify
them. A single dissolution test method for the analysis of combined dosage form is preferred for simplification of quality control testing.

Materials and Methods: If the developed dissolution medium mimics the biorelevant and discriminating dissolution procedure for drug products
with limited drug aqueous solubility it is a useful tool for qualitative forecasting of the in vivo behavior of formulations.

Results: Dissolution profiles were evaluated for atorvastatin and fenofibrate in capsules, using a paddle-type United States Pharmacopeia
dissolution apparatus in 900 mL of medium at 50 rpm and 37+0.5°C. The best medium was 900 mL of 0.5% w/v sodium laury!l sulfate. The
cumulative % dissolution was more than 85% within 45 min for marketed tablets. The proposed dissolution test conditions have discriminative
power, dissimilarity factor (f,) values are low (12-16%), and similarity (f,) factor values are also low (45-48%). Hence the use of 0.5% w/v sodium
lauryl sulfate solution is justified.

Conclusion: The dissolution method was validated (% relative standard deviation <2). To quantify both drugs simultaneously, a second derivative
spectrophotometric method was established (A 281 nm and 296 nm, respectively, for atorvastatin and fenofibrate) in acetate buffer, pH 2.8
solution.

Key words: Derivative spectrophotometry/quantification simultaneously, atorvastatin/fenofibrate combined dosage form, biorelevant/discriminative
dissolution method

s

Amag: Gunumuzde, gesitli dozaj formlarinda etkin madde kombinasyonlarina ragbet edilmektedir, ancak bunlardaki etkin maddeleri tayin etmek
igin farmakope yontemleri bulunmamaktadir. Bu galismada, kombine dozaj formunun analizi igin kalite kontrol testini sadelestirmek amaciyla tek
bir ¢6ztinme testi yontemi tercih edilmistir.

Gereg ve Yontemler: Suda ¢ozunurltgu sinirli olan ilacin ¢6zinme yontemi igin gelistirilen ¢éziinme ortami in vivo davranislarinin kalitatif tahmininde
biyouyumlu bir yontem olarak kullanisli bulunmustur.

Bulgular: Atorvastatin ve fenofibrat igeren kapstllerde ¢6zinme profilleri, 37+0.5°C’de, 50 rpm ve 900 mL ortam iginde bir palet tipi Amerikan
Farmakopesi ¢éziinme cihazi ile degerlendirildi. En iyi ortam, 900 mL %0.5 a/h sodyum lauril siilfattir. Piyasadaki tabletler igin kiimiilatif % ¢dziinme,
45 dakika iginde %85'ten fazla olmustur. Onerilen g6ziinme testi kosullari ayirt edici bir giice sahiptir, farklilik faktor (f) degerleri dusuktar (%12-
16) ve benzerlik (f,) faktor degerleri de distktur (%45-48). Bu nedenle, %0.5 w/v sodyum lauril stilfat gozeltisinin kullanimi uygundur.
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Sonug: Coztinme yontemi valide edilmistir (% relatif standart sapma <2). Her iki etkin maddeyi pH 2.8 asetat tamponu ¢tzeltisi iginde ayni anda tayin
etmek igin, ikinci tirev spektrofotometrik yontemde atorvastatin ve fenofibrat igin sirasiyla A__ 281 nm ve 296 nm kullanilmistir.
Anahtar kelimeler: Atorvastatin/fenofibrat kombine dozaj formu, biyouyumlu/ayirici ¢6ziinme yéntemi

INTRODUCTION

Dissolution is considered one of the most routinely performed
quality control tests on dosage forms to ensure uniformity and
reproducibility of production batches. Process parameters
and ingredients are optimized during product development,
and whether changes made to the formulations or their
manufacturing processes are likely to affect the performance
in the clinic or not are decided on using dissolution methods.*
An immediate release dosage form is designed to deliver the
drug rapidly into systemic circulation. Hence, dissolution may
become the rate limiting step for its absorption. The absorption
of a drug substance may vary with diverse parameters like its
solubility and permeability in the conditions associated with the
gastro-intestinal (GD) tract after oral administration.>” Taking
all these points into consideration, there is a need to put more
research efforts into developing in vitro Gl fluids that mimic
in vivo conditions. Discriminative dissolution has the ability to
differentiate the dissolution profiles between manufacturing
process variations and product composition variations.®

Fenofibrate, chemically known as isopropyl
2-[4-(4-chlorobenzoyl)2-phenoxy] methyl propanoate, is a
fibric acid derivative with lipid regulating properties exerting its
therapeutic effects through activation of peroxisome proliferator
activated receptor o (Figure 1A). Atorvastatin calcium,
chemically [R-(R",R)]-2-(4-FluorophenyD-B,5-dihydroxy-5-(1-
methylethyl)-3-phenyl  [(phenylamino)carbonyl]-1H-pyrrole-
1-heptanoic acid, is an HMG-Co A reductase inhibitor with
hypolipidemic properties (Figure 1B)."2 The combined dosage
form of fenofibrate and atorvastatin is therapeutically used for
hyperlipidemic patients. Fixed dose combination of drugs has
been a challenge; if possible a single dissolution method is
preferred to simplify quality control testing procedures.*’> Few
analyticalmethods werereported for simultaneous quantification
of atorvastatin calcium and fenofibrate by high-performance
liquid chromatographic and spectrophotometric methods.*"
Derivative spectroscopy may be used with minimum error
for the quantification of one analyte.?*?' Overlaid zero-order
spectra exhibit a similar nature and overlapping for atorvastatin
calcium with fenofibrate denotes development of the derivative
graphical method. To the best of our knowledge, only one first
and second derivative spectrophotometric method have been
reported for simultaneous quantification of atorvastatin (ATV)

Figure 1. Chemical structure of fenofibrate (A) and atorvastatin (B)

and fenofibrate (FEN) in methanol as solvent, but methanol
is environmentally toxic and more expensive than aqueous
buffers and one wavelength is 245 nm, which is normally
originated from the benzenoid ring system. Since several
compounds may contain benzene rings, it is always better to
avoid 245 nm and select a wavelength away from it. Literature
data signify the need for a simple, economical, ecofriendly, and
specific analytical method for simultaneous quantification of
ATV and FEN combination in tablets and dissolution samples.
The development of a single dissolution method is practically
challenging due to their low water solubility for combination
of atorvastatin and fenofibrate. Keeping these points in mind,
an attempt is made to develop and validate a single dissolution
test for simultaneous quantification with application of a simple
derivative spectrophotometric technique.

MATERIALS AND METHODS

Materials

Atorvastatin and fenofibrate were obtained as gift samples
from Dr. Reddy's Laboratories Limited (Hyderabad, India).
Methanol, hydrochloric acid, ortho-phosphoric acid, potassium
di  hydrogen orthophosphate, sodium hydroxide, sodium
chloride, and sodium acetate were purchased from Sd Fine-
Chem Limited (Mumbai, India); sodium lauryl sulfate (SLS),
tween 80, cetrimide, lecithin, and sodium taurocholate
were purchased from Himedia Ltd (Mumbai, India). Double
distilled water was used throughout the study. Atorvastatin
and fenofibrate combination tablet formulations—Atocor
(Dr. Reddy’s Laboratories) and Fibator (Sun Pharma, Sikkim,
India)—were obtained from the local market.

Instrumentation

A double beam 1800 UV-visible spectrophotometer (Shimadzu,
Japan), dissolution apparatus (Electrolab TDT-08L), analytical
balance (Shimadzu AUX 220, Japan), tablet compression
machine (Lab Press-CIP Machineries, Ahmedabad, India),
hardness tester (Secor, Hyderabad, India), pH meter (Elico,
Hyderabad, India), and ultrasonic cleaner were used for the
study (calibration of instruments were done according to
standard procedures).

Analytical method

Thefirst-orderderivative overlaid spectraof atorvastatincalcium
and fenofibrate denoted that there was no zero crossing point
for atorvastatin calcium for quantification of fenofibrate (Figure
2). Hence, the first-order derivative spectrum was not suitable
for simultaneous estimation and this problem was minimized by
the second-order derivative method, which permitted selection
of the suitable wavelengths to make the quantification possible
with zero crossing, where fenofibrate had zero absorbance at
281 nm, while atorvastatin calcium gave a significant derivative
response; likewise atorvastatin gave zero absorbance at 296
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Figure 2. First-order UV overlay spectra of atorvastatin (10 pyg/mL) and
fenofibrate (10 ug/mL) in acetate buffer, pH 2.8

UV: Ultraviolet, ATV: Atorvastatin, FEN: Fenofibrate

nm, while fenofibrate gave a significant derivative response.
Therefore, 281 nm and 296 nm were selected for estimation of
atorvastatin calcium and fenofibrate, respectively.

Dissolution test conditions

The log p values of atorvastatin calcium and fenofibrate were
6.36 and 5.28, respectively, indicating low water solubility
and so the development of a single dissolution method for
this combination is a challenge and single in vitro dissolution
studies were not reported for this combination along these
lines. An attempt was made to develop and validate a single
dissolution test for atorvastatin calcium and fenofibrate in
combined tablets.

Atorvastatin (10 mg) and fenofibrate (145 mg) bulk drug filled
capsules were evaluated for dissolution profile in 900 mL of
seven buffers of distinct pH (1.2/2.8/3.6/4.7/5.6/6.8 and 7.4),
biorelevant media such as SGF (pH 1.2), SIF (pH 7.5), FaSSIF
(pH 6.5), FeSSIF (pH 5.0), modified fasted state (pH 6.5) and
fed state (pH 5.0) simulated intestinal fluids) and three different
surfactants and at 2 different concentrations at 50 rpm using
type 2 - United States Pharmacopeia dissolution apparatus
and samples were withdrawn for 60 min, being replaced
with the same volume of fresh medium. Samples withdrawn
were evaluated with the regression equation of the proposed
analytical technique for quantification of dissolved drug,
followed by a plot against time. A combination of these media
was utilized for identifying the optimized dissolution medium,
in which the highest drug release, stability, and sink conditions
were obtained, and it was chosen as the in vitro dissolution
medium.

Discriminatory power of the dissolution method

The dissolution method's ability to discriminate was
ascertained using tablets punched under distinct conditions,
such as a discrete manufacturing process (hardness of 5.0 kg/
cm? and 8.0 kg/cm?) and discrete product composition (with/
without disintegrant). The dissolution-profiles in test conditions
were examined and their data were estimated with factors of
comparison (f, and f,).

Stability determination

Sample solutions withdrawn for the optimized dissolution
medium were analyzed at time O; consequently samples were
kept for 24 h and 48 h and analyzed by the proposed method.

Validation of the dissolution method

Validation of the dissolution method is required to ensure that a
proposed dissolution method is scientifically and experimentally
sound, obtaining results for specificity, linearity, accuracy, and
precision as per standard guidelines.

The method's specificity was assessed by comparing the
spectra obtained from the commercial formulations and
the synthetic mixture from standard solutions by preparing
similar dose ratios of synthetic and tablet dosage forms. Then
the analytical method was applied in order to check if any
component of the formulation could generate a response or an
absorption wavelength similar to that of the drugs.

Linearity was determined with standard concentrations
of atorvastatin (2-12 pg/mL) and fenofibrate (1-35 pg/mL)
quantified with the second derivative spectrophotometric
technique. Then absorbance was recorded and a calibration
curve was constructed by plotting the analyte response versus
the drug concentrations.

Intra-day and inter-day precision studies were evaluated as per
International Conference on Harmonization guidelines, in which
six tablets were subjected to the dissolution test conditions, on
the same day (intra-day precision) and for three consecutive
days (inter-day precision); then % RSD was calculated.

Accuracy studies were conducted using standard addition
method where known amounts of drugs at 80%, 100% and
120% of the formal assay of atorvastatin and fenofibrate
were added to the placebo sample in the dissolution medium,
which was further subjected to the proposed method; then
percentage recovery and relative standard deviation (% RSD)
were computed for each concentration.

RESULTS AND DISCUSSION

Development of the dissolution method

The selection of the dissolution test method was based on the
dissolution profiles of atorvastatin (10 mg) and fenofibrate (145
mg) bulk drug filled capsules using a USP type 2 apparatus at a
paddle speed of 50 rpm and selection of a dissolution medium
for adequate solubility and stability of both atorvastatin calcium
and fenofibrate was necessary for this dissolution method. The
log p values of atorvastatin calcium and fenofibrate respectively
were 6.36 and 5.28, denoting low water solubility. Several
compendia dissolution media were screened; these include
various buffer media (pH 1.2 to 7.4), surfactant media, and
several biorelevant media. However, the results showed that the
dissolution rate of atorvastatin was maximum in weak acidic
buffers because of the specific interaction but the dissolution
rate of fenofibrate was less than 2% in all buffers, indicating
that fenofibrate dissolution was independent of pH due to the
absence of ionizable groups (Table 1). Both drugs showed
higher dissolution in 0.5% w/v SLS medium than in other
dissolution media. Dissolution medium with low concentration
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of SLS may resemble the gastric environment of our body, and
hence this medium is useful for correlating in vitro dissolution
behavior of atorvastatin and fenofibrate in combined dosage
form with their in vivo performance. This medium can also
be a useful quality control tool and the selected dissolution
test conditions are USP apparatus 2 at paddle speed 50 rpm
in a medium of 0.5% w/v SLS. Therefore, dissolution studies
were performed for commercial tablets (Atocor and Fibator) in
optimized dissolution test conditions.

In vitro dissolution profiles of commercial tablets

Dissolution studies on Atocor and Fibator tablets were
performed with the optimized dissolution test medium of 0.5%
w/v SLS, using a USP type 2 apparatus at paddle speed of
50 rpm at temperature 37+0.5°C and these results are shown
in Figure 3 and 4. They indicated that about 85% of both
atorvastatin and fenofibrate was released in 45 min from the
two brands. In fact, fenofibrate exhibited only 50% dissolution
in 60 min (Table 1). On the other hand, tablets exhibited 85%

Table 1. Screening study results for ATV (10 mg) and FEN

(145 mg) bulk drug using a USP type Il apparatus at 50 rpm,
temperature 37+0.5°C for 60 min

% Drug release

) . . mean + standard deviation
Dissolution media

(n=12)

ATV FEN
0.1 N hydrochloric acid 18.40+0.09 116+0.07
Acetate buffer, pH 2.8 2956+0.04  1.47+0.07
Acetate buffer, pH 3.6 41.40+1.66 114+0.08
Acetate buffer pH 4.7 48.43+2.16 112+0.10
Phosphate buffer, pH 5.6 92.45+2.96 0.93+0.04
Phosphate buffer, pH 6.8 95.45+4.18 1.02+0.02
Phosphate buffer, pH 7.4 86.59+1.40 1.04+0.05
SGF (simulated gastric fluid without ~ 50.28+3.71 1.04+0.06
enzyme)
SIF (simulated intestinal fluid) 87.59+2.40 1.94+0.05
BFaSSIF (blank fasted state 95.88+1.76 1.20+0.06
simulated intestinal fluid)
BFeSSIF (blank fed state simulated ~ 92.46+2.45  1.33+0.08
intestinal fluid)
MFaSSIF (modified fasted state 98.00+1.19 5.33+0.75
simulated intestinal fluid)
MFeSSIF (modified fed state 92.45+0.60  4.15+0.21
simulated intestinal fluid)
Cetrimide, 0.25% w/v 98.33£5.41 7.08+0.07
SLS 0.25% w/v 94.00+5.27  30.54+0.54
Tween 80 0.25% v/v 40.87+0.02  2.36x0.17
SLS 0.5% w/v 95.42+2.56  50.54+0.53

ATV: Atorvastatin, FEN: Fenofibrate, USP: United States Pharmacopeia, SLS:
Sodium lauryl sulfate

dissolution in 45 min; this means that the inactive ingredients
in the tablets also supported the dissolution. Such a factor
should also be kept in mind while optimizing the dissolution
conditions. Atorvastatin components of the tablet formulation
exhibited 88% dissolution in 45 min, whereas the pure drug
exhibited 92% dissolution in 45 min in the same medium. Thus
the proposed dissolution medium satisfactorily reproduced
the dissolution characteristics of atorvastatin and fenofibrate
with initial lag time of 5 min for drug dissolution but lag time
was more pronounced in the case of fenofibrate. This trend
was familiar from the chemical structure of fenofibrate (no
functional groups responsible for ionization). Furthermore,
both drugs are hydrophobic as indicated by the log p values,
6.36 and 5.28, respectively, for atorvastatin and fenofibrate.
From 5 min to 60 min, the dissolution behavior was gradual
and linear, which again reflected the hydrophobic nature of the
drugs.
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Figure 3. /n vitro dissolution profiles of Atocor tablets in 0.5% W/V SLS
medium

SLS: Sodium lauryl sulfate
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Figure 4. In vitro dissolution profiles of Fibator tablets in 0.5% W/V SLS
medium
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Discriminatory power of the dissolution method

The discriminatory power of the dissolution method was
determined by manufacturing tablets under different conditions
and studying the behavior of those products in the proposed
dissolution method. The effects of tablet hardness (5 kg/cm?
vs. 8 kg/cm?) and disintegrant (with vs. without) are shown in
Figure 5. The dissolution data were calculated with the help of
factors of comparison using 6 points; among these, one point
was found to specify the drug release more than 85% (Table
2). These results confirmed that the dissolution test procedure
has the ability to discriminate for distinct composition and
process, and, based on these results, 0.5% w/v SLS medium
has discriminating power.

Stability determination of atorvastatin and fenofibrate in
dissolution medium

The stability of drugs in dissolution medium at different time
periods was calculated in order to demonstrate the integrity

Table 2. Dissimilarity factor (f) and similarity factor (f,) for

dissolution profiles of tablets

Tablets with hardness of
5 kg/cm? vs. 8 kg/cm?

Tablets with disintegrant
vs. no disintegrant

Name of the drug  f, value f, value f, value £, value
Atorvastatin 16 45.44 12 46.70
Fenofibrate 17 48.30 16 47.81

Atorvastatin Fenofibrate

—e— With disintegrant
—8—Without disintegrant

—e—With disintegrant

Cumulative % Drug release
Cumulative % Drug release

——Without disintegrant

o oR
0 10 20 30 40 50 60 0 10 20 30 40 S0 60
Time (min) Time (min)
100 100
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8
g 80 = 80
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Figure 5. Dissolution profiles of atorvastatin/fenofibrate self-punched
tablets in 0.5% w/v SLS medium

SLS: Sodium lauryl sulfate

of the drugs and is given in Table 3, showing that both drugs
were stable under dissolution test conditions. The change in
drug content was not assessed and likewise no evidence of
degradation denotes that the solutions were stable for more
than 48 h.

Table 3. Data for stability of atorvastatin and fenofibrate

dissolution samples

% Amount of drug found (AM + SD) (n=3)

Analyte

Initial time After 24 h After 48 h
Atorvastatin 98.24+0.45 99.47+1.24 99.05+0.58
Fenofibrate 99.54+0.34 100+£0.32 98.54+0.98

SD: Standard deviation
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Figure 6. Second-order derivative linearity spectra of ATV and FEN
ATV: Atorvastatin, FEN: Fenofibrate
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Figure 7. Second-order derivative overlay spectra of commercial

formulation (a), standard mixture (b)

Table 4. Precision data of atorvastatin and fenofibrate for the proposed dissolution method

Percent amount of atorvastatin

Percent amount of fenofibrate

Product Intra-day Inter-day Intra-day Inter-day

Mean + SD % RSD Mean + SD % RSD Mean + SD % RSD Mean + SD % RSD
Atocor 98.86+1.751 177 99.45+1.82 1.83 9917+2.203 0.22 98.24+2.02 1.05
Fibator 98.49+1.604 1.62 98.49+1.54 1.56 95.89+0.479 0.49 96.84+0.54 0.55

SD: Standard deviation, RSD: Relative standard deviation
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Dissolution method validation

Linearity

Linearity was assessed by the regression equation of
calibration curve method. The responses for atorvastatin at 281
nm were linear in the concentration range of 2-12 ug/mL, with a
correlation coefficient (R?) of 0.9971; likewise the responses for
fenofibrate at 296 nm were linear in the concentration range of
1-35 pg/mL, with a R? of 0.998. The results indicate a good linear
relationship between derivative response and concentrations at
281 nm and 296 nm (Figure 6).

Specificity

The derivative spectrum attained from the commercial
formulation solution was correlated with the spectrum of
the synthetic mixture of standard solutions (atorvastatin and
fenofibrate). The spectra of the commercial formulation and
synthetic mixture were superimposed. No interference was
seen from excipients with derivative response of either of
the drugs (atorvastatin and fenofibrate) at their respective
analytical wavelengths of 281 nm and 296 nm (Figure 7); hence
the method was found to be specific.

Precision

The precision evaluation data for the dissolution studies are
given in Table 4, and they show that percent relative standard
deviation values for intra-day and inter-day precision studies
were less than 2 and there were no significant differences,
indicating that the proposed method was reproducible and
precise.

Accuracy

The accuracy assessment data for the dissolution studies are
given in Table 5. They show that percent recovery was from
96% to 106% and percent relative standard values were less
than 2, indicating that an agreement between the standard
values and ascertained values signifies that the dissolution
method was accurate.

CONCLUSIONS

The present investigation was undertaken with the objective
to develop and validate a single test method for the
dissolution evaluation of atorvastatin calcium and fenofibrate
simultaneously. The optimal conditions for dissolution testing of
atorvastatin and fenofibrate are as follows: 900 mL of 0.5% w/v
SLS, using a paddle-type USP dissolution apparatus, stirring
speed of 50 rpm, a temperature of 37+0.5°C, and collection
time of 60 min. The proposed dissolution test conditions have
discriminative power, substantiated the usefulness of this
biorelevant medium for the two drugs, and the dissolution
method was validated (% RSD <2). The developed dissolution
method can be fruitfully employed as a quality control tool as
well as a research tool.
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ABSTRACT N

Objectives: To determine the chemical composition and antimicrobial activity of the essential oils of the aerial parts of Ferula orientalis L., roots of
Ferulago sandrasica Pesmen and Quézel, and aerial parts of Hippomarathrum microcarpum Petrov.

Materials and Methods: Essential oils were analyzed by gas chromatography and gas chromatography/mass spectrometry. The antimicrobial
activity of the essential oils was determined by bioautography assay.

Results: a-Pinene (75.9%) and p-pinene (3.4%) were the major components of the aerial parts of F. orientalis; with limonene (28.9%), a-pinene
(15.6%), and terpinolene (13.9%) for F. sandrasica; and B-caryophyllene (31.4%) and caryophyllene oxide (23.1%) for the aerial parts of H. microcarpum.
Essential oils from the aerial parts of F. orientalis, the roots of F. sandrasica, and the aerial parts of H. microcarpum were active against Staphylococcus
aureus and Candida albicans strains. However, essential oils were not active against Pseudomonas aeruginosa or Escherichia coli.

Conclusion: The antimicrobial activities against S. aureus and C. albicans of these species may be attributed to the presence of the main components
in the essential oils.

Key words: Antimicrobial, bioautography, Ferula, Ferulago, Hippomarathrum

OZ |

Amag: Ferula orientalis L.'nin toprak tsti kisimlarindan, Ferulago sandrasica Pesmen ve Quézel'in kdklerinden ve Hippomarathrum microcarpum
Petrov'un toprak st kisimlarindan elde edilen ugucu yaglarin igerigini ve antimikrobiyal aktivitelerini belirlemektir.

Gereg ve Yontemler: Bu calismada tiirlerden elde edilen ugucu yaglarin igerikleri gaz kromatografisi ve gaz kromatografisi/kitle spektrometresi ile
analiz edilmistir. Antimikrobiyal aktivite biyootografi yontemiyle incelenmistir.

Bulgular: Sirasiyla; a-pinen (%75.9) ve B-pinen (%3.4) F. orientalis'in toprak Ustu kisimlarinin; limonen (%28.9), a.-pinen (%15.6) ve terpinolen (%13.9)
F. sandrasica’'nin kéklerinin; B-karyofillen (%31.4) ve karyofillen oksit (%23.1) H. microcarpum’un toprak Ustd kisimlarinin ana bilesenleri olarak
bulunmustur. F. orientalis’in toprak tsti kisimlarindan ve F. sandrasica'nin kdklerinden elde edilen ugucu yaglar Staphylococcus aureus ve Candida
albicans turlerine karsi etkili oldugu gorilurken, Pseudomonas aeruginosa ve Escherichia coli'ye karsi etkisiz oldugu goérilmustur. H. microcarpum’un
toprak Ustt kisimlarinin P. aeruginosa, S. aureus, C. albicans ve E. coli’ye karsi etkisiz oldugu tespit edilmistir.

Sonug: Bu turlerin S. aureus ve C. albicans’a karsi antimikrobiyal aktiviteleri ugucu yaglarinda bulunan ana bilesenlerin varligindan kaynaklanabilir.
Anahtar kelimeler: Antimikrobiyal, biyootografi, Ferula, Ferulago, Hippomarathrum
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INTRODUCTION

The genus Ferula L. is a member of the family Apiaceae and has
been found to be a rich source of gum resin.' Ferula species are
known in Turkey as “caksir”, “asaotu”, “kingor”, “heliz” etc.,2 and
Ferula orientalis is known as “heliz”* and they have been used
as a carminative, sedative, laxative, antispasmodic, digestive,
expectorant, diuretic, aphrodisiac, antiseptic, anthelmintic,
analgesic,* and stimulant.> Ferula species have been found to
contain sesquiterpenes and sesquiterpene coumarins.® Fresh
peeling stems of F. orientalis L., known as “at kasnisi” are used
by local people to give flavor to pickles.® It is 100-150 cm high,
grows on rocky slopes at 1600-2900 m, and has distinguished
yellow flowers, with a flowering time in late May and June.”
Ferulago W. Koch. is represented by approximately 83 taxa
throughout the world and is a perennial genus of Apiaceae.®
Ferulago species are known as “caksir’, “seytanteresi”, and
“kisnis” in Turkey and Ferulago sandrasica is known as “kuzu
kisnisi”.2 Since ancient times Ferulago species have been used
for the treatment of intestinal worms and hemorrhoids; as a
tonic, aphrodisiac, digestive, and sedative; and against ulcers,
snake bites, spleen diseases, and headache. These species
have been found to contain coumarins, quinones, flavonoids,
and sesquiterpenes.’ F. sandrasica Pesmen and Quézel is an
endemic glabrous species, 30-35 cm high; it grows on rocky
serpentine slopes at 2000 m and its flowering time is in June
and July.”

The genus Hippomarathrum link is a member of the family
Apiaceae and it has five species. Hippomarathrum is an erect,
much-branched perennial genus, 50-100 cm high, and distributed
on rocky slopes and in fields. Hippomarathrum microcarpum is
also used as food and is known as “gaksir” or “casir” by local
people in Eastern Anatolia in Turkey.”® The species of this genus
have long been used as spices in ethnobotany." H. microcarpum
Petrov is a gray shrub with yellowish flowers’ and it is reported
that coumarins and furanocoumarins are found in the roots and
fruits of the genus Hippomarathrum!? Essential oils or their
components have been shown to exhibit antimicrobial, antiviral,
antimycotic, antitoxigenic, antiparasitic, and insecticidal
properties. It is considered that these characteristics are
related to the function of these compounds in plants.®

The aim of the present study was to present and compare
the chemical compositions of the essential oils of the aerial
parts of F. orientalis, roots of F. sandrasica, and aerial parts
of H. microcarpum growing wild in Turkey. We determined
the chemical composition of the essential oils by gas
chromatography (GC) and GC/mass spectrometry (MS) analysis
and examined the antimicrobial activities of the essential oils by
thin-layer chromatography (TLC)-bioautography assay. To the
best of our knowledge, this is the first report on the chemical
composition and antimicrobial activity of the essential oils in F.
orientalis, F. sandrasica, and H. microcarpum.

MATERIALS AND METHODS

Plant material

The plant materials were collected from different parts of Turkey
and were identified by Prof. Dr. Hayri Duman (Gazi University,

Faculty of Science, Department of Biology) and the voucher
specimens are kept in AEF (Herbarium of Ankara University
Faculty of Pharmacy). The localities where these species were
found are given in Table 1.

Table 1. Localities of the species

Species Locality Herbarium
number
Ferula orientalis  B9. Between Agri and Erzurum, AEF 10966
Mount Tahir, 2475 m, 13.07.2014
Ferulago C2: Mount Sandras 3 km AEF 26274
sandrasica to Lake Kartal, Under Pinus
nigra trees, in Mugla, 1675 m,
10.6.2013
Hippomarathrum 5. Adana, south of Tufanbeyli, ~ AEF 26699

microcarpum 13.07.2014

Isolation of the essential oil

The roots and aerial parts were subjected to hydrodistillation
for 3 h using a Clevenger-type apparatus in accordance with
the method recommended in the European Pharmacopoeia.
The oils obtained were dried in anhydrous sodium sulfate and
stored in sealed vials at +4°C in the dark until analyzed and
tested. All oils were pleasant smelling and transparent with a
faint yellow and greenish color. The essential oil % yields of
the aerial parts of F. orientalis, roots of F. sandrasica, and aerial
parts of H. microcarpum were 0.022%, 0.019%, and 0.048%,
respectively.

GC/MS analysis

GC/MS analysis was performed with an Agilent 5975 GC-MSD
system. An Innowax FSC column (60 mx0.25 mm, 0.25 mm
film thickness) was used with helium as carrier gas (0.8 mL/
min). GC oven temperature was kept at 60°C for 10 min and
programmed to 220°C at a rate of 4°C/min, and kept constant at
220°C for 10 min and then programmed to 240°C at a rate of 1°C/
min. Split ratio was adjusted to 40:1 and injector temperature
was set to 250°C. Mass spectra were recorded at 70 eV and
mass range was from m/z 35 to 450.

GC analysis

GC analysis was performed with an Agilent 6890N GC system.
The temperature of the flame ionization detector (FID) detector
was 300°C. In order to obtain the same elution order as GC/
MS, simultaneous auto-injection was done on a duplicate
of the same column conforming with the same operational
conditions. Relative percentage quantities of the separated
compounds were calculated from FID chromatograms. The
results of the analysis are given in Table 2. Identification of
the essential oil components was performed by comparison of
their relative retention times with those of authentic samples
or by comparison of their relative retention index to series of
n-alkanes. Computer matching against commercial sources'*®
and the in-house “Baser Library of Essential Oil Constituents”
established with genuine compounds and components of
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known oils, alongside MS literature data,®” was used for the
identification.

Determination of antimicrobial compounds of the essential oils
by TLC-bioautography assay

Chromatography was carried out on 0.2 mm silica gel 60 F,,
aluminum sheet TLC plates. To the plates was applied 10 pL of
essential oils with a minicaps capillary pipette. The plates were
then developed with toluene:ethyl acetate, 93:7, as a mobile
phase and another TLC plate for bioautography was prepared in
parallel. After the development, the TLC plates were evaluated
at UV 254 nm and 366 nm for determination of fluorescent
compounds. Alcoholic vanillin-sulfuric acid reagent was used
to visualize the separated compounds and they were heated for
3 min at 110°C.

Preparation of microorganisms and the TLC-bioautography
assay

After TLC separation, the antimicrobial activity of the essential
oils was determined by direct bioautography.® Pseudomonas
aeruginosa ATCC 13388, Staphylococcus aureus ATCC BAA 1026,
Candida albicans ATCC 24433, and Escherichia coli NRRL B-3008
strains were used for bioautography. Microbial suspensions
were grown overnight in double strength Mueller-Hinton broth
standardized to 108 CFU mL" (corresponding to McFarland
no. 0.5). TLC plates were placed on nutrient agar plates and
molten agar culture medium containing inocula was overlaid
on the TLC plates and they were incubated at 37°C for 24 h.
Then, by incubation, 2,3,5-triphenyl-2H-tetrazolium chloride
solution was sprayed on the TLC plates. The treated plates were
incubated at 37°C for 2 h and after incubation the inhibition
zones were visible as pale spots against a red background.

RESULTS

Thirteen compounds were identified in the essential oil of
the aerial parts of F. orientalis, representing 96.6% of the oil.
a-Pinene (75.9%), B-pinene (3.4%), trans-verbenol (3.0%),
and p-caryophyllene (2.5%) were the major components.
The analysis on the roots of F. sandrasica resulted in the
identification of 69 essential compounds representing 96.0%
of the oil. Limonene (28.9%) was the most abundant compound
in the essential oil, followed by a-pinene (15.6%), terpinolene
(13.9%), camphene (2.6%), myrcene (2.8%), p-cymene (2.8%),
and 2,3,6-trimethylbenzaldehyde (3.2%).

Twenty-one compounds were characterized in the oil of
the roots of H. microcarpum, representing 98.7% of the
oil. The major constituents were p-caryophyllene (31.4%),
caryophyllene oxide (23.1%), bornyl acetate (91%), a-humulene
(4.9%), germacrene D (4.2%), B-phellandrene (4.6%), a-pinene
(3.0%), and caryophylla-2(12),6-dien-5p-ol (=caryophyllenol I
(3.0%). The essential oils obtained from these species did not
show much qualitative and quantitative similarity. a-Pinene,
camphene, B-pinene, limonene, B-phellandrene, p-cymene, and
B-caryophyllene were the main compounds in the three species.
Trans-verbenol was the main compound in the essential oils of
F. orientalis and F. sandrasica. Thuja-2,4(10)-diene, pinocarvone,

trans-pinocarveol, myrtenol, and cuparene were only found in
the essential oils of the aerial parts of F. orientalis.

Sabinene, a-phellandrene, (2)-B-ocimene, y-terpinene, (E)--
ocimene, terpinolene, a-copaene, bornyl acetate, a-humulene,
germacrene D, 8-cadinene, caryophyllene oxide, and humulene
epoxide-Il were the main compounds in the essential oils of F.
sandrasica and H. microcarpum. Caryophylla-2(12),6-dien-58-ol
(=Caryophyllenol I) was only found in the essential oils of the
aerial parts of H. microcarpum. The composition of the essential
oils obtained from these species and their relative percentages
are given in Table 2.

The results for antimicrobial activity by bioautography showed
that essential oils from the aerial parts of F. orientalis and roots
of F. sandrasica were active against S. aureus and C. albicans
strains. However, they were not active against the E. coli strain.
Similarly, essential oil from the aerial parts of H. microcarpum
was found to contain compounds active against S. aureus and C.
albicans. The essential oil was more effective against C. albicans
than against S. aureus. However, it did not have good activity
against E. coli. The essential oils did not give any inhibition zone
against P. geruginosa. The TLC evaluation of the essential oils
is shown in Figure 1.

Vi

V/H,S0, 366 nm 254 nm SA CA V/H,S0, 366 nm 254 nm SA

V/H,S0, 366 nm 254 nm SA CA

Figure 1. TLC separation of the essential oil from the Ferula orientalis,
Ferulago sandrasica, and Hippomarathrum microcarpum on silica gel 60
F254

V/H,S0,: Vanillin/H,S0, reagent, SA: Staphylococcus aureus ATCC 6538, CA: Candida
albicans ATTC 90028, TLC: Thin-layer chromatography

DISCUSSION

Monoterpene hydrocarbons (P-cymene, myrcene,
y-terpinene, limonene, terpinolene, and (Z)-B-ocimene),
oxygenated  monoterpenes  (carvacrol  methyl ether,

2,5-dimethoxy-p-cymene, trans-chrysanthenyl acetate, cis-

chrysanthenyl acetate, and ferulagone), aldehydes (like
2,3,6-trimethylbenzaldehyde, (E)-2-decenal, and octanal),
alkane derivatives (hexadecanoic acid), sesquiterpene

hydrocarbons (a-humulene, 4,6-guaiadiene, and T7-epi-1,2-
dehydrosesquicineole), and oxygenated sesquiterpenes (like
cubenol, humuleneepoxide Il, and spathulenol) were the major
components of some Ferulago species.

Some Ferula species contain monoterpene hydrocarbons
[B-pinene, sabinene, camphene, PB-phellandrene, and (E)-
B-ocimene], alkane derivatives (nonane), sesquiterpene
hydrocarbons (germacrene D, germacrene B, 6-cadinene, (Z)-
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Table 2. Chemical composition of the essential oil of Ferula orientalis, Ferulago sandrasica, and Hippomarathrum microcarpum

RRI Compound Ferula orientalis % Ferulago sandrasica % Hippomarathrum microcarpum %
1032 a-Pinene 759 15.6 3.0
1072 a-Fenchene 0.6 0.3 -
1076 Camphene 34 2.6 1.5
1093 Hexanal - 01 -
1118 B-Pinene - 0.3 tr
132 Sabinene - 01 11
135 Thuja-2,4(10)-diene 2.0 - -
151 0-4-Carene - tr -
159 0-3-Carene - 01 -
N74 Myrcene - 2.8 -
n7é a-Phellandrene - - 2.0
1188 a-Terpinene - 0.2 -
1203 Limonene 1.4 28.9 19
1218 B-Phellandrene 1.3 0.6 4.6
1244 2-Pentyl furan - 01 -
1246 (2)-p-Ocimene - 0.8 tr
1255 y-Terpinene - 1.9 tr
1266 (E)-p-Ocimene - tr 2.0
1280 p-Cymene 2.2 2.8 19
1290 Terpinolene - 139 1.4
1294 1,2,4-Trimethyl benzene - 0.1 -
1452 a,p-Dimethylstyrene - 0.8 -
1468 trans-1,2-Limonene epoxide - 0.3 -
1479 O-Elemene - 0.3 -
1497 a-Copaene - 0.2 0.6
1532 Camphor - 0.3 -
1538 trans-Chrysanthenyl acetate - 0.2 -
1586 Pinocarvone tr - -
1591 Fenchyl alcohol - 1.3 9.
1598 Camphene hydrate - 01 -
1600 B-Elemene - 0.6 -
1612 B-Caryophyllene 2.5 0.8 314
1614 Carvacrol methyl ether - 1.3 -
1670 trans-Pinocarveol 2.0 - -
1683 trans-Verbenol 3.0 - -
1684 Isoborneol - 1.3 -
1683 trans-Verbenol - 0.2 -

1687 a-Humulene - 03 49
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Table 2. Continued

1704 y-Muurolene - 0.2 -
1706 a-Terpineol - 1.8 -
1707 0-Selinene - 03 -
1719 Borneol - 0.8 -
1726 Germacrene D - 1.4 4.2
1742 B-Selinene - 0.3 -
1744 a-Selinene - 03 -
1751 Carvone - 01 -
1773 d-Cadinene - 1.6 0.6
1776 y-Cadinene - 09 -
1779 (E,2)-2,4-Decadienal - 0.1 -
1786 ar-Curcumene - 0.3 -
1796 Selina-3,7(11)-diene - 0.4 -
1804 Myrtenol 1.6 - -
1807 a-Cadinene - 0.4 -
1827 (E,E)-2,4-Decadienal - 0.4 -
1849 Cuparene 0.7 - -
1864 p-Cymen-8-ol - 0.2 -
1878 2,5-Dimethoxy-p-cymene - 0.3 -
1918 [-Calacorene - tr -
1941 a-Calacorene - 01 -
1945 1,5-Epoxy-salvial(4)14-ene - 0.2 -
2008 Caryophyllene oxide - 0.3 231
2019 2,3,6-Trimethylbenzaldehyde - 32 -
2037 Salvial-4(14)-en-1-one - 01 -
207 Humulene epoxide-I| - 0.1 24
2073 B-Caryophyllene alcohol - 01 -
2080 Cubenol - 0.6 -
2080 Junenol (=Eudesm-4(15)-en-6-ol) - 0.2 -
2096 Elemol - 0.1 -
2130 Salviadienol - 0.2 -
2144 Spathulenol - 01 -
2209 T-Muurolol - 01 -
2255 a-Cadinol - 0.5 -
2256 Cadalene - 0.2 -
2269 Guaia-6,10(14)-dien-4f-ol - 0.2 -
2369 Eudesma-4(15),7-dien-4p-ol - 0.2 -
2392 Caryophylla-2(12),6-dien-5f3-ol (=Caryophyllenol II) - - 3.0
Total 96.6 96.0 98.7

RRI: Relative retention indices, calculated against n-alkanes, % calculated from flame ionization detector data, tr: trace (<0.1%)
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B-farnesene, dehydrosesquicineole, and eremophilene), and
oxygenated sesquiterpenes (germacrene D-4-ol, a-cadinol,
shyobunone, epi-shyobunone, 6-epi-shyobunone, B-eudesmol,
and a-eudesmol) were the major components of some Ferula
species.

In addition, esters like bornyl acetate were major components
of some Ferula and Ferulago species.?

Previous studies demonstrated that the major components of the
essential oil of leaves from F. sandrasica were ocimene (30.5%),
carene-8-3 (27.4%), and a--pinene (17.8%).”° Baser and Kirimer?
studied 12 Ferulago species (F. asparagifolia Boiss., F. aucheri
Boiss., F. confusa Velen, F. galbanifera (Mill.) W. D. J. Koch, F.
humilis Boiss., F. idaea Ozhatay and Akalin, F. macrosciadia
Boiss. and Balansa, F. mughlae Pesmen, F. sandrasica Pesmen
and Quézel, F. silaifolia (Boiss.) Boiss., F. sylvatica (Besser)
Rchb., and F. trachycarpa Boiss.) growing in Turkey and that
study showed that the major components of essential oils
were  2,3,6-trimethylbenzaldehyde (38.9%) and myrcene
(18.2%), a-pinene (35.9%), 2,5-dimethoxy-p-cymene (63.4%),
a-pinene (31.8%) and sabinene (15.8%), (Z2)-B-ocimene (32.4%),
p-cymene (18.4%), carvacrol methyl ether (781%), o-pinene
(25.4%), a-pinene (40.8%), trans-chrysanthenyl acetate (83.5%),
p-cymene (45.8%), and (Z)- B-ocimene (30.7%).?

The major components of essential oils of some Ferula species
were reported as phenol, 2-methyl-5-(1-methylethyl) (18.2%),
cyclopropa [a] naphthalene-octahydro-tetramethyl (6.6%), and
a-bisabolol (10.4%) (3); a.-pinene (18.3%), B-pinene (50.1%), and
A-3-carene (6.7%).22 Comparing these results with previous
studies of F. orientalis showed that the major components were
nonane (45.6%) and 2-methyloctane (19.4%).2 Furthermore,
essential oils from the aerial parts of F. orientalis were obtained:
B-phellandrene (24%), (E)-B-ocimene (14%), a-pinene (13%),
a-phellandrene (12%), and dehydrosesquicineole (10%),% but
a-pinene (75.9%) was a major component in our study.

Comparison of these results with previous studies of
Hippomarathrum boissieri from Turkey® showed that the
major component of the essential oils from both species was
B-caryophyllene (31.4% for aerial parts oil of H. microcarpum,
25.6% for aerial parts oil of H. boissieri). Another study showed
that the major components of essential oils of the leaf and
flower of H. microcarpum were a-caryophyllene (26.4%),
y-muurolene (19.0%), and linalool (6.1%); and p-caryophyllene
(18.5%), y-muurolene (19.2%), thymol (6.9%), and linalool
(5.9%), respectively!® The results gained in this investigation
suggest that this chemical diversity may be useful in taxonomic
classification.

There are not enough data on antimicrobial activity for these
species. In a previous survey, the essential oil of F. sandrasica
was tested against E. coli MC 400, E. coli ATCC 25922, E. coli
0157 H7, Enterobacter colaecea ATCC 23355, Enterococcus
faecalis ATCC 19433, P. aeruginosa NRRL B-2679, S. aureus ATCC
25923, S. aureus ATCC 33862, Bacillus cereus NRRL B-3711,
Bacillus subtilis ATCC 6633, B. subtilis NRRL B-209, Bacillus
licheniformis NRRL B-1001, Micrococcus luteus NRRL B-1013, and
Listeria monocytogenes ATCC 7644 by disk diffusion method.

The results showed that the essential oil was active against
all tested microorganisms.® It was previously reported that the
essential oil of H. microcarpum was studied for antimicrobial
and antifungal activity. The results showed that the essential oil
of H. microcarpum had antimicrobial activity against C. albicans
ANT and S. aureus ATCC-29213 but had no activity against E.
coli A1 or Pseudomonas sp.° Our finding concur with this study.

Bioautography is a suitable method for evaluating essential
oils because they contain mixtures of compounds. Therefore,
there is a need for the detection of common antimicrobial
compounds in essential oils. Additionally, this method is rapid,
easy, economical, and inexpensive.”® In the present study,
our aim was the chemical characterization of the essential
oils of F. orientalis, F. sandrasica, and H. microcarpum and the
detection of antimicrobial activity of essential oils and their
main components against some pathogenic bacteria and
yeast by TLC-bioautography. The antimicrobial activity test
performed against four different microorganisms showed that
the essential oils were active against S. aureus and C. albicans
strains; however, they were not active against P. aeruginosa or
E. coli strains.

CONCLUSIONS

These data provide an abundance of information on the
essential oil compositions of F. orientalis, F. sandrasica, and H.
microcarpum and their antimicrobial activities against some
pathogenic microorganisms. As far as we know, this is the first
report on the antimicrobial activity of essential oils by TLC-
bioautography. The antimicrobial activities against S. aureus and
C. albicans of these species may be attributed to the presence
of the main components in the essential oils. A comprehensive
study should be conducted including the main compounds
isolated from the essential oils or their combinations against
different pathogenic microorganisms.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Objectives: Oudemansiella canarii is an edible mushroom highly appreciated throughout the world due to its being a gastronomic delicacy. To date,
no extensive work has been reported on the pharmacological or antioxidative aspects of this macrofungus. The present study focuses on the
micromorphological features, confirmation of its identity based on molecular sequence (nrITS rDNA) data, and determination of its physicochemical
parameters such as organoleptic features and fluorescent behavior.

Materials and Methods: Collected basidiocarps were powdered and used for microscopic and organoleptic evaluation. 2,2-Dipheny!|-1-picrylhydrazyl
(DPPH) radical scavenging method, total antioxidant activity methods, and 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay were
used for evaluating the antioxidant capacities of the methanolic extract. High-performance liquid chromatography (HPLC) analysis profile was also
recorded to analyze the phenolic fingerprint.

Results: The DPPH radical scavenging activity was determined with an EC, value of 0.912 pg, total antioxidant activity was found to be 15.33 pg
ascorbic acid equivalent/mg of extract, and the ABTS assay revealed 12.91 um TE/mg of extract antioxidant activity. The HPLC chromatogram
revealed the presence of 12 peaks. Several parameters were tested for the determination of chemical composition, revealing the existence of major
bioactive components in the extract in the following order: phenol>flavonoid>ascorbic acid>p-carotene~lycopene.

Conclusion: The present work suggests that O. canarii may be considered a novel prospect as a functional food and antioxidant supplement.

Key words: Chromatographic fingerprinting, edible mushroom, fluorescence analysis, internal transcribed spacer, phytochemicals, West Bengal

OZ |

Amag: Oudemansiella canarii, gastronomik lezzeti nedeniyle diinya ¢apinda degerli, yenilebilir bir mantardir. Bugiine kadar, bu makrofungusun
farmakolojik veya antioksidan &zellikleri hakkinda kapsamli bir galisma bildirilmemistir. Bu galismada, mikro-morfolojik 6zellikler, molekdler
dizi (nrITS rDNA) verisine dayanarak kimliginin dogrulanmasi, organoleptik 6zellikler ve floresan davranisi gibi fizikokimyasal parametrelerinin
belirlenmesi amaglanmistir.

Gereg ve Yontemler: Toplanan basidiokarplar toz haline getirilmis ve mikroskobik ve organoleptik degerlendirme igin kullanilmistir. Metanollt
ekstrenin antioksidan kapasitelerini degerlendirmek igin 2,2-difenil-1-picrylhydrazyl (DPPH) radikal stipirme yontemi, toplam antioksidan aktivite
yontemleri ve 2,2-azinobis (3-etilbenzotiyazolin-6-silfonik asit) (ABTS) analizi kullanilmistir. Fenolik parmakizi analizi igin yiksek performansli sivi
kromatografisi (HPLC) profili alinmistir.

Bulgular: DPPH radikal stpriict etki tayininde EC,  degeri 0.912 ug olarak belirlenmis, toplam antioksidan aktivitenin 15.33 ug askorbik asit esdegeri/
mg ekstre oldugu bulunmus ve ABTS analizinde 12.91 um TE/mg ekstre ile antioksidan aktivite gésterdigi belirlenmistir. HPLC kromatogrami 12 pikin
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varligini ortaya gikarmistir. Ekstrenin kimyasal bilesiminin belirlenmesi ve major biyoaktif bilesenlerin (sirasiyla; fenol>flavonoit>askorbik asit>f-
karoten~likopen) varliginin ortaya konulmasi igin gesitli parametreler incelenmistir.

Sonug: Bu galisma, O. canariinin fonksiyonel bir gida ve antioksidan takviyesi olarak yeni bir olasilik olarak kabul edilebilecegini gostermektedir.
Anahtar kelimeler: Kromatografik parmakizi, yenilebilen mantar, floresans analizi, dahili kopyalanan aralayici, fitokimyasal, West Bengal

INTRODUCTION

For millennia mushrooms have had a prolonged connection
with humankind and have had profound biological and
economic impact. A recent assessment implied the existence
of around 140,000 species, of which only 10% have been
identified. Recently, scientists have reported that there are at
least 7000 unrevealed macrofungi in the world that may have
beneficial effects for mankind.! Thus, there is a recent trend
among mycologists to document edible mushrooms all around
the globe.

West Bengal (21°38-27°10'N latitude and 85°50'-89°50'E
longitude) possesses unique phytogeographical features with
variable altitudinal, climatic, and edaphic amalgamations. It is
the only state in India that topographically extends from the
Himalayas in the north to the Bay of Bengal in the south, with
regions such as a plateau and the Ganges delta prevailing in
between. These outspread ranges of topographical features
and classes of soils and substrata make the state an ideal
place for hosting a rich diversity of mushrooms.? In previous
years, our research team conducted extensive field works and
recorded an immense number of wild edible mushrooms from
different corners of the state with the help of tribal and ethnic
forest dwellers of the regions who consume them as part of
their daily diet.®> Taxonomic and molecular exploration revealed
that many of them are new to science,*® new records for India,®’
and additions to the macrofungal flora of West Bengal.®?

Throughout the globe, mushrooms are well known to human
civilizations because of having nutritional and culinary value
and medicinal potential. In contemporary terms, they can be
regarded as functional foods that can furnish health benefits
beyond the traditional nutrients!® Mushrooms are known to be
rich sources of various bioactive substances like antioxidant,""
antimicrobial,*"®  immunomodulatory,®” and anticancer™
substances. Despite all the mentioned health promoting effects,
this diverse group is still largely unknown as more than half of
the species remain undescribed.

Most of the species belonging to the genus Oudemansiella
(Basidiomycota, Agaricales, Physalacriaceae) are consumed
worldwide” Many Oudemansiella species are known to contain
bioactive compounds, such as oudenone and lectin (obtained
from Oudemansiella radicata),?®?" and mucidin and oudemansin
(from  Oudemansiella mucida).?>* The edible mushroom
Oudemansiella canarii (Jungh.) Héhn was found to be present
in various biomasses, where it colonizes with several plant
species. Morphologically, the taxon is characterized by the
presence of a medium to considerably larger pileus with
glutinous to viscid surface colored gray-orange to orange white
or with paler to white margin; adnate to shallowly adnexed,
white, distant lamellae with 2-3 series of lamellulae; globose
to subglobose basidiospores measuring 19-25x18-23 pm in

diameter; an ixotrichoderm type of pileipellis; well-developed,
stalked, pleuro- and cheilocystidia; presence of one- to
few-celled caulocystidia with heterogeneous contents; and
lignicolous habit.?* As it is considered an edible mushroom
with good potential as a food source, it is highly cultivated
artificially on various lignocellulosic substrates.® Very few
literature reports were found related to their physicochemical,
nutritional, and medicinal value. Only one report has been
published regarding the antifungal and biological activities of
O. canarii®® Therefore, in the present study we documented
molecular parameters with the phylogeny, physicochemical
profile, and antioxidant potentiality of O. canarii.

MATERIALS AND METHODS

Sample  collection and microscopic and
characterization of powdered basidiocarps
Living basidiocarps of O. canarii were collected from the
Gangetic plains of West Bengal, India. The basidiocarps were
found to grow on dead and decayed woods of dicotyledonous
plants. Identification of the specimen was done based on the
standard literature.?*?" Collected basidiocarps were then dried
overnight at 40°C using a field drier. A sample of the voucher
specimen was deposited in Calcutta University Herbarium
(CUH) following the protocol described by Pradhan et al.?® with
the accession number CUH AM26. The remaining basidiocarps
were used to make powder and then the powdered sample was
hydrated and macerated with 10% potassium hydroxide (KOH)
and mounted on a glass slide for microscopic observations. For
effective results, various stains (lactophenol and cotton blue,
Melzer's reagent, congored, etc.) were usedto visualize different
cellular structures such as hyphae, basidia, and spores. The
slides were then viewed under a Leica DMLS microscope and
images were captured at the desired magnification. Different
organoleptic characters (i.e., color, odor, taste, and nature) of
the powdered sample were evaluated.

organoleptic

DNA extraction and polymerase chain reaction and cycle
sequencing
Genomic DNA was extracted and the desired region (nrDNA
ITS) was amplified using the method described by Dutta et
al.?? with the help of the primer pair ITS1 (forward) and ITS4
(reverse).*

Fluorescence analysis

Fluorescence analysis was performed as per the standard
protocol.® A small amount of sieved powder was kept on a clean
grease-free microscopic slide and treated with prepared chemical
agents including Hager's, Mayer's, Dragendroff's, phloroglucinol,
and Barfoed's reagent and were mixed by gently tilting the
slide. Then the slide was placed within a ultraviolet (UV) viewer
chamber and viewed against visible, long (365 nm), and short
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(254 nm) UV radiations. Then the changes in color on application
of these reagents in different radiations were recorded.

Preparation of methanol extract

Initial extraction was done using 100 mL of methanol overnight
from the dried powdered fruit bodies (5 g) and then the solution
was filtered using Whatman no. 1 filter paper. The residue was
then re-extracted using 30 mL of methanol. Volume reduction of
the combined methanolic extracts was done by evaporating at
40°C using a Buchi Rotavapor R3 (Switzerland). The methanolic
fraction was then kept at -20°C in a dark bottle until analysis,
for not more than 1 month. Percentage yield and organoleptic
features of the extract were recorded.

Quantitative estimation of some important bioactive compounds
Freshly prepared methanolic extract was subjected to several
quantitative biochemical assays to investigate the presence and
amounts of different phytochemicals. Folin-Ciocalteu reagent
was used to estimate the content of total phenolic compounds
in the extract® with gallic acid as a standard. The results were
expressed comparing with pg of gallic acid equivalents/mg of
dry extract. Potassium acetate and aluminum nitrate were used
to detect the presence of total flavonoid content.® A standard
curve was prepared with the help of quercetin (5-20 pg/mL).
The results were expressed as pg of quercetin equivalents
per mg of dry extract. B-Carotene and lycopene contents were
estimated by measuring absorbance at 453, 505, and 663
nm wavelengths following the standard protocol.®* Ascorbic
acid was determined by titration against 2,6-dichlorophenol
indophenol dye.®

High performance liquid chromatographic profile of methanol
soluble extract

High performance liquid chromatographic (HPLC) analysis was
performed to produce a fingerprinting profile of the extract. A
0.2 pym filter was used to filter the methanolic extract and then
20 pL of the filtrate was loaded in the HPLC system (Agilent,
USA). Separation was performed on an Agilent Eclipse Plus
C18 column (100 mmx4.6 mm, 3.5 um) with a flow rate of
0.8 mL/min at 25°C. The mobile phase comprised eluent A
(acetonitrile) and eluent B (aqueous phosphoric acid solution,
0.1% v/v). Further a gradient program was utilized for elution:
0-2 min, 5% A; 2-5 min, 15% A; 5-10 min, 40% A; 10-15 min,
60% A; 15-18 min, 90% A. Finally, at 280 nm, absorbance of the
sample solution was measured.®

Antioxidant activity

For evaluation of the antioxidant potential of O. canarii, the
methanolic extract was tested for several in vitro antioxidant
activities by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging assay, 2,2'-azinobis-(3-ethyl-benzothiazoline-6
sulfonic acid (ABTS) assay, and total antioxidant assay.

DPPH radical scavenging activity

The radical scavenging activity of the extract was tested using
DPPH radicals following Mitra et al.*” Two milliliters of the
reaction mixture contained several concentrations of the extract
along with 0.1 mM methanolic solution of DPPH. After 30 min

of incubation at room temperature in the dark, the absorbance
was measured against a methanol blank at 517 nm. The EC_,
value denotes an effective concentration at which 50% of the
DPPH radicals are scavenged. Ascorbic acid was used for
comparison. The scavenging ability was calculated using the
following equation:

Scavenging effect (%)={(A -A))/A }x100

A, was absorbance of the control and A, was absorbance in the
presence of sample. The percentage of inhibition was plotted
against respective concentrations used.

Total antioxidant activity

Measurement of total antioxidant activity was solely based
on the reduction of molybdenum (from VI to V) by the sample
analyte and thereby formation of phosphate/molybdenum (V)
complex at acidic pH.*® The sample was mixed with reagent
solution, prepared with 28 mM sodium phosphate, 0.6 M
sulfuric acid, and 4 mM ammonium molybdate, and incubated
at 95°C for 90 min. The mixture was then cooled to room
temperature. Absorbance was spectrophotometrically recorded
for each solution at 695 nm using a blank sample as control. For
reference antioxidant, various concentrations (1-30 pg/mL) of
ascorbic acid were used and the total antioxidant capacity was
expressed equivalent to ascorbic acid.

ABTS radical scavenging activity

ABTS is well regarded as a peroxidase substrate that generates
a metastable radical cation when oxidized.® The ability to
inhibit the accumulation of ABTS radical cation by methanol
extract and antioxidant standard, Trolox, was measured
spectrophotometrically. ABTS dissolved in methanol to yield
7.4 mM concentration. ABTS radical solution was prepared
by reacting ABTS (7.4 mM) with 2.6 mM potassium persulfate
solution and permitting the mixture to stand in the dark for
12-16 h at room temperature before use. The mother stock
was diluted to achieve an absorbance of 0.7+0.02 at 734 nm.
Methanol extract at 1 mg/mL concentration was allowed to react
with the ABTS working solution for 5 min and the absorbance
was measured.

Statistical analysis

All the assays were performed in triplicate and the results
are expressed by the mean values and standard deviation.
For determining the significant difference among samples,
the results were compared by means of Student's t-test.
The analysis was carried out using Microsoft® Office Excel
(Microsoft®, USA), where values of p<0.05 were considered
statistically significant.

RESULTS AND DISCUSSION

Microscopic and organoleptic characterization of the powdered
basidiocarps

Dried powder of the fresh basidiocarps that was passed through
sieve and further macerated with KOH showed basidiospores
and fragmented hyphae (Figure 1). The hyphal system was
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Figure 1. Macroscopic and microscopic characters of Oudemansiella
canarii. a) sieved powder (fresh basidiocarps in insets), b) basidium, ¢)
hyphae, d) basidiospores

monomitic in nature with generative hyphae that were 4-6
pum broad, septate, branched, hyaline, thin-walled, clamped.
The basidia were 64-83x11-22 um in diam., shaped clavate to
broadly clavate and 4-spored at the apex. Basidiospores were
14-21x10.5-18 pm in diam., hyaline, globose to sub-globose with
hilar appendage, and thick-walled. Melzer's reaction showed a
negative result, which signifies the non-amyloid nature of the
basidiospores.

Sieved powder was used for the organoleptic study. The powder
was yellowish, with no odor, tasteless, and fibrous in texture.

Molecular analysis

The newly generated sequence of O. canarii was manually
edited using the BioEdit sequence alignment editor v.7.0.9.0 (Ibis
Biosciences, Carlsbad, CA, USA). The edited DNA sequence of
the collected specimen produced 747-bp-long stretches that
include the ITST1, 5.8S, ITS2, and 28S ribosomal RNA genes. The
edited sequence was then used for the Basic Local Alignment
Search Tool (BLAST) searches in the NCBI GenBank database
(www.ncbi.nlm.nih.gov).

BLAST analyses with our newly generated sequence showed
similarity with the genus Oudemansiella, with the highest
similarity shown by O. canarii [AF321476, Identities= 681/698
(98%), Gaps=7/698 (1%); KR265132, Identities= 690/690 (100%),
Gaps= 0/690 (0%)]. Hence, the result of the BLAST search
easily helps to identify our collected specimen as O. canarii
(family Physalacriaceae). The newly generated sequence of
O. canarii was then deposited in the GenBank database with
accession number KU647631.

Fluorescence analysis

The fluorescence test of the powdered sample was carried
out for qualitative assessment of crude drug to give an idea of
its chemical nature. The colors developed by these reagents
represent the presence of active constituents. Analysis of

powdered drug through fluorescence is a vital and very useful
pharmacognostic technique for identification of authentic
samples and recognizing adulterates and substituents to help in
maintaining the quality, reproducibility, and efficacy of natural
drugs.®®4" Here, powdered sample was treated with seven
different chemical reagents and the characteristic fluorescence
properties or colors were recorded (Table 1).

Table 1. Fluorescence analysis of dry powder of Oudemansiella
canarii

Sl Reagent Visible uv
no. Long Short
(365 nm) (254 nm)
1 Blank Straw yellow Brown Straw yellow
2 Water Cinnamon Cinnamon Light brown
brown brown
3 Mayer’s Grayish Dark brown  Pastel yellow
orange
4 Hager's Cream Grayish Grayish
brown orange
5 Phloroglucinol  Brownish Violet Dark brown
yellow brown
6 Barfoed's Dark brown  Grayish Violet brown
reagent brown
7 Dragendorff's  Brownish Brown Light brown
reagent orange
UV: Ultraviolet

Quantitative estimation of bioactive compounds

The quantitative estimation of several marked phytochemicals
of the methanolic extract was carried out based on the standard
protocols as described above. Phenolic compounds are well
regarded as a powerful chain-breaking antioxidant because of
the presence of hydroxyl groups with scavenging ability. It was
found that the extract contained phenol as high as 5.38+0.55
ug gallic acid equivalent/mg of extract. Total flavonoid content
was estimated using quercetin as the standard. The flavonoid
content was 1.875+0.78 ug quercetin equivalent/mg of the
extract while the ascorbic acid content was 110+0.42 ug/mg.
B-Carotene and lycopene were present in negligible amounts:
0.0342+0.004 pg/mg and 0.0238+0.004 pg/mg of the extract,
respectively.

Chromatographic fingerprinting by HPLC

For preliminary determination of the presence of chemical
constituents in any sample, one of the popular and efficient
chromatographic methods is HPLC. Thus, HPLC analysis was
carried out using the methanolic extract of O. canarii. The UV
spectrum analysis of the chromatogram (278 nm) depicts the
presence of 12 peaks excluding the mobile phase peak. The
represented chromatogram may serve as a phenolic fingerprint
for this mushroom. The HPLC chromatogram of methanolic
extract of the sample identifies the presence of cinnamic acid
(retention time 15.358 min) and pyrogallol (retention time 15.966
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28

Figure 2. Enlarged HPLC chromatogram of methanol extract from
Oudemansiella canarii

HPLC: High-performance liquid chromatography

Table 2. HPLC profile at 278 nm of methanol extract from

Oudemansiella canarii

Peak no. Retention time (min)  Area (AU) Maximum height (AU)
1 4.439 593.868T71 46.60723
2 4.743 2061.23242  211.45323
3 4.862 3274.20972  239.57074
4 5.452 198.42529 38.72375
5 5582 36.55459 4.50278

6 8.705 85.07185 5.29850

7 9.330 26.53930 2.48095
8 10.552 623.75525 22.86010
9 11.333 187.39143 11.74532
10 11.632 341.26938 15.61782
1 15.358 67.66934 410833
12 15.966 117296606  63.93803

min) based on the standard as provided in our previous study.”®
The chromatographic profile along with the retention time of
each peak is presented in Figure 2 and respective areas of each
peak are documented in Table 2.

Antioxidant activity

DPPH radical scavenging activity

The DPPH assay has been popularly used for testing the free
radical scavenging ability of various natural samples. DPPH
receives electrons or hydrogen to gain stability. Antioxidants,
on the other hand could donate electrons or hydrogen atoms.
In methanol solution, DPPH produces a violet color. However,
when electrons are donated to DPPH, the solution starts losing
color from purple to yellow and the reduction capacity of DPPH
is determined by the decrease in its absorbance at 517 nm.“?The
extract showed high effective free radical scavenging activity in
the DPPH assay at the rate of 6.53%, 55.85%, and 78.74% at 0.5,
1, and 1.5 mg/mL concentrations (Figure 3). The EC,, value was
0.912+0.38 mg/mL.

Total antioxidant activity

One of the simplest methods for evaluating total antioxidant
capacity is the phosphomolybdenum method. The total antioxidant
capacity of the methanol fraction was investigated and compared
against ascorbic acid. The extract revealed antioxidant capacity
of 15.330.67 ug/mg ascorbic acid equivalent.
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Figure 3. DPPH assay of methanol extract from dried basidiocarp of
Oudemansiella canarii

DPPH: 2,2-Diphenyl-1-picrylhydrazyl

ABTS radical scavenging activity

The ABTS assay is based on the inhibition of the formation of
ABTS+, a stable radical cation by one electron oxidants. The
methanolic extract of the sample showed 12.91+0.26 uM Trolox
equivalents/mg of extract antioxidant activity.

CONCLUSIONS

The present work allocates standards of the macrofungus
O. canarii with the help of pharmacognostic, molecular, and
chemical characteristics. Various standardization parameters
such as microscopy, molecular characteristics, physicochemical
constants, preliminary mycochemical quantification, HPLC
analysis, and antioxidant activity were studied, and were
reported for the first time for this mushroom. All these
combined data indicate this edible mushroom is a valuable
source of bioactive molecules like phenolic compounds and has
enormous antioxidant potential.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Degradation Kinetics, /n Vitro Dissolution Studies,
and Quantification of Praziquantel, Anchored in
Emission Intensity by Spectrofluorimetry

Degradasyon Kinetigi, In Vitro C6zinme Calismalari ve Baglanmis
Prazikuantelin Emisyon Yogunluklu Spektrofluorimetri ile Miktar Tayini
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ABSTRACT

Objectives: A simple, rapid, specific, and highly sensitive ecofriendly spectrofluorimetric method has been developed for the quantification of
praziquantel.

Materials and Methods: A linear relationship was found between fluorescence intensity and praziquantel concentration in the range of 1-20 pg/mL
in water at emission wavelength of 286 nm after excitation wavelength at 263 nm with a good correlation coefficient (0.999).

Results: The proposed method was validated according to International Conference on Harmonization guidelines and statistical analysis of
the results revealed high accuracy and good precision with the percentage relative standard deviation values less than 2. The detection and
quantification limits were 0.27 and 0.81 pg/mL, respectively. The proposed method was extended to investigate the stability of the drug and its
degradation kinetics in the presence of acidic, alkaline, and oxidative conditions.

Conclusion: The method was utilized for in vitro dissolution studies of praziquantel tablet formulation. The suggested procedures could be used for
the assessment of praziquantel in drug substance and drug products as well as in the presence of its degradation products.

Key words: Praziquantel, excitation wavelength-263 nm, emission wavelength-286 nm, dissolution, forced degradation

O |

Amag: Prazikuantel miktar tayini igin basit, hizli, spesifik ve yiksek duyarliliga sahip, gevre dostu spektrofluorimetrik bir yontem gelistirilmistir.
Gereg ve Yontemler: Prazikuantel konsantrasyonu ile floresan yogunlugu arasinda, 1-20 ug/mL araliginda su iginde, 286 nm emisyon ve 263 nm
eksitasyon dalga boyunda, iyi bir korelasyon katsayisi (0.999) olan dogrusal bir iliski bulundu.

Bulgular: Onerilen yéntem Uluslararasi Uyumlastirma Konferansi yonergelerine gére dogrulanmistir ve sonuglarin istatistiksel analizi, 2'den dustik
bagil standart sapma degerleri ile yiksek dogruluk ve hassasiyet gostermistir. Saptama ve miktar limitleri sirasiyla 0.27 ve 0.81 pg/mL'dir. Onerilen
yontem, ilacin stabilitesini ve asidik, alkali ve oksidatif kosullar varliginda bozunma kinetiklerini arastirmak igin genisletilmistir.

Sonug: Yontem, prazikuantel tablet formilasyonunun in vitro ¢éziinme calismalari igin kullanilmistir. Onerilen prosedirler, prazikuantelin ilag
maddesi ve ilag UrUnlerinde ve degradasyon Urdnlerinin varliginin degerlendirilmesi igin kullanilabilir.

Anahtar kelimeler: Prazikuantel, eksitasyon dalga boyu-263 nm, emisyon dalga boyu-286 nm, ¢ézinme, zorla bozunma
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INTRODUCTION

Chemically, praziquantel is 2-cyclohexanecarbonyl-
1H,2H,3H,4H,6H,7H,11bH-piperazino [2,1-al isoquinolin-4-one
(Figure 1. It is within the category of anthelmintics, used for
the treatment of schistosome and many cestode infestations.
Schistosomiasis is a parasitic disease caused by worms that
penetrate the skin of people through water. Praziquantel is the
only drug for treatment of schistosomiasis and it is effective and
safe. Work is ongoing to expand the treatment with praziquantel
to young children as well?

Figure 1. Chemical structure of praziquantel

An extended literature survey revealed that few analytical
methods [using high-performance liquid chromatography
(HPLC) and HPLC-mass spectrometry] have been reported for
estimation of praziquantel.*” To date, one spectrofluorimetric
method has been reported for praziquantel quantification
in blood plasma and urine. However, the method was
complicated because of drug chemical derivatization with
dansyl chloride, which involved various solvents with many
extraction procedures. Keeping the above points in mind, our
objective in this work was to develop a simple method for
praziquantel quantification in pharmaceutical dosage forms in
the presence of degradation products and in vitro dissolution
samples. Spectrofluorimetry has implicit a foremost role in
drug analysis because of its greater sensitivity and specificity
than absorption spectrophotometry. Fluorimetry involves the
estimation of drug solution at two wavelengths, excitation and
emission in fluorescence; an emission spectrum is acquired
by scanning the emission monochromator at determined
emission wavelengths (A ), at a particular excitation
wavelength (A ).

Nowadays, dissolution tests are routinely used in the
pharmaceutical industry in a wide variety of applications,
to identify which sort of formulation will produce the best
results in the clinic, to release products into the market,
and to verify batch-to-batch reproducibility*® International
Conference on Harmonization (ICH) Q1A guidelines suggested
procedures to carry out stress degradation studies to ensure
the high quality, safety, and efficacy of the pharmaceutical
product during its storage. Forced degradation (FD) study/
stress testing is a process in which the natural degradation
rate of a pharmaceutical product is increased by the
application of an additional stress. It is an important part of
the drug development process as it provides knowledge about
the degradation chemistry of drug compounds to develop
stability-indicating analytical methods and characterization of
degradation products.’®

Taking all these points into consideration, the objective
of the present work was to develop and validate a simple
spectrofluorimetric method for quantification of praziquantel
in pharmaceutical dosage forms. The proposed method was
applied to study the in vitro dissolution profiles of praziquantel
and further extended to stress degradation studies of
praziquantel and degradation kinetics were also calculated.

MATERIALS AND METHODS

Chemicals and reagents

All chemicals and reagents were of analytical grade. Pure
praziquantel (99.50%) was obtained as gift samples from Taj
Pharmaceutical Ltd. (Mumbai, India). Tablets (Zenticide) were
obtained from local pharmacies. Glacial acetic acid (99.8-
100.5%), ethanol, methanol, hydrochloric acid (36.46%), ortho-
phosphoric acid, sodium hydroxide, hydrogen peroxide, dimethyl
sulphoxide (DMSO), dimethyl formamide (DMF), acetonitrile,
and potassium di-hydrogen phosphate were purchased from SD
Fine Chemicals Ltd. (Mumbai, India). Series of buffer solutions
of acetate buffers (pH 3.7-4.7) and phosphate buffers (pH 5.8-
7.8) were prepared as per the Indian Pharmacopeia.”

Instrumentation

A Shimadzu (Japan) RF-5301 PC spectrofluorophotometer
was used for measurement of the fluorescence intensity of
the selected drug. It was equipped with a 150-W Xenon arc
lamp, a 1-cm non-fluorescent quartz cell was used, and it was
connected to RFPC software. The instrument was operated at
both low and high sensitivity with excitation and emission slit
width set at 5 nm. An analytical balance (Shimadzu AUX 220,
Japan), dissolution apparatus (Electro Lab, TDT-08L, India), pH
meter (Elico), hot air oven, and ultraviolet (UV)-cabinet (Bio-
Technics, India) were also used.

Preparation of standard stock solutions

Pure praziquantel drug of 10.0 mg was weighed and placed into
a 10.0-mL volumetric flask and dissolved in methanol. The flask
was shaken and volume was made up to the mark with distilled
water. Then 0.1 mL of prepared solution was diluted to 10.0 mL
with distilled water to attain praziquantel end concentration of
10.0 pg/mL.

Construction of the calibration graph

The standard stock solution of praziquantel (100 pg/mL)
was used to prepare a set of diluted standard solutions of
various concentrations (1-20 pg/ml) prepared by pipetting
appropriate volumes (0.1, 0.5, 1, 1.5, 2 mL) of stock solution
into 10.0-mL volumetric flasks and adjusting the volume to the
mark with distilled water. These solutions were scanned in a
spectrofluorimeter at A_ of 263 nm.

Determination of praziquantel in tablet dosage form (assay)

Twenty tablets of marketed formulation (Zenticide®), each
containing 600 mg of praziquantel, were taken and accurately
weighed. Average weight was determined and they were
crushed into fine powder. An accurately weighed profusion of
powder equivalent to 10.0 mg of praziquantel was transferred
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to a 10.0 mL volumetric flask. Methanol was added to this
volumetric flask and it was sonicated for 15 min. The flask
was shaken and volume was made up to the mark with water.
The above solution was filtered through Whatman filter paper
(no. 41). From the filtrate, a final concentration of solution was
prepared for the estimation of drug content by the proposed
method.

Dissolution studies

Dissolution testing of the praziquantel tablet formulation
(Zenticide®) was carried out in 0.1 M HCl (900 mL) containing
2 mg of sodium laury!l sulfate according to the Food and Drug
Administration (FDA) dissolution database, using a paddle
apparatus (type 2) at 50 rpm and 37+0.5°C for 60 min. Sampling
aliquots of 5.0 mL were withdrawn at 10, 20, 30, 40, 50, and 60
min and reconstituted with an equal volume of the fresh medium
to maintain the sink conditions. At the end of each test time,
sample aliquots were filtered, diluted with water, and quantified.
Samples withdrawn were evaluated with the regression equation
of the proposed analytical technique for quantification of the
dissolved drug followed by a plot against time.

Forced degradation studies

FD studies were carried out by exposing the sample solution
to stress conditions like acidic, alkaline, thermal, oxidative, and
UV effects.

Sample solution (10 pg/mL) was prepared by adding 1.0 mL of
stock solution and 2.0 mL of 5 M HCl to a 10.0 mL volumetric
flask. Then the volumetric flask was kept under 60°C reflux
conditions for 5 h and neutralized with 5 M NaOH; then the volume
was made up to the mark with distilled water. Similarly, alkaline
degradation (5 M NaOH), oxidative degradation (1% H,0,), and
thermal degradation (heated at 105°C) were performed. UV
degradation was performed with 10 mg of praziquantel placed
in a UV cabinet at short wavelength (254 nm), then subjected
to the proposed sample procedure, and fluorescence intensity
was measured every 1 h up to 24 h.

RESULTS AND DISCUSSION

Selection of wavelength

To attain a sensitive and specific spectrofluorimetric method
for the quantification of praziquantel, several solvent systems
were investigated such as methanol, DMSO, ethanol, DMF,
and glacial acetic acid. Fluorescence intensity was higher in
methanol:water (1:9) than in the other solvent systems (Figure
2) and exhibited native fluorescence at emission wavelength
286 nm after excitation at 263 nm in the presence of a
polycyclic aromatic system like pyrazino and isoquinolin rings
with more Jb electrons (Figure 3). Hence methanol:water (1:9)
was selected as the solvent for quantification, FD studies, and
in vitro dissolution studies of praziquantel.

Analytical method validation

Linearity and range

Linearity was verified qualitatively by running the plot; at
several concentrations, the plot showed that amplitudes
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Figure 2. Effect of various solvents on fluorescence intensity of
praziquantel
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Figure 3. Emission spectrum (286 nm) of praziquantel in methanol water
as solvent

gradually changed (increased) at 286 nm (Figure 4). This was
clear evidence of the suitability of the method for analysis.
The linearity was assessed by the regression equation of
the calibration curve; furthermore, the data and regression
equation of calibration curves shown in Table 1 and Figure 5
denote that responses for praziquantel at 286 nm were linear
in the concentration range of 1-20 ug/mL, with a correlation
coefficient (R?) value of 0.996.

Selectivity
The fluorescence spectrum attained from the commercial
formulation solution was compared with the spectrum

15000

‘Wave length (nm)

Figure 4. Linearity spectra of praziquantel at 286 nm (1-20 ug/mL)
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Table 1. Optimized parameters for the proposed method

Parameter Value
Excitation wavelength (nm) 263
Emission wavelength (nm) 286
Linearity range (ug/mL) 1-20
Limit of detection (ug/mL) 0.27
Limit of quantification (ug/mL) 0.81
Correlation coefficient (r?) 0.996
Slope (m) 0.574
Intercept (c) 0.409

Regression equation Y=0.574x+0.409

of standard solution (praziquantel). Both the commercial
formulation spectrum and the standard solutions spectrum were
superimposed; they denoted no interference from excipients
with response of praziquantel at analytical wavelength 286 nm.
Hence the method was found to be specific and selective.

Accuracy (recovery studies)

Accuracy was assessed by standard addition method at three
distinct levels (80%, 100%, and 120%) of standards coalesced
to commercial tablets in triplicate and the mean of percentage
recoveries and % relative standard deviation (RSD) values
were computed and are given in Table 2. The % RSD values
at relevant concentration level was 2 and % recoveries of
praziquantel were assessed to be in the range of 99-101, thus
suggesting the accuracy of the method.®

Table 2. Accuracy (% recovery) of the proposed method

Formulation Recovery Theoretical Concentration % Amount % RSD
level (%) content found (pg/mL) recovered
(pug/mL)  (mean + SD)  (mean + SD)
80 18 17.93+£0.072  99.6+0.677 0.679
Zenticide® 100 20 2012+0164  100.6+1.361 1.352

120 22 22.45+0.390 102.0+0.264 0.258

SD: Standard deviation, RSD: Relative standard deviation

Precision

Intra-day and inter-day precision harmony was appraised as
per ICH guidelines, in which samples containing praziquantel
(5/10 and 15 pg/mL) were analyzed six times on the same day
(intra-day precision) and for three consecutive days (inter-day
precision); then % RSD was calculated. Results of intra-day and
inter-day precision data are given in Table 3, which revealed
that there was no significant distinction between the % RSD
values of intra-day and inter-day analysis, which indicates that
the proposed method is highly precise.

Limit of detection and limit of quantitation

The limit of detection and limit of quantitation were discretely
appraised based on the standard calibration curve, and the
results are presented in Table 1.

Table 3. Precision data of the proposed analytical method

Theoretical Intra-day Inter-day

concentration Concentration % RSD Concentration % RSD
(ug/mL) (mean® + SD) (mean® + SD)

5 4.9+0.018 0.36 5.0+0.016 0.32
10 9.8+0.0169 017 9.9+0.024 0.24
15 15.1£0.023 015 14.9+0.035 0.23

% Mean values of six different standards for each concentration, ®: Inter-day
reproducibility was quantified from six different standards of each concentration for
three consecutive days, SD: Standard deviation, RSD: Relative standard deviation

Applications

Assay

The proposed method was employed for the assay of
commercial tablets (Zenticide®) containing praziquantel (600
mg). The results were correlated with consequent labeled
amounts and are shown in Table 4. The best peaks of the assay
in tablets were found to be 100.1 (% RSD<2), which indicates
the accuracy of the proposed method.

Table 4. Assay results of marketed tablets of praziquantel

Praziquantel

Formulation

Label claim Amount found (mg) % Assay % RSD
(mg) (mean  SD) (n=3)
Zenticide 600 600.8+0.08 100.1% 0.013

SD: Standard deviation, RSD: Relative standard deviation

In vitro dissolution testing

Dissolution studies on praziquantel tablets were performed
with the FDA dissolution test medium as United States
Pharmacopeia dissolution apparatus type 2 containing 900 mL
of 0.1 M HCl with 2.0 mg of sodium lauryl sulfate as dissolution
medium at a paddle speed of 50 rpm at temperature 37+0.5°C.
These results and profiles are given in Figure 6, which revealed
that 95% of praziquantel was dissolved from the tablet dosage
form.
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Figure 5. Linearity plot of praziquantel
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Figure 6. Cumulative % drug release of praziquantel from Zenticide tablets

Forced degradation studies

The stability of praziquantel was studied to elucidate its
inherent stability characteristics in terms of fluorescence
intensity in acid/alkali hydrolysis, oxidative, thermal, and UV
light conditions, Anon constructed the plot between % drug
degraded vs time interval. Degradation was observed in 5 M
HCL (81% up to 60 min) and 5 M NaOH (1.0% up to 60 min)
and 1% H,0, (84% up to 60 min) but there was no evidence
of degradation under UV light or thermal conditions (data not
shown). For acidic and oxidative degradation it was observed
that relative fluorescence intensity decreased gradually with
increased heating time (Figure 7). Constructed the plot between
logarithmic concentration against time shown in Figures 8, 9,
calculated the half-life and first order rate constants for acid
and oxidative degradation.

CONCLUSIONS

The proposed spectrofluorimetric method has the advantages
of being economical, simple, sensitive, specific, and extraction
free for quantification of praziquantel in tablets and in vitro
dissolution samples. Furthermore, the present work examined
the degradation kinetics of praziquantel under stress conditions
as per ICH guidelines. Fortunately, considerable degradation
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Figure 7. Stability profile of praziquantel in the presence of peroxide ( ®-)
basic (-a ) and acidic ( M- ) degradation conditions
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Figure 8. Plot of praziquantel degradation in the presence of 5 N HCl
solution
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Figure 9. Plot of praziquantel degradation in the presence of 1% H,0,
solution

Table 5. Results of the degradation study of praziquantel under

acidic and oxidative conditions on the kinetic parameters of
praziquantel

Degradation condition Reaction rate constant Half-life time (t, ,

(K min™) min)
Acidic degradation (5 N 0.027 25.6
HCl, 60°C)
Oxidative degradation 0.030 23

(1% H,0,)

was observed and the rate constant and half-life under acidic and
oxidative stress conditions were calculated. The results of the
proposed spectrofluorimetric method were clear evidence that
it can be employed fruitfully for quantification of praziquantel in
tablet dosage form, in in vitro dissolution samples without any
interference, and in degradation studies.
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ABSTRACT

Objectives: Abrus precatorius L. is a famous medicinal plant of the family Fabaceae and is widely used in traditional medicine for the treatment of
various ailments. However, there are limited toxicological data available regarding its safety following repeated exposure; therefore, the present
study was designed to evaluate the 28-day subchronic toxicity of methanol (70%) crude extract of A. precatorius seeds in adult Wistar albino rats.
Materials and Methods: A subchronic toxicity experiment was conducted by oral administration of graded doses (200 mg/kg and 400 mg/kg) of
test extract daily for 28 days. Signs of toxicity, food and water consumption, body weight, and gross pathology as well as relative organ weight
were evaluated. The toxic effects were also assessed using hematological and biochemical data followed by histopathological examination of
various internal organs. All data collected were expressed as mean + standard deviation. ANOVA followed by the Bonferroni test was used for data
interpretation and p<0.05 was considered significant.

Results: No deaths or evident toxic signs were found during the experimental period. There were no significant differences in body weight, gross
pathology, organ weight, or food and water consumption between the control and the treated groups. There were no treatment-related differences
in hematological or biochemical indices. Moreover, no gross abnormalities or histological alterations were observed.

Conclusion: The methanol extract of A. precatorius seeds was nontoxic in subchronic intake at the dosages tested. Thus, this study is expected
to be beneficial for clinical and traditional applications for safe consumption and to utilize A. precatorius as a remedy at a recommended dosage.

Key words: Abrus precatorius, subchronic toxicity, hematology, histopathology, biochemical indices
os

Amag: Abrus precatorius L., Fabaceae familyasindan Unld bir sifali bitkidir ve geleneksel tipta gesitli rahatsizliklarin tedavisinde yaygin olarak
kullanilir. Bununla birlikte, tekrarlanan maruz kalmanin ardindan givenligi ile ilgili sinirli toksikolojik veriler mevcuttur; bu nedenle, bu galisma
yetiskin Wistar albino siganlarinda A. precatorius tohumlarinin metanol (%70) ham ekstraktinin 28 gunlik subkronik toksisitesini degerlendirmek
Uzere tasarlanmistir.

Gereg ve Yéntemler: Yirmi sekiz giin boyunca, giinliik olarak test edilen dozlar (200 mg/kg ve 400 mg/kg) oral yolla uygulanarak bir subkronik

toksisite deneyi gergeklestirildi. Toksisite belirtileri, yiyecek ve su tiketimi, vicut agirligi ve makroskopik patolojinin yani sira nispi organ agirlig
degerlendirildi. Toksik etkiler, hematolojik ve biyokimyasal veriler kullanilarak degerlendirildi ve bunu takiben gesitli i¢ organlarin histopatolojik
incelemesi yapildi. Toplanan tim veriler ortalama + standart sapma olarak ifade edildi. Verilerin yorumlanmasi igin ANOVA ve ardindan Bonferroni
testi kullanildi ve p<0.05 anlamli kabul edildi.

Bulgular: Deney siresince higbir 6lim ya da belirgin toksik belirti saptanmadi. Kontrol ve tedavi edilen gruplar arasinda vicut agirligi, makroskopik

patoloji, organ agirligi veya gida ve su tiketimi agisindan anlamli fark yoktu. Hematolojik veya biyokimyasal indekslerde tedaviye bagli fark yoktu.

Ayrica, higbir makroskopik anormallik veya histolojik degisiklik g6zlenmedi.
Sonug: A. precatorius tohumlarinin metanol ekstrakt, test edilen dozajlarda, subkronik alimda toksik degildir. Bu nedenle bu galismanin, klinik ve
geleneksel uygulamalarda gtvenli tuketim igin faydali olmasi ve A. precatorius'un tavsiye edilen bir dozda ilag olarak kullanilmasi beklenmektedir.

Anahtar kelimeler: Abrus precatorius, subkronik toksisite, hematoloji, histopatoloji, biyokimyasal indeksler
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INTRODUCTION

Medicinal plants offer numerous opportunities for the
development of new drugs, as extract, pure compound, or
derivative. The natural origin, however, does not guarantee
their safety for medicinal purposes. Most herbal products used
in folk medicine have strong scientific evidence regarding
their biological activities. However, the main obstruction to
the use of herbal preparations is the lack of scientific and
clinical data in support of better understanding of the efficacy
and safety of drugs. Different toxicological study data like
acute and subchronic on medicinal plants or their preparations
should be obtained in order to increase the assurance of their
safety in humans, particularly for use in the development of
pharmaceuticals.'?

Abrus precatorius L. (family: Fabaceae), locally known as
“Gunja” or “Rati”, is indigenous to India and is also found in
other tropical and subtropical areas of the world. It is a beautiful,
perennial, deciduous, twining woody vine with herbaceous
branches and pinnate leaves. The flowers are short stalked,
white to pink, and are borne in clusters. Fruits are oblong
pods that contain characteristic red seeds with a black mark
at the hilum/base. After maturation, these open before falling
and curl back to reveal seeds. Seeds are of uniform weight
(0.1 @) and therefore were used in the past as standard weighing
units by jewellers for weighing silver and gold3* They are
poisonous when taken internally and therefore are used after
processing.>¢ A number of biochemical constituents have been
reported from A. precatorius seeds. These are rich in amino
acids (like serine, alanine, valine, choline, and methyl ester);
proteins (abrin and A. precatorius agglutinin), carbohydrates
(galactose, arabinose, and xylose), flavonoids (abectorin,
dimethoxycentaureidin-7-o-rutinoside, and precatorin |, Il, and
[11), anthocyanins (delphinindin, pelargonindin, and cyaniding),
and alkaloids (dimethyl tryptophan, methocation, picatorine,
abrine, hypaphorine, choline, and trigonelline). The seed
proteins are rich in most of the essential amino acids, and
they are deficient only in cystine and threonine. Moreover,
various triterpenoids, steroids, and fatty acids have also been
isolated from A. precatorius seeds.”™ The principle poisonous
component of the seed is abrin, an albumotoxin.> The plant
has been used for therapeutic purposes since ancient times.
The most widespread use of A. precatorius seeds is in the
treatment of eye infections and as a potential contraceptive.*
Dry seeds are powdered and taken one teaspoonful once a day
for two days to cure worm infection. The seeds are considered
purgative, emetic, aphrodisiac, diuretic, expectorant,
refrigerant, vermifuge, febrifuge, laxative, and abortifacient.
They are commonly used to cure leprosy, dysentery, jaundice,
fainting, arthritis, paralysis, nervous disorders, ulcer, stiffness
of the shoulder joints, tuberculosis, headache, diarrhea,
sciatica, tetanus, rabies, convulsions, fever, cold, gastritis,
snakebite, conjunctivitis, inflammations, and leucoderma in
traditional and folk medicines. Hot water extract of seeds is
taken orally to cure malaria. The seeds are nutritious and are
eaten boiled in certain parts of India. Various African tribes
use powdered seeds as oral contraceptives.8'® Seeds of this

plant are also used to lower high blood pressure and relieve
painful swellings. In veterinary medicine, seeds are used in the
treatment of fractures.®’® A. precatorius seeds are also reported
to have anticancer,” antifertility, antitumor, antispermatogenic,
antibacterial,?>?" antidiabetic,?? antioxidant,?® nephroprotective,?
antiarthritic,?®> antimicrobial,® and antimalarial activities.?
Despite its popularity in folk medicine, its toxicity profile has
not yet been explored. The present study was thus based on
the subchronic toxicity of the methanol (70%) extract of A.
precatorius seeds in Wistar albino rats. Subchronic toxicity
tests were designed to examine the effects resulting from
repeated exposure over a portion of the average life span of an
experimental animal.

MATERIALS AND METHODS

Seed collection and authentication

Seeds of A. precatorius were collected from a local market in
Bhopal, Madhya Pradesh, India. The seeds were authenticated
by Dr. Zia-Ul-Hassan, Head of the Department, Govt. Saifia
Science College, Bhopal, and a voucher specimen (reference
no. 520/Bot/Saifia/2015) was deposited there for future
reference. The seeds were cleaned and washed with distilled
water in order to remove the impurities and were shade dried.
The seeds were then coarsely powdered in a mixer grinder.

Preparation of methanol (70%) seed extract

Dried coarse powder of A. precatorius seeds (250 g) was
defatted with petroleum ether and the marc remaining was
extracted successively with methanol (70%) using cold
maceration. The filtrate obtained was evaporated in a rotary
evaporator under reduced pressure and was vacuum dried. The
dried extract was packed in an air-tight container, labeled, and
stored in a refrigerator (2-4°C) until needed for the experiment.

Ethical approval

The use of animals for the present study was reviewed and
approved with approval reference no. PBRI/IAEC/PN-412 by the
Institutional Animal Ethical Committee of Pinnacle Biomedical
Research Institute (PBRI) Bhopal, Madhya Pradesh (Reg. No.
1283/P0/c/09/CPCSEA) and they were maintained as per the
guidelines of the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) India.

Selection of animals

For the purpose of subchronic toxicity studies, adult Wistar
albino rats weighing about 94-178 g of both sexes were used.
The animals were obtained from the animal house of PBRI.

Maintenance of experimental animals

The animals were kept in properly numbered large
polypropylene cages with a stainless steel top grill. They were
maintained under standard laboratory conditions (24+2°C;
50£5% humidity; 12 hours light/12 hours dark cycle) with
standard diet (Hindustan Lever, Mumbai, India) and water ad
libitum and were acclimatized to the laboratory conditions for a
week before starting the experiment. Paddy husk was used as
bedding material and it was changed twice a week.
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Preparation of test sample

A suspension was made in 0.1% carboxymethyl cellulose solution
and administered orally to the animals. The administration was
done by straight type oral feeding needle. Individual doses were
calculated on the basis of animal weight.

Subchronic toxicity study

Experimental setup

In order to investigate the adverse effects of repeated daily
exposure to methanol (70%) crude extract of A. precatorius
seeds, a subchronic toxicity study was carried out as per
Organisation for Economic Co-operation and Development
guidelines 407.%" To determine the dose-related toxic effects,
doses of 200 mg/kg/day and 400 mg/kg/day body weight of
crude seed extract of A. precatorius were administered for the
experimental period of 28 days. Eighteen rats of each sex were
randomized into three groups of six animals each. The animals
were marked to permit individual identification. Group 1 was
the control group and received orally normal saline. Group 2
and Group 3 were orally administered 200 mg/kg/day and 400
mg/kg/day body weight of crude methanol seed extract of A.
precatorius, respectively.

Clinical signs and mortality

During the 28 days of the experimental period, all the animals
were observed once daily for toxicity signs and mortality
immediately after dosing and up to 4 h after dosing.

Weekly body weight

Individual body weights of rats were recorded initially and every
week and the individual doses were adjusted according to body
weight to maintain the target dose level for all experimental
animals.

Weekly food and water consumption

Food and water consumption parameters were also taken into
consideration during the study. Consumption of food and water
was measured initially and weekly for each rat.

Blood sample collection

At the end of the experimental period, blood samples were
collected under diethyl ether anesthesia from all animals
through a retro-orbital plexus puncture using capillary tubes
on day 29. The blood from each animal was collected in
ethylenediaminetetraacetic acid (EDTA) and non-EDTA tubes
to determine hematological and biochemical parameters,
respectively. For biochemical analysis, the blood samples
were allowed to coagulate for 30 min and the clear serum was
separated by centrifuging at 3000-4000 rpm using a cooling
microcentrifuge for 15 min. The serum was introduced into new
tubes and stored at -20°C until analyzed.

Hematological investigations

The blood collected in EDTA-containing tubes was taken
immediately for hematological investigation. The blood or
hematological parameters were analyzed using an automated
hematology analyzer (Procan Electronics, Model PE6800). The
parameters included hemoglobin (HGB), red blood cell (RBC)

count, hematocrit (HCT), RBC distribution width, mean cell
volume, mean cell HGB concentration (MCHC), white blood
cell count, lymphocytes, granulocytes, platelet (PLT), PLT
distribution width, mean PLT volume, and PLT large cell ratio.

Biochemical estimations

The effect of seed extract of A. precatorius on the activity of the
serum biochemical enzymes was estimated calorimetrically.
All the biochemical investigations were performed on an
automated biochemical analyzer (Rapid, Model Star 21). The
biochemical estimations evaluated were as follows:

a) Kidney function tests: blood urea nitrogen, creatinine, uric
acid,

b)Liver functiontests:totalbilirubin, aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatise, total proteins,

o) Lipid profile: total cholesterol, triglycerides (TG), high density
lipoproteins, low density lipoproteins.

Gross pathology and relative organ weight

Following blood collection, the animals were anesthetized and
dissected out. Immediately the liver, kidneys, heart, spleen,
stomach, adrenal glands, duodenum, brain, colon, and lungs
were excised, freed of fat, washed in cold saline, blotted
with clean tissue paper, and observed for gross pathological
changes. Then the organs were weighed in grams using a
calibrated balance. The relative organ weight of each animal
was then calculated as follows:

Absolute organ weight

Relative organ weight = - — x 100
Body weight of rat on sacrifice day

Histopathological examination

Defined samples of the liver, heart, kidneys, spleen, lungs,
brain, stomach, and duodenum were collected for histological
studies. The tissues were fixed immediately in 10% formalin for
at least 24 h, dehydrated through a series of ethanol solutions,
and embedded in paraffin. Then 4-5-pm-thick sections were cut
in a rotary microtome and were stained with hematoxylin and
eosin for photomicroscopic observation. All histopathological
changes were examined by a pathologist. The microscopic
features of the organs of both treated groups were then
compared with those of the control group.

Statistical analysis

All the experimental data collected from various subchronic
parameters were statistically analyzed using SIGMA STAT-3.5
software and expressed as mean + standard deviation. ANOVA
followed by the Bonferroni test was used for interpretation of
data. P<0.05 was considered significant.

RESULTS

Clinical changes and mortality

Daily administration of methanol (70%) seed extract of A.
precatorius at both 200 mg/kg and 400 mg/kg for 28 days did
not induce any evident symptom of toxicity in rats of either sex.
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No deaths or evident clinical signs were observed in any groups
during the study period.

Body weight changes

Oral administration of A. precatorius seed extract to experimental
animals for 28 successive days caused no statistically
significant changes in body weight compared with the control
group (Figure 1).
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Figure 1. Changes in body weight of rats during the subchronic toxicity
study
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Figure 2. Changes in food consumption of rats during the subchronic
toxicity study of methanol (70%) seed extract of Abrus precatorius

33 4
32,5 4

w
N
1

31,5 +

w
g
1

=4—G1 (Control)

30,5 / ~8-G2 (200 mg/kg/day)
————— G2 (400 mg/kg/d

s | (400 mg/kg/day)

28,5 -
28

w
o
1

Water consumption (ml)
38

Day0 Day7 Dayl14 Day21 Day28

Figure 3. Changes in water consumption of rats during the subchronic
toxicity study of methanol (70%) seed extract of Abrus precatorius

Food and water consumption changes

Oral administration of extract at 200 and 400 mg/kg body
weight for 28 days caused no significant alterations in these
indices compared to the control group (Figures 2 and 3).

Hematological effects

The seed extract at both the investigated dose levels had a good
hematological tolerance. Hematological parameters of extract-
treated rats were not significantly different from those of the
control group. Hematological parameters of the test groups and
the control group are presented in Table 1.

Biochemical changes

A study of biochemical parameters showed that the seed
extract of A. precatorius did not induce any harmful biochemical
effects in the experimental animals. No significant alterations
were observed in the serum concentrations of renal markers,
hepatic markers, or lipid profile of extract-treated animals. The
results of the biochemical analysis are summarized in Table 2.

Gross pathology and relative organ weight changes

Gross pathology of the liver, kidneys, heart, spleen, stomach,
adrenal glands, duodenum, brain, colon, and lungs of treated
rats did not show abnormalities in terms of color or texture
as compared to the controls. In this study, the relative organ
weight of each organ recorded in the treatment groups did not
show a significant difference compared to the controls. Relative
organ weights of all three groups are shown in Table 3.

Histopathological changes

The light microscopy examinations of the selected organs (heart,
liver, lungs, kidneys, spleen, stomach, intestines, and brain) of
the extract-treated groups and the control group are shown in
Figure 4. The histopathological examination showed normal
cytoarchitecture and absence of any gross pathological lesion
in the organs of the control as well as the extract-treated rats.

DISCUSSION

Plants provide a wide variety of biochemical components useful
to mankind. These substances can be extracted and used in the
preparation of drugs or the plant itself can be used directly as a
medication.?® However, the main obstacle to the use of traditional
herbal plants is the lack of proper clinical and scientific data
in support of the safety of drugs. Plants contain some toxic
substances and it is better to evaluate them according to
standard procedures and their effects on different parameters
in order to establish the safety of the plants.?’ Toxicity tests
are carried out effectively on either rats or mice due to their
availability and low cost and the wealth of toxicology data in
the literature already available for these species.®® Considering
the numerous reported therapeutic potentials of A. precatorius
seeds as an alternative medicine effective for various diseases,
a safety profile was established through a subchronic toxicity
study, as a guide for the management of its application and
usage in herbal preparations. This study will serve to prevent
exposing humans to potential toxicity-related health risks while
using A. precatorius seeds.
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Table 1. Effect on hematological parameters of rats administered with methanol (70%) seed extract of Abrus precatorius

Hematological parameters

Group 1 (Control)

Group 2 (200 mg/kg/day)

Group 3 (400 mg/kg/day)

Erythrocyte indices

HGB g/dL 11.6833+0.99401 11.4167+0.78191 10.8067+0.50006
RBC (x10/pL) 6.495+0.34827 6.135+0.59779 5.73833+0.87959
HCT (%) 33.0333111.56484 24.2667+6.294619 20.63333+7.247912
RDW (fL) 3916667+2.361967 34.8333+4.399021 35.4+4.642916
MCV (fL) 59.6+2.442676 55.06667+4.454461 55.13333+1.966949
MCHC (g/dL) 30.73333+4.006106 37.23333+2.910708 36.69833+5.43031
Thrombocyte indices

PLT (x10/uL) 164.666+30.4119 249.666+127.853 279.5+146.459
PDW (%) 9.066667+0.827983 9.23333+0.696818 8.7+1.001665

MPV (fL) 9.716667+1.439232 9.7116667+0.982203 8.28333+1.166786
P-LCR (%) 20.03333+5.948856 20.68333+2.319064 18.46667+2.1723
Leucocyte indices

WBC (x10/pL) 4.71666+3.92785 3.21666+1.66675 5.69833+2.40555
LYM (x10/uL) 3.1+2.20605 1.71666+0.43365 3.05+1.16868

LYM (%) 71.2£13.27717 61.23333+15.20961 55.05+8.147137

HGB: Hemoglobin, RBC: Red blood cell count, HCT: Hematocrit, RDW: Red blood cell distribution width, MCV: Mean cell volume, MCHC: Mean cell hemoglobin concentration, PLT:
Platelet, PDW: Platelet distribution width, MPV: mean platelet volume, P-LCR: Platelet large cell ratio, WBC: White blood cell count, LYM: Lymphocytes, values are expressed as
mean + standard deviation of six animals

Table 2. Effect on serum biochemical parameters of rats administered methanol (70%) seed extract of Abrus precatorius

Parameter Group 1 (Control) Group 2 (200 mg/kg/day) Group 3 (400 mg/kg/day)
Renal markers

BUN (mg/dL) 15.07667+2.22464 14.38183+6.688322 15.72833+3.021062
Creatinine (mg/dL) 0.72533+0.15052 0.73833+0.18193 0.7675+0.114176
Uric acid (mg/dL) 2.461833+0.427353 3.426167+1.670978 3.0385+1.280693
Hepatic markers

Total protein (g/dL) 5.509667+0.500666 7.0215£1.125476 6.672+2.130268
Total bilirubin (mg/dL) 0.23645+0.64627 0.26395+0.17536 0.29115+£0.088835
ALP (U/L) 157.6767+33.2871 168.4167+31.08203 165.5667+20.95387
AST (IU/L) 1671333+31.34372 172.6322+23.588 164+13.46601

ALT (1U/L) 39.673+9.803 47.595+9.872 51.55333+10.47761
Lipid profile

Total cholesterol (mg/dL) 44.09667+7.449652 4915833+12.1925 42.51333+4.353549
Triglycerides (mg/dL) 52.765+£54.1075 58.12833+8.903721 50.46+10.90015
HDL (mg/dL) 48.59333+5.753485 49.58+12.66136 43.44+10.9195

LDL (mg/dL) 22.3919+5.490329 21.6345+5.390373 20.42133+6.257871

BUN: Blood urea nitrogen, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatise, HDL: High density lipoproteins, LDL: Low density
lipoproteins, values are expressed as mean + standard deviation of six animals

Subchronic toxicity was tested with repeated administration of
200 mg/kg body weight and 400 mg/kg bodyweight of methanol
(70%) seed extract of A. precatorius, and its effects in terms of
clinical signs, bodyweight, food and water consumption, gross
pathology and organ weight, hematological and biochemical
parameters, and histopathology were noted.

Mortality, behavioral signs, body weight, and food consumption
are very sensitive indicators to assess the toxicity of a
substance.® In the present study, all the test animals were
physically active during the test period. There were no signs
of toxicity or mortality in rats treated with the extract. The

lack of significant changes in body weight, food intake, or
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Table 3. Effect on relative organ weight of rats administered methanol (70%) seed extract of Abrus precatorius

Organ name Control 200 mg/kg/day 400 mg/kg/day

Liver 3.360333+0.202464 3.342167+0.160833 3.601167+0.22121

R. Kidney 0.54150.031154 0.530833+0.042148 0.524167+0.035611
L. Kidney 0.511667+0.018696 0.500333+0.034238 0.524167+0.035611
Heart 0.425333£0.055733 0.4733330.052908 0.482667+0.074033
Spleen 0.437167+0.054066 0.374333+0.072304 0.497667+0.047971
Stomach 1135333+0.083194 1.010333£0.136626 0.963833+0.145387
Adrenal glands 0.0375+0.007588 0.033+0.00611 0.0295£0.006922
Duodenum 0.8595+0.211821 0.9065+0.111439 0.754333+0.125298
Brain 1.293£0192562 1301540125279 1127333+0.071818
Colon 0.4825£0179648 0.635833£0.151786 0.657333+0.082265
Lungs 1.074167+0.070416 1.0225+0.21034 1.040333+0.181494

Values are expressed as mean + standard deviation of six animals

Group 1
(Control)

Group 2
(200 mg/kg/day)

Group 3
(400 mg/kg/day)

Figure 4. Effect of methanol (70%) seed extract of A. precatorius on various
rat organ histomorphologies in the subchronic toxicity study (A: Heart, B:
Liver, C: Lungs, D: Kidneys, E: Spleen, F: Stomach, G: Intestines, H: Brain)

water consumption of the treated animals also indicates the
nontoxicity of the extract.

According to a previous report, the hematopoietic system
is one of the most sensitive targets for toxic substances.®
Hematological analysis easily detects the abnormalities in body
metabolic processes and reveals very important information
about the response of the body to injury, deprivation, and/
or stress.3® However, in the present study the mean value of
each parameter was within the normal limits and this further
supports the nontoxic nature of the extract.

The biochemical investigation showed that no significant
modifications of assessed parameters occurred in the rats. The
levels of enzymes in the liver and kidneys of all groups of rats
stayed within normal ranges, which demonstrated that the test
extract had no membrane-labializing effect on these organs.
Enzyme activities in tissues are mostly employed as markers
to ascertain early toxic effects of substances administered to
experimental animals. Alterations in the lipid profile also show
the efficacy and safety of plant extracts. Any deviation in the
concentration of lipids can provide information on the status
of lipid metabolism as well as the predisposition of animals to
atherosclerosis.® Cholesterol and TG are the lipid parameters
associated with coronary artery diseases and are usually used
to ascertain hyperlipidemic conditions.3* In the present study,
the normal restoration of lipid parameters in the serum levels of
extract-treated rats not only indicates the nontoxic nature of the
extract, but also implies that the tested extract may not dispose
the animals to cardiovascular risk.

Analysis of organ weight in toxicology studies is an important
endpoint for identification of potentially harmful effects of
chemicals. A main requirement in toxicological experiments
is the ability to assess the effects of xenobiotics on specific
organs.® In the present study, no changes were observed in
the gross examination of the organs of treated animals when
compared to the control group. The relative organ weight of
the liver, kidneys, heart, spleen, stomach, adrenal glands,
duodenum, brain, colon, and lungs recorded in the treatment
groups did not show a significant difference compared to the
control group. This may imply that the extract did not alter the
secretory ability of the organs. It is also possible that the extract
did not cause any cellular constriction or inflammation of the
organs, which would have resulted in a decrease or increase in
their weight, respectively.

Histopathological examination of the selected organs provides
information to strengthen the findings of hematological and
biochemical parameters. Microscopic examinations of sections
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of the heart, liver, lungs, kidneys, spleen, stomach, intestines,
and brain of all groups revealed no detectable abnormalities.

CONCLUSIONS

Following subchronic treatment, the methanol (70%) seed
extract of A. precatorius was well tolerated and produced
no toxicity signs, lethality, impairments in body and organ
weights, or changes in food or water consumption. The extract
also produced no signs of hepatotoxicity, nephrotoxicity, or
hematotoxicity or detectable abnormalities in the lipid profile
or histology of internal organs. Generally, all the values
remained within the normal limits and did not suggest toxic
effects in subchronic treatment. The present study, therefore,
demonstrates the nontoxic nature of the test extract and thus
200 and 400 mg/kg doses may be used in phytomedical
formulations with a low risk of adverse effects. However,
further investigations such as to determine its effect in
pregnant animals as well as trials in other animals towards the
development of drugs from A. precatorius should be performed
to test its claimed traditional therapeutic value.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Is There an Association Between Extreme Levels
of Boron Exposure and Decrease in Y:X Sperm
Ratio in Men? Results of an Epidemiological Study
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Objectives: A negative association between Y:X sperm ratio and high levels of boron exposure was suggested in an epidemiological study conducted
in boron mining areas of China. That study, however, was criticized by many authors due to some weaknesses in the study design. The present
epidemiological study was designed to corroborate or refute the above-mentioned negative association between boron exposure and Y:X sperm
ratio in men.

Materials and Methods: The study was conducted in a boric acid production zone in Bandirma. One hundred sixty-three male workers voluntarily
participated in our study. The workers employed in the boric acid production facilities were assigned as the exposed workers (n=86). The control
group was composed of workers employed in the steam power plant, energy supply unit, demineralized water plant, mechanical workshop, etc.
(n=77). Blood and semen samples were sampled from the participating workers at the end of the work shift. Y:X sperm ratio in semen samples was
determined by fluorescence in situ hybridization. Boron concentrations in semen and blood samples were determined using inductively coupled
plasma-mass spectrometry.

Results: Boron-mediated adverse effect on the Y:X sperm ratio was not determined in workers in our study even under extreme occupational
exposure conditions. The results of our study refute the negative association between Y:X sperm ratio and high levels of boron exposure that was
suggested in a previously published epidemiological study conducted in boron mining areas of China.

Conclusion: The results of our study indicate that boron-mediated adverse effects on the Y:X sperm ratio do not seem possible even under
occupational boron exposure conditions.

Key words: Boron exposure, blood boron concentration, semen boron concentration, FISH, Y:X sperm ratio

OZ I
Amag: Cin'in bor madenciligi yapilan bélgesinde yiritilmus olan bir epidemiyolojik ¢alisma sonucunda, erkeklerin Y:X sperm orani ile yiksek
seviyedeki bor maruziyeti arasinda negatif bir iliski oldugu belirtilmistir. Ancak bu galisma, galismanin tasarimindaki bazi zayifliklar nedeni ile pek
¢ok bilim insani tarafindan elestirilmistir. Bu galisma, yukarida s6z edilmis olan erkeklerin Y:X sperm orani ile ylksek seviyedeki bor maruziyeti
arasinda negatif bir iliski oldugu iddiasini dogrulamak ya da gurttmek amaciyla yapilmistir.

Gereg ve Yontemler: Bu galisma Bandirma borik asit Uretimi yapilan bélgede gergeklestirilmistir. Bu galismaya 163 erkek isgi géndllu olarak
katilmistir. Borik asit tretim tesislerinde istihdam etmekte olan isgiler maruziyet grubu olarak tanimlanmislardir (n=86). Kontrol grubu ise, buhar
santrali, enerji tedarik Unitesi, demineralize su Unitesi, mekanik atdlye gibi is kollarinda galisan isgilerden olusturulmustur (n=77). Vardiya sonlarinda
calismaya katilan isgilerden kan ve meni érnekleri alinmistir. Erkeklerdeki Y:X sperm oranlari floresan in situ hibridizasyon teknigi ile tespit edilmistir.
Kan ve meni érneklerindeki bor konsantrasyonlari indtktif eslesmis plazma-kitle spektrometresi ile tayin edilmistir.

Bulgular: OlaganUstu mesleki maruziyet kosullari altinda bile bor maruziyetine bagli olarak isgilerde Y:X sperm oranlarinda olumsuz bir etki
g6zlenmemistir. Bizim galismamizin sonuglari, Y:X sperm orani ile yuksek seviyedeki bor maruziyeti arasindaki negatif iliskiyi reddetmektedir.
Sonug: Bizim galismamizdan elde etmis oldugumuz sonuglar, agir mesleki bor maruziyeti kosullari altinda bile bor maruziyetinin erkeklerde Y:X
sperm oranlari Uzerinde olumsuz bir etkisinin olmadigini gdstermektedir.

Anahtar kelimeler: Bor maruziyeti, kan bor konsantrasyonu, meni bor konsantrasyonu, FISH, Y:X sperm orani
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INTRODUCTION

Boric acid and borates are classified as toxic to reproduction
under “Category 1B" with the hazard statement of “H369
FD” in the European Regulation on Classification, Labelling
and Packaging of Substances and Mixtures! The scientific
background of this classification is based on the results
of animal experiments (hazard assessment). In fact, the
boron concentrations tested in animal experiments were too
high and from this point of view these dose levels were not
relevant to humans. Nevertheless, this classification triggered
epidemiological studies in areas of high boron exposure in order
to assess the risk of the daily boron exposure levels in those
areas. The first study was conducted in mining areas located in
Kuandian City, China.2 The blood boron concentration reported
in that study was 499.2+790.6 (20.4-3568.9) ppb. In spite of
this extreme level of boron exposure the reproductive toxicity
biomarkers reported in that study did not indicate adverse
effects on male reproduction. The second comprehensive
epidemiological study was conducted by our study group in
workers employed in Bandirma boric acid production plant. The
mean blood boron concentration of the high exposure group
in our study was 223.89+69.49 (152.82-454.02) ng/g and no
boron-mediated unfavorable effects on reproductive toxicity
parameters of male workers were observed.>* The results of
our study were in agreement with those of the study conducted
in China. Accordingly, both studies clearly indicate that boron-
mediated adverse effects on male reproduction do not seem
possible even under extreme occupational exposure conditions.
However, in 2008 Robbins et al.’® reported a boron-mediated
decrease in Y:X sperm ratio in workers residing in mining areas
of Kuandian City. Essentially, a boron-mediated decrease in
Y:X sperm ratio was not observed in earlier epidemiological
studies or even in animal experiments. Therefore, the results
of the study published by Robbins et al.® had to be verified
by an epidemiological study. The major aim of the present
epidemiological study was to corroborate or refute the negative
association between the high level of boron exposure and the
decrease in the Y:X sperm ratio in men suggested by Robbins
et al’®

MATERIALS AND METHODS

The blood and semen samples were sampled in accordance
with the study protocols approved by the Ethics Committee of
Hacettepe University School of Medicine (HEK 08/167, date:
22/10/2008). All participants gave their informed consent prior
to participation in the project.

Sampling procedure

The present study was performed using the blood and semen
samples obtained within the scope of our “Boron Project - I,
which was completed in 2010.>* The “Boron Project - I” was
conducted in Bandirma boric acid production zone and 204
workers were enrolled in that study. After the project was
completed, the remaining semen samples were stored under
appropriate conditions (cryopreserved in liquid nitrogen). The
total number of remaining semen samples was 163 and 86 of

them were from workers employed in the boric acid production
facilities and were assigned as the samples of the exposed
group of workers. The rest of the semen samples, from
workers employed in the steam power plant, energy supply
unit, demineralized water plant, mechanical workshop etc.,
were assigned as the control samples (n=77). The demographic
information, blood boron concentrations, semen boron
concentrations, and sperm concentrations of these 163 workers
had been gathered within the scope of the “Boron Project - I".
More detailed information about the samples and the sampling
area were provided in our previously published studies.>*

Boron analysis

Blood and semen samples were analyzed by inductively
coupled plasma mass spectrometry with a flow injection
system. A special sample introduction system that included a
perfluoroalkoxy spray chamber and a nebulizer with an alumina
injector tube in a quartz torch was used for this study. The
details of the above-mentioned analyses were published in our
previous study.®

Sperm analysis

The semen samples were sampled and analyzed in accordance
with the recommendations of the World Health Organization.®
Sperm concentrations were determined in fresh semen samples
using an SQA-V Gold Sperm Quality Analyzer. The results were
expressed as 10° sperm cells/mL.

Determination of Y:X sperm ratios

Y- or X-bearing sperm cells in semen samples were detected
using fluorescence in situ hybridization (FISH). The Cytocell
FAST FISH prenatal X, Y, and 18 Enumeration Probe Kit
(LPF 002) was used in the detection and quantification of
chromosomes X, Y, and 18 by FISH. The probes are specific
for the alpha satellite DNA sequences in the DXZ1, DYZ3, and
D18Z1 regions of chromosomes X (green), Y (orange), and 18
(blue), respectively.

The semen samples were removed from the liquid nitrogen,
thawed at room temperature in PBS solution, and centrifuged in
an appropriate centrifuge tube at 500xg for 5 min as the initial
step of the procedure. The supernatant was gently discarded
and the precipitated sperm cells were used in sperm FISH
analysis. The cells were resuspended in 10 mL of 0.075 M KCl
and left at 37°C for 1h. After centrifugation for 5 min at 1000 rpm
the supernatant was discarded and the precipitated sperm cells
were resuspended in 5 mL of (4°C) Carnoy's solution. The cell
suspension was centrifuged again for 5 min at 1000 rpm. This
process was repeated 3 times. Afterwards, a sufficient amount
of these sperm cells was transferred directly onto the slide and
allowedtodry atroomtemperature. The slides then were washed
in 2 x saline-sodium citrate (SSC) (3 min), 70% ethanol (3 min),
85% ethanol (3 min), and finally in 100% ethanol (3 min). The
slides and the probe were prewarmed on a 37°C hotplate for 10
min. A sufficient amount of probe mixture (10 pL) was pipetted
onto the sperm cells and coverslipped. The slides were placed
on a hotplate at 75°C for 5 min for denaturation. Afterwards
the slides were transferred into a humid and dark (lightproof)
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incubator at 37°C for ~18 h (overnight) for hybridization. After
the waiting period, the coverslips were removed and the
slides were immersed into 0.4 x SSC at 67°C for 30 s. The
washing process continued with 2 x SSC + Tween-20 (room
temperature) again for 30 s. The slides were left to drain. Next,
15 pL of DAPI antifade was applied onto each hybridization area,
which was then covered with a coverslip. The slides were left
in the dark for 15 min to allow color development. Afterwards
the slides were viewed under a fluorescence microscope. The
sperm cells were analyzed via fluorescence microscopy using
a Leica DM1000 microscope with DAPI, AQUA, G/R filters.
Leica provided a suitable set-up for simultaneous visualization
of DAPI and the triple fluorochromes (spectrum green, orange,
and aqua). A total of 5000 morphologically preserved sperm
cells were counted per sample by one experienced scorer. The
microscopic images of some sperm cells are shown in Figure 1.

ij Chromosomeuwj . -

@ | ) Chromosome “18

C, ,.: ,: Chromosm]e “X" I u -

Figure 1. Left illustrations: Probe specifications: “X" centromere, Xp11.1-q11.1
(DXZ1) green; “Y" centromere, Yp11.1-q11.1 (DYZ3) orange; “18" centromere,
18p11.1-gq11.1 (D18Z1) blue. Right illustrations: Microscopic sperm images
after applying fluorescence in situ hybridization. The existence of green and
blue dots in sperm cells means that the sperm cell contains chromosomes
X and 18 (internal standard). The existence of orange and blue dots in
sperm cells means that the sperm cell contains chromosomes Y and 18
(internal standard)

Statistical analysis

The Kruskal-Wallis and Wilcoxon Mann-Whitney U tests were
used to analyze some of the variables in Table 1. The statistical
significance between the number of girls and boys (at birth)
was analyzed using the 2 test. Box plots (Figure 2), Pearson's
correlation coefficient, and linear regression (Figure 3) show
the empirical distribution and possible linear dependencies.

All statistical tests were performed with IBM SPSS Statistics
Version 23. The significance levels of the tests were set at 0.05.

RESULTS

The study population was composed of control (n=77) and
exposed (n=86) groups of workers employed in Bandirma boric
acid production zone. The “ages” and “years of employment” of
the workers did not differ significantly between the control and
exposed groups as shown in Table 1. The participating workers
were healthy and were not taking any medication during the
sampling period.

The mean blood boron concentration of the exposed group
(141.55 ng B/g blood) was significantly higher (p<0.05) than
that of the control group (63.56 ng B/g blood) (Table 1, Figure
2). This significant difference between the control and exposed
groups supports the high level of daily boron exposure for the
workers assigned to the exposed group. This finding was also

Table 1. Characteristics of male workers assigned to the control

and exposed groups

Parameters Control group, Exposed group, p value
n=77 n=86

Age 42.86+5.06 42.45+4.61 (33- p>0.05
(33-48) 48)

Years of 18.02+6.58 15.76+7.16 (1.62- p>0.05

employment (2-23) 22)

Sperm 68.08+41.37 64.96+56.09 p>0.05

concentration (9.69-139.21) (11.06-161.98)

(x10%/mL)

Blood boron conc.,  63.56+43.89 14155+80.43 p<0.05

ng B/g blood (21.45-134.57) (41.28-286.30)

Semen boron 1127.78+171396 ~ 170342+1895.09  P€0.05

conc., (66.4-5115.6) (452.60-7067.85)

ng B/g semen

Y:X sperm ratio 0.99+0.03 0.99+0.02 (0.96- p>0.05
(0.94-1.01) 1.01

Fathered children 136 (1.77)* 150 (1.74)* p>0.05

Girls (at birth) 70 (0.9D* 69 (0.80)* p>0.05

Boys (at birth) 66 (0.86)* 81 (0.94)* p>0.05

Girls % (at birth) 51.47 46.00 p>0.05

The results are given as mean + standard deviation (5"-95"), *mean values
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Figure 2. Box-plot graphs of boron concentrations in blood and semen
samples of the control and exposed groups are shown in the first two
charts. The distribution of Y:X sperm ratio in the control and exposed

groups is shown in the rightmost chart
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Figure 3. Linear regressions and correlations between blood/semen boron
concentrations and Y:X sperm ratios

supported by the semen boron concentrations of workers. The
mean semen boron concentrations of the control and exposed
groups were significantly different (p<0.05) from each other and
thereby provided additional support for the extraordinary daily
boron exposure conditions in our study population (Table 1.

The high level of boron exposure in the exposed group of
workers did not adversely affect the sperm concentrations
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or Y:X sperm ratios of workers as shown in Table 1 and Figure
2. This finding is also supported by the lack of statistically
significant correlation (Pearson, p>0.05) between blood/semen
boron concentrations and Y:X sperm ratios in workers (Figure 3).

Boron-mediated effects on the sex ratio at birth were also
investigated within the scope of this study. However, no shift in
the sex ratio at birth toward females was observed. As shown in
Table 1, the percentage of girls at birth in the exposed group was
not significantly higher than that in the control group (p>0.05).

DISCUSSION

Some earlier studies performed on the relation between boron
exposure and sex ratio at birth reported an excess of female
offspring in highly boron exposed populations. In spite of an
increase in female offspring, the increase was not statistically
significant in these previously published studies.” In 2008,
however, Robbins et al® reported a statistically significant
relation between boron exposure and Y:X sperm ratio in male
workers employed in a boron mining company in Kuandian City,
China. The authors reported a significant association between
a high level of boron exposure and a decrease in Y-bearing
versus X-bearing sperm cells. Moreover, the excess of female
offspring around the boron mining area in Kuandian City (China)
was attributed to the decrease in the Y:X sperm ratios in highly
boron exposed men.® Although the results of that study were
criticized by some authors due to weaknesses in the study
design, a study confirming or rejecting the results of this study
has not been performed thus far.!® Therefore, the major aim
of the present study was to corroborate or refute the results
reported by Robbins et al.’

The Bandirma boric acid production zone is a suitable place
for investigating boron-mediated unfavorable effects on the Y:X
sperm ratios in men. This study area provided a wide range of
daily boron exposure, which made it possible to study dose-
dependent responses of the studied parameters.

The high level of daily boron exposure in our study area was
supported by using boron exposure biomarkers. Blood boron and
to a lesser extent semen boron concentrations were suggested
as biomarkers of boron exposure in some earlier studies. 341
Accordingly, blood boron and semen boron concentrations were
used as the biomarkers of boron exposure in order to prove the
high level of daily boron exposure of workers classified in the
exposed group. The significantly high mean blood boron and
semen boron concentrations in the exposed group support the
extraordinary daily boron exposure level in our study population
as shown in Table 1.

In spite of this high level of daily boron exposure, the mean Y:X
sperm ratio of the exposed group was not significantly different
from that of the control group (p>0.05) as shown in Table 1. The
sex ratio (boys/girls) at birth in the control and exposed groups
was 0.94 and 117, respectively. In this regard, the numbers
of boys and girls in the control and exposed groups were not
significantly different (p>0.05) as presented in Table 1.

CONCLUSIONS

Consequently, boron-mediated decrease in Y:X sperm ratios in
men or excess of female births were not observed in our highly
boron-exposed study population. Under these circumstances,
our results refute the association between a high level of boron
exposure and decreased Y:X sperm ratios in men that was
reported by Robbins et al.®
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Histone Deacetylase Inhibitors: A Prospect in Drug
Discovery

Histon Deasetilaz inhibitorleri: llag Kesfinde Bir Aday
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ABSTRACT |

Cancer is a provocative issue across the globe and treatment of uncontrolled cell growth follows a deep investigation in the field of drug discovery.
Therefore, there is a crucial requirement for discovering an ingenious medicinally active agent that can amend idle drug targets. Increasing
pragmatic evidence implies that histone deacetylases (HDACs) are trapped during cancer progression, which increases deacetylation and triggers
changes in malignancy. They provide a ground-breaking scaffold and an attainable key for investigating chemical entity pertinent to HDAC biology as
a therapeutic target in the drug discovery context. Due to gene expression, an impending requirement to prudently transfer cytotoxicity to cancerous
cells, HDAC inhibitors may be developed as anticancer agents. The present review focuses on the basics of HDAC enzymes, their inhibitors, and
therapeutic outcomes.

Key words: Histone deacetylase inhibitors, apoptosis, multitherapeutic approach, cancer

Z |

Kanser tedavisi tim toplum igin blyuk bir kiskirticidir ve ilag kesfi alaninda bir arastirma hattini izlemektedir. Bu nedenle, islemeyen ilag hedeflerini
iyilestirme yeterliligine sahip, tibbi aktif bir ajan kesfetmek igin hayati bir gereklilik vardir. Artan pragmatik kanitlar, histon deasetilazlarin (HDAC)
kanserin ilerleme asamasinda deasetilasyonu arttirarak ve malignite degisikliklerini tetikleyerek kapana kisildigini ifade etmektedir. HDAC
inhibitorleri, ilag kesfi baglaminda terapotik bir hedef olarak HDAC biyolojisiyle ilgili kimyasal varligi arastirmak igin, ¢i18ir agici iskele ve ulasilabilir
bir anahtar saglarlar. HDAC inhibitérinin gen ekpresyonu yoluyla, kanserli hiicrelere sitotoksisiteyi ihtiyatli bir sekilde aktarmak igin anti-kanser
bir madde olarak gelistirilmesi yaklasan bir gerekliliktir. Bu derlemede HDAC enziminin temelleri, inhibitorleri ve terapétik sonuglari tzerinde
durulmustur.

Anahtar kelimeler: Histon deasetilaz inhibittrleri, apopitoz, goklu tedavi yaklagimi, kanser

INTRODUCTION

In recent years, immense progress has been made in the
management of cancer, dueto whichthe life expectancy of cancer
patients has been improved remarkably. Cancer is represented
by inappropriate cell proliferation or transformation! In
cancerous cells, genes undergo various modification processes
either by mutation or epigenetics. A number of potential
approaches have been proposed for the treatment of cancer,
but histone deacetylase inhibitors (HDACIs) are the emerging
ones.? Various reports in the literature revealed that certain

histone deacetylase (HDAC) family members are aberrantly
expressed in several tumors and have a nonredundant function
in controlling the hallmarks of cancerous cells. They are
classified into two types, i.e., Zn-dependent (class | and class
) and nicotinamide adenine dinucleotide (NAD)-dependent
(class Ill) enzymes. Currently, researchers around the globe are
paying more attention to the modification of the Zn-dependent
portion of the histone family. At present, there are a total of 11
HDAC family members identified on the basis of their similarity
chain (Figure 1).34
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Figure 1. Schematic representation of different histone deacetylase and
inhibitors

HDACs are enzymes that catalyze the deacetylation of lysine
remnants located at the N-terminal of several protein substrates,
such as nucleosomal histones. Histone acetylation has an
important role in gene expression. Histone acetyl transferases
and HDACs are the two types of enzymes that are primarily
amenable for the catalysis of particular lysine residues of
histones.®> Enzymes inhibitors are well known to stimulate
cell cycle arrest, pS3 sovereign, initiation of cyclin dependent
kinase inhibitor, i.e., p21, tumor discriminating apoptosis,
and segregation of normal and malignant cells. HDACIs have
attracted significant interest recently for the treatment of
cancer as well as of other human disorders.®

A number of HDAC inhibitors have been reported to date that
cause tumor cell growth arrest at doses that are apparently
nontoxic and appear to be very selective! HDACIs consists of
three defined structural parts of an ideal pharmacophore, i.e.,
(a) recognition cap group (b) hydrophobic linker, and (c) the
zinc-binding group (Figure 2)."® Earlier, HDACIs highlighted
the alteration of the surface recognition site (capping group)
and the zinc ion binding group.® Some selective HDACIs help in
identifying the specific position of the HDAC protein responsible
for cancer. This prospective identification by HDACIs plays
an important role to improve the therapeutic profile of new
generation HDACIs. In addition to changing the metal binding
site, the hydrophobic site is also varied, concentrating on
modifying the linker site by varying unsaturation and adding a
ring (e.g., aryl, cyclohexyl inside the series,’ but still selective
and potent HDACIs are yet to be investigated.

On the basis of chemical structures and enzymatic activities,
HDACIs are (Figure 3)' chemically classified as hydroxamates
(vorinostat, panobinostat, givinostat, quisinostat, abexinostat,
belinostat, tefinostat, resminostat, pracinostat), benzamides
(entinostat, mocetinostat, chidamide), aliphatic acids (valproic
acid), and cyclic peptides (romidepsin)!" These HDACIs
possess specific structural components that trigger diverse
functions like interruption in the cell cycle, angiogenesis,
and immunomodulation by acting on histone and non-histone
proteins.” A large number of HDACIs originate from natural
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Figure 2. Pharmacophore requirements for histone deacetylase inhibitors

sources and show substantial effects against cancer cells.
Some examples of natural HDACIs are given in Table 1.2

Food and Drug Administration approved and clinical trial
drugs

Vorinostat, romidepsin, belinostat, and romidepsin are HDACls
that are approved by the Food and Drug Administration (FDA)
for the treatment of cutaneous T-cell lymphoma (CTCL). More
than 80 HDACIs drugs are under clinical trial at present and
11 of them are particular for solid and hematological tumors.
Single and combination drugs for the treatment of other types
of cancer are shown in Table 2.3

Hydroxamic acids

A number of HDACIs have been identified and some are under
clinical trial with a hydroxamic acid scaffold for the treatment
of various types of cancer. The hydroxamic acid-based drug
molecule consists of three defined structural parts of an ideal
pharmacophore, i.e., (a) recognition cap group, (b) hydrophobic
linker, and (c) zinc-binding group. HDACIs act by binding to the
cap bearing amino group, a linker with 4-6 carbon unit and zinc
binding group for the inhibition of enzyme.”®

Trichostatin A is the first hydroxamate-based HDACI that was
isolated from Streptomyces hygroscopicus to inhibit HDACs.
Only the R-isomer of Trichostatin A was found to be active
against HDACs.'
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Figure 3. Some of the approved histone deacetylase inhibitors
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Table 1. Naturally occurring HDACls

S. no. Name Structure Natural source Activity

(6] (0]
N’OH Streptomyces
. TSA 4 hygroscopicus Anticancer
SN (actinomycete)
I

. ,///

SN
H Human leukemia
2 FR235222 Acremonium sp. cell inhibition (U937)
proliferation and arrest
H

H cell cycle (G1 phase)

S ) .
3 Diallyl disulfide /\/ \S/\/ Allium sativum Antitumor activity

R
o \ H © 0}
S a N
4 Amamistatin (A) R= N N 0 N N Nocardia asteroides Anticancer
OMe, (B) R=H OH H OH
HO'N\7o

) Diheterospora .
5 Chlamydocin chlamydosporia Antitumor
6 Apicidin Fusarium sp. Antitumor
7 Largazole Cyanobacterium Antitumor
Symploca sp.
8 Spiruchostatin A Pseudomonas Anticancer
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o
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HO
Vitisvinifera/ . .
13 Resveratrol \ O oH cyanococcus Anticancer activities
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HO
OH
14 Piceatannol O \ O Cyanococcus Anticancer activities
HO
OH
0]
15 Sulforaphane C g Brassica oleracea Efflectivejiainsttprostate,
colon, and breast cancer
sZ %N/\/\/ N
16 Allyl mercaptan \/\SH Allium sativum Anticancer
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Table 2. Various HDACIs in clinical trials

Hydroxamic Acid Based

HDACIs HDAC In vitro
specificity (class) efficacy

Combination therapy Types of cancer

Temozolomide plus radiation Glioblastoma multiforme (GBM)

Cyclophosphamide, Doxorubicin,
Vincristine, Prednisone

Peripheral T-cell lymphoma (PTCL)

(CHOP)
X Gastro-intestinal (GD
Whole brain radiation Brain metastasis
Vorinostat (SAHA) 1and 2 Nanomolar
5-Fluorouracil (5FV)/Leucovorin  Refractory colorectal and prominent tumors
(LV)
Hydroxychloroquine Modified tumors
NPI-0052 Pancreatic and lung malignancy
Velcate® Multiple myeloma
5-fluorouracil (5FV) Metastatic-colorectal
X Malignant pleural mesothelioma
X Epithelial and microcapillary ovarian malignancy
X Thymus epithelial cancer
X Myelodysplastic syndrome (MDS)
Beleodaq (Belinostat) 1 and 2 Micromolar Paraplatin Platinum resistant ovarian malignancy
Carboplatin plus Paclitaxel Ovarian cancer
X Acute myeloid leukemia (AML)
Cisplatin + Thymus epithelial tumor
doxorubicin +
cyclophosphamide
X Complex solid cancers
PCI-24781 P b M i solid
(Abexinostat) Tand 2 Nanomolar azopani etastatic solid cancer
Cisplatin + radiation Naso-pharyngeal carcinoma (NPC)
X Myelofibrosis (MF)
SB939 (Pracinostat) 1,2, and 4 Micromolar X Complex solid tumors
X Intractable solid tumors
X Complex solid tumors
. X Relapsed/refractory Hodgkin's lymphoma (HL)
Resminostat 1and 2 Micromolar ) }
Sorafenib Advanced hepatocellular carcinoma (HCC)
X Colorectal carcinoma
X Myeloproliferative neoplasms (MPN)
Givinostat (ITF-2357) 1 and 2 Nanomolar
Hydroxycarbamide Polycythemia vera
X Small cell lung malignancy (SCLC)
X Myelofibrosis (MF)
. X Solid tumors
Panobinostat Tand 2 Micromolar
X Cutaneous (T-cell) lymphoma
X Relapsed or refractory Hodgkin's lymphoma
X Myelodysplastic syndrome (MDS)
CuDC-101 1and 2 Nanomolar X Modified solid tumors
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Table 2. Continued

Benzamide Based

HDAC specificity

In vitro potency Combination

Cancer types

HDACIs (class)
X Leukemia
X Myelodysplastic syndrome (MDS)
?AMGoizt(::\g:tat) 1and 4 Micromolar X Chronic lymphocytic leukemia (CLL)
X Modified solid malignancy
X Relapsed Hodgkin's lymphoma
CRA (13-cis retinoic acid) Modified solid malignancy
MS-275 ) Erlotinib Non-small cell lung cancer (NSCLC)
(Entinostat) 1 Micromolar Exemestane Breast malignancy
X Refractory solid malignancy and lymphoma
Cl994 (Tacedinaline) 1 Micromolar X Modified solid malignancy
Short Chain Fatty Acid Based
HDACIs HDAC specificity  In vitro Combination therapy Cancer types
(class) efficacy
Refractory/central nervous system (CNS) tumors
Neuro-endocrine tumors (NET)
Avastin Colorectal, prostate, and breast melanoma
Valproic acid 1 Micromolar Decitabine Non-small cell lung cancer
(NSCLC)
(S-D Pancreato-biliary
Apresoline Solid malignancy
X Refractory solid tumor/lymphoma
X Persistent brain tumor
Phenylbutyrate 1and 2 Micromolar Vidaza® Acute myeloid leukemia or MDS
Vidaza® Prostate malignancy
Vidaza® Non-small cell lung cancer (NSCLC)
Vorinostat  (N-hydroxy-N'-phenyl-octanediamide), marketed Belinostat (Beleodaq or PXD101) is a novel hydroxamate-

under the name Zolinza® by Merck, was the one of the first
HDACIs permitted for the treatment of CTCL by the FDA, in
2006." Vorinostat hinders all classes of HDAC proteins (I, I,
and V), except class lll HDAC, which is NAD* dependent.®'”

Panobinostat (LB589) is a new drug developed by Novartis for
the treatment of various cancers® and was approved by the
FDA in 2015 for the treatment of multiple myeloma.?’#

Givinostat (ITF2357) has been reported as a hydroxamic acid-
based HDACI that revealed positive effects in patients with
Hodgkin's lymphoma, multiple myeloma, and severe lymphocytic
leukemia. The European Union has designated givinostat as an
orphan drug for the treatment of systemic juvenile idiopathic
arthritis and polycythemia vera.?

Abexinostat (PCI-24781) has been reported as a potent
hydroxamate-based HDACI having a wide spectrum of
anticancer activity. It is used alone or together with proteasome
inhibitors in the treatment of neuroblastoma cell lines.?®
Abexinostat is used with the usual chemotherapy agents, or is
used for different types of carcinomas, e.g., tissue soft-tissue
sarcoma (sarcoma models of human).?

type HDAC inhibitor that exhibits in vitro cytotoxicity at low
micromolar concentrations and it is active for the treatment
of ovarian cancer, CTCL, thymoma or thymic carcinoma, and
myelodysplastic syndrome. This drug showed remarked effects
in single or combined therapy.?

CUDC 107 is multitarget inhibitor of enzymes and receptors like
HDAC, tyrosine kinases, epidermal growth factor receptor, and
human epidermal growth factor receptor-2 and it possesses
potent anti-proliferative and pro-apoptotic activities.?®

Pracinostat (SB939) is another clinical trial (phase II) compound
with HDAC inhibitory activity. Studies postulated that the
activity or acceptability of compound 8 is in transitional/high
risk myelofibrosis affected patients.?” The drug has also been
tested for modified solid tumors®® but yielded no promising
results. The drug also showed greater effectiveness in children
with refractory solid tumors.®

Resminostat prevents cell growth and robustly induces apoptosis
in multiple myeloma cell lines in small ym concentration.® This
drug shows a significant effect when dispensed in combination
with other drugs (melphalan, bortezomib).® In phase Il clinical



YADAV et al. HDACIs: A New Paradigm 107

trials, it showed positive effects in Hodgkin's lymphoma and
was also evaluated for higher colorectal malignancy.®

Quisinostat (JNJ-26481585) is an experimental drug discovered
by Johnson and Johnson through clinical studies. The data
suggest that it is a “pan” inhibitor and it was found to be
effective for the treatment of CTCL and leukemia myeloid in
nanomolar concentration.®

Tefinostat or CHR-2845 (cyclopentyl
2-((4-(N'hydroxyoctanediamido) cyclohexyl) methylamino)-
2-phenylacetate) comes under the hydroxamic acid category
used as a particular substrate for hCE-1 (intracellular
carboxyl-esterase), whose expression is limited to cells of
the family of monocytes/macrophages. It is a monocyte or
macrophage focused HDACI that is cleaved to an active acid
and has significant effects towards myeloid leukemia. The
phase | clinical trial of the drug showed remarkable effects on
hematological malignancies and lymphoid tumors.*

CHR-3996 is a next generation HDACI based on hydroxamic
acid and showed greater potency towards class | HDAC with
latent anti-neoplastic effect and also showed potential effect
for modified malignancies in clinical trials.3"%®

Benzamide derivatives

This is another class of HDACI having 20 amino anilide moiety
which targets specifically class | HDACs. They bind to zinc-
chelating moiety for the interaction with the catalytic Zn2+ in
HDACs' active site.®

Entinostat (MS-275) was found to potentially inhibit various
cancer cells like NSCLC, breast malignancy, lympho-blastic
cancer, colon and renal cancer, and meta-static tumors and
also has a notable effect in different phases of clinical trials
and with selectivity towards class 1.°

Mocetinostat (MGCDO103) is an isotype of HDACI and showed
in vitro activity against HDACT selectively and some activity
against the various isoforms of HDAC (2, 3, and 11).# The drug
showed greater potency in hematological leukemia,*? lymphoma
cancer,*and solid malignancy.*

Chidamide (Epidaza) is an HDAC inhibitor developed and
approved in China (in 2015) that showed potential effects in the
treatment of pancreatic cancer.®®

Short chain fatty acids

The chemical class of short chain fatty acids has been also
introduced as HDAC inhibitors. Their mode of action is based
on the presence of a COOH group covering the acetate release
channel with a Zn binding site and they vie for the acetate group
freed from the deacetylation reaction. The best examples of
short chain fatty acids are valproic acid and sodium butyrate,
which are under clinical trial.*

Valproic acid is used as anti-convulsant and mood-stabilizing
agent. Recently it was introduced as a pan-HDACI in the third
phase of clinical trials for the treatment of cancer, i.e., cervical
or ovarian. It shows significant therapeutic effects either alone
or in combination therapy.*"“8

AN-9is used for chronic NSCLC and lymphocytic and lymphoma
malignancies.”

Cyclic peptides

Romidepsin belongs to the class of depsipeptides, and has
recently been tested in phase-Il clinical trials as well as
critical trials in cutaneous and peripheral T-cell lymphomas.
An unprejudiced response was seen in 10 of 28 evaluable
CTCL affected patients, from an overall response rate of 36%,
comprising 3and 7 complete and partial responses, respectively.
Myelotoxicity, nausea, vomiting, and cardiac dysrhythmias
are some of the serious side effects. Hematologic and solid
malignancies seen in cancer affected patients may be treated
with depsipeptides, which are also under clinical trial in single
or combination therapy.%®

Toxicity in clinical trials

Antitumor drugs seem to have more serious toxicity than
any other class of drugs. In some cases, thrombocytopenia,
neutropenia, anemia, fatigue, and diarrhea are the certain side
effects of inhibitors (grades Ill and V). By the discontinuation
of the (HDAC) drug, some volunteers suffering from
thrombocytopenia along with nausea, vomiting, anorexia,
constipation, and dehydration were also seen.

Inhibitors of HDAC also have some adverse effects like any
class of anticancer agents. The inhibitors (grades Ill and IV)
cause certain side effects like thrombocytopenia, neutropenia,
anemia, fatigue, and diarrhea.®"*2 In some cases, HDAC causes
thrombocytopeniabut it canbe easily resolved by discontinuation
of the drug.® Some other side effects were also seen, like
nausea, vomiting, anorexia, constipation, and dehydration.
Deaths of volunteers in clinical trials involving HDACIs have
been reported. For example, during trials of mocetinostat in
patients with critical Hodgkin's lymphoma four died, of which
two were treatment related deaths.® Similarly, some other
deaths were recorded during clinical trials involving vorinostat
and givinostat.®?% Hence, before starting clinical trials some
amendments are necessary to reduce the toxicity of HDACIs
and curtail the cytotoxicity effects in patients.

Approaches towards the development of HDACls

Most HDACIs have been recognized but not considered to be
competitive inhibitors. The enzymes are inhibited by insertion of
the same catalytic site as the usual enzyme substrates called
competitive inhibitors. A competitive HDACI normally contributing
to the ordinary function of the common model of pharmacophore
depends upon the crystal structures of enzyme inhibitor (HDAC-
like protein comes from Aquifex aeolicus) complex.

Noncompetitive inhibitors selectively disrupting the HDACs'
interaction with precise DNA binding proteins and some
other regulatory proteins (like 14-3-3 protein) might be potent
selective outlines (Figure 4).5° Alteration of identified HDAClIs
is important to recognize the chemical entity that affects the
potency of inhibitors and is an important initiative for further
investigating a novel chemical molecule.

Some of the new HDACIs with peptoid-based cap groups were
synthesized and found to be more selective against HDAC6
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isoform than towards other HDAC isoforms (Figure 5).5¢ The
compounds obtained from this hypothesis were found to be
more active, showing extraordinary chemo-sensitizing effects
and remarkable activity against Cal27 and CisR.% Selective
inhibition of HDAC6 is a promising target nowadays for a
wide range of diseases such as neurodegenerative disorders
(Alzheimer’s disease, Huntington's disease, and Parkinson’s
disease), cancers, and hematological malignancies.

{ Highly Conserved }
Hydrophobic
(o )@=

Enzyme Catalytic Pocket Non Catalytic Binding Pocket

! l

Co titive Inhibit:
PSS ImrNeor Non Competitive Inhibitor

l l

Selective Inhibitor Selective Inhibitor

ApprochA ApprochB

Figure 4. Different approaches for selective histone deacetylase inhibition
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Figure 5. Peptoid-based novel chemical entity effective against HDAC6
isoform

During the identification of some selective HDAC6 inhibitors,
a biarylhydroxamate structure was explored without any
branching. The heterocycles (thiazole, oxazole, and oxadiazole)
attached to the hydroxamate showed a huge impact on HDAC6
potency and selectivity. Compound 1 containing oxazole moiety
was identified by Senger et al>" as a potent and selective
inhibitor in vitro and in cell culture.

z=
\
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OH

M

Zhang et al.® outlined the synthesis, characterization, and
biological evaluation of suberoylanilide hydroxamic acid
(SAHA)-based derivatives with greater binding towards HDAC8
than the SAHA. Compound 2 shows pronounced activity while

inhibiting the cancerous cell lines of human glioma, i.e., MGR2,
U251, and U373.

2)

Bicyclic heterocyclic compounds are well known and widely
used in medicinal chemistry, always attracting remarkable
attention in the pharmaceutical industry due to their wide
therapeutic value. A series of novel acrylamide derivatives
based on the lead compound of MS-275 has been synthesized
by Li et al.¥ The synthesized compounds were quantized for
antiproliferative activities against cancerous cell lines (HCT-
116, MCF-7, and A549). Furthermore, compound 3 manifested
an adequate pharmacokinetic profile with 76% bioavailability in
rats, and can probably be regarded as a novel compound for
drug discovery.

H->N
= (@] N
N ﬂ“
L N SNy
N H
N
3)

Chavan and Mahajan® outlined and synthesized a number of
derivatives having semi- or thio-carbazone moiety containing
hydroxamic acid with average to high G score. Numerous
compounds exhibited potent anti-proliferative effects for
the MCF7, HCT15, and Jurkat cancer cell lines. Compound 4
showed potential activity against colon cancer.
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UL NH-Ar
HOHN™ N7 N7 X
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Zhang et al.%" described colchicine bearing hydroxamate moiety
with HDAC inhibitory activity that possesses good effect against
HDACs and tubulin. Compounds 5a-b show modest inhibition of
HDAC activity and significant action on cytotoxicity.
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Mendoza-Sanchez et al.®? outlined the fusion of antiestrogens
with known HDACIs to obtain more effective antiproliferative
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compounds for the treatment of breast cancer. The fused
compound 6 had antiestrogenic and HDACI activity. The
benzamide bifunctional molecule was found to be active for
class | deacetylases (HDAC3) and class Il deacetylases (HDAC6)
and was potent in nM concentration in breast cancer models.

ERa binding group

HADC inhibitor
(6)

Fleming et al.®® reported the advanced synthesis and structural
modification of MC1568 (7), which was found to be selective for
class Ila HDACI.
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Cheng et al.** reported the synthesis of phenyl-imidazolidin-2-
one derivatives as selective HDACIs. Compound 8 of the series
possesses remarkable antitumor activity against cancer cell
lines (HCT-116, PC3, and HL-60) in comparison to SAHA. It also
showed a major antitumor effect in the xenograft model of HCT
116 mice.
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Feng et al.®> described the influence of the insertion of a
branched hydrophobic group, e.g., N-hydroxyfurylacrylamide,
at the cap side of HDACI and was reported to determine
the activity in terms of inhibition against tumor cells. All the
synthesized compounds were reported to have high selectivity
towards HDAC1 and the compound like 9 showed magnificent
selectivity next to HDACS.
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Ning et al.?® stated that the substitution of urea/thiourea
on disubstituted cinnamic-based hydroxamates (10) has a
remarkable HDAC inhibitory effect and antiproliferative activity
against tumor cell lines.
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Guerrant et al.*” reported a bifunctional approach to produce
chemoactive agents in a single structural design that has 2-fold
activity against HDAC and topoisomerase Il. Results revealed
that compound 11 inhibits both these enzymes with strong
inhibitory capacity against different cancerous cell lines.

Topoisomerase |l inhibitor
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Marek et al.®® reported a novel series by incorporating an
alkoxy-amide linkage in hydroxamic acid-based compounds.
Compound 17 exhibited the same effects contrasted to SAHA in
a pan-HDAC cell-based assay and improved cytotoxic outcome
against various cancer cell lines (A-2780, Cal-27, Kyse-510, and
MDA-MB-231). Compound 12 exerted significant activity against
HDAC enzyme and inhibited HDAC4 and 5 in nM concentrations.
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Hou et al.®? described a potent chiral compound (NK-HDAC-51)
that exhibited more potent activity than vorinostat in both
enzyme- and cell-based assays due to its better physicochemical
properties, e.g., Log-D, solubility, micromole stability of liver

(t,,), stability of plasma (t, ), and apparent permeability.

a3

Wang et al.” outlined the synthesis of 3-(1,2-disubstituted-
1H-benzimidazol-5-yl)-N-hydroxy-acryl-amides HDACIs. In
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vivo studies against various tumor models (HCT-116, PC3,
A-2780, MV411, and Ramos) showed that compound 14 is highly
effective and has very good pharmacokinetics, safety, and
pharmaceutical properties.

0
N N _OH
/JN

N
-

14)

Chun et al.” synthesized a series of compounds like 15 for

anticancer activity and antiproliferative effects against MCF7,

MDA-MB 231, MCF 7/Dox, MCF 7/Tam, SK-OV 3, LNCaP, and

PC3 human cancer cell lines by the synthesis of suberoylanilide

hydroxamate derivatives.™
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(15)

Zhang et al® reported a new  series  of

1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid derivatives
for the inhibition of HDACs. Compounds like 16 show potent

activity and have better inhibitory activity than vorinostat.

16)

Koncic et al.” carefully examined a number of hydroxamic acid
derivatives of NSAIDs (17) and appraised their antioxidant, radical
scavenging activity with regard to butylated hydroxyanisole.
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Kozikowski et al.” outlined a novel series of hydroxamate-based
HDACIs synthesized by cycloaddition method. Compounds like
18 have greater potency against HDAC6 with an IC50 value of
2 picomolar. Some compounds were found to be capable of
preventing cell growth in pancreatic cancer approximately 10
times more effectively than vorinostat.
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18

Kim et al.™ reported that novel §-lactam-based HDACIs that
have various substituted benzyl, bi-aromatic cap groups were
prepared through metathesis reaction. Compound 19 showed
inhibitory activity against five different human cancer cell lines
(PC3, AC-HN, NUGC3, HCT15, and MBA-MB-231).
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Kahnberg et al®™
2-aminosuberic acid. Compound 31 has the ability to kill a

described various derivatives  of
range of tumor cells including MM96L melanoma cells, out of
whole compounds. Compound 20 exhibits hyperacetylation
of histones in both normal and cancerous cells, induces p-21
expression, and discriminates the survival of cancer cells to a

nonproliferating phenotype.
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Angibaud et al.™ described a series of novel pyrimidyl-5-
hydroxamic acids for HDAC inhibition. Moreover, amino-2-
pyrimidinylcan is used as a linker to provide enzymatic potency
to HDACls.
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Mshvidobadze et al.”” developed a variety of pyrazolohydroxamic
acid molecules that showed greater efficiency against HDAC
enzyme.
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(22)

Van Ommeslaeghe et al.’® reported potent amide type HDACIs
and molecular modeling confirms the flexibility of the linker
chain of compound 23, which is important for the orientation of
the dimethyl-amino-benzoyl group in the enzyme.
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Curtin et al.” outlined the synthesis and evaluation of a series
of succinimide hydroxamic acids, which were prepared and
evaluated for HDAC inhibition and antiproliferation. Compound
24 was found to be more potent.

MezN
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(24)

Sternson et al.?% synthesized a series of potent compounds
like 25 having 1,3-dioxane moiety that showed HDAC inhibitory
activity.

linker o]
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(25)

CONCLUSIONS

Currently the management of cancer has been improved
significantly, and although there are various medications for the
treatment of cancer they still seem to be ineffective. Thusitis a
major challenge for researchersto develop safe, effective agents

with an improved therapeutic index. HDACls, a new category
of anticancer agents, exert innumerable biological effects,
i.e., stimulation of cell differentiation, cell demise, cell-cycle
arrest, and bringing on of autophagic cell death. Development
of specific HDACls with an enhanced therapeutic index leads to
successful target accomplishment that proceeds to increased
efficacy. Additionally, recent clinical studies postulate that the
inhibitor of HDAC enzyme responds to both hematological and
solid tumor malignancies. A low therapeutic range is one of
the major drawbacks of existing HDACIs. Inhibitors of HDAC
enzyme are used either in monotherapy or in combination
therapy with different targeted agents. Combination therapy
is more viably successful than monotherapy because it uses
chemotherapeutic and biotherapeutic agents having lower
toxicity and better clinical outcomes in tumors.

The presentreview highlights the structure-activity relationship
of various HDACIs synthesized across the globe, which will be
helpful for designing new potential agents. Special attention
was paid to the existing synthesized medicinal compounds
over the past few years and their therapeutic application, which
will be helpful for future advancement. Apart from cancer,
HDACIs are presently used in different remedial areas such
as neurodegenerative disorders, cardiovascular disease, liver
fibrosis, retinal degenerative disease, regulation of immune
response, anti-inflammatory, conjunctivitis, and asthma. We
have also tried to summarize the current developments in the
structural scaffold of HDACIs such as surface recognition site,
linker region, and metal binding moiety. The recent summation
by various research groups has been incorporated to understand
the advancement of potential inhibitors.
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Bilimsel Performansin Degerlendirilmesi Icin Iki Yeni Faktor: U ve U’
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Uskudar University, Neuropsychopharmacology Application and Research Center, istanbul, Turkey

ABSTRACT |

Scientific performance of researchers that translates into academic improvement, tenure position in universities and project grants are commonly
evaluated by using some bibliometric indicators. These indicators can be calculated through total number of papers and citations, impact factors of
publishing journals, impact of each paper or impact of total papers. In addition, scientific impact of individuals is also determined by some indexes
such as Hirsch (h) index. All of these measures and indexes have several limitations. Scientific projects and publications are mostly collaborative
and all collaborators do not contribute to these projects and publications equally. Thus, it is difficult to understand and analyze an individual's
performance by the outputs coming from collaborative studies. Here, a new practice for evaluating individual scientific performance is proposed.
U and U’ factors are able to detect a qualified article production capacity of the scientists producing from their research projects and studies
objectively. Although these factors may not give an idea about their exact contributions and solutions on the specific scientific problems, U factors
will assist a more objective evaluation for individual scientific performance or productivity of the scientists than other tools such as h factor and
impact factor alone. Because h factor excludes certain articles of researchers, in this paper, | propose to use U factor instead of h for a more
objective evaluation. Especially the U’ factor may also be helpful for an objective selection in scientific awards, project grants and in appointing
academical staff.

Key words: Bibliometric, grant, h index, impact factor, scientific performance, tenure

|

Arastirmacilarin akademik gelisime dontsen bilimsel performansi, tUniversitelerde gorev streleri ve proje hibeleri, bazi bibliyometrik gostergeler
kullanilarak degerlendirilmektedir. Bu gostergeler toplam makale sayisi ve atiflar, yayinlandiklari dergilerin etki faktérleri, her bir makalenin etkisi
veya toplam makalelerin etkisi ile hesaplanabilir. Ayrica bireylerin bilimsel etkileri de Hirsch (h) indeksi gibi bazi indeksler tarafindan belirlenmektedir.
Bu &lgumlerin ve indekslerin hepsinde gesitli sinirliliklar vardir. Bilimsel projeler ve yayinlar gogunlukla fazla sayida kisi ile is birligini gerektirir ve
tum ortak galisanlar bu projelere ve yayinlara esit ¢lgtide katkida bulunmaz. Dolayisliyla, bir bireyin performansini kolaboratif galismalardan gelen
ciktilarla anlamak ve analiz etmek zordur. Bu makalede bireysel bilimsel performansi degerlendirmek igin yeni bir uygulama &nerilmistir. U ve
U faktorleri, bilimcilerin arastirma projelerinden ve galismalarindan gelen g¢iktilarin Griin niteligini ve nitelikli Gretim kapasitesini objektif olarak
tespit edebilmektedir. Bu faktorler, belirli bilimsel problemler tzerindeki kesin katkilar ve ¢oztimler hakkinda bir fikir veremese de, U faktord, bilim
insanlarinin bireysel bilimsel performansi veya uretkenligi igin, h faktéru ve etki faktord gibi diger araglardan daha objektif bir degerlendirmeye
yardimci olacaktir. H faktdrd, arastirmacilarin bazi galismalarini goz ardi edebilmektedir ve bu makalede, daha objektif bir degerlendirme igin h
yerine U faktort kullanimi onerilmektedir. U’ faktoru de 6zellikle bilimsel dullerde, proje hibelerinde ve akademik personelin atanmasinda objektif
bir segim igin yararli olabilir.

Anahtar kelimeler: Bibliyometrik, hibe proje tesviki/burs, h indeksi, etki faktéri, bilimsel performans, sabit kadro hakki

INTRODUCTION The h-index is an indicator which measures both the apparent
Beginning the new century, bibliometric analyses have scientific impact and the scientific productivity of a researcher.
increasingly turned to arithmetical methods using the The index is based on the set of the scientist's most cited
parameters such as the impact factor of the scientific journals reports and the number of times that they have been cited in
in which those publications appear first or corresponding author ~ other people’s scientific reports. An individual has index h if h
publications, and calculation at some specific index values. In  of (his/her) Np reports have at least h citations each. Hirsch
2005, Jorge E. Hirsch who is an Argentine American physicist  suggested that the h-index provides a better prediction for the
proposed h-index for detecting scientific output of a researcher! future achievement than the other indicators such as number
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of papers, number of citations, and mean citations per paper.'?
Other suggested bibliometric methods that also provide more
importance to very highly cited scientific reports, such as Jin et
al.'s® AR index and Kosmulski's,* H? index, probably suffer from
the same weakness as total citation account does, because
they will allocate the citations of highly cited reports equally
to all co-authors without considering rank of names in the
report. Egghe® also introduced g-index which isdefined as, “A
researcher has index g, if g is the highest number that his or
her top g publications received (together) at least g citations.

These indexes are influenced by the citation database.
Databases vary in respect to publication time span, subject,
and variety of listed journals, may provide qualitatively and
quantitatively different citation numbers for the similar
articles.® For example, although Scopus is one of the largest
citation database, it reflects only those scientific reports
available after 1995. Thus, Thompson Reuters Web of Science,
another popular database, may provide more precise evaluation
of lifetime performance. Mazloumian” evaluated citation info of
almost 150.000 scientists from the Web of Science database
and they suggested that the h value is a well predictor for the
future citations of both published and future papers. Many
databases frequently express both of h-index and impact factor
of individuals for general assessments.

Scientific projects and publications are mostly collaborative
and all collaborators do not contribute to these projects and
publications equally. However, scientific impact of individuals
is determined by making metrics such as the total publications,
citations and various remarks or indexes such as h, A, C and P
indexes that are unidirectional and insufficient measurements.®
A collaboration effect on scientific output has been subjected
to various studies.”" Total numbers of publications, citations or
bibliometric techniques based on indexes such as h-index may
not provide objective and relevant results every time, especially
about evaluation of individual performance. Because h-index
and some other similar indexes exclude a part of articles of
the researchers, we can sometimes reach inflated or fractional
results regarding individual performances.

In this study, it was aimed that h-index is improved through
considering the impact factor of scientist which is a value
obtained from dividing total citations to total publications. Thus,
here, a new evaluation practice, Uand U’ factors, is proposed for
a more objective evaluation of scientist’s individual productivity
and performance.

Method and Formulation

What is U factor?

U factor is a value simply obtained from multiplication of the
Hirsch index (h) with the impact factor (if). Impact factor for
an individual scientist is calculated by dividing total citations
to total publications without taking into consideration the place
of name in the article and impact of the published journal. For
example, a scientist has 1000 citations for a total of 100 articles
and his/her h-index is 20. What is his/her factor?

U= ifxh
~ 1000
="

h=20

U=20x10=200

What is U factor?

U’ factor needs a more complex calculation and it gives us a very
objective evaluation for individual productivity and performance
of scientists, because it highlights specific own effort of the
scientist within the total activity. For U’ factor, firstly, general
U value of the scientist is calculated as described above. Then,
U, value indicating the scientist’s specific contribution by his/
her publications is calculated. For that purpose, the articles in
which the scientist is the first name or is corresponding author
are taken into consideration. Number of citations is counted
exactly for these articles and the obtained value is divided
into total number of articles in which the scientist’s is the first
name or is corresponding author for calculating if_value. Then,
the scientist's specific h-index including only the articles in
which the author is the first name or is corresponding author,
is calculated as h_Then, U_value is obtained by multiplying if,
with h. When we divided U_ by U; U is obtained.

A sample calculation for U’

There is a scientist who has a total of 100 articles and 1000
citations. He/she is the first author in 20 and corresponding
author in 30 of total articles. Thus, he/she has 50 articles
for U" calculation. In addition, the scientist has 500 citations
obtained from these articles. Let's assume, his/her h_ index is
12 according to these specific articles. What is the U’ factor for
this scientist?

First, we calculate general U as mentioned above and U is found
as 200.

U=hxif=20x10 =200

. _500
ifs=2"2=10
ifs =
hs=12

Us = ifs x hg =10 x 12 = 120

U=Us=120_0¢
200

U’ is an indicator of scientist's own contribution or significant
contribution among his/him total publications. As the U’ value
grows and closes to 1, it is understood that the scientist’s own
contribution in total publications is significant. As the U’ value
becomes smaller, it is understood that the scientist's own
contribution in total publications is insignificant. In this example,
because U’ is found as 0.6, the scientist’'s own contribution to
the total articles can be accepted as qualified. Table 1 presents
a proposed model for the level of the scientist’s own or specific
contribution according to U and U’
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Table 1. Scientific performance levels according to and *

u v Scientific level
<100 <0.25 Low
100-200 0.25-0.50 Moderate
201-400 0.51-0.75 Qualified
2400 >0.75 Outstanding

*In this table, and are independent from each other ( values do not reflect every
time , vice versa). is a more available indicator of scientists’ own contribution
within their total activity. We can use as a more available indicator of researchers’
general scientific effort.

DISCUSSION AND CONCLUSION

Academic researchers transfer their discoveries, new ideas
and experimental observations to the scientific community by
refereed printed papers in academic journals. Only biomedical
sciences generate more than a million new scientific articles
eachyear. These publications are the basic source for measuring
the outputs of an individual scientist. The specific publications
are also the expressions of intellectual discoveries expressed
explicitly aiming to convey new ideas or information for further
knowledge. Bibliometric indicators have been widely used to
measure the performance of the scientific community in general
and in particular, to assess the productivity of a scientist or an
academic journal.? While impact factor and annual total citation
number are two of the most commonly used evaluative tools,
they are also undoubtedly less sophisticated than other field-
normalized approaches advanced by bibliometric applicators.®

Within all of the indices, Hirsch’'s h-index is undoubtedly the
most known index. It has been used in most popular databases
such as ISI Web of Science, Scopus and Google Scholar
Academic. It is designed to develop on generally used metrics
and it reflects the cumulative impact of an individual's effort.
It is determined from the distribution of citations received by
a researcher’s publications. A researcher has Hirsch index h
if h of his/her Np publications have, at least, h citations each.
For example, a researcher who has an h-index of 10 must have
published ten articles that each have at least ten citations.
The h-index is becoming a reference instrument for career
evaluation, and it has been considered by some institutions in
allocation, promotion and funding choices.?™

Because there are alterations in citation behavior in different
subject areas, the impact factor alone should only be used to
compare journals or scientists working on the similar subject.”®
H-index has also several limitations. This index is a promising
general assessment of the quality of a young scientist’s effort.””'®
Because the h-index cannot exceed the amount of underlying
papers, we can even describe h=0 for fully inactive scientists.
Sensitivity to performance changes of h-index is low. It can
never decrease and is only weakly sensitive to the number of
citations. This is the reason for the development of most of the
other type of indices. Because h-index is size-dependent, the
use of h-index as an only factor for the evaluation of the scientific
occupation of a researcher is not adequate!® In addition, in
comparison with the cumulative number of citations, the h-index

is not critically inflated by a small number of highly cited articles.
Furthermore, the h-index considers scientific impact as well
as productivity, and it is hardly influenced by self-citation. It
could identify outstanding and successful scientists and could
facilitate academic improvement in divisions, universities,
and other academic frames® Similar to mean citations per
publication, the h-index shows a positive correlation with time.
Furthermore, like other indexes, the h-index does not consider
the background of citations, for example, those citations with a
negative background that show inadequate or limited published
article will have the effect of increasing the ranking of scientists
when citation indices are used.?’ Thus, U factor presenting in
our study may enable more objective and effective evaluation
for individual scientific performance as compared to individual
impact and h factors since it combines both impact and h.
Indeed, U factor obtained by multiplying h value and impact may
be a new and useful metric in the scientometrics and seems to
eliminate some limitations generating from impact factor and
h-index alone. Multiplying of h-index with the impact factor of
individual provides a correction in h-index and allows a more
objective evaluation of scientists’ performance.

One of the most important problems in evaluation of individual
scientific performance is the papers with multiple names.
This kind of studies are generally multidisciplinary. However,
we can also see many articles with numerous names in a
sole scientific area especially in life sciences and medicine.
Some of them is also a gift authorship which is defined as
lack of significant contribution of the author to the manuscript
or study. They are best opportunistic and worse scientific
misconducts.?? An important question is that how we can
detect a significant individual scientific performance and his/
her specific contribution to any scientist who has highly cited
articles with multiple names?

Any scientist could have too many articles and could have a
very high citation number too. Therefore, he/she could also
have very high impact factor and high degree in h-index.
However, this high impact value and high h-index do not show
that this scientist is always qualified or a senior scientist.
Thus, rank of the name in the article becomes an important
determinant. Being first name or a corresponding author in the
article indicates a significant contribution to the study. Thus,
the number of the articles of a scientist in which his/her name
appears as first name or corresponding author within the total
articles and citations for these articles within the total citations
are noteworthy indicators for the individual's own specific
effort in the total articles and citations. U’ directly gives us an
objective opinion about the scientist's own specific effort in
the related scientific zone. The most important benefit of U’ in
evaluation of individual scientific performance is sorting out of
the publications regarding gift, honorary or guest authorship.
If the scientist’s U’ is much smaller than 1, he/she will have so
much gift or guest authorship in his/her articles.

While U can be used as an individual indicator like h or the

similar factors, U’ can mainly be used for detecting the
scientists’ outstanding scientific activity within the total and
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together with U, for instance, it may be useful for an objective
evaluation in competitive statements such as award, grant and
tenure position in universities. If a scientist has U”that is closer
to 1 or more than 1, that means he/she has a significant direct
contribution to the studies turning into publication in the same
extent. A U’ value too much lower than 1 indicates that the
scientist has not a direct relation or contribution to the studies
that result in publication. This statement could also imply too
much gift, honorary or guest authorship. A scientist who has
a very low U’ value, even if he/she has a high citation count
and a high h index, cannot be accepted as outstanding or senior
researcher in the scientific community.

Evaluation of U" will help a more equal selection in the
competitive statements of the science i.e. award, grant
allocation or tenure positions. However, the main problem for
U’ evaluation is that there is a possibility for detecting a high U’
value in the individuals who have low publication and citation
counts. This problem can be overcome by making comparison
of the individuals who have an acceptable threshold value. The
threshold value can be detected according to an acceptable U
value obtained from a suitable h index and impact factor. For
example, according to property of competition, a borderline
value can be defined and the individuals who have a lower
borderline value are not included in the evaluation.

Currently, an apparent problem is that there is not a software
regarding practical calculation of these values provided by
any database. Thus, calculation seems to be a bit difficult
and time-consuming. However, a freely available software
simply presents a solution for this problem and will make the
calculation easier.

In conclusion, here, new practical indexes for assessment of
individual scientific performance have been presented. These
indexes may be useful for selection in competitive scientific
statements and they seem to be more effective than h-index
or impact alone. Thus, we have used successfully this
method for evaluating the performance of the scientists from
pharmaceutical sciences during detection of science awards
and grants of Turkish Pharmacists’ Association, Pharmacy
Academy since 2007. We observed that U and U’ factors are
practical, equitable and more effective than h for individual
evaluation of scientific performance.
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