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INSTRUCTIONS TO AUTHORS
Turkish Journal of Pharmaceutical Sciences journal is published 6 
times (February, April, June, August, October, December) per year and 
publishes the following articles:

• Research articles

• Reviews (only upon the request or consent of the Editorial Board)

• Preliminary results/Short communications/Technical notes/Letters to 
the Editor in every field of pharmaceutical sciences.

The publication language of the journal is English.

The Turkish Journal of Pharmaceutical Sciences does not charge any 
article submission or processing charges.

A manuscript will be considered only with the understanding that it is an 
original contribution that has not been published elsewhere.

The Journal should be abbreviated as “Turk J Pharm Sci” when 
referenced.

The scientific and ethical liability of the manuscripts belongs to the 
authors and the copyright of the manuscripts belongs to the Journal. 
Authors are responsible for the contents of the manuscript and accuracy 
of the references. All manuscripts submitted for publication must be 
accompanied by the Copyright Transfer Form [copyright transfer]. Once 
this form, signed by all the authors, has been submitted, it is understood 
that neither the manuscript nor the data it contains have been submitted 
elsewhere or previously published and authors declare the statement of 
scientific contributions and responsibilities of all authors.

Experimental, clinical and drug studies requiring approval by an 
ethics committee must be submitted to the JOURNAL with an ethics 
committee approval report including approval number confirming that 
the study was conducted in accordance with international agreements 
and the Declaration of Helsinki (revised 2013) (http://www.wma.net/
en/30publications/10policies/b3/). The approval of the ethics committee 
and the fact that informed consent was given by the patients should be 
indicated in the Materials and Methods section. In experimental animal 
studies, the authors should indicate that the procedures followed were in 
accordance with animal rights as per the Guide for the Care and Use of 
Laboratory Animals ( http://oacu.od.nih.gov/regs/guide/guide.pdf ) and 
they should obtain animal ethics committee approval.

Authors must provide disclosure/acknowledgment of financial or material 
support, if any was received, for the current study.

If the article includes any direct or indirect commercial links or if any 
institution provided material support to the study, authors must state 
in the cover letter that they have no relationship with the commercial 
product, drug, pharmaceutical company, etc. concerned; or specify the 
type of relationship (consultant, other agreements), if any.

Authors must provide a statement on the absence of conflicts of interest 
among the authors and provide authorship contributions.

All manuscripts submitted to the journal are screened for plagiarism 
using the ‘iThenticate’ software. Results indicating plagiarism may result 
in manuscripts being returned or rejected.

The Review Process

This is an independent international journal based on double-blind peer-
review principles. The manuscript is assigned to the Editor-in-Chief, who 
reviews the manuscript and makes an initial decision based on manuscript 
quality and editorial priorities. Manuscripts that pass initial evaluation 

are sent for external peer review, and the Editor-in-Chief assigns an 
Associate Editor. The Associate Editor sends the manuscript to at least 
two reviewers (internal and/or external reviewers). The Associate Editor 
recommends a decision based on the reviewers’ recommendations and 
returns the manuscript to the Editor-in-Chief. The Editor-in-Chief makes 
a final decision based on editorial priorities, manuscript quality, and 
reviewer recommendations. If there are any conflicting recommendations 
from reviewers, the Editor-in-Chief can assign a new reviewer.

The scientific board guiding the selection of the papers to be published in 
the Journal consists of elected experts of the Journal and if necessary, 
selected from national and international authorities. The Editor-in-Chief, 
Associate Editors may make minor corrections to accepted manuscripts 
that do not change the main text of the paper.

In case of any suspicion or claim regarding scientific shortcomings 
or ethical infringement, the Journal reserves the right to submit the 
manuscript to the supporting institutions or other authorities for 
investigation. The Journal accepts the responsibility of initiating action 
but does not undertake any responsibility for an actual investigation or 
any power of decision.

The Editorial Policies and General Guidelines for manuscript preparation 
specified below are based on “Recommendations for the Conduct, 
Reporting, Editing, and Publication of Scholarly Work in Medical Journals 
(ICMJE Recommendations)” by the International Committee of Medical 
Journal Editors (2013, archived at http://www.icmje.org/).

Preparation of research articles, systematic reviews and meta-analyses 
must comply with study design guidelines:

CONSORT statement for randomized controlled trials (Moher D, Schultz 
KF, Altman D, for the CONSORT Group. The CONSORT statement revised 
recommendations for improving the quality of reports of parallel group 
randomized trials. JAMA 2001; 285: 1987-91) (http://www.consort-
statement.org/);

PRISMA statement of preferred reporting items for systematic reviews 
and meta-analyses (Moher D, Liberati A, Tetzlaff J, Altman DG, The 
PRISMA Group. Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses: The PRISMA Statement. PLoS Med 2009; 6(7): 
e1000097.) (http://www.prisma-statement.org/);

STARD checklist for the reporting of studies of diagnostic accuracy 
(Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig LM, 
et al., for the STARD Group. Towards complete and accurate reporting 
of studies of diagnostic accuracy: the STARD initiative. Ann Intern Med 
2003;138:40-4.) (http://www.stard-statement.org/);

STROBE statement, a checklist of items that should be included in reports 
of observational studies (http://www.strobe-statement.org/);

MOOSE guidelines for meta-analysis and systemic reviews of 
observational studies (Stroup DF, Berlin JA, Morton SC, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting 
Meta-analysis of observational Studies in Epidemiology (MOOSE) group. 
JAMA 2000; 283: 2008-12).

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.



INSTRUCTIONS TO AUTHORS
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.

ETHICS COMMITTEE APPROVAL
The editorial board and our reviewers systematically ask for ethics 
committee approval from every research manuscript submitted to the 
Turkish Journal of Pharmaceutical Sciences. If a submitted manuscript 
does not have ethical approval, which is necessary for every human or 
animal experiment as stated in international ethical guidelines, it must be 
rejected on the first evaluation.

Research involving animals should be conducted with the same rigor 
as research in humans; the Turkish Journal of Pharmaceutical Sciences 
asks original approval document to show implements the 3Rs principles. 
If a study does not have ethics committee approval or authors claim 
that their study does not need approval, the study is consulted to and 
evaluated by the editorial board for approval.

SIMILARITY
The Turkish Journal of Pharmaceutical Sciences is routinely looking for 
similarity index score from every manuscript submitted before evaluation 
by the editorial board and reviewers. The journal uses iThenticate 
plagiarism checker software to verify the originality of written work. 
There is no acceptable similarity index; but, exceptions are made for 
similarities less than 15 %.

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 publication, date of publication and inclusive page numbers of the 
extract 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.

Example: O’Brien TP, Green WR. Periocular Infections. In: Feigin RD, 
Cherry JD, eds. Textbook of Pediatric Infectious Diseases (4th ed). 
Philadelphia; W.B. Saunders Company;1998:1273-1278.

Books in which the editor and author are the same person: 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. Example: Solcia E, Capella C, Kloppel G. Tumors of the 
exocrine pancreas. In: Solcia E, Capella C, Kloppel G, eds. Tumors of 
the Pancreas. 2nd ed. Washington: Armed Forces Institute of Pathology; 
1997:145-210.

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:
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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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Dear Editor,
The global pandemic caused by the Severe Acute Respiratory syndrome-
Coronavirus-2 started in Wuhan, China, in December 2019 and spread 
throughout the world. It is known that cytokine storms play an important 
role in acute respiratory distress syndrome and multiorgan dysfunction, 
which are among the main causes of mortality in Coronavirus 
Disease-2019 (COVID-19) patients. A cytokine storm is triggered by the 
secretion of proinflammatory cytokines such as tumor necrosis factor-α; 
interleukin (IL)-1b, IL-2, IL-6, IL-8, and IL-10; and interferon-γ. An excessive 
inflammatory response occurs as a result of this triggering, which leads 
to life-threatening clinical symptoms.1 It has been shown that therapeutic 
plasma exchange (TPE) may be effective in suppressing cytokine storms.2 

The main parameters in evaluating the effect of TPE on drug therapy are the 
volume of distribution and the affinity of drugs binding to plasma proteins. 
Drugs with low volumes of distribution (<0.2 L/kg) and high plasma protein 
binding (>80%) often remain in the intravascular compartment and are 
likely to be affected by TPE. However, not only those two parameters affect 
the processes of drug removal by TPE; the half-life (>2 h), endogenous 
drug clearance (<4 mL/min), hydrophilic/lipophilic properties of the drug, 
and the time between the onset of TPE and drug intake may also affect the 

rate of excretion. Drugs with a half-life longer than 2 h and that are slowly 
metabolized or have a low clearance rate are more likely to be excreted by 
TPE.3 

TPE has been shown to increase interferon clearance in patients with 
hepatitis C-related vasculitis.4 No studies on the effects of TPE on 
other drugs used in the treatment of COVID-19 have been found. The 
pharmacokinetic properties of the drugs used to treat COVID-19 are 
shown in Table 1. Accordingly, interferon, intravenous immunoglobulin, and 
lopinavir/ritonavir are likely to be affected by TPE. There are not enough 
data on favipiravir, oseltamivir, tocilizumab, and remdesivir to allow them 
to be evaluated; however, considering their low distribution volumes and 
long half-lives, it can be assumed that they are also removed by TPE. In 
cases when the drug is likely to be excreted with TPE, it is recommended 
to change the drug administration time to a time after TPE in order not to 
disrupt the regular blood concentration of the drug. Thus, with rational drug 
use, the blood level of the drug may be prevented from being affected by 
TPE and the patient obtains the maximum effect expected from the drug. 
Blood levels of drugs should be monitored if possible. Clinicians should 
always consider and evaluate the pharmacokinetic profiles of drugs when 
opting for co-administration with other therapeutic options.
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Table 1. Pharmacokinetic characteristics of drugs that are used to treat COVID-19
Drug Volume of distribution Plasma protein binding Half-life References

Hydroxychloroquine 47.257 L 40% 45±15 days 5

Chloroquine 65.000 L 55% 41±11 days 5

Azithromycin 31 L/kg 7-51% 68-72 hours 6

Ribavirin 2825 L None 24-298 hours 6

Umifenovir Data not available Data not available 17-21 hours 7

Methylprednisolone 1.38 L/kg 78% 2.3 hours 8

Oseltamivir 23-26 L 3-42% 1-10 hours 6

Tocilizumab 6.4 L Data not available 11-13 days 6

Favipiravir 15-20 L 54% 2-5.5 hours 9

Remdesivir Data not available Data not available 69 minutes 10

Ritonavir 0.41±0.25 L/kg 98-99% 3-5 hours 6

Lopinavir Data not available 98-99% 5-6 hours 6

IVIG 0.05±0.13 L/kg Data not available 14-24 days 6

 Not expected to be affected by TPE   Suspected to be affected by TPE   Likely to be affected by TPE, TPE: Therapeutic plasma exchange
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ÖZ

Amaç: Non-steroid anti-enflamatuvar ilaçlar (NSAID) akut ve kronik ağrı tedavisinde yaygın olarak kullanılmaktadır. Etil kloroformat ile türevlendirme 
işlemini takiben diklofenak sodyum, ibuprofen ve mefenamik asit gibi NSAID’lerin belirlenmesi için alev iyonizasyon dedektörlü basit, hızlı ve 
güvenilir bir gaz kromatografisi (GC) yöntemi geliştirilmiştir.
Gereç ve Yöntemler: GC koşulları, 3 dakika boyunca 150 °C kolon sıcaklığında DB-1 kolonundan (30 m x 0,32 mm id) elüsyon, ardından 280 °C’ye 
kadar 20 °C/dak olacak şekilde ısıtma ve 5 dakika bekleme olarak optimize edilmiştir. Azot akış hızı 2,5 mL/dk olarak ayarlanmıştır. Spektrofotometrik 
çalışmalar için absorbans, 200-500 nm dalga boyunda metanole karşı ölçülmüştür.
Bulgular: Kalibrasyon eğrilerinin, her ilacın 0,4-0,6 µg/mL saptama limitleri ile 2-10 µg/mL konsantrasyon aralığında doğrusal olduğu saptanmıştır. 
Türetme elüsyonunun, ayırmanın ve miktar tayininin, %3,9’luk bağıl standart sapma ile tekrarlanabilir (n=3) olduğu bulunmuştur. Yöntem, farmasötik 
formülasyonlardan elde edilen ilaçların analizi için uygulandı ve analiz sonuçları, RSD’ler ile %0,5-3,9 arasında etiketli değerlerle uyumluydu. 
Sonuçlar ayrıca standart ekleme yöntemi ile doğrulanmıştır. Geri kazanım yüzdesi, deproteinize edilmiş insan serumu ve idrar örnekleri ile 
hesaplandı ve ilaçların geri kazanım yüzdesi, %3,1 içindeki RSD’ler ile %96-98 içinde elde edildi.
Sonuç: Valide edilmiş bu yöntemin kısa analiz süresi içinde bulk ve dozaj formundaki NSAID’leri analiz edebildiği doğrulanmıştır. Yöntemin, biyolojik 
numunelerin analizi için de yararlı olduğu tespit edilmiştir.
Anahtar kelimeler: NSAID’ler, GC analizi, NSAID’lerin türevlendirilmesi

Objectives: Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used for the treatment of acute to chronic pain. A simple, fast, and reliable 
gas chromatographic (GC) method with flame ionization detection has been developed for the determination of NSAIDs such as diclofenac sodium, 
ibuprofen, and mefenamic acid after derivatization with ethyl chloroformate. 
Materials and Methods: The GC conditions were optimized as elution from a DB-1 column (30 mx0.32 mm id) at column temperature 150 °C for 3 
min, followed by a heating rate of 20 °C/min up to 280 °C and a hold time of 5 min. The nitrogen flow rate was 2.5 mL/min. For spectrophotometric 
studies, the absorbance was measured against methanol at a wavelength of 200-500 nm.
Results: The calibration curves were linear within 2-10 µg/mL with limits of detection of 0.4-0.6 µg/mL of each drug. The derivatization elution, 
separation, and quantitation were repeatable (n=3) with relative standard deviation (RSD) within 3.9%. The method was applied for the analysis of 
the drugs from pharmaceutical formulations and the results of the analysis agreed with labeled values with RSDs within 0.5-3.9%. The results were 
also confirmed by standard addition method. The percent recovery was calculated with spiked deproteinized human blood serum and urine samples 
and % recovery of the drugs was obtained within 96-98% with RSDs within 3.1%.
Conclusion: The validated method proved its ability for the assay of NSAIDs in bulk and dosage form in a short analysis time. The method was also 
useful for the analysis of biological samples.
Key words: NSAIDs, GC analysis, derivatization of NSAIDs 
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INTRODUCTION 
Drugs such as diclofenac sodium, ibuprofen, and mefenamic 
acid are commonly used all over the world.1 These drugs 
belong to the class of non-steroidal anti-inflammatory 
drugs (NSAIDs), which are used for antipyretic, analgesic, 
and anti-inflammatory purposes.1,2 These types of drugs are 
generally used as pain killers. People use NSAIDs without a 
prescription from a doctor because of the low possibility of 
side effects. These types of drugs are also very effective for 
people with arthritis or rheumatic diseases. Pregnant women 
may use NSAIDs if prescribed by their physicians. NSAIDs 
can cause several side effects if used for a long time such 
as gastrointestinal bleeding, intestinal ulceration, aplastic 
anemia, agranulocytosis, kidney damage, and cardiovascular 
risk.3 Diclofenac sodium [2-(2-6-diclorophenyl) aminophenyl 
benzoic acid], ibuprofen (Rs)-2[4-(2-methylpropyl phenyl) 
propanoic acid], and mefenamic acid [2-(2,3-dimethylphenyl) 
aminophenylbenzoic acid] are NSAIDs and are commonly used 
for antipyretic, analgesic, and anti-inflammatory purposes. 
They are also used for the treatment of rheumatic disorders, 
pain, and fever.4,5 

Ibuprofen

Diclofenac sodium

Mefenamic acid

Many methods have been reported for the determination of 
diclofenac sodium, ibuprofen, and mefenamic acid individually 
and in mixtures.6 Diclofenac salts have been determined 
by spectrophotometry,7 spectrofluorometry,8 thin layer 
high performance liquid chromatography (HPLC),9 and gas 
chromatography (GC)10 in a wide variety of samples. Similarly, 
mefenamic acid has been analyzed by spectrophotometry,11 
spectrofluorometry,12 electrophoresis,13  and chromatography.14 
In pharmaceutical preparations and biological fluids for the 
simultaneous determination of NSAIDs chromatographic (GC, 
HPLC) procedures are used.15 GC is easy to perform with 

high resolution efficiency and does not involve the problem 
of solvents used. The acidic compounds diclofenac sodium, 
mefenamic acid, and ibuprofen are difficult to elute from the 
GC column and require derivatization before their analysis.16 
GC derivatization can be defined as the procedure used 
to modify analyte functionality to make it suitable for GC 
separation. Derivatization enables an extremely polar 
substance to become quite volatile so that it can be easily 
eluted at sensible temperatures.17 The compounds with 
attached functional groups, for instance -SH, -OH, -NH, 
and -COOH, have importance for GC analysis because these 
groups have a tendency to undergo hydrogen bonding.18,19 
These hydrogen bond formations have effects on the 
volatility, thermal stability, and interaction of the analyte 
with the column packing material. 

The present work examineed the less expensive ethyl 
chloroformate (ECF) as a derivatizating reagent for GC-flame 
ionization detector (FID) determination of diclofenac sodium, 
ibuprofen, and mefenamic acid for an aqueous medium from 
a pharmaceutical preparation and biological fluids. In this 
study, we developed a new GC-FID method that is easy, cheap, 
fast, selective, and reliable for the determination of NSAIDs. 
Furthermore, spectrophotometric studies were also performed 
to optimize all the parameters with and without derivatization 
for all NSAIDs. The developed method shows better limits of 
detection (LOD) and limits of quantitation (LOQ) with a good 
regression coefficient and was applied to real blood and urine 
samples.

MATERIALS AND METHODS
Chemical and reagents
All the chemicals used were GR or AR grade. ECF (Fluka, 
Buchs, Switzerland), methanol, chloroform, acetonitrile (Fluka, 
Buchs, Switzerland), and pyridine (E-Merck, Darmstadt, 
Germany) were used. Pure standard of ibuprofen was obtained 
from Abbott Laboratories, Karachi, Pakistan, and mefenamic 
acid from Pfizer Laboratories Karachi, Pakistan, as a gift for the 
research. Diclofenac sodium was obtained from Sigma Aldrich 
(St. Louis, MO, USA). Ammonium chloride, potassium chloride, 
boric acid, sodium tetraborate, sodium carbonate, sodium 
bicarbonate, acetic acetate, ammonium acetate, ammonia 
solution, and hydrochloric acid (37%) for the preparation of 
buffer solutions were obtained from E-Merck, Darmstadt, 
Germany.

Buffer solutions (0.1 M) of pH 1-12 with 0.5 unit interval were 
prepared from the following: potassium chloride adjusted with 
hydrochloric acid (pH 1-2), acetic acid-sodium acetate (pH 3-6), 
ammonium acetate (pH 7), boric acid–sodium tetraborate (pH 
7.5-8.5), ammonium chloride-ammonia (pH 10), and potassium 
chloride-potassium hydroxide (pH 11-12). Standard solutions of 
ibuprofen, diclofenac sodium, and mefenamic acid containing 1 
mg/mL each were prepared separately in methanol:water (1:1 
v/v). Further solutions were prepared by appropriate dilutions. 
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Instrumentation
All pH measurements were made with an Orion star pH meter 
(Orion Research Inc., Boston, MA, USA). The spectrophotometric 
studies were carried out on a Hitachi 220 double beam 
spectrophotometer [Hitachi (Pvt) Ltd, Tokyo, Japan] with dual 
quartz cuvettes. Gas chromatographic studies were carried 
out on an Agilent 6890 model gas chromatograph (Agilent 
Technologies, CA, USA) with a FID, split injector, hydrogen 
generator H2-90 (Parker Hannifin, Haverhill, MA, USA), pure 
nitrogen (British Oxygen Company, Karachi, Pakistan), and a 
computer with Chemostation software. A capillary column, 
DB-1 (30 m x 0.32 mm id), with film thickness 0.25 µm (J.W. 
Scientific GC column, Willington, NC, USA) was used throughout 
the study.

Statistical analysis 
All results were statistically analyzed and repeated 3 times. The 
% error, % relative standard deviation (RSD), and regression 
coefficient were calculated using SPSS 16.0.

Spectrophotometric procedure without derivatization
For the spectrophotometric study, stock solutions containing 
1 mg/mL were prepared in methanol in a 25-mL volumetric 
flask. The solutions were appropriately diluted to 10 µg/mL for 
ibuprofen, mefenamic acid, and diclofenac sodium separately 
in a 10-mL volumetric flask. The solutions were well mixed, 
and the absorbance was measured against methanol on a 
spectrophotometer (Hitachi 220) at a wavelength of 200-400 
nm. The maximum response was obtained at 240, 260, and 
300 nm for ibuprofen, mefenamic acid, and diclofenac sodium, 
respectively.  

Spectrophotometric procedure with derivatization
For the spectrophotometric study stock solutions containing 
1 mg/mL were prepared for ibuprofen, mefenamic acid, and 
diclofenac sodium separately and were further diluted to 
10 µg/mL in methanol. The solution of 1 mL each of 100 µg/
mL ibuprofen, mefenamic acid, and diclofenac sodium was 
separately transferred into a 10-mL volumetric flask and (0.5 
mL) solvent system of pyridine:methanol:acetonitrile:water 
(8:42:8:42 v/v) and (0.5 mL) buffer of solution pH 9 and (0.4 
mL) ECF were added and the contents were sonicated for 20 
min at 30 °C room temperature. Then methanol was added up to 
the mark in a 10-mL volumetric flask, the solutions were mixed, 
and the absorbance was measured against the reagent blank 
on a spectrophotometer at a wavelength of 200-400 nm. The 
maximum responses were obtained at 350, 310, and 350 nm for 
ibuprofen, diclofenac sodium, and mefenamic acid, respectively. 
The reagent blank was prepared with 1 mL of methanol and 
following the same procedure without addition of the analyte.

Gas chromatographic procedure
The solutions (0.2-1.0 mL) containing 10 µg/mL ibuprofen, 
mefenamic acid, and diclofenac sodium separately or in mixture 
were transferred to well stoppered test tubes. To the solution 
were added methanol:water:acetonitrile:pyridine (42:42:8:8 
v/v) (0.5 mL) solvent, carbonate buffer solution of pH 9 (0.5 
mL), and ECF (0.4 mL) and the contents were sonicated at room 

temperature (30 °C) for 15 min. Chloroform (0.5 mL) was added 
and the contents were mixed well. The layers were allowed to 
separate. The calculated volume of 0.5 mL from the organic 
layer was pipetted out into a screw capped sample vial. The 
solution (1 µL) was injected into the GC instrument at an initial 
column temperature of 150 °C for 3.0 min with a heating rate 
of 20 °C/min up to 280 °C. The nitrogen flow rate was 2.5 mL/
min, while the rates for FID were fixed hydrogen 40 mL/min, 
nitrogen as makeup gas 40 mL/min, and air 250 mL/min.

Analysis of the pharmaceutical preparations
Five tablets of each pharmaceutical formulation, i.e. Brufen 
(Abbott Laboratories, Karachi), containing 200 mg/tablet 
ibuprofen; Ponstan (Pfizer Laboratories, Karachi), containing 
25 mg/tablet mefenamic acid; and Qufen (High G. International, 
Karachi), containing 20 mg/tablet diclofenac sodium, were 
ground to fine powder separately. The powder corresponding to 
1 tablet was dissolved in methanol:water (1:1 v/v). The solution 
was filtered and volume adjusted to 50 mL. The solution (0.2 mL 
and 0.4 mL) after appropriate dilution was analyzed following 
the GC analytical procedure. Quantitation was achieved 
from the external calibration curve using a linear regression 
equation: y=ax+b.

Analysis of the pharmaceutical preparations by standard 
addition
Five tablets of each pharmaceutical formulation, Brufen, 
Ponstan, and Qufen, were processed for the analysis of the 
pharmaceutical preparations. After appropriate dilution, two 
solutions of 0.2 mL and 0.4 mL from each of the pharmaceutical 
preparations were obtained in duplicate. To a solution was 
added 0.5 mL of standard drug solution containing 10 µg/mL. 
All the solutions were processed by GC analytical procedure. 
The quantitation was done from the linear regression equation 
and from the increase in response (peak height/peak area) with 
added standard.

Analysis of biological samples
Blood and urine samples were collected from healthy volunteers 
(students and employees) at the Institute of Advanced Research 
Studies in Chemical Sciences, University of Sindh. The blood 
samples were collected by vein puncture in ethylenediamine 
tetraacetic acid tubes and urine samples were collected in 
clean plastic bottles. The samples were processed as received. 
The volunteers were informed of the objective of the work and 
they gave verbal permission for their samples to be collected. 

Each (5 mL) sample was kept at room temperature (30 °C) 
for 30 min and was centrifuged at 4000 rpm for 20 min. The 
supernatant layer was collected and 5 mL of methanol was 
added. The contents were mixed well and again centrifuged for 
20 min at 4000 rpm. The two solutions of supernatant (1 mL 
each) were taken and a solution 0.5 mL of standard solution 
of ibuprofen, mefenamic acid, or diclofenac sodium was 
added containing 10 µg/mL. The solutions were processed by 
GC analytical procedure. The quantitation was done from the 
linear regression equation of the external calibration curve. The 
solution without addition of the standard was treated as blank. 
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RESULTS AND DISCUSSION

Spectrophotometric study without and with derivatization of 
ibuprofen
The solution of ibuprofen standard was examined on a double 
beam spectrophotometer   within the range of 200-500 nm. The 
absorbance was measured at an interval of 5 nm. The absorption 
spectra were obtained with and without derivatization, which 
indicates the maximum absorbance at 260 nm for ibuprofen 
without derivatization when measured against the blank 
(methanol), while the absorption spectra after derivatization 
were obtained, which indicated maximum absorbance at 350 
nm for ibuprofen (Figures 1a and 1b).

Spectrophotometric study without and with derivatization of 
mefenamic acid
The mefenamic acid in methanol standards was examined 
on a double beam spectrophotometer within the range of 
200-500 nm. The absorption spectrum was obtained, which 
indicated maximum absorbance at 300 nm for mefenamic 
acid without derivatization when recorded against the reagent 
blank (methanol) (Figure 2a). The solution of mefenamic acid 
standard was also examined after derivatization with ECF 
within the range of 200-500 nm. The solution of mefenamic 
acid indicated maximum absorbance at 350 nm and was 
recorded against as the reagent blank (Figure 2b).

Spectrometric study without and with derivatization of 
diclofenac sodium
The diclofenac sodium solution in methanol was examined on 
a double beam spectrophotometer. The absorption spectra 
was obtained, which indicated maximum absorbance at 240 
nm for diclofenac sodium when recorded against the blank 
(methanol) in Figure 3a, while the absorbance was measured 
after derivatization with ECF at 310 nm in Figure 3b.

Effect of pH 
The effect of pH on the derivatization of ibuprofen, 
mefenamic acid, and diclofenac sodium was analyzed within 

the pH range of 1-10. The reactions were monitored on a 
spectrophotometer against the reagent blank at appropriate 
pH. The absorbance was measured at the wavelength of 
maximum absorbance at 350 nm for ibuprofen and mefenamic 
acid, while diclofenac sodium showed absorbance at 310 
nm. The maximum absorbance was observed at pH 9 for 
ibuprofen, mefenamic acid, and diclofenac sodium as shown 
in Figure 4.

Effect of ECF on derivatization 
The effect of change in concentration of the derivatization 
reagent ECF was examined between 0.1 and 0.5 mL at an interval 
of 0.1 mL following the analytical procedure. Absorbance was 
measured at the wavelength of maximum absorbance at 350 
nm for ibuprofen and mefenamic acid, while diclofenac sodium 
showed absorbance at 310 nm. The effect of concentration 
was not critical and a similar response was obtained from 0.2 
to 0.5 mL, but for a quick response 0.4 mL was selected. The 
solvent system acetonitrile:water:pyridine:methanol (8:42:8:42 
v/v) (0.5 mL) and carbonate buffer solution pH 9 (0.5 mL) were 
added during derivatization as mentioned in Figure 5.

Figure 1. The absorption spectrum (a) shows ibuprofen without 
derivatization with a concentration of 10 µg/mL in methanol. The 
absorbance was measured within 200-500 nm (b) after derivatization ECF 
at a concentration of 10 µg/mL in methanol
ECF: Ethyl chloroformate

Figure 2. The absorption spectrum (a) shows mefenamic acid without 
derivatization with a concentration 10 µg/mL in methanol. The spectrum (b) 
is absorption spectrum of mefenamic acid after derivatization with an ECF 
concentration of 10 µg/mL in methanol

ECF: Ethyl chloroformate

Figure 3. The absorption spectrum (a) of diclofenac sodium without 
derivatization at a concentration of 10 µg/mL in methanol. Spectrum (b) is 
after derivatization with ECF at a concentration of 10 µg/mL in methanol

ECF: Ethyl chloroformate
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Effect of sonication time on derivatization 
The effect of sonication time on the derivatization of ibuprofen, 
mefenamic acid, and diclofenac sodium with ECF were 
examined within 5 to 30 min at an interval of 5 min from the 
absorbance of the analyte as shown in Figure 6. Following the 
analytical procedure, the absorbance was measured at 350 nm 
for ibuprofen and mefenamic acid and 310 nm for diclofenac 
sodium. The sonication time was critical and the same response 
was obtained from 5 to 30 min, but to get reproducible results 
a sonication time of 20 min was selected. The solvent system 
acetonitrile:water:pyridine:methanol (8:42:8:42 v/v) (0.5 mL) 
and carbonate buffer solution pH 9 (0.5 mL) were added.

Spectrophotometric calibration of ibuprofen with derivatization
The standard solution of different concentrations of ibuprofen 
was measured for absorbance at 350 nm. Linear calibration 
curves were obtained that obeyed Beer’s law within the 
concentration range 20 to 160 µg/mL ibuprofen. The coefficient 
of determination (R²) of ibuprofen was 0.999. The molar 
absorptivity calculated for ibuprofen at 350 nm was 43.733 L 
mol-cm-1. The linear regression equation obtained for ibuprofen 
was y=0.007x+0.152.

Spectrophotometric calibration of mefenamic acid with 
derivatization
The standard solution of different concentrations of mefenamic 
acid was measured for absorbance at 350 nm and linear 
calibration curves were obtained that obeyed Beer’s law within 
the concentration range 10 to 200 µg/mL mefenamic acid. The 
coefficient of determination (R²) of mefenamic acid was 0.998. 
The molar absorptivity calculated for mefenamic acid at 350 nm 
was 51.152 L mol-cm-1. The linear regression equation obtained 
for mefenamic acid was y=0.020x+0.076. 

Spectrophotometric calibration of diclofenac sodium with 
derivatization
The standard solution of different concentration of diclofenac 
sodium was measured for the absorbance at 310 nm and linear 
calibration curves were obtained that obeyed Beer’s law within 
the concentration range 20 to 160 µg/mL diclofenac sodium. 
The coefficient of determination (R²) of diclofenac sodium was 
0.999. The molar absorptivity calculated for diclofenac sodium 
at 310 nm was 67,443,348 L mol-cm-1. The linear regression 
equation obtained for diclofenac sodium was y=0.007x+0.134.

Quantitation of NSAIDs by gas chromatography
NSAIDs in GC elution occur after derivatization with ECF. Initially 
GC conditions were optimized for the elution as symmetrical 
peaks from the DB-1 column (30 m × 0.32 mm id). Different 
temperature programs were examined with nitrogen flow rates 
and reasonable peak shapes were observed at initial column 
temperature at 150 °C for 3.0 min, and with a heating rate of 20 
°C/min up to 280 °C and a hold time of 5.0 min with a total run 
time 13.2 min and the flow rate of nitrogen was adjusted to 2.5 
mL/min. 

Solution (0.2-1.0 mL) of 10 µg/mL stock solution was taken 
of each of ibuprofen, mefenamic acid, and diclofenac sodium 
and 0.5 mL of acetonitrile:water:pyridine:methanol (8:42:8:42 
v/v/v/v), 0.5 mL of sodium carbonate buffer solution  (pH 9), 
and 0.4 mL of  ECF were added. The contents were sonicated 
for 20 min at 30 °C and 0.5 mL of chloroform was added. The 
mixture was shaken well, and a separatory funnel was used 
to separate the layers. A portion of the extract (0.5 mL from 1 
mL) was transferred to a vial with a screw cap and 1 µL of the 
solution was injected into the GC apparatus.

Figure 4. Effect of pH on the absorbance of ibuprofen, mefenamic acid, 
and diclofenac sodium derivative of ECF on a spectrophotometer at 350 
and 310 nm

ECF: Ethyl chloroformate

Figure 5. ECF concentration effect on the absorbance of ibuprofen, 
mefenamic acid, and diclofenac sodium

ECF: Ethyl chloroformate

Figure 6. Effects of sonication time on the derivatization of ibuprofen, 
mefenamic acid, and diclofenac sodium
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Quantitation of ibuprofen after derivatization 
The linear calibration curve of ibuprofen was obtained by 
plotting concentration (µg/mL) of ibuprofen against peak height 
and was obtained within 2-10 µg/mL with the coefficient of 
determination (R2=0.996). The linear regression equation 
was y=0.980x+1.789. The LOD and LOQ were calculated with 
3:1 and 10:1 signal to noise ratios as 0.6 µg/mL and 1.8 µg/mL, 
respectively (Table 1).

Quantitation of mefenamic acid after derivatization
The linear calibration curve of mefenamic acid was obtained 
by plotting concentration (µg/mL) against peak height and was 
obtained within 2-10 µg/mL with the coefficient of determination 
(R2=0.998). The linear regression equation was y=0.230x-0.174. 
The LOD and LOQ were calculated with 3:1 and 10:1 signal to 
noise ratios as 0.4 µg/mL and 1.2 µg/mL, respectively (Table 1).

Quantitation of diclofenac sodium after derivatization
The linear calibration curve of diclofenac sodium was obtained 
by plotting concentration (µg/mL) against peak height and was 
obtained within 2-10 µg/mL with the coefficient of determination 
(R2=0.999). The linear regression equation was y=1.070x-1.301. 
The LOD and LOQ were calculated with 3:1 and 10:1 signal to 
noise ratios as 0.5 µg/mL and 1.5 µg/mL, respectively (Table 1). 

GC analysis of ibuprofen
GC of ibuprofen after derivatization with ECF was performed. 
The GC was carried out with a DB-1 column (30 m×0.32 mm 
id). Temperatures were set at different values and the flow rate 
of nitrogen was examined and reasonable peak shapes were 
observed at column temperature initially set at 150 °C for 3 min, 
followed by a heating rate of 20 °C/min up to 280 °C and a hold 
time of 5 min with a whole run time of 13.2 min. The flow rate 
of nitrogen was adjusted to 2.5 mL/min.

GC analysis of mefenamic acid
GC of mefenamic acid after derivatization with ECF was 
performed. The column used was DB-1 (30 m×0.32 mm id). 
Temperatures were set and reasonable peak shapes were 
observed at column temperature initially set at 150 °C for 3 min, 
followed by a heating rate of 20 °C/min up to 280 °C and a hold 
time of 5 min with a whole run time of 13.2 min. The flow rate 
of nitrogen was adjusted to 2.5 mL/min.

GC analysis of diclofenac sodium
GC of diclofenac sodium after derivatization with ECF was 
performed. The column used was DB-1 (30 m×0.32 mm id). 
Temperatures were set and reasonable peak shapes were 
observed at column temperature initially set at 150 °C for 3 min, 

followed by a heating rate of 20 °C/min up to 280 °C and a hold 
time of 5 min with a whole run time of 13.2 min The flow rate of 
nitrogen was adjusted to 2.5 mL/min. 

GC separation of ibuprofen, mefenamic acid, and diclofenac 
sodium
Gas chromatographic separation of ibuprofen, mefenamic acid, 
and diclofenac sodium was carried out after derivatization with 
ECF. Initially the GC conditions were optimized for the elution 
as symmetrical peaks from the DB-1 column (30 m×0.32 mm 
id). Temperature was set at different values and the flow rate 
of nitrogen was examined and reasonable peak shapes were 
observed at initial column temperature at 150 °C for 3.0 min, 
followed by a heating rate of 20 °C/min up to 280 °C and a hold 
time of 5.0 min with an entire run time of 13.2 min. The flow 
rate of nitrogen was adjusted to 2.5 mL/min (Figure 7).

Drug analysis of ibuprofen, mefenamic acid, and diclofenac 
sodium with derivatization
The method developed for the determination of ibuprofen, 
mefenamic acid, and diclofenac sodium after derivatization 
was applied for the analysis of the active ingredients in brufen 
(ibuprofen), ponstan (mefenamic acid), and qufen (diclofenac 
sodium) tablets. At least 5 tablets containing ibuprofen 200 mg/
tablet, mefenamic acid 250 mg/tablet, and diclofenac sodium 
20 mg/tablet were ground to a fine powder and dissolved in an 
appropriate amount in methanol. Then the solution was filtered 
and volume adjusted of 50 mL and an aliquot of solution after 
derivatization with ECF was injected into the DB-1 GC column 
(30 m × 0.32 mm id) and eluted with mobile phase optimized 
for GC separation and detection of ibuprofen, mefenamic 
acid, and diclofenac sodium. The quantitation was done from 
the linear regression equation and the amounts of ibuprofen, 

Table 1. Quantitation results of ibuprofen, mefenamic acid, and diclofenac sodium using ethyl chloroformate as derivatizing reagent

Drug name
Limits of 
detection µg/mL

Limits of quantitation
µg/mL

Calibration range µg/
mL

Coefficient of 
determination (R²)

Linear regression equation

Ibuprofen 0.6 1.8 2-10 0.9965 y=0.9809x+1.7892

Mefenamic acid 0.4 1.2 2-10 0.998 y=0.2303x-0.1743

Diclofenac sodium 0.5 1.5 2-10 0.999 y=1.0705x-1.3018

Figure 7. Gas chromatographic separation peaks of (1) ibuprofen, (2) 
mefenamic acid, and (3) diclofenac sodium after derivatization with ethyl 
chloroformate from a DB-1 column (30 m × 0.32 mm id) 
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mefenamic acid, and diclofenac sodium were found to be 156.93 
mg/mL, 193.14 mg/mL, and 19.48 mg/mL, respectively, which 
agreed with the amounts labeled, i.e. 160 mg/mL, 200 mg/mL, 
and 20 mg/mL, respectively. The % error was calculated as 
-1.9%, -3.4%, and -2.6%. The RSD calculated from replicated 
analysis (n=3) was within 0.5-3.0%. The percentage recovery 
of ibuprofen, mefenamic acid, and diclofenac sodium was 98%, 
96%, and 97%, respectively (Table 2).

Determination of ibuprofen, mefenamic acid, and diclofenac 
sodium in spiked blood samples
Blood and urine samples (5 mL each) were collected from 
healthy volunteers on the condition that they had not taken any 
medicine over the previous week. The samples were centrifuged 
to remove blood cells and precipitate. The blood serum and urine 
were deprotonized with methanol. Samples (1 mL) were spiked 
with ibuprofen, mefenamic acid, and diclofenac sodium within 
the calibration range of each compound. The derivatization 
procedure with ECF was followed. The chloroform extract (1 µL) 
was then injected into the gas chromatograph equipped with a 
DB-1 column (30 m × 0.32 mm id). The elution was carried out 
under optimized conditions (Figures 8-13). The quantitation 
was done from the linear regression equation and all results 
are summarized in Tables 3 and 4.

GC determination of ibuprofen with standard addition
Five tablets of brufen (ibuprofen) containing 200 mg were 
processed as described above. The solution (0.2 mL) was 
taken in duplicate. To a solution was added 0.2 mL of ibuprofen 

containing 14.16 µg and both of the solutions were processed 

by GC. The quantitation was done from the linear regression 

equation of the external calibration curve and showed an 

increase in response with added standard (Table 5). 

Figure 8. Gas chromatographic elution of ibuprofen in blood sample from 
a DB-1 column (30 m × 0.32 mm id) 

Figure 9. Gas chromatogram of mefenamic acid in blood sample from a 
DB-1 column (30 m × 0.32 mm id) 

Figure 10. Gas chromatogram of diclofenac sodium in blood sample from a 
DB-1 column (30 m × 0.32 mm id) 

Figure 11. Gas chromatogram of mefenamic acid in urine sample from a 
DB-1 column (30 m × 0.32 mm id)

Figure 12. Gas chromatogram of mefenamic acid in urine sample from a 
DB-1 column (30 m × 0.32 mm id)

Figure 13. Gas chromatogram of diclofenac sodium in urine sample from a 
DB-1 column (30 m × 0.32 mm id)
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GC determination of mefenamic acid with standard addition
Five tablet of ponstan (mefenamic acid) containing 250 mg 
were processed as described above. The solution (0.2 mL) was 
taken in duplicate. To a solution was added 0.2 mL of ibuprofen 
containing 17.76 µg and both solutions were processed by GC. 
The quantitation was done from the linear regression equation 
of the external calibration curve and showed an increase in 
response with added standard (Table 5).

GC determination of diclofenac sodium with standard addition
Five tablets of qufen (diclofenac sodium) containing 20 mg 
were processed as described above. The solution (0.2 mL) was 
taken in duplicate. To a solution was added 0.2 mL of ibuprofen 
containing 17.76 µg and both of the solutions were processed 
by GC. The quantitation was done from the linear regression 
equation of the external calibration curve and showed an 
increase in response with added standard (Table 5).

Intraday and interday studies
Inter- and intraday assays were performed by analyzing replicate 
injections of standard solution to study the repeatability of the 

method. The intraassay precision (n=5) was determined by the 
same analyst on the same day and under the same conditions 
with an interval of 2 h, whereas the interassay precision (n=3) 
was determined by the same analyst and under the same 
conditions on three consecutive days. The reproducibility of the 
separation was examined for all analytes in terms of peak area 
and the % RSD values of each are shown in Table 6.

CONCLUSION
A new analytical procedure has been developed for the gas 
chromatographic and spectrophotometric determination 
of ibuprofen, mefenamic acid, and diclofenac sodium after 
derivatization with ECF. The LOD and LOQ of ibuprofen were 
calculated with 3:1 and 10:1 signal to noise ratio as 0.6 µg/
mL and 1.8 µg/mL, for  mefenamic acid as 0.4 µg/mL and 
1.2 µg/mL, and for diclofenac sodium as 0.5 µg/mL and 
1.5 µg/mL, respectively. The method is repeatable and has 
been successfully applied for the analysis of pharmaceutical 
preparations and spiked deproteinized serum and urine 
samples.

Table 2. Drug analysis of ibuprofen, mefenamic acid, and diclofenac sodium with derivatization

No Name of standard Name of tablet Amount added mg/mL Amount found mg/mL Error % RSD % Recovery %

1 Ibuprofen Brufen 200 mg/mL 157.96 mg/mL -1.9% 0.5% 98%

2 Mefenamic acid Ponstan 250 mg/mL 193.14 mg/mL -3.4% 3.6% 96%

3 Diclofenac sodium Qufen 20 mg/mL 19.48 mg/mL -2.6% 3.9% 97%

RSD: Relative standard deviation

Table 3. Gas chromatographic analysis results of ibuprofen, mefenamic acid and diclofenac sodium in blood samples using ethyl 
chloroformate

No Age/gender Name of standard Amount added µg/mL Amount found µg/mL Error % Recovery %

1 25/F Ibuprofen 50 µg/mL 49.04 µg/mL -1.95 98%

2 25/F Mefenamic acid 40 µg/mL 39.66 µg/mL -0.8 99%

3 25/F Diclofenac sodium 50 µg/mL 49.0 µg/mL -0.8 99%

F: Female

Table 4. Gas chromatographic analysis results of ibuprofen, mefenamic acid, and diclofenac sodium in urine samples using ethyl 
chloroformate
No Age/gender Name of standard Amount added µg/mL Amount found µg/mL Error % Recovery %

1 25/F Ibuprofen 60 µg/mL 59.14 µg/mL 1.45 98%

2 25/F Mefenamic acid 50 µg/mL 48.36 µg/mL -2.9 98%

3 25/F Diclofenac sodium 40 µg/mL 38.83 µg/mL -3.0 97%

F: Female

Table 5. Gas chromatographic standard addition of ibuprofen, mefenamic acid, and diclofenac sodium

No Name of standard Name of tablet Amount added µg/mL Amount found µg/mL Recovery % Error %

1 Ibuprofen Brufen 14.16 µg/mL 13.73 µg/mL 96% -3.1%

2 Mefenamic acid Ponstan 17.76 µg/mL 17.27 µg/mL 97% -2.8%

3 Diclofenac sodium Qufen 17.76 µg/mL 17.33 µg/mL 97% -2.4%
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Table 6. Intraday and interday study of nonsteroidal anti-inflammatory drugs

Concentration 10 (µg/mL)

Ibuprofen Peak area RSD % Peak area RSD %

1 0.01644 0.33772 0.015473 0.362192

2 0.0399 0.1564 0.02957 0.224109

3 0.0544 0.35924 0.047067 0.39546

Mefenamic acid

1 0.01511 0.21487 0.01511 0.214868

2 0.09147 0.03365 0.09147 0.033647

3 0.08417 0.05524 0.084167 0.055236

Diclofenac sodium

1 0.02126 0.57062 0.019605 0.60538

2 0.01432 0.13947 0.013183 0.14222

3 0.08573 0.07509 0.075233 0.01291

RSD: Relative standard deviation
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ÖZ

Amaç: Neonikotinoid insektisidler dünya piyasasındaki insektisidlerin %30’luk kısmını oluşturur ve etkilerini seçici olarak böceklerdeki α4p2 
nikotinik asid reseptörünü inhibe ederek gösterirler. Asetamipridin çeşitli organ ve sistemler üzerine toksik etkileri biliniyor olmasına karşın, 
pankreas üzerindeki etkisi ve etki mekanizması bilinmemektedir. Bu çalışmada, asetamipridin AR42J pankreas hücre hattı üzerinde sitotoksik ve 
genotoksik etkileri araştırıldı. 
Gereç ve Yöntemler: Sitotoksisite ve genotoksisite değerlendirmesi için (3-[4,5-dimetiltiyazol-2-il]-2,5 difenil tetrazolyum bromür) (MTT) ve comet 
analizi gerçekleştirildi. Reaktif oksijen türlerinin (ROS) oluşumu akış sitometresi ile, glutatyon (GSH) düzeyi ise ELISA yöntemi ile belirlenmiştir.
Bulgular: MTT sitotoksisite analizine gore, hücre canlılığının doza bağımlı olarak azaldığı gözlendi ve inhibitör konsantrasyon 50 değeri 12,61 mM 
olarak tespit edildi. Analizlerde doz yanıt ilişkisini gösterebilmek için 1-6 mM doz aralığı seçildi. Asetamiprid DNA hasarını doza bağımlı olarak artırdı 
ve ortalama kuyruk yoğunluğu değerleri kontrol ve çalışma grupları için sırasıyla 3,84 ve ≤32,96 olarak belirlendi. ROS üretimi açısından gruplar 
arasında anlamlı bir fark gözlenmemiş, GSH değerinin en yüksek doz grubunda anlamlı olarak çok düştüğü tespit edilmiştir. 
Sonuç: Bu çalışma literatürde asetamipridin pankreas üzerine olası toksik etkisine yönelik eksik olan verilere katkı sağlamaktadır. Asetamipridin 
toksik etkisinin detaylandırılması için daha geniş çaplı mekanizma temelli çalışmalara ihtiyaç bulunmaktadır.
Anahtar kelimeler: Asetamiprid, AR42J pankreas hücre hattı, sitotoksisite, genotoksisite, oksidatif hasar

ABSTRACT

Objectives: Neonicotinoid insecticides, 30% of insecticides marketed worldwide, have selective toxicity on insects through α4p2 nicotinic 
acetylcholine receptors. Although it is known that acetamiprid exerts toxicity on several organ systems, its toxic effects on the pancreas and its 
mechanism of action have not been clarified yet. Therefore, in the present study, the cytotoxic and genotoxic potentials of acetamiprid on the AR42J 
pancreatic cell line were evaluated.
Materials and Methods: The (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) (MTT) assay and comet assay were conducted for the 
cyto- and genotoxicity evaluations, respectively. Reactive oxygen species (ROS) production was assessed by flow cytometry and glutathione (GSH) 
levels were determined by ELISA for oxidative damage potential, which is thought to be an underlying mechanism of cyto-/genotoxic effects.
Results: To reveal the dose-response relationship the concentration range of 1-6 mM was selected for the assays. Cell viability decreased in a dose-
dependent manner and the inhibitory concentration 50 value was calculated as 12.61 mM by the MTT assay. Acetamiprid induced DNA damage in 
all concentrations tested in a dose-depending manner. The mean tail intensity values were 3.84 and ≤32.96 for the control and exposure groups, 
respectively. There was no significant difference for ROS production; however, the GSH level was reduced at the highest concentration. 
Conclusion: It is thought that the present study will contribute to the literature due to the lack of data on the potential toxic effects of acetamiprid on 
the pancreas. To better understand acetamiprid toxicity, further studies including a wide range of mechanistic parameters are needed.
Key words: Acetamiprid, AR42J pancreatic cell line, cytotoxicity, genotoxicity, oxidative damage
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INTRODUCTION
Many xenobiotics pose important threats for both human and 
environmental health. Pesticides, the most common pollutants, 
are harmful for biological structures via several mechanisms 
in acute and long-term exposure.1-3 Neonicotinoid pesticides as 
a new class of insecticides that are commonly used instead 
of organophosphate, and carbamate pesticides have selectively 
neurotoxic effects on nicotinic acetylcholine receptor. 
Neonicotinoid pesticides are highly effective insecticides that 
can disperse in all parts of plants, plant fluids, and fruits that 
grow on plants. Recent studies revealed that neonicotinoid 
pesticides can be associated with several adverse effects 
including decreased sperm production and function, decreased 
pregnancy rates, increased embryo death, stillbirth, and 
premature birth in vertebrate and invertebrate species.4-6

Acetamiprid [(E)-N-[(6-chloro-3- pyridyl) methyl]-N-cyano-
N-methylacetamidine] is one of the most commonly used 
neonicotinoid class insecticides in many countries for crop 
pests on agricultural products. In general, acetamiprid has 
been considered a safe insecticide; however, several different 
adverse health effects may occur after exposure to acetamiprid 
as well as other neonicotinoids.3 In previous studies, it has been 
reported that acetamiprid showed teratogenic, mutagenic, and 
genotoxic effects via induction of oxidative stress. However, the 
data about its cyto- and genotoxic potentials are contradictory.7-12 
As is well known, the worldwide rate of diabetes continues to 
rise, and the major molecular mechanisms underlying diabetes 
are increased oxidative stress and altered enzyme functions in 
pancreatic tissue.13 Indeed, no association between diabetes risk 
and neonicotinoid pesticides has been reported. Furthermore, 
there has been no study on the toxic effects of acetamiprid 
on the pancreas. Therefore, for the first time, we aimed to 
investigate the cytotoxic and genotoxic effects of acetamiprid 
on the AR42J pancreatic cell line and evaluated its oxidative 
damage potential as an underlying molecular mechanism. 

MATERIALS AND METHODS

Chemicals
Acetamiprid, dimethyl sulfoxide (DMSO), sodium dodecyl sulfate 
(SDS), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium 
bromide (MTT), and 2′,7′-dichlorodihydrofluorescein diacetate 
(H2DCF-DA) were purchased from Sigma Chemical Co. Ltd. 
(St. Louis, Missouri, USA). The cell culture medium [Roswell 
Park Memorial Institute (RPMI 1640)] and other chemicals 
were purchased from Multicell Wisent (Quebec, Canada), 
while the disposable materials were purchased from Corning 
(Amsterdam, the Netherlands). All other chemicals at required 
biological grade were purchased from Merck (New Jersey, 
USA).

Cell culture and treatments
The AR42J (CRL1492) cell line was obtained from the 
American Type Culture Collection (ATCC, Virginia, USA), and 
for all cell applications incubation was carried out according 
to the manufacturer’s instructions. The cells were grown with 

1640 cell culture medium including 10% fetal bovine serum, 100 
U/mL penicillin, and 100 mg/mL streptomycin in a humidified 
incubator in 5% CO2 at 37 °C. Subculturing was performed 
every 2-3 days when the cells reached confluence. Prior to 
exposure cells were seeded into appropriate plasticware and 
incubated overnight to ensure cell attachment.

Acetamiprid stock solution was prepared by dissolving in 100% 
DMSO, and stored at -20 °C until the day the assays were conducted. 
Before the cell treatments acetamiprid was diluted with culture 
medium to the desired concentrations, and DMSO concentration 
finalized as 1%. Treatments were performed at a concentration 
range for 24 h to evaluate dose-dependent effects. All experiments 
were performed in triplicate on three separate days. 

MTT cytotoxicity test
The AR42J cells were placed into 96-well plates (1x104 cells/100 
µL cell culture medium/well). The cells were treated with 
acetamiprid following overnight incubation at the concentration 
range of 1-50 mM for 24 h. After 5 mg/mL MTT was added to each 
well, the cells were again kept for 3 h at 37 °C in the dark. Cell 
culture medium was used as a growth control, 1% DMSO was 
used as a solvent control, and 10% SDS was used as a positive 
control. The wells were washed with poly (butylene succinate) 
(PBS) twice after 3 h. Following the washing step, 100 µL of 
DMSO was added, followed by incubation for 5 min on an orbital 
shaker (150 rpm) for evenly dissolved formazan crystals and 
optical densities were measured using a microplate reader 
(Biotek, Epoch, Vermont, USA) at 570 nm. The percentage 
of inhibition of cell viability for each concentration and the 
inhibitory concentration 50 (IC50) value were determined.

Comet genotoxicity assay
AR42J cells were placed into 6-well plate as 5x105 cells/2 mL cell 
culture medium/well and kept overnight for incubation. The cells 
were exposed to acetamiprid at 1, 2, 4, and 6 mM concentrations 
and 1% DMSO as a negative control for 24 h. After the cells were 
detached with trypsin-ethylenediaminetetraacetic acid (EDTA) 
and washed with PBS twice, the viability of cells was evaluated 
with the trypan blue test, and cell viability was determined 
as ≥80% for all concentrations. Next 100 µL of single cell 
suspension was mixed with 100 µL of prewarmed 0.65% low-
melting agarose and then layered on microscope slides coated 
with 1.5% normal-melting point agarose. After lysing for 1 h at 
4 °C, the slides were incubated in cold fresh electrophoresis 
buffer (0.3 M NaOH, 1 mM EDTA, pH 13) at 4 °C for 20 min for 
DNA unwinding. The electrophoresis conditions were 4 °C for 
20 min (20 V/300 mA). The slides were neutralized in 0.4 M 
tris-HCl buffer (pH 7.5). DNA staining was performed with 20 
mg/mL ethidium bromide dye and evaluated under a fluorescent 
microscope (Olympus BX53, Olympus, Tokyo, Japan) at 40x10 
magnification by Comet Assay IV, Perceptive software (Suffolk, 
UK). One hundred cells were counted and scored for each 
concentration and %TDNA and tail intensity were evaluated.14

Oxidative stress parameters
A total reactive oxygen species (ROS) assay was performed via 
(2’-7’-dichlorodihydrofluorescein diacetate) analysis by flow 
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cytometry. Next 5x105 cells/2 mL cell culture medium/well were 
placed into a 6-well plate. After one day of incubation, the cells 
were exposed to acetamiprid at 1, 2, 4, and 6 mM concentrations 
and 1% DMSO as a negative control for 24 h. After 24 h the 
plates were washed with PBS twice. The cells were incubated 
with 20 µM H2DCF-DA at 37 °C for 30 min on a shaker in the 
dark. They were detached from the plates via trypsinization and 
resuspended in 150 µL of PBS with 1% bovine serum albumin. 
Fluorescence intensity was measured by FITC channel with 
excitation 488 nm and emission 530 nm via an ACEA NovoCyte 
flow cytometer (San Diego, California, USA). The results were 
shown as median fluorescence intensity.

Glutathione (GSH) levels were determined by [5,50-dithiobis-
2-nitrobenzoic acid) (DTNB)] reagent method described by 
Beutler.15 This method is based on DTNB reduction by free SH 
groups of GSH to 5-mercapto-2-nitrobenzoate. After treatment 
with acetamiprid, 1 mL of cell lysates was deproteinated with 
1.67 g of metaphosphoric acid, 0.2 g of Na2 EDTA, and 30 g of 
NaCl solved in distilled water. After that, 2.4 mL of Na2HPO4 
and 0.3 mL of DTNB were added, followed by centrifugation for 
10 min at 3000x g. 5-Thio-2-nitrobenzoic acid formation was 
measured at 412 nm by spectrophotometer. GSH results were 
expressed as µmol/g protein.15

Statistical analysis
The experimental results were analyzed by One-Way ANOVA 
post hoc Dunnett’s t-test and given as mean ± standard 
deviation. The level of statistical significance was set as 
p≤0.05. All analyses were performed using SPSS version 20.0 
(SPSS Inc., Chicago, Illinois, USA).

RESULTS
Cell viability
The MTT assay is one of the most frequently used, simple, 
and rapid colorimetric cell viability/cytotoxicity assays and 
yields quantitative data. This assay is based on reduction of 
water-soluble yellow tetrazolium salt by the mitochondrial 
succinate dehydrogenase enzyme in metabolically active/live 
cells dehydrogenase and quantified color intensity of dissolved 
formazan crystals by spectrophotometer.16

The cytotoxicity of acetamiprid on the AR42J cell line was 
evaluated with the MTT assay in the dose range of 1-50 mM 
after 24 h exposure and the IC50 value was determined as 12.61 
mM (Figure 1).

Comet assay
The alkaline comet assay is a very common method for measuring 
DNA damage in a single cell suspension via migration of DNA 
under electrophoresis conditions. It has been reported that the 
tail intensity value is the most recommended end point for an 
alkaline comet assay in a dose-dependent manner.17

According to the results of the comet assay in the concentration 
range of 1-6 mM, acetamiprid significantly increased DNA 
damage in a dose-dependent manner. The mean tail intensity 
values were significantly increased in all exposure groups 
compared to the control group (Figure 2).

Oxidative stress parameters
Oxidative damage via ROS plays a key role in different human 
diseases such as cancer, cardiovascular diseases, diabetes, 
and neurodegeneration. Dichlorodihydrofluorescein diacetate 
(DCFH-DA) is a widely used assay that enables direct 
measurement of the redox state in the cells. This method is 
very sensitive, easy to use, and cheap and can be used to follow 
changes in ROS over time.18 

There were no significant differences between the control 
and exposure groups according to total ROS levels, which 
were evaluated by H2DCF-DA with a flow cytometer. However, 
the GSH level was significantly reduced in the 6 mM group 
compared to the control group. It was observed that 6 mM of 
acetamiprid dramatically reduced GSH level by 98.07% (Figure 
3).

DISCUSSION
Widespread use of acetamiprid in agriculture alone or in 
combination with other insecticides may cause pesticide 
spread into the environment and the food chain, resulting in 
toxicity in humans and animals. An increased risk of pancreatic 

Figure 1. The inhibition of the cell viability values by MTT test in the AR42J 
cell line

MTT: 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide

Figure 2. Acetamiprid-induced DNA damage in AR42J cell line at a 
concentration range of 1-6 mM as observed by comet assay. Representative 
single cell images clearly indicated that tail intensity was increasing while 
head of the cell was decreasing in a dose-dependent manner. The error 
bar represents ± standard deviation and *p<0.05 compared to other groups
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cancer is found in those in agricultural occupations; however, 
pesticides’ effects on oncogenesis mechanisms have not been 
extensively evaluated yet.19,20 There are limited data about 
the effects of neonicotinoids on pancreatic tissue; moreover, 
there are no data about acetamiprid’s effects on the pancreas. 
Khalil et al.13 reported that 0.5 and 1.0 mg/kg bw imidacloprid 
over 60 days disrupted glucose homeostasis in male rats. 
In treated groups, the GLUT4 mRNA expression level was 
decreased and pancreatic islets shrinkage and infiltration of 
round cells, interlobular congestion, and hemorrhage were 
observed with histopathologic examination, and also decreased 
insulin expression in the pancreatic β cells was detected in the 
imidacloprid-treated groups.

To further examine the potential associations between 
their usage and toxic profiles for neonicotinoid pesticides, 
we conducted a study on in vitro acetamiprid exposure in 
a pancreatic cell line. Although there are a few studies on 
acetamiprid’s cyto- and genotoxicity potentials in the literature, 
there is no in vitro/in vivo study focusing on the pancreas. It 
has been reported that the LD50 value is the range of 140-417 
mg/kg b.w. in rodents and the NOAEL level is 400 ppm in 13 
week old mice for acetamiprid.21 It has been reported in another 
study that IC50 values of acetamiprid on SH-SY5Y and HepG2 

cell lines were 2.16 and 3.61 mM, respectively.22 In our study, the 
cytotoxicity was evaluated by MTT assay in acetamiprid (1-50 
mM) treated AR42J cells after 24 h exposure. The IC50 value 
was calculated as 12.61 mM.

In the same study, significantly increased DNA damage was 
shown at 500 µM in SH-SY5Y cells.22 In another study, >50 µM 
acetamiprid significantly increased micronuclei formation and 
DNA breaks in IMR-90 human lung cells.8 Genotoxic effects of 
acetamiprid on sister chromatid exchange, micronucleus, and 
chromosomal aberration analysis with 25, 30, 35, and 40 µg/mL 
doses for 24 and 48 h were shown in human peripheral blood 
lymphocytes. Micronucleus formation was significantly induced 
compared to the control group while the proliferation index was 
decreased.12 It has been reported that acetamiprid increased 
micronuclei per cell and chromosomal aberrations in Swiss 
albino male mice bone marrow depending on concentration 
with acetamiprid treatment over 60 and 90 days at 4.6 and 2.3 
mg/kg/day i.p.23 According to the results of the comet assay 
performed with the concentration range of 1-6 mM, acetamiprid 
significantly induced DNA damage depending on concentration. 
The different results obtained from several studies can be 
related to cell types, study duration, and/or method selection.

Oxidative stress mechanisms could underlie the cyto- and 
genotoxic potentials of neonicotinoid pesticides.7,8,12 It has been 
reported that pesticides may impair the redox balance effects in 
different cells. However, the mechanisms underlying oxidative 
stress are still not fully understood.16 There are several studies 
about the effects of acetamiprid on oxidative stress parameters 
in different species such as rodents, bacteria, plants, and fish.24-

30 In Wistar rat brain tissue 3.14 mg/kg acetamiprid exposure 
resulted in increased mitochondrial oxidative stress status 
that was significant. Decreased oxidative stress parameters 
were GSH level, GSH peroxidase, and catalase activities. 
Increased parameters determined were malondialdehyde level, 
GSH s-transferase, and superoxide dismutase activities.31 In 
our study, no significant difference was found between the 
control and exposure groups according to total ROS levels. 
However, the GSH levels were significantly different compared 
to the control at the highest concentration. It was observed 
that 6 mM acetamiprid dose dramatically reduced GSH level 
by 98.07%. In earthworms, it has been demonstrated that 
different concentrations of acetamiprid (0, 0.05, 0.10, 0.25, 
and 0.50 mg/kg of soil) with different exposure periods (7, 14, 
21, and 28 days) increased the ROS levels to varying degrees. 
Olive tail moment, which indicates DNA damage in the comet 
assay, increased in a dose-dependent manner, indicating that 
subchronic acetamiprid exposure might cause oxidative stress 
and induce DNA damage in earthworms.24

Acetamiprid is classified as an “unlikely” human carcinogen 
according to EPA guidelines and its target organ toxicity data 
are not clear yet. Acetamiprid’s acute oral toxicity category is 
“II” for rats and its acute inhalation toxicity category is “III” for 
rabbits. Its NOAEL value for rats is 12.4/14.6 mg/kg/day (M/F) 
and its LOAEL value for rat is 50.8/56.0 mg/kg/day (M/F). The 
chronic carcinogenicity NOAEL value for rats is 7.1/8.8 mg/

Figure 3. Oxidative damage potential of acetamiprid (1, 2, 4, or 6 mM) 
evaluated by H2DCF-DA (a) and GSH (b) assays. The ROS production was 
expressed as mean fluorescence intensity and GSH levels were expressed 
as µg/g protein. The error bar represents ± standard deviation and *p<0.05 
compared to other groups

GSH: Glutathione, ROS: Reactive oxygen species, H2DCF-DA: 
2′,7′-dichlorodihydrofluorescein diacetate
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kg/day (M/F). According to the EPA acetamiprid is not yet 
classified as genotoxic.32 A target organ toxicity assessment for 
further subchronic and chronic in vivo studies may clarify the 
risk caused by acetamiprid for pancreas tissue-based diseases. 

CONCLUSION
Under different durations in the pancreatic cell line acetamiprid 
may affect these oxidative stress parameters significantly. To 
clarify the oncogenic potential of acetamiprid on pancreatic 
tissue it is necessary to perform further in vivo studies with 
subchronic or chronic studies with molecular mechanistic 
observations.
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ÖZ

Amaç: Salvia L., yaklaşık 1000 tür içeren Lamiaceae familyasının en büyük cinsidir. Son çalışmalara göre, Türkiye’de toplam 100 Salvia türü 
yetişmektedir. Aynı zamanda, türlerin %53’ü endemiktir. Bu çalışmada, Türkiye’nin Doğu Anadolu Bölgesi’nde doğal olarak yetişen 15 Salvia türü 
arasındaki genetik çeşitliliğin değerlendirilmesi amaçlanmıştır.
Gereç ve Yöntemler: On beş Salvia türü arasındaki genetik çeşitlilik, random amplifiye polimorfik DNA (RAPD) ve ISSR DNA profilleri kullanılarak 
araştırıldı. On üç ISSR primeri ve on bir RAPD primeri kullanıldı. Aritmetik ortalamayı kullanan ağırlıksız çift grup metodu kümelenmesi ISSR ve 
RAPD verilerinin kombinasyonu ile gerçekleştirildi.
Bulgular: RAPD ve ISSR verilerinin sonuçlarına göre, Salvia türleri altı gruba ayrılmıştır. Kombine analiz sonucunda türlerin benzerliklerinin 0,54 (S. 
rosifolia-S. sclarea, S. rosifolia-S.limbata ve S. staminea-S. verticillata) ve 0,93 (S. sclera-S. divaricata) arasında değiştiği görülmüştür. 
Sonuç: Bu çalışmada, hem RAPD hem de ISSR belirteçlerinin Salvia türleri arasındaki genetik çeşitliliği incelemek için kullanılabileceği gösterilmiştir. 
Anahtar kelimeler: Salvia türleri, genetik çeşitlilik, ISSR, RAPD
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Objectives: Salvia L. is the largest genus of the family Lamiaceae, which includes approximately 1000 species. According to recent studies, 100 
Salvia species in total grow in Turkey. At the same time, 53% of them are endemic. The purpose of this study was to investigate the genetic 
relationships among 15 Salvia species that grow in wild conditions in Turkey’s Eastern Anatolia region.
Materials and Methods: The genetic relationships among 15 Salvia species were investigated using inter-simple sequence repeat (ISSR) and 
random amplified polymorphic-DNA (RAPD) profiles in the present study. Thirteen ISSR primers and 11 RAPD primers were utilized. The ISSR and 
RAPD data were combined to construct the unweighted pair group method using arithmetic average cluster.
Results: Based on the RAPD and ISSR data, the Salvia species were classified into six groups. As a result of the combined analysis, it was shown 
that similarities between the species varied between 0.54 (S. rosifolia-S. sclarea, S. rosifolia-S. limbata, and S. staminea-S. verticillata) and 0.93 (S. 
sclera-S. divaricata).
Conclusion: The findings show that the two markers represent powerful instruments for assessing the genetic diversity and relationships among 
Salvia species.
Key words: Salvia species, genetic diversity, ISSR, RAPD
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INTRODUCTION
Salvia L. is the largest genus of the family Lamiaceae. Central 
and South America, Western Asia (Iran, Afghanistan, Turkey, 
and Russia), Eastern Asia, Africa, and Europe are the main 
distribution regions of Salvia species. Western Asia is the second 
richest region with ca. 200 species of the genus after America 
with ca. 500 species.1,2 Turkey is among the important diversity 
centers of Salvia.1 According to the Flora of Turkey there are 86 
species.3 According to recent studies, 100 Salvia species in total 
grow in Turkey. At the same time, 53% of them are endemic.2

Species have been utilized as traditional medication for the 
mild sickness of the stomach and the common cold since 
ancient times.4 Moreover, their volatile oils are utilized as an 
anti-inflammatory agent and antiseptic and, at the same time, a 
pleasurable sensory feeling is produced by them in the mouth 
and throat.5,6 Salvia species have antibacterial, antifungal, 
antimycobacterial, cytotoxic, antitumor, cardiovascular, 
antifeedant, and insecticidal effects.7 Salvia species have 
the following essential oil composition: α-pinene, β-pinene, 
1.8-cineole, camphor, borneol, b-thujone, thymol, caryophyllene, 
caryophyllene oxide, and 1-octadecanol.5,8 Several Salvia 
species were also studied to investigate their antioxidant 
and antibacterial properties.5,7,9,10 Different properties of 
Salvia species growing around Erzincan Province were 
investigated in previous studies. Polat et al.11 investigated the 
micromorphological and anatomical characteristics of three 
endemic Salvia species. The ethnobotanical uses of some 
Salvia species were investigated in and around Erzincan by 
Korkmaz and Karakuş.12    

It has been confirmed that molecular markers are highly 
estimable for judicial, biodiversity, and mapping practices. 
Sufficiently high polymorphism enables the component bands 
of the fingerprints to function as genetic markers, with the 
distinction and recombination of the markers, which are utilized 
for the building of genetic maps.13

Various kinds of molecular markers, for example, random 
amplified polymorphic DNA (RAPD),14 inter-simple sequence 
repeats (ISSRs),15 and amplified fragment length polymorphism 
(AFLP),16 have been improved and utilized widely in the 
investigation of genetic relationships, germplasm management, 
and genetic diversity, together with the developments achieved 
in plant molecular biology. Scientists extensively utilize ISSRs, 
which take place among the above-mentioned molecular 
markers, in different spheres of plant improvement due to their 
being simple and cost effective.17 Variation in species is also 
studied by RAPD.14 

The aim of the present study was to evaluate the genetic 
diversity present in 15 Salvia species, employing two marker 
systems.

MATERIALS AND METHODS 

The material used
Leaf specimens of 15 Salvia taxa from Turkey were examined. 
The following species were analyzed: S. cryptantha Montbret 

and Aucher, S. caespitosa, S. candidissima, S. nemorosa L., S. 
sclarea L., S. verticillata L., S. verticillata L. subsp. amasiaca 
(Freyn & Bornm.) Bornm., S. staminea Montbret and Aucher ex 
Benth., S. multicaulis Vahl, S. limbata C.A.Mey., S. aethiopis L., 
S. rosifolia Sm., S. virgata Jacq., S. pachhystachya Trauv., and 
S. divaricata Montbret and Aucher ex Benth. Eleven examples 
of Irano-Turanian elements, 1 Euro-Siberian, and 3 of unknown 
region were among the samples examined. Table 1 includes 
information on the phytogeographical regions, endemism, and 
record numbers of Salvia taxa. 

In field studies, plant specimens gathered from various regions 
of Turkey represent the species. Scientific names of the plant 
specimens were determined with the help of Davis18 and 
Guner19 after herbarium studies had been carried out. All of the 
taxon names were checked in the literature.20,21 Furthermore, 
identification of the phytogeographical regions and endemic 
taxa was performed. Irano-Turanian elements constitute the 
majority of the taxa (11 taxa). There were 4 endemic taxa (27%). 
Herbarium samples of all taxa were deposited at the Herbarium 
of Erzincan University.

Chemicals
The DNA isolation of Salvia species was performed by the 
combination of cetyltrimethyl ammonium bromide isolation 
methods with minor changes.22 Nanodrop (QIAGEN) was used 
for the determination of the quantity and purity of genomic DNA 
and 0.8% agarose gel electrophoresis was utilized against the 
known concentrations to prove this.

Random amplified polymorphic DNA
Eleven primers out of 23 were amplified polymorphic amplicons 
and used for the analyses of genetic diversity in RAPD-
polymerase chain reactions (PCR) (Table 2). PCR amplifications 
were performed in SENSEQUEST Thermal Cycle in a total 
volume of 20 µL, 1X PCR buffer (without MgCl2) 0.25-µM 
deoxyribonucleoside triphosphate (dNTP), 0.5 mM primer, 2.5 
mM MgCl2, and 1.5 U Taq DNA polymerase (BioLab M0267S). 
Initial denaturation at 95 °C for 5 min with the following 46 
cycles at 94 °C for 1 min at various annealing temperatures for 
all primers for 1 min, 72 °C for 2 min, a penultimate step of 15 min 
at 72 °C, and a final extension of 10 min at 4 °C constituted the 
amplification profile. The PCR products (20 mL) were blended 
with 6X gel loading buffer (3 mL) and exposed to agarose. Then 
electrophoresis was applied to separate them by means of 1% 
agarose gel in 0.5X tris, borate, and EDTA (TBE) buffer with 80 
V constant voltages for 150 min. The gels were dyed with Etd-
Br visualized under ultraviolet light and the gel visualization 
system was used to take photographs of them.

Inter-simple sequence repeats
Fifteen primers were used for ISSR amplifications. Two 
primers of these (ISSR UBC844B and ISSR UBC822) did not 
give amplification in PCR reactions. The other 13 primers were 
amplified polymorphic amplicons (Table 3). The PCR mixture 
(20 µL) was prepared as follows: 2.0 µL of 10X PCR buffer, 0.5 
µL of dNTPs (10 mM), 2 µL of magnesium chloride (25 mM), 
1.0 µL of primer (5 mM), 0.5 µL of polymerase enzyme (Taq) 
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(250 units), 13 µL of distilled water, and 1.0 µL of genomic 
DNA sample (100 ng/µL). Initial denaturation at 94 °C for 4 min 
with the following 35 cycles at 94 °C for 0.30 min, at various 
annealing temperatures for all primers for 0.35 min, 72 °C for 1 
min, a penultimate step of 5 min at 72 °C, and a final extension 
of 10 min at 4 °C constituted the amplification profile. The PCR 
products (20 mL) were blended with 6X gel loading buffer (3 

mL) and exposed to agarose. Then electrophoresis was applied 

to separate them by means of 2% agarose gel in 0.5X TBE buffer 

with 80 V constant voltage for 150 min. The gels were dyed 

with Etd-Br visualized under UV light and the gel visualization 

system was used to take photographs of them.

Table 1. Taxonomic information about the Salvia species studied

No Taxon name Record no Locality
Phytogeographical 
region

Endemic

1  S. cryptantha Montbret & Aucher ex Benth. Korkmaz 3649 Erzincan, Çayırlı Ir.-Tur. +

2 S. caespitosa Montbret & Aucher ex Benth. Korkmaz 3891 Erzincan, Çayırlı Ir.-Tur. +

3 S. candidissima Vahl Korkmaz 2887; 3896 Erzincan, Çayırlı Ir.-Tur. -

4 S. nemorosa L. Korkmaz 2805 Erzincan, Çayırlı - -

5 S. sclarea L. Korkmaz 2795 Erzincan, Çayırlı - -

6 S. verticillata L. Korkmaz 2994; 2792 Erzincan, Çayırlı Eur.-Sib. -

7 S. verticillata L. subsp. amasiaca (Freyn & Bornm.) Korkmaz 107 Erzincan, Çayırlı Ir.-Tur. -

8 S. staminea Montbret & Aucher ex Benth. Korkmaz 3858 Erzincan, Çayırlı Ir.-Tur. -

9 S. multicaulis Vahl Korkmaz 3516 Erzincan, Çayırlı Ir.-Tur. -

10 S. limbata C.A.Mey. Korkmaz 2992 Erzincan, Çayırlı Ir.-Tur. -

11 S. aethiopis L. Korkmaz 3221 Erzincan, Çayırlı - -

12 S. rosifolia Sm. Korkmaz 3268 Erzincan, Çayırlı Ir.-Tur. +

13 S. virgata Jacq. Korkmaz 3217 Erzincan, Çayırlı Ir.-Tur. -

14 S. pachhystachya Trautv. Korkmaz 2228
Erzincan, Ergan 
Mountain

Ir.-Tur. -

15 S. divaricata Montbret & Aucher ex Benth Korkmaz 2641
Erzincan, Ergan 
Mountain

Ir.-Tur. +

Ir.: Iran, Tur.: Turkey, Sib.: Siberian, Eur.: Europe

Table 2. Primers and sequences used in RAPD amplification

RAPD primers
Sequence
(5’-3’)

Length of 
amplified bands

No of bands No of monomorphic 
bands

No. of polymorphic 
bands

Polymorphism ratio 
(%)

OPA-1 CAGGCCCTTC 2238-444 15 0 15 100

OPA-2 TGCCGAGCTG 2941-433 16 0 16 100

OPA-4 TGCCGAGCTG 1649-400 12 0 12 100

OPA-6 AATCGGGCTG 2088-600 11 0 11 100

OPB-8 CTGCTGGGAC 2439-419 18 0 18 100

OPB-10 GGTCCCTGAC 1500-232 11 0 11 100

OPH-18 GTCCACACGG 958-183 8 0 8 100

OPW-8 GAATCGGCCA 1945-566 13 0 13 100

OPY-6 GACTGCCTCT 1873-353 15 0 15 100

OPY-16 AAGGCTCACC 1174-200 10 0 10 100

OPH-17 CACTCTCTCTC 1790-351 14 0 14 100

RAPD:  Random amplified polymorphic DNA
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Statistical analysis
The Total Lab TL120 program was utilized for the assessment 
of the ISSR and RAPD patterns. The scoring of PCR products 
was performed as presence (1) and absence (0) of bands. The 
Jaccard (1908) similarity index was calculated by using the 
data, and a dendrogram was created based on the unweighted 
pair group method using arithmetic average.

RESULTS AND DISCUSSION
First, screening of 23 RAPD primers was performed against 
Salvia species, and 143 distinct reproducible bands in total with 
10.2 bands on average per primer were produced by 11 primers. 
The products amplified varied between 183 and 2941 bp in size. 
All (100%) of the 143 bands acquired were polymorphic. Their 
division into four clusters was enabled by the construction 
of a dendrogram in accordance with the RAPD data of Salvia 
species (Figure 1). 

The first cluster included S. cryptantha, S. candidissima, S. 
nemorosa, S. sclarea, S. verticillata, S. multicaulis, S. limbata, S. 
aethiopis, S. virgata, S. pachhystachya, and S. divaricata.

The second one included S. caespitosa.

The third one included S. verticillata subsp. amasiaca and S. 
staminea.

The fourth cluster included S. rosifolia.

The most significant likeness was identified between S. rosifolia 
and S. caespitosa (0.50), while the most significant difference 
was determined between S. divaricata and S. sclarea (0.90).

According to the RAPD data, most of the species (seven 
from 11 species) in the first cluster were Irano-Turanian 
phytogeographical region elements of Turkey (Table 1; Figure 1). 
Both of the most similar species (S. rosifolia and S. caespitosa) 
are Irano-Turanian phytogeographical region elements and 
endemic species.

To perform cultivar identification, 13 ISSR primers that 
demonstrated reproducible and polymorphic patterns were 
selected and produced 160 bands (polymorphic) in total, with 
12.3 bands on average per primer. There was a variation from 
241 to 3483 base pairs in size. The ISSR data of Salvia species 
were used to construct a dendrogram, which enabled their 
division into six clusters (Figure 2).

The first cluster included S. cryptantha, S. candidissima, S. 
sclarea, S. multicaulis, S. limbata, S. aethiopis, S. virgata, S. 
pachhystachya, and S. divaricata.

The second one included S. verticillata.

The third cluster included S. nemorosa.

The fourth cluster included S. verticillata subsp. amasiaca and 
S. staminea.

The fifth cluster included S. rosifolia.

Figure 1. RAPD marker-based UPGMA clustering for Salvia species

1. Salvia cryptantha, 2. S. caespitosa, 3. S. candidissima, 4. S. nemorosa, 5. S. 
sclarea, 6. S. verticillata, 7. S. verticillata subsp. amasiaca, 8. S. staminea, 9. S. 
multicaulis, 10. S. limbata, 11. S. aethiopis, 12. S. rosifolia, 13. S. virgata, 14. S. 
pachhystachya, 15. S. divaricata
RAPD: Random amplified polymorphic DNA, UPGMA: Unweighted pair group method 
using arithmetic averag

Table 3. Primers and sequences used in ISSR amplification

ISSR primers
Sequence
(5’-3’)

Length of 
amplified bands

No. of 
bands

No. of. 
monomorphic 
bands

No. of 
polymorphic 
bands

Polymorphism 
ratio (%)

ISSR UBC811 GAGAGAGAGAGAGAGAC 1935-276 15 0 15 100

ISSR UBC815 CTCTCTCTCTCTCTCTG 1246-408 11 0 11 100

ISSR UBC826 ACACACACACACACACC 936-362 7 0 7 100

ISSR UBC840 GAGAGAGAGAGAGAGATT 1303-241 12 0 12 100

ISSR UBC844A CTCTCTCTCTCTCTCTGC 1592-378 13 0 13 100

ISSR UBC845 CTCTCTCTCTCTCTCTTT 2878-391 18 0 18 100

ISSR UBC852 TCTTCTTCTCTCTCTCAA 1432-592 7 0 7 100

ISSR 8081 GAGAGAGAGAGAGAGAGAC 2040-303 14 0 14 100

ISSR 8082 CTCTCTCTCTCTCTCTCTG 3483-441 14 0 14 100

ISSR 17889A GTGTGTGTGTGTCC 1268-337 17 0 17 100

ISSR HB12 CAGCAGCAGGC 1392-408 10 0 10 100

ISSR HBS10 GAGAGAGAGAGACC 1362-344 11 0 11 100

ISSR UBC834 AGAGAGAGAGAGAGAGTT 1442-458 11 0 11 100

ISSR: Inter-simple sequence repeat
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The sixth cluster included S. caespitosa.

The most significant likeness was identified between S. 
caespitosa and S. divaricata (0.47), while the most significant 
difference was determined between S. divaricata and S. sclera 
(0.95).

According to the ISSR data, most of the species (seven 
from nine species) in the first cluster were Irano-Turanian 
phytogeographical region elements of Turkey (Table 1; Figure 2). 
Both of the most similar species (S. divaricata and S. caespitosa) 
are Irano- Turanian phytogeographical region elements and 
endemic species.

The construction of a dendrogram was performed according to 
the combined data acquired from the RAPD and ISSR marker 
analyses (Figure 3). 

The first cluster included S. cryptantha, S. candidissima, S. 
sclarea, S. multicaulis, S. limbata, S. aethiopis, S. virgate, S. 
pachhystachya, and S. divaricata.

The second cluster included S. verticillata.

The third cluster included S. nemorosa.

The fourth cluster included S. staminea and S. verticillata subsp. 
amasiaca.

The fifth cluster included S. caespitosa.

The sixth cluster included S. rosifolia.

As a result of the combined analysis, it was determined that 
similarities of the species varied between 0.54 (S. rosifolia-S. 
sclarea, S. rosifolia-S. limbata, and S. staminea-S. verticillata) 
and 0.93 (S. sclera-S. divaricata).

The most significant difference was determined between S. 
sclera and S. divaricata in RAPD, ISSR, and the combined data 
produced from RAPD and ISSR. Differently from S. sclera, 
S. divaricata is an Irano-Turanian phytogeographical region 
element and endemic species of Turkey.

The descriptions of morphological and agronomic properties 
and isozyme examination were constituted for evaluating the 
relationship among Salvia species. Morphological examinations 
have a number of limitations, which can be eliminated by the 
use of molecular markers with good reproducibility and high 
sensitivity.23 Molecular markers showing polymorphism at the 
level of DNA have been regarded as an important instrument 
used to assess plant genetic diversity characterization.24,25

To characterize Salvia species, different types of molecular 
markers, for example, RAPD, ISSR,26,27 AFLP,28,29 SSR,28 and 
sequence-related amplified polymorphism (SRAP),27 have been 
employed with great success. Agar et al.26 used RAPD profiles 
to study genetic relationships in eight Salvia taxa. They showed 
that RAPD profiles were useful for the determination of genetic 
profiles that can be used to identify Salvia species. In another 
study, Song et al.27 used ISSR and SRAP markers to assess the 
level of genetic diversity in S. miltiorrhiza. The results showed 
that these markers were effective and reliable in evaluating the 
degree of genetic variation in S. miltiorrhiza. 

RAPD and ISSR represent an easy and effective marker system 
used to assess and determine genetic diversity among plant 
species. The ISSR technique has a number of benefits, such 
as combining the majority of the advantages of AFLP and SSR 
markers, providing higher reproducibility when compared to 
RAPD, identifying a higher rate of genomic polymorphisms 
when compared to RFLP, and being more cost-efficient when 
compared to AFLP.29-31

RAPD and ISSR markers were used to measure the genetic 
diversity among eight species of Salvia collected from different 
locations in Iran.32 In our study, RAPD and ISSR combined 
data obtained from marker assays showed that S. limbata and 
S. aethiopis were in the same group just like in that study. S. 
verticillata and S. nemorosa species were also observed in 
separate groups.

ISSR and RAPD markers revealed findings that were almost 
independent of each other among Salvia species. Therefore, an 
especially positive correlation was determined for the ISSR and 
RAPD analysis of genetic relations among Salvia species. 

CONCLUSION
The findings show that these two markers represent powerful 
instruments used to assess the genetic diversity and relations 
among Salvia species.

Figure 2. ISSR marker-based UPGMA clustering for Salvia species

1. Salvia cryptantha, 2. S. caespitosa, 3. S. candidissima, 4. S. nemorosa, 5. S. 
sclarea, 6. S. verticillata, 7. S. verticillata subsp. amasiaca, 8. S. staminea, 9. S. 
multicaulis, 10. S. limbata, 11. S. aethiopis, 12. S. rosifolia, 13. S. virgata, 14. S. 
pachhystachya, 15. S. divaricata
ISSR: Inter-simple sequence repeat, UPGMA: Unweighted pair group method using 
arithmetic averag

Figure 3. RAPD-ISSR marker-based UPGMA clustering for Salvia species

1. Salvia cryptantha, 2. S. caespitosa, 3. S. candidissima, 4. S. nemorosa, 5. S. 
sclarea, 6. S. verticillata, 7. S. verticillata subsp. amasiaca, 8. S. staminea, 9. S. 
multicaulis, 10. S. limbata, 11. S. aethiopis, 12. S. rosifolia, 13. S. virgata, 14. S. 
pachhystachya, 15. S. divaricata
RAPD: Random amplified polymorphic DNA, ISSR: Inter-simple sequence repeat, 
UPGMA: Unweighted pair group method using arithmetic averag
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ÖZ

Amaç: Bu çalışmanın amacı, birçok akut ağrı tipinde gerekli olan hızlı ve sürekli etki için ağızda dağılan, yavaş salımlı naproksen sodyum tabletlerinin 
hazırlanmasıdır.
Gereç ve Yöntemler: Farklı konsantrasyonlarda kroskarmeloz sodyum (bir süper dağıtıcı) ve Soluplus® (salım değiştirici olarak) içeren tablet 
formülasyonları, tek zımbalı tablet makinesi kullanılarak ıslak granülasyon yöntemi ile hazırlandı. Hazırlanan granüller, yığın özellikleri açısından 
değerlendirildi ve tabletler, sertlik, parçalanma süresi ve ilaç salım profilleri açısından değerlendirildi.
Bulgular: Bu şekilde hazırlanan granüllerin iyi akış ve sıkıştırma özelliklerine sahip olduğu tespit edildi. Optimum kroskarmeloz sodyum 
konsantrasyonu seçilerek <30 saniyelik bir tablet parçalanma süresine ulaşıldı. Tabletlerden ilaç salımı, uygun miktarda Soluplus® eklenerek 2 saat 
süreyle sürdürüldü.
Sonuç: Bu çalışmada, Soluplus®’un (yeni bir çözücü) ilk kez tabletlerden API’nın salım değiştiricisi olarak kullanımını araştırıldı.
Anahtar kelimeler: Ağızda dağılan tabletler, değiştirilmiş salım tabletleri, naproksen sodyum, Soluplus®

ABSTRACT

Objectives: The aim of this study was to prepare orally disintegrating, slow release tablets of naproxen sodium for prompt onset and sustained 
action required in many types of acute pain.
Materials and Methods: Tablet formulations containing varying concentrations of croscarmellose sodium (a superdisintegrant) and Soluplus® (as 
release modifier) were prepared by wet granulation method using a single punch tablet machine. The prepared granules were evaluated for their 
bulk properties and the tablets were evaluated for hardness, disintegration time, and drug release profiles.
Results: The results showed that the granules so prepared have good flow and compressional properties. A disintegration time of tablets <30 s was 
achieved by selecting an optimum concentration of croscarmellose sodium. The drug release from the tablets was sustained for 2 h by incorporating 
a suitable amount of Soluplus®.
Conclusion: This study examined the use of Soluplus® (a novel solubilizer) for the first time as a release modifier of API from tablets.
Key words: Orally disintegrating tablets, modified release tablets, naproxen sodium, Soluplus®
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INTRODUCTION
The design and manufacture of solid oral dosage forms 
(tablets and capsules) are widespread as the oral route is 
preferred by both healthcare professionals1 and patients.2,3 
The main advantages include: easy for self-administration,4 
cost-effective5 highly stable dosage forms, and dispensing 
in more ready to administer forms.4 On the other hand, some 
problems are also associated with the use of solid oral dosage 
forms in conventional or immediate release tablets such as the 
frequent administration and small residence time of the drug 
in the plasma due to its short half-life, leading to fluctuation in 
plasma level and noncompliance by the patients due to frequent 
administration. The development of modified release tablets 
is an advancement in the design of tablets that overcomes 
these problems associated with the conventional tablet design 
and promotes a constant plasma level and improves patient 
compliance.6,7

Although these modified release tablets overcome several 
problems associated with conventional tablets, they also 
possess the drawback of being larger than the immediate 
release tablets of the same drug. This makes them difficult to 
swallow, particularly for geriatric patients and those suffering 
from dysphagia, a condition marked by difficulty in swallowing, 
which is reported in about 35% of the general population, 30-
40% of elderly in-patients, and 18-22% of all people in long-
term care facilities. This difficulty reduces patient compliance 
but can be overcome4 by producing orally disintegrating tablets 
(ODTs). An ODT is one that disintegrates into small granules 
within 30 s of its placement in the oral cavity.8 The small granules 
produced thereby can easily be swallowed as compared to 
swallowing the whole tablet.9 ODTs are also advantageous for 
travelers, who can take their medicine without the requirement 
of water. According to a survey, the majority of patients prefer 
to have an ODT than conventional forms of tablets.8 Therefore, 
an ODT improves patient compliance.

Recently, researchers have become increasingly interested 
in developing modified release ODTs that combine the above-
mentioned benefits of both modified release dosage forms and 
ODTs.10,11 

Naproxen sodium is the drug of choice for rheumatoid arthritis-
associated joint pain and early morning stiffness. Hence, a 
modified release preparation of naproxen sodium would be 

useful for maintaining a sustained level of naproxen sodium 
at the required time. The half-life of naproxen sodium is 14 h; 
therefore, its effect is long lasting but repeated administration of 
an immediate release formulation will lead to spikes in plasma 
concentration of the drug, thus making the pain-relieving effect 
erratic and remitting, as well as leading to gastro-intestinal 
irritation due to the high drug concentration at one time. In order 
to maintain a sustained level of drug plasma concentration with 
minimum variations, a sustained release formulation is required 
that will lead to sustained pain relief action and a more optimal 
therapeutic response with minimal side effects. Moreover, due 
to the high protein binding of naproxen sodium (99.7%), it may 
be more efficient to deliver this drug as a sustained release 
dosage form.12

Additionally, an orally disintegrating formulation with sustained 
release characteristics will certainly benefit the patient with 
quick onset of action. Naproxen sodium has been declared an 
ideal candidate for development into an ODT.13 In the present 
study, an orally disintegrating modified release matrix tablet 
of naproxen sodium was prepared by incorporating Soluplus®, 
a novel amphiphilic graft copolymer. In parallel, the potential 
of Soluplus® as a tablet binder and as a release modifier for 
water-soluble drug was investigated.

MATERIALS AND METHODS
Naproxen sodium was obtained as a gift sample from Pacific 
Pharmaceuticals Pvt. Ltd, Lahore, Pakistan; Soluplus® was 
purchased from BASF, UK; and croscarmellose sodium, starch, 
and all other excipients (pharmaceutical grade) were purchased 
from the local market of Lahore, Pakistan, and were used as 
received.

Preparation of ODTs
The design of the tablet formulations was accomplished in 
two phases. The target of the first phase was to achieve fast 
disintegration of tablets, i.e. within 30 s. Eight trial tablet 
formulations (F1-F8) were prepared (see Table 1) by wet 
granulation method by varying the concentration (2-20%) and 
distribution (extragranular/intragranular) of superdisintegrant, 
i.e. croscarmellose sodium. For this purpose, a dry mixture 
of naproxen sodium (API), starch (disintegrant), and lactose 
monohydrate (diluent) was prepared in a tumbler mixture. This 
mixture was then moistened by using 2.5% Soluplus® solution 

Table 1. Composition of trial formulations F1-F8

Formulation Naproxen sodium (mg) CSS (% w/w) Extra-gran CSS (mg) Intra-gran Starch (mg) Magnesium stearate (mg) Lactose Qs (mg)

F1 200 10 - 10 3 400

F2 200 20 - 10 3 400

F3 200 30 - 10 3 400

F4 200 40 - 10 3 400

F5 200 5 5 10 3 400

F6 200 10 10 10 3 400

F7 200 15 15 10 3 400

F8 200 20 20 10 3 400
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as binder and the wet mass was screened through sieve 8 to 
produce granules. The granules were then dried in a hot air 
oven for 24 h. Croscarmellose sodium as superdisintegrant14 
and magnesium stearate (1.5%) as lubricant were mixed with 
these granules and the mixtures were compressed in a single 
punch tablet machine (locally manufactured, Lahore, Pakistan). 

In the next phase, sustaining the release of naproxen sodium 
was the target. For this purpose, eight test formulations (F9-
F16) were prepared having same composition of API, diluent, 
superdisintegrant (optimum concentration), and binder, except 
for the incorporation of varying concentrations of Soluplus® 
(5% to 50% w/w of drug), as release modifier. A control 
tablet formulation of naproxen sodium (F0) was also prepared 
containing superdisintegrant but no release modifier for 
comparison purposes. 

Characterization of granules
In order to determine the compaction and flowability, bulk and 
tapped densities and angle of repose of prepared granules of 
each formulation were measured. Porosity, compressibility 
index, and Hausner’s ratio were calculated using the tapped and 
bulk densities data.

Characterization of tablets
Tablets of each formulation were tested for their hardness, 
disintegration time, and drug release characteristics. Tablet 
hardness/crushing strength was measured in triplicate by 
applying a force until the tablet was crushed using a digital 
hardness tester (Curio/2020+, Pakistan) and the average value 
was reported for each formulation.

The disintegration of each formulation was tested by using the 
method described in the literature.11 For this purpose, a tablet 
from each formulation was placed in a petri dish containing 
distilled water maintained at ~37 °C. The time taken by the tablet 
to disintegrate completely was recorded by stopwatch. The 
measurements were performed in triplicate and the average 
disintegration time for each test formulation was reported. 
The disintegration pattern of tablets was also photographed 
by stereo-zoom microscope (model SZ2-ILST/Olympus 
Corporation, Japan).

In vitro drug release studies 
In vitro drug release of naproxen sodium from the test 
formulations was carried out in a USP type II (paddle) 
dissolution apparatus (Curio, Pakistan). Phosphate buffer 
(pH 7.4) was selected as dissolution medium and 900 mL of 
this was added to each flask of the test apparatus and the 
temperature of the medium was maintained at 37±0.5 °C. One 
tablet was placed in each dissolution flask and the paddle was 
rotated at 50 rpm. Aliquots of 5 mL were withdrawn at various 
intervals and replaced with equal amounts of fresh dissolution 
medium to maintain the sink conditions. The samples were 
diluted adequately and analyzed spectrophotometrically for 
their naproxen sodium content. 

For the purpose of the ultraviolet assay, the absorbance of each 
sample was recorded in triplicate at 271 nm (i.e. lmax of naproxen 
sodium determined in this study). From the average value of 

this absorbance, the corresponding value of concentration was 
calculated from the calibration curve. The calibration curve 
(absorbance vs concentration) was plotted by measuring the 
absorbance of stock solution and its dilutions. The plot was 
linear between the concentration range of 10 µg/mL and 50 
µg/mL naproxen sodium with the coefficient of regression 
approaching unity, i.e. 0.998. The values of the intercept and 
gradient were 0.0093 and 0.0131, respectively. 

Statistical analysis
The drug release data are presented as mean ± standard 
deviation and were analyzed by One-Way ANOVA. The statistical 
differences were set at p<0.05.  

RESULTS AND DISCUSSION

Bulk properties of granules
The values of bulk and tapped density of the granules of all 
formulations are summarized in Table 2. The values of bulk 
density ranged between 0.234 and 0.341 g/mL and of tapped 
density between 0.250 and 0.357 g/mL. From these values the 
respective Carr’s index and Hausner’s ratio were obtained.

The values of Carr’s index were in the range of 3.23% to 
12.5%, whereas the values of Hausner’s ratio were between 
1.03 and 1.13, which shows excellent flow properties of all 
formulations (F1-F16) except for one (F3), which showed 
good flow properties. Carr’s index corresponds to powder 
bridge strength and stability, while Hausner’s ratio depicts 
interparticulate friction. Therefore, given the low values of both 
these parameters for all formulations, one can expect good die 
fill and proper compressible tablets from all formulations.15

Hardness of prepared tablets
The tablet hardness of trial formulations F1-F4 was between 2.9 
and 3.3 kg/cm2 (Table 3). However, incorporation of disintegrant 
into the granules (formulation F5-F8) increased the overall 
hardness of the tablets (average hardness ~3.4 kg/cm2). The 
test formulations F9-F16 also showed hardness of ~3.4 kg/cm2. 
These hardness values are lower than those of regular tablets, 
i.e. 4-6 kg/(cm2),16 however, they are still sufficient to tolerate 
any stress during manufacturing and processing.17 

Disintegration time
The results show that the disintegration time was inversely 
proportional to the concentration of superdisintegrant as it 
decreased from 68 min for F1 containing 5% of disintegrant 
to 7.5 min for F4 containing 20% of it. The mode of addition 
of disintegrant also influences the disintegration time. The 
formulations containing only extragranular disintegrants (F1-F4) 
showed disintegration times >35 min. However, in formulations 
where the disintegrant was also added intragranularly (F5-
F8), the disintegration time was much lower, i.e. between 0.45 
and 7.5 min (Table 3). Out of these formulations, F6 showed 
rapid disintegration, i.e. 0.45 min (27.3 s), satisfying the limits 
set for ODTs. This indicated that not only the addition of 
superdisintegrant but also the mode of addition (intragranular 
or extragranular or both) affects the disintegration time.18 The 
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formulation F6 had the fastest dissolution rate as it contained 
both intra- and extragranular disintegrant and the optimum 
concentration of superdisintegrants was 10% each. 

The disintegration time of all orally disintegrating test 
formulations (F9-F16) and blank formulation F0 was almost 
the same as that of the trial formulations, i.e. <30 s, as shown 
in Table 3. This indicates that the different concentrations of 
Soluplus® have no influence on disintegration time, probably 
due to its highly water soluble nature.19 

The rapid disintegration of tablets can be attributed to the 
wicking and swelling capability of starch and croscarmellose 

sodium.20 This was witnessed in microscopic images of tablets 
taken during the disintegration test. Figure 1 shows that the 
tablets were swollen at 15 s as the water was taken up by the 
disintegrants, which ultimately led to erosion of the tablets after 
20 s.

In vitro drug release 
The release profiles of naproxen sodium from test formulations 
F9-F16 are shown in Figure 2. It is evident that in the first 10 
min the drug release was almost complete (100%) from F0 and 
F9, while it was ~95% from F10, ~90% from F11, ~90% from F12, 

Table 2. Values of bulk density, tapped density, Hausner’s ratio, porosity, and Carr’s index and corresponding flow properties of granules of 
different formulations

Formulation
Bulk volume

Tapped 
volume

Bulk density
(g/mL)

Tapped 
density
(g/mL)

Carr’s index
Hausner 
Ratio

Porosity Flow properties

F1 5.2 5.0 0.288 0.300 4.0 1.04 3.8 Excellent

F2 5.4 5.2 0.278 0.288 3.85 1.04 3.7 Excellent

F3 5.4 4.8 0.278 0.313 12.5 1.13 11.11 Good

F4 6.2 5.6 0.242 0.268 10.7 1.11 9.6 Excellent

F5 6.0 5.4 0.250 0.278 11.1 1.11 10 Excellent

F6 6.4 6.2 0.234 0.242 3.23 1.03 3.12 Excellent

F7 6.2 5.6 0.241 0.268 10.7 1.11 9.6 Excellent

F8 6.4 5.8 0.234 0.259 10.3 1.1 9.37 Excellent

F9 4.8 4.6 0.313 0.326 4.3 1.04 4.16 Excellent

F10 4.4 4.2 0.341 0.357 4.8 1.05 4.54 Excellent

F11 5.2 5.0 0.288 0.3 4 1.04 3.84 Excellent

F12 5.4 5.0 0.277 0.3 8 1.08 7.40 Excellent

F13 6.2 6.0 0.242 0.25 3.3 1.03 3.22 Excellent

F14 6.4 6.0 0.234 0.25 6.7 1.06 6.25 Excellent

F15 6.0 5.4 0.25 0.278 11.1 1.11 10 Excellent

F16 6.0 5.6 0.25 0.268 7.1 1.07 6.66 Excellent

Table 3. Values of hardness and disintegration of trial and test tablet formulations
Trial formulation Test formulation

Formulation
Hardness
(kg/cm2)

Disintegration time
(min)

Formulation
Hardness
(kg/cm2)

Disintegration time
(s)

F1 2.87±0.06 68.0±1.0 F9 3.4±0.1 27.1±0.1

F2 3.30±0.20 49.5±0.5 F10 3.2±0.1 27.3±0.1

F3 3.07±0.06 36.5±0.5 F11 3.4±0.1 27.3±0.1

F4 3.1±0.1 7.5±0.5 F12 3.3±0.1 27.5±0.1

F5 3.6±0.2 2.4±0.4 F13 3.4±0.1 27.1±0.1

F6 3.5±0.25 0.45±0.06 F14 3.2±0.1 28.2±0.1

F7 3.4±0.15 0.85±0.06 F 15 3.1±0.1 27.5±0.1

F8 3.4±0.2 0.73±0.08 F16 3.1±0.1 28.2±0.1

F0 3.3±0.1 26.3±0.1

min: Minute
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~75% from F13, ~50% from F14, ~40% from F15, and ~20% from 
F16. This trend remained similar after 30 min, where the drug 
release was almost complete from formulations F10-F12, while 
F13 showed ~90%, F14 ~80%, F15 ~70%, and F16 ~30% drug 
release. The results indicate that drug release was sustained 
by the incorporation of Soluplus® in ODTs and increasing 
the concentration of Soluplus® in the formulations from F9 
(containing 5% w/w) to F16 (50% w/w with drug) enhanced the 
release-modifying effect of this copolymer. Statistical analysis 
showed a significant difference in drug release (p<0.05) from 
all nine formulations. This indicated the significant role of 
Soluplus® in drug release.

This shows that Soluplus® has the ability to retard the drug 
release of naproxen sodium, a water-soluble drug. This effect of 
Soluplus® has been shown in some previous studies.21 In order 
to find the pattern of drug release from the tablet formulations, 
the release data were subjected to different release models. It 
was shown from the results that the Korsmeyer-Peppas model 
best fitted with the release profile with R2 values 0.971. The value 

of release coefficient “n” was 0.748, i.e. >0.5, indicating non-
Fickian or anomalous release from the tablet formulations.22 

CONCLUSION
Orally disintegrating sustained release tablets of naproxen 
sodium, a water-soluble drug, were successfully prepared 
using an optimum concentration of croscarmellose sodium 
as disintegrant and Soluplus® as release modifier. The study 
highlighted the drug release modifying role of Soluplus® for the 
first time from tablet formulations.
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ÖZ

Amaç: Telmisartan (TLM), kanser hücreleri üzerinde antiproliferatif etkisi olduğu gösterilmiş antihipertansif bir ilaçtır. Düşük çözünürlüğe, suboptimal 
oral biyoyararlanıma sahiptir. TLM’nin meme kanseri hücreleri üzerindeki potansiyel antikanser etkisini araştırmak için, TLM’nin çözünürlüğünü 
iyileştiren poli (D, L-laktid) PLA nanopartikülleri formüle edilmiştir.
Gereç ve Yöntemler: TLM yüklü PLA nanopartikülleri emülsiyon hazırlama-çözücü buharlaştırma yöntemiyle hazırlanmıştır. Sonikasyon süresi ve 
polimer: ilaç oranının nanopartikül büyüklüğü ve ilaç enkapsülasyonu üzerindeki etkisi araştırılmıştır. TLM yüklü nanopartiküllerin, antiproliferatif 
etkileri MCF-7 ve MDA-MB-231 meme kanseri hücre hatları kullanılarak test edilmiştir.
Bulgular: Ortalama partikül büyüklüğü 272 nm ve %79 enkapsülasyon etkinliğine sahip nanopartiküller elde edilmiştir. Sürekli salım gösteren TLM 
nanopartikülleri (24 saatte %40) MCF-7 hücrelerinde, TLM çözeltisinden daha iyi antikanser aktivite göstererek, en düşük TLM konsantrasyonunda 
bile hücre canlılığını 72 saatte %45’e düşürmüştür.
Sonuç: TLM nanopartiküllerinin, meme kanseri için potansiyel antikanser ajanlar olabileceği ve daha ileri çalışmalarda araştırılmaya değer olduğu 
sonucuna varılmıştır.
Anahtar kelimeler: Telmisartan, nanopartiküller, antikanser etki, ilaç yeniden konumlandırma

ABSTRACT

Objectives: Telmisartan (TLM) is an antihypertensive drug that has been shown to have antiproliferative effects on cancer cells. It has low solubility 
and suboptimal oral bioavailability. To investigate the potential anticancer effect of TLM on breast cancer cells, poly (D, L-lactide) (PLA) nanoparticles 
were formulated with the benefit of improving its solubility.
Materials and Methods: TLM-loaded PLA nanoparticles were prepared by emulsion solvent evaporation. The effects of sonication time and 
polymer:drug ratio on nanoparticle size and drug encapsulation were investigated. TLM-loaded nanoparticles were tested against MCF-7 and MDA-
MB-231 breast cancer cell lines for antiproliferative effects.
Results: Nanoparticles with mean particle size 272 nm and 79% encapsulation efficiency were obtained. Sustained release TLM nanoparticles (40% 
in 24 h) decreased cell viability to 45% for MCF-7 cells at 72 h, even at the lowest TLM concentration, indicating better anticancer efficiency than 
TLM solution.
Conclusion: TLM nanoparticles could be potential anticancer agents for breast cancer and deserve further studies.
Key words: Telmisartan, nanoparticles, anticancer effect, drug repositioning
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INTRODUCTION
Drugs are developed by a long and costly development process. 
However, finding new uses for existing drugs is an alternative 
strategy that shortens the time to market and lowers the cost for 
developers. By employing this strategy new anticancer agents 
could be discovered and more accessible treatments could be 
presented to patients. Angiotensin II receptor blockers (ARBs) 
are an example for old drugs that are investigated for potential 
new activities. Telmisartan (TLM), which is an ARB used for the 
treatment of hypertension, has been investigated in this context 
and antiproliferative activity of TLM against various cancer 
cells such as lung adenocarcinoma cells, urological cancer 
cells, and endometrial cancer cells has been discovered.1-3 
It was reported that TLM has an antiproliferative effect on 
leukemia cell lines and ex vivo peripheral blood monocytes, and 
TLM causes autophagy and apoptosis by caspase activation.4 
Besides being an ARB, TLM is also described as a peroxisome 
proliferator-activated receptor (PPAR)-gamma activator and in 
some studies its antitumor activity is linked to PPAR-gamma 
activation.1-3 Intraperitoneal administration of TLM to human 
endometrial tumor-bearing nude mice showed that treatment 
with TLM inhibited tumor growth significantly.2 In a transgenic 
rat model for prostate cancer, TLM was administered orally in 
drinking water (2 or 10 mg/kg/day) for 12 weeks and it was 
found that TLM suppressed prostate cancer by activation of 
caspases, inactivation of p38 MAPK, and downregulation of the 
androgen receptor.5

Considering the potential anticancer application of TLM, it is 
also important to design an optimal formulation for effective 
therapy. TLM has poor aqueous solubility (0.6 µg/mL) and its 
solubility is pH-dependent.6 According to the Biopharmaceutics 
Classification System (BCS), it is classified as a BCS II drug7 

(low solubility, high permeability) and its oral bioavailability is 
∼43%.8 To improve its oral bioavailability, nanoparticle systems 
are one of the methods that are being investigated.7,9 Moreover, 
for effective cancer therapy, accumulation of anticancer agent 
at the tumor site with minimum distribution in healthy tissues 
is a major goal. For TLM, its side-effect profile is reported as 
comparable to that of a placebo;10 however, using nanoparticles 
(NPS) to achieve TLM accumulation at the tumor site can 
enhance the interaction of TLM with cancer cells, which leads 
to improved cancer therapy.

In the present work TLM was encapsulated with NPS that were 
formed by biodegradable poly (D, L-lactide) (PLA) polymer. 
The NPS were prepared by emulsion-solvent evaporation 
and studies were carried out to optimize particle size. The 
anticancer effect of TLM-loaded NPS was investigated against 
MCF-7 and MDA-MB-231 breast cancer cells.

MATERIALS AND METHODS

Materials
TLM was a kind gift from Nobel Pharmaceutical Industry and 
Trade Inc. Co., Turkey. Dichloromethane, dimethyl sulfoxide 
(DMSO), PLA (average Mw 75,000-120,000), and poly (vinyl 
alcohol) (PVA) (average mol wt 30,000-70,000) were purchased 

from Sigma-Aldrich Co., USA. MCF-7 and MDA-MB-231 cell lines 
were obtained from the American Type Culture Collection. Fetal 
bovine serum (FBS) and penicillin/streptomycin, Dulbecco’s 
Modified Eagle Medium (DMEM), and 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased 
from Biochrom (Germany). All other reagents were analytical 
grade.

Preparation of nanoparticles
NPS were prepared by a modified emulsion solvent evaporation 
method.11 PLA was dissolved in 1 mL of dichloromethane and 
10 mL of PVA aqueous solution (0.3% w/v) was added to it. 
The mixture was vortexed for 1 min and then immediately 
was sonicated using a probe-type sonicator (Bandelin 
Sonopuls HD2200). After sonication the dichloromethane 
was evaporated by a rotary evaporator (IKA RV10). Then the 
NPS were centrifuged at 15.000 rpm for 15 min (23.656 x g, 
Hermle Z323K). The precipitated NPS were suspended in 
ultrapure water and centrifuged twice more for the washing 
steps. For TLM-loaded NPS (TLM-NP) the same procedure 
was performed with addition of TLM to dichloromethane. 
The effect of sonication time on blank and TLM-loaded NP 
size (polymer:drug ratio, 25:1 mg/mg) was investigated using 
different sonication times (5, 10, 20 min). After determining 
the optimal sonication time for obtaining the smallest NPS, two 
more polymer:drug ratios (25:2, 25:0.5, mg:mg) were studied 
to obtain TLM-NP and to observe the effect of drug amount on 
nanoparticle size and encapsulation efficiency (EE).

Characterization studies

Particle size and zeta potential measurements
The particle size, polydispersity index (PDI), and zeta potential 
values of blank and TLM-NP were measured by dynamic light 
scattering method using a Malvern Zeta Sizer Nano Series 
ZS instrument (UK). Measurements were performed for both 
freshly prepared and lyophilized NPS. The initial experiments 
showed that NPS lyophilized without any additive were not 
dispersible. Thus they were freeze-dried using 5% trehalose as 
cryoprotectant to prevent aggregation.

Encapsulation efficiency and drug loading capacity
Suspended NPS were frozen at -20 °C for 16 h and then were 
lyophilized for 48 h (Labconco, Freezone 4.5). The lyophilized 
NPS were dissolved in DMSO and were analyzed by ultraviolet-
visible (UV-Vis) spectrophotometry at 309 nm to determine the 
encapsulated TLM amount. Spectrums in DMSO were used to 
show insignificant absorbance of PLA polymer at 309 nm. The 
concentration range of the calibration curve was 1-20 µg/mL. 
The regression equation was y=0.048x-0.006 (standard error 
(SE) of slope was 8x10-5, SE of intercept was 2x10-3, and R2 was 
1) and the limit of detection (LOD) was 0.3 µg/mL and limit of 
quantification (LOQ) was 0.8 µg/mL.

EE and drug loading capacity (DLC) were calculated using 
equations 1 and 2, respectively.

EE=mass of the drug in NPS/mass of drug used initially  
Equation 1
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DLC=mass of the drug in NPS/total mass of the NPS  Equation 
2

In vitro drug release

In vitro drug release experiments were carried out using the 
dialysis membrane method in a shaking water bath. NPS were 
dispersed in phosphate buffered saline (PBS) containing 0.5% 
(w/v) sodium lauryl sulfate (SLS) and 1 mL of this suspension 
was placed into a dialysis bag (molecular weight cutoff 8000 
Da). The dialysis bag was placed in 50 mL of 0.5% SLS 
containing PBS and at specific time points 1 mL of release 
medium was withdrawn to determine the amount of TLM 
released. At each time point, 1 mL of fresh medium was added 
to the release medium after sampling. In addition, coarse TLM 
powder was dispersed in PBS containing 0.5% SLS and TLM 
dissolution was determined under the same conditions as for 
NPS.

Samples were analyzed by UV-Vis spectrophotometry using 
a calibration curve obtained from TLM solutions in 0.5% SLS 
containing PBS at 300 nm. The calibration curve was obtained 
in the concentration range of 0.5-10 µg/mL. The regression 
equation was y=0.048x-0.002 (SE of slope was 0.0002, SE of 
intercept was 0.0008, and R2 was 1) and the LOD and LOQ were 
0.1 µg/mL and 0.4 µg/mL, respectively.

Scanning electron microscopy (SEM)

NP morphology was observed with SEM. A NP suspension (10 
µL) was placed on aluminum foil and was air dried. Then the 
foil was placed onto an SEM stub and was coated with gold/
palladium using a BAL-TEC SCD 050 (Liechtenstein). The 
coated sample was visualized with a LEO-EVO 40 (UK) SEM 
unit.

Cell culture studies

MCF-7 and MDA-MB-231 cell lines were grown in DMEM 
containing penicillin (IU/mL), streptomycin (50 µg/mL), and 10% 
FBS and were maintained in a humidified atmosphere of 95% 
air and 5% CO2 at 37 °C. Cells were seeded at a density 5000 
cells/well in 100 µL of complete culture medium in a 96-well 
plate. After overnight incubation, the medium was removed 
from the wells and serial dilutions of TLM solution (in complete 
medium containing 1% DMSO), blank-NP (B-NP), and TLM-NP 
in complete culture medium were applied to the cells. As the 

control, cells were treated with complete medium alone and 
complete medium containing 1% DMSO. Following 24, 48, and 
72 h of incubation 25 µL of MTT solution (5 mg/mL in PBS) 
was added to the wells. After 4 h of incubation the medium 
was removed from the wells and 200 µL of DMSO was added 
to them to dissolve the formazan crystals. The optical densities 
of plates were measured using a microplate reader (Molecular 
Devices, USA) at 570 nm. Cell viability was calculated as the 
percentage of control cells.

Statistics analysis

The results were presented as the mean and standard deviation/
SE. Statistical analysis was performed by GraphPad Prism 
using One and Two-Way ANOVA and p<0.05 was considered 
statistically significant.

RESULTS
Particle size and zeta potential of nanoparticles
NPS were prepared by emulsion solvent evaporation and their 
particle size and zeta potential were measured directly after 
preparation. In addition, to investigate the effect of freeze-
drying on particle size, the particle size of lyophilized NPS 
(freeze-dried with 5% trehalose) was measured. Firstly, three 
different sonication times were used to investigate the effect 
of sonication time on the size and EE of NPS. Particle size 
and zeta potential data of the freshly prepared and lyophilized 
B-NP, TLM-NP with different sonication times are given in 
Table 1. Particle size and zeta potential data of the blank and 
freshly prepared and lyophilized B-NP, TLM-NP with different 
sonication times are given in Table 1. Zeta potential values were 
negative and between -10 and -20 mV for all formulations and 
NP size was between 218 and 238 nm for blank formulations 
and between 273 and 333 nm for the TLM-NP formulations. 
The smallest NP size was obtained with 10 min sonication; 
therefore, formulations of different polymer:drug ratios were 
prepared by performing 10 min sonication. After the freeze-
drying process nanoparticle size was decreased for both blank 
and TLM formulations, which indicates the stabilizing effect of 
trehalose. Zeta potential values of freeze-dried formulations 
were slightly lower than those of freshly prepared NPS and 
were between -7.0 and -9.5 mV.

Particle size and zeta potential values of TLM-NP, which 
were prepared using different drug amounts, are given in 

Table 1. Effect of sonication time on the particle size, polydispersity index, and zeta potential of freshly prepared and freeze-dried 
formulations (n=3, mean ± standard deviation)

Sonication time (minute)
B-NP TLM-NP 

Particle size (nm) PDI Zeta potential (mV) Particle size (nm) PDI Zeta potential (mV)

5

Fresh

237.8±1.1 0.1±0.0 -15.2±1.3 332.6±3.8 0.3±0.0 -10.5±2.1

10 218.1±3.6 0.1±0.0 -18.8±0.5 272.6±1.6 0.2±0.0 -15.0±2.6

20 223.6±1.5 0.1±0.0 -15.7±2.0 302.2±3.1 0.3±0.0 -15.7±0.4

5
Freeze-
dried 

210.1±1.7 0.1±0.0 -7.0±0.2 227.1±8.2 0.2±0.0 -7.9±0.2

10 205.9±3.9 0.1±0.0 -9.5±0.4 215.5±3.7 0.1±0.0 -8.1±0.2

20 212.4±1.6 0.1±0.0 -8.5±0.5 286.7±9.1 0.2±0.0 -7.4±0.2

PDI: Polydispersity index, TLM-NP: Telmisartan-loaded nanoparticles, B-NP: Blank-nanoparticles
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Table 2. Particle size of the formulations with 25:2 and 25:0.5 
polymer:drug ratios was smaller than that of the formulation 
with 25:1 polymer:drug ratio for freshly prepared NPS. Freeze-
dried formulations showed different behavior in terms of 
particle size. While for the formulations of 25:1 and 25:0.5 
polymer:drug ratios particle size decreased with freeze-drying, 
for the formulation of 25:2 polymer:drug ratio the opposite 
was true. The heterogeneity of the particle size distribution of 
this formulation (25:2 polymer:drug ratio) is thought to be the 
reason behind the further aggregation during lyophilization.

Encapsulation efficiency and drug loading capacity
Three different polymer:drug ratios were studied to investigate 
the effect on NP EE. The EE and DLC of TLM-NP are presented 
in Table 3. The highest drug loading was obtained with the 
formulation of 25:1 polymer:drug ratio. 

In vitro drug release
The NP formulation with the highest EE (polymer:drug ratio, 
25:1, mg:mg) was selected for in vitro drug release experiments. 
The release profiles of TLM-NP and TLM in PBS with 0.5% SLS 
are given in Figure 1. It was clear from the TLM release profile 
(around 40% release at the end of 24 h) that the NPS showed 
controlled release. Moreover, the TLM NPS displayed higher 
dissolution, compared to 17.2% release of TLM in 24 h.

Scanning electron microscopy 
Freshly prepared NP suspension (polymer:drug ratio, 25:1, 
mg:mg) was placed on aluminum foil and after drying in 

atmospheric conditions the NPS were visualized by SEM as 
presented in Figure 2. 

Cell culture studies
MCF-7 and MDA-MB-231 cells were used as model cell lines to 
investigate whether there is an antiproliferative effect of TLM 
and TLM-NP on breast cancer cells. The cell viability results for 
24, 48, and 72 h incubation periods are given in Figures 3-5, 
respectively. 

For MCF-7 cells, B-NP did not reduce cell viability below 
80% at 24 h incubation period and at 48 and 72 h the highest 
concentration resulted in 73% and 67% cell viability, respectively 
(Figures 3a, 4a, and 5a). TLM solution reduced cell viability to 
75% at 24 h, to 61% at 48 h, and to 60% at 72 h (Figures 3a, 
4a, and 5a). However, there was not a dramatic difference 
between the viability results of different concentrations of 
TLM treatments at each time period. The TLM-NP formulation 
decreased cell viability in a concentration-dependent manner 
and at the highest TLM concentration viability decreased to 45% 
at 24 h and 72 h (Figures 3a and 5a). As the incubation time 
increased lower TLM concentrations caused lower cell viability 
results.

For MDA-MB-231 cells, B-NP did not reduce cell viability below 
76% even at 72 h incubation (Figures 3b, 4b, and 5b). TLM 
solution reduced cell viability in a dose-dependent manner; 

Table 3. Encapsulation efficiency and drug loading capacity of 
telmisartan-loaded nanoparticles (n=3, mean ± standard deviation)

Polymer:drug ratio (mg/
mg)

Sonication time 
(min)

EE (%) DLC (%)

25:0.5 10 40.0±1.2 1.1±0.1

25:1 5 79.1±3.5 5.4±0.1

25:1 10 37.7±0.2 1.7±0.1

25:1 20 97.4±0.9 4.8±0.1

25:2 10 60.3±2.1 5.3±0.3

EE: Encapsulation efficiency, DLC: Drug loading capacity

Table 2. Effect of polymer:drug ratio on the particle size, 
polydispersity index, and zeta potential of telmisartan-loaded 
nanoparticles (n=3, mean ± standard deviation)

Polymer:drug ratio
(mg/mg)

Particle size 
(nm)

PDI
Zeta potential 
(mV)

25:0.5
Fresh 
NP

233.8±2.0 0.2±0.0 -15.2±0.4

25:1 272.6±1.6 0.2±0.0 -15.0±2.6

25:2 226.2±9.4 0.3±0.1 -11.1±0.5

25:0.5

Freeze-
dried NP

228.0±4.6 0.2±0.0 -12.2±0.2

25:1 215.5±3.7 0.1±0.0 -8.1±0.2

25:2 267.8±3.3 0.3±0.0 -7.5±0.2

PDI: Polydispersity index, NP: Nanoparticles

Figure 1. In vitro release profile of TLM-loaded nanoparticles and TLM (n=3, 
mean ± SE)
TLM-NP: Telmisartan-loaded nanoparticles, SE: Standard error

Figure 2. SEM images of TLM-loaded nanoparticles at A: 20K magnification 
B: 60K magnification
SEM: Scanning electron microscopy, TLM: Telmisartan
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it was especially pronounced at 48 and 72 h (Figures 4b 
and 5b). Interestingly the TLM-NP formulation did not cause 
any significant loss of viability; 78% was the lowest viability, 
obtained with the TLM-NP formulation at 72 h.

DISCUSSION
Novel strategies are being investigated for cancer therapy 
by repositioning various drugs that have different action 
mechanisms. Recently, these strategies have become extremely 
popular for the development of new potential cancer treatment 
modalities. Angiotensin II receptor antagonists are widely used 
for the treatment of hypertension and their anticancer activity 
was reported in various scientific papers.12,13 Several tumor 
cells were reported to express angiotensin II receptors;12-14 
therefore, the anticancer effect of ARBs has been associated 
with inhibition of tumor angiogenesis.15-17 One of the ARBs, 
TLM, is generally used for treatment of cardiovascular diseases 
including hypertension and coronary artery diseases.18 
However, recent studies have drawn attention to the anticancer 
effect of TLM. As indicated in different studies, TLM showed 

antitumoral activities in various cancer types such as lung,1 
prostate,19 and endometrium.2 Researchers have revealed that 
TLM has the potential to inhibit the proliferation of cancer 
cells through apoptosis by PPAR-gamma activation.1,3,20 PPAR-
gamma activation by using TLM as a PPAR-gamma ligand may 
serve as an anticancer therapy model.21

Due to properties mentioned above, TLM has the potential to be 
used in cancer therapy as a part of drug repositioning studies. 
However, TLM is a BCS class II model drug and has some 
limitations like poor solubility influencing its bioavailability.22 
Therefore, to improve the solubility of TLM and to deliver 
it to the target site specifically, it is important to design an 
effective drug delivery system. TLM encapsulation within 
polymeric carriers is an alternative way to protect the drug 
from degradation, to ensure controlled release, and to increase 
bioavailability because of increased solubility.

Based on this idea, in the present study we prepared a polymeric 
nanoparticulate system by encapsulating TLM in PLA NPS by a 
modified emulsion solvent evaporation method to improve drug 
solubility. In addition, we aimed to investigate the anticancer 
efficiency of an antihypertensive drug nanoparticulate system 
as a potential, novel treatment modality for breast cancer. To 
the best of our knowledge this is the first study in which a novel 
drug delivery system was developed using PLA NPS to deliver 
the poorly soluble drug TLM as a model anticancer drug for 
breast cancer therapy. 

In the present study, TLM-loaded and B-NP were prepared 
with biodegradable PLA polymer. As indicated in the literature, 
PLA is a biocompatible, biodegradable polymer that shows 
low toxicity and high mechanic strength, and so in the present 
study PLA polymer was chosen for these advantages.23,24 NPS 
were prepared by emulsion solvent evaporation, which involves 
emulsification of polymer solution and then evaporation of 
solvent, which precipitates the polymer as NPS. In order to obtain 
an optimized formulation, sonication time and polymer:drug 
ratio were evaluated in terms of particle size, PDI, EE, DLC. The 
particle size and PDI were measured by dynamic light scattering. 
Several parameters like sonication time and polymer:drug ratio 
highly affect the physicochemical properties of NPS, including 
particle size, EE, and drug loading ratio. Therefore, these 
parameters were studied to determine the optimum formulation. 
Different sonication times were tested to determine particle 
size as the first parameter and the results indicated that while 
the size of B-NP was in the range of 218-238 nm, the size of 
TLM-NP formulations was in the range of 273-333 nm. During 
the emulsification process sonication leads to dispersion of the 
organic phase into small nanodroplets, and so it is expected 
that by increasing sonication time more energy will be released 
and smaller droplets will be dispersed; consequently smaller 
NPS will be obtained.25 Increasing sonication time from 5 min 
to 10 min reduced particle size but nanoparticle size was higher 
when 20 min sonication was performed, compared to 10 min 
sonication. The decrease in particle size as the sonication 

Figure 3. Cell viability of formulations after 24 h incubation. A: MCF-7 cells, 
B: MDA-MB-231 cells (n=3, mean ± SE). *Indicates significantly different 
from control (p<0.05)

SE: Standard error, TLM-NP: Telmisartan-loaded nanoparticles

Figure 4. Cell viability of formulations after 48 h incubation. A: MCF-7 cells, 
B: MDA-MB-231 cells (n=3, mean ± SE). *Indicates significantly different 
from control (p<0.05)

SE: Standard error, TLM-NP: Telmisartan-loaded nanoparticles

Figure 5. Cell viability of formulations after 72 h incubation. A: MCF-7 cells, 
B: MDA-MB-231 cells (n=3, mean ± SE). *Indicates significantly different 
from control (p<0.05)

SE: Standard error, TLM-NP: Telmisartan-loaded nanoparticles
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time increases is expected, but several scientific papers 
report that there is a threshold value.26,27 After that threshold 
value is reached, increasing sonication time does not reduce 
particle size significantly. Furthermore, it should be noted that 
sonication is a very dynamic process; while sonication energy 
disrupts droplets into smaller droplets, some of the droplets 
may collide due to this energy and form larger droplets, which 
may explain why 20 min sonication caused a slight increase 
in particle size. The difference between the size of TLM-NP 
(formulations prepared with different sonication times and drug 
amounts) was statistically significant (p<0.05). As expected, 
encapsulating drug into PLA NPS caused an increase in 
particle size. The PDI results of the blank and TLM-NP were 
in the range of 0.1-0.3, indicating a narrow and homogeneous 
size distribution. As well as the sonication time, the second 
important parameter, different drug:polymer ratios, was tested. 
Increasing drug amount from 0.5 to 1 mg in the formulation 
caused an increase in particle size. In contrast, by using 2 mg 
of drug in the formulation, a smaller mean particle size was 
obtained. However, PDI was increased for this formulation, 
indicating that size distribution was not as narrow as in other 
formulations in which 0.5 and 1 mg TLM were used. The effect of 
freeze-drying on the particle size of NPS was also investigated. 
Addition of trehalose as cryoprotectant to the NP suspension 
before the freeze-drying process resulted in decreased particle 
size generally. Similarly, Fonte et al.28 reported that the particle 
size of polymeric NPS lyophilized with trehalose was decreased 
and this may be related to adsorption of cryoprotectants on 
the nanoparticle surface and their particular behavior during 
freeze-drying. The negative zeta potential values of blank and 
TLM-NP decreased after lyophilization. This is attributed to the 
rearrangement of surfactants on the NP surface. Moreover, 
trehalose may mask the surface of NP due to hydrogen bonding 
between nanoparticle and cryoprotectant.29 

EE was increased as higher drug amounts were used and the 
highest drug loading was achieved with 25:1 polymer:drug 
ratio. In vitro drug release experiments showed that TLM was 
released from the NPS slowly and in a sustained manner (40% 
drug release at 24 h). The drug’s partitioning between polymer 
and aqueous release medium influences the release rate.30 Slow 
TLM (a hydrophobic drug) release from hydrophobic PLA NPS 
is explained by the solubility of drug in the polymer and its lower 
partitioning to the aqueous phase. Furthermore, coarse TLM 
powder dissolution (17.2% in 24 h) was significantly slower than 
the TLM-NP formulation (p<0.05), indicating increased solubility 
of TLM. The release medium was 50 mL of PBS with 0.5% SLS 
(pH 7.4) and coarse TLM powder and TLM-NP equivalent to 
0.15 mg TLM were dispersed in PBS with 0.5% SLS and were 
placed in a dialysis membrane. As solubility of TLM in PBS with 
0.5% SLS (pH 7.4) was reported as 0.108±0.04 mg/mL,31 sink 
conditions were maintained during the experiment.

SEM images of NPS (Figure 2) show that they were clustered 
together during the drying process but individual spherical 
NPS were easily distinguished in images obtained at higher 
magnifications as expected. 

The cell viability results indicate that although TLM solution 
decreased the cell viability of MCF-7 cells as the incubation 
time increased, the concentration viability relationship was 
erratic. TLM-NP decreased cell viability in a concentration-
dependent manner to 45%, even at the lowest concentrations 
at 72 h incubation. By using NPS, solubility can be increased 
and cellular uptake of drugs can be modified. The superior 
antiproliferative results of the TLM-NP formulation compared to 
TLM solution is thought to be linked to these properties of TLM-
NP formulations. TLM solution decreased the cell viability of 
MDA-MB-231 cells as the incubation time increased in a dose-
dependent manner. However, the TLM-NP formulation did not 
cause the same dramatic loss of viability. It is clear for MDA-
MB-231 cells that there should be a certain drug dose present 
in solution to see a significant loss of viability. Considering 
the slow drug release from TLM NPS, the reason for the high 
viability results obtained with them is attributed to the low 
amount of drug released. MCF-7 is an estrogen-dependent cell 
line and MDA-MB-231 is a triple negative cell line (cells that 
do not express estrogen receptor or progesterone receptor, 
and do not have HER-2/Neu amplification). It was reported 
that TLM induced the stimulation of collagen biosynthesis 
(which may influence cell growth and metabolism) in MCF-
7 cells cultured in the absence of estrogen and there was 
crosstalk between PPAR-gamma and estrogen receptor. 
However, collagen biosynthesis was not influenced by TLM in 
estrogen-independent MDA-MB-231 cells when cultured in the 
same conditions.32 As Kociecka et al.32 reported, the different 
responses of cells to TLM could be receptor related and need to 
be investigated further. 

Study limitations
TLM NP formulations were prepared and their antiproliferative 
effect was investigated, but investigation of anticancer effect 
mechanisms was not within the scope of this study.

CONCLUSION
In our study TLM-loaded biodegradable PLA NPS were prepared 
and it was observed that sonication time and drug amount could 
impact NP size. It was demonstrated that sustained release 
TLM-NP inhibit proliferation of MCF-7 breast cancer cells better 
than TLM solution, indicating their potential use as an anticancer 
system. Further studies should be conducted to elucidate the 
anticancer mechanisms of TLM NPS on breast cancer cells.
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ÖZ

Amaç: Antibiyotik direnci, dünya çapında insan sağlığına yönelik en büyük tehditlerden biri olarak kabul edilmektedir. Sık ve gereksiz antibiyotik 
kullanımı, bulaşıcı organizmaların antibiyotiklere adapte olmasına neden olarak ilaçların daha az etkili hale gelmesine yol açmıştır. Birçok antibiyotiğe 
karşı gelişen direnç, yeni antibiyotiklerin keşfini gerektirmektedir. Bu çalışmada, daha önce başka etkileri nedeni ile yayınlanmış 23 2-pirazolin ve 
bir hidrazon türevi ile iki yeni 2-pirazolin türevi bileşiğin, in vitro antibakteriyel ve antifungal aktiviteleri incelenmiştir.
Gereç ve Yöntemler: Bileşiklerin minimum inhibitör konsantrasyon (MİK) değerlerinin belirlenmesi için mikrobroth dilüsyon yöntemi kullanıldı.
Bulgular: Bileşiklerin antimikrobiyal aktiviteleri, 32-512 µg/mL MİK değerleri ile geniş bir aralıkta bulunmuştur.
Sonuç: Sentezlenen bileşikler, standartlarla karşılaştırıldıklarında orta düzeyde antimikrobiyal aktivite göstermiştir ve daha etkili bileşiklerin sentezi 
için öncü moleküller olarak kullanılabilecekleri sonucuna varılmıştır.
Anahtar kelimeler: Sentez, antimikrobiyal aktivite, pirazolin türevleri, hidrazon türevleri

ABSTRACT

Objectives: Resistance to antibiotics is recognized as one of the biggest threats to human health worldwide. Frequent and unnecessary use of 
antibiotics has caused infectious agents to adapt to antibiotics and thus drugs have become less effective. The resistance to many antibiotics 
necessitates the discovery of new antibiotics. In this study, two new and 23 previously reported 2-pyrazoline derivatives and one hydrazone 
derivative were evaluated for their in vitro antibacterial and antifungal activities. 
Materials and Methods: For the determination of the minimum inhibitory concentration (MIC) values of compounds, microbroth dilution was used. 
Results: The antimicrobial activities of the compounds were found in a wide range with MIC values of 32-512 µg/mL. 
Conclusion: The synthesized compounds showed moderate antimicrobial activity compared with the standards. They can be used as lead molecules 
for the synthesis of more effective compounds.
Key words: Synthesis, antimicrobial activity, pyrazoline derivatives, hydrazone derivatives
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INTRODUCTION 
Antimicrobials are drugs that kill or inhibit the growth of 
microorganisms. Resistance to antimicrobials occurs when 
microorganisms change in a way that reduces the effectiveness 
of drugs. Antibiotic resistance has become a major clinical and 
public health problem worldwide today. Resistance rates are 
rising dangerously in the world. New resistance mechanisms 
are emerging, making it difficult to treat infectious diseases.1-4 
In order to control this global problem, all government sectors 
and societies should take the necessary precautions and should 
support investigations on developing new antimicrobial drugs. 

Hydrazones are formed as intermediates in the reaction of 
hydrazine and its derivatives with β-unsaturated carbonyl 
compounds but they are often not isolated due to their low stability 
and give pyrazolines with ring closure.5,6 These compounds 
have interesting biological properties, such as antimicrobial, 
antituberculous, antidepressant, analgesic, anticonvulsant, 
antitumor, antiviral, and antiinflammatory activities.7 Pyrazolines 
are five-membered and two neighboring nitrogen-containing 
heterocyclic compounds. They can be synthesized by the 
reaction of chalcones and hydrazines/hydrazides.8-10 Pyrazoline 
derivatives are electron-rich compounds that are thought to 
cause a wide variety of biological activities. Pyrazolines are 
important compounds because of their antimicrobial, analgesic, 
antiinflammatory, and antidepressant activities.11-13 According to 
the literature above, both pyrazoline and hydrazone compounds 
have antimicrobial activity. Therefore, we tested our compounds 
for their antimicrobial activity. In the present study, two new 
and 23 previously reported 2-pyrazoline derivatives and one 
hydrazone derivative were tested for their antibacterial and 
antifungal activity. 

MATERIALS AND METHODS
Antimicrobial activity tests
In the antibacterial activity tests, Staphylococcus aureus ATCC 
29213, Bacillus subtilis ATCC 6633, Enterococcus faecalis ATCC 
29212, Escherichia coli ATCC 25922, and Pseudomonas aeruginosa 
ATCC 27853 were used as test bacteria. For antifungal 
activity testing, Candida albicans ATCC 10231 was used. The 
cultures were prepared in Mueller Hinton Broth (Difco, Difco 
Laboratories, Detroit, MI, USA). For determination of minimum 
inhibitory concentration (MIC) values, microbroth dilution was 
used.14,15 Serial two-fold dilutions ranging from 1024 µg/mL to 8 
µg/mL were made in the medium. The incubation conditions for 
the bacteria were 18-24 h at 35±1 °C and for the fungi were 48 
h at 35±1 °C; the last well with no microbial growth was noted 
as the MIC value (mg/mL). Ampicillin, ofloxacin, and fluconazole 
were used as the positive control and 10% dimethyl sulfoxide 
(DMSO) was used as the negative control. All experiments were 
repeated three times. There was no statistical data analysis.

Chemistry
All compounds except compounds 20 and 24 have been 
reported earlier.10,13 

Synthesis of chalcone derivatives (A, B) 
2’-Hydroxy-4’-methoxy acetophenone/5’-chloro-2’-hydroxy 
acetophenone (4.99 mmol) and 4-bromobenzaldehyde/4-
benzyloxybenzaldehyde (4.99 mmol) were reacted in ethanol 
(20 mL) using KOH solution (50% w/v) in water (5 mL) as 
catalyzer at room temperature overnight. Ice was added to the 
mixture and pH was set to 3-4 with 1 M HCl. Then the mixture 
was filtered and crystallized from ethanol.16-18 

(E)-3-(4-bromophenyl)-1-(2-hydroxy-4-methoxyphenyl)prop-
2-en-1-one (A): Yellow product. 61.14% yield. M.p. 141.0 °C. [lit. 
138.0-140.0 °C].19 C16H13BrO3.

(E)-3-(4-(benzyloxy)phenyl)-1-(5-chloro-2-hydroxyphenyl)
prop-2-en-1-one (B): Orange product. 93.70% yield. M.p. 138.0 
°C. [lit. 100.0-102.0 °C].20 C22H17ClO3.

Synthesis of compounds 20 and 24

First, 1 equiv of compound A/compound B and 1 equiv of 
isoniazid were heated and stirred in ethanol (20 mL) for 4-25 
h. Then the filtered products recrystallized from ethanol to give 
20 and 24.21-23

(5-(4-(benzyloxy)phenyl)-3-(5-chloro-2-hydroxyphenyl)-
4,5-dihydropyrazol-1-yl)(pyridin-4-yl)methanone (20): Beige 
product. Yield: 24.8%. M.p. 237.1 °C. IR (n, cm-1): 3167 (OH), 
1641 (amide C=O), 1585 (C=N). 1H NMR (DMSO-d6, 400 MHz): 
2.91 (dd, 1H, J1=16.4 Hz, J2=12.4 Hz, HA), 3.46 (dd, 1H, J1=3.2 Hz, 
J2=3.2 Hz HB), 5.14 (s, 2H, -OCH2Ph), 5.22 (dd, 1H, J1=2.4 Hz, 
J2=2.8 Hz, Hx), 7.02-8.74 (16H, aromatic-H), 11.11 (s, 1H, OH). MS 
(ESI): m/z=484 [M+H] (100%). C28H22ClN3O3 . 1.25 H2O: C 66.36, 
H 4.44, N 8.05; calcd. C 66.14, H 4.72, N 8.26. 

(5-(4-bromophenyl)-3-(2-hydroxy-4-methoxyphenyl)-4,5-
dihydropyrazol-1-yl) (pyridin-4-yl)methanone (24): Cream 
colored product. Yield 29.5%. M.p. 225.5 °C. IR (n, cm-1): 3174 
(OH), 1641 (amide C=O), 1576 (C=N). 1H NMR (DMSO-d6, 400 
MHz): 2.82 (dd, 1H, J1=12.4 Hz, J2=12.8 Hz, HA), 3.41 (dd, 1H, 
J1=2.8 Hz, J2=3.2 Hz, HB), 3.79 (s, 3H, -OCH3), 5.29 (dd, 1H, J1=2.8 
Hz, J2=2.4 Hz, Hx), 6.59-8.73 (11H, aromatic-H), 11.02 (s, 1H, OH). 
MS (ESI): m/z=452 [M+H], 454 [M+H+2] (100%). C22H18BrN3O3 . 
0.5 H2O: C 57.15, H 4.38, N 9.36; calcd. C 57.23, H 4.12, N 9.10.  

RESULTS AND DISCUSSION
A number of pyrazoline derivatives (compounds 2-26) and 
one hydrazone derivative (compound 1) were prepared. The 
structures of the target compounds are outlined in Figure 1. 

Twenty-six compounds were tested for their antibacterial 
and antifungal activities. Antimicrobial activity was screened 
against two Gram-negative (E. coli ATCC 25922 and P. aeruginosa 
ATCC 27853) and three Gram-positive (S. aureus ATCC 29213, E. 
faecalis ATCC 29212, and B. subtilis ATCC 6633) bacteria and 
a fungus (C. albicans ATCC 10231) using ampicillin, ofloxacin, 
and fluconazole as the standard drugs. The results are given 
in Table 1. 

Compound 1, the hydrazone, showed moderate activity against 
all the bacteria and the fungus. Pyrazoline derivatives were 
found to possess moderate activity against the bacteria and 
fungus. Whether the ring was open (hydrazone) or closed 
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(pyrazolines) generally did not appear to make a large difference 
in antimicrobial effect. Compounds 5, 19, and 24 exhibited the 
highest antibacterial activity against S. aureus, with a MIC value 
of 64 µg/mL among the tested bacteria. Compounds 19 and 
22 were found to have the best activity against P. aeruginosa. 
Compounds 22 and 26 showed the best activity against B. 

subtilis, with a MIC value of 64 µg/mL. Compounds 22 and 24 

exhibited the highest antimicrobial activity against E. faecalis, 

with a MIC value of 32 µg/mL. Compound 5 was found the most 

active compound against C. albicans, with a MIC value of 64 µg/

mL.

Table 1. In vitro antimicrobial activities of hydrazone (1) and 2-pyrazoline (2-26) derivatives

MIC values of test microorganisms (µg/mL)

Compound Gram-negative bacteria Gram-positive bacteria Fungus

Escherichia coli 
ATCC 25922

Pseudomonas aeruginosa
ATCC 27853

Staphylococcus aureus
ATCC 29213

Enterococcus faecalis
ATCC 29212

Bacillus subtilis 
ATCC 6633

 Candida albicans
ATCC 10231

1 256 128 128 128 128 128

2 256 128 256 128 128 128

3 256 128 128 64 128 128

4 512 256 256 256 256 256

5 256 128 64 64 128 64

6 256 128 256 128 128 128

7 256 128 128 64 128 128

8 256 128 128 128 128 128

9 256 128 256 256 256 128

10 256 128 128 128 128 128

11 256 128 512 256 256 128

12 512 128 256 128 128 128

13 512 128 256 256 128 128

14 512 256 512 256 256 256

15 512 256 512 256 128 256

16 512 256 512 256 256 128

17 512 128 512 256 256 256

18 256 128 256 256 128 128

19 256 64 64 256 128 128

20 256 128 128 128 128 128

21 256 128 256 256 128 128

22 512 64 128 32 64 128

23 512 256 256 64 256 128

24 512 256 64 32 256 128

25 - 512 - 256 - 256

26 - 512 512 64 64 128

Ampicillin NT NT 0.3 1 6 NT

Ofloxacin 1 8 NT NT NT NT

Fluconazole NT NT NT NT NT 1

NT: Not tested, MIC: Minimum inhibitory concentration, -: Represents no activity
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Karad et al.24 synthesized (2-morpholinoquinolin-3-yl)-
4,5-dihydro-1H-pyrazol-1-yl) derivatives and studied their 
antibacterial activity. They found that the existence of -OCH3 
substituent at position-4 in the phenyl ring at the C-3 position in 
the pyrazoline scaffold enhanced the antibacterial activity and 
antimalarial potency. For our compounds, a methoxy substituent 

in this position increased the antibacterial activity against S. 
aureus and E. faecalis, when it had bromo at the R7 position and 
pyridin-4-yl at the R8 position (compound 24).

Replacement of 4-methyl with 4-bromo substitution on the B 
ring in the pyrazoline nucleus enhanced the activity against S. 
aureus and E. faecalis (compounds 23 and 24).

Compound  R1  R2  R3  R4  R5  R6  R7  R8 (C ring)

1 -H -H -F -H -H -H -CH3 Furan-2-yl

2 - - - - -H -H -OCH3 Pyridin-4-yl

3 -OH -H -H -CH3 -H -H -OCH3 Phenyl

4 -OH -Cl -H -Cl -OCH3 -H -H Pyridin-4-yl

5 -OH -Cl -H -Cl -H -H -CH3 Furan-2-yl

6 -OH -H -H -CH3 -H -H -CH3 Phenyl

7 -OH -H -H -Cl -OCH3 -H -H Phenyl

8 -OH -H -H -Br -OCH3 -H -H Pyridin-4-yl

9 -OH -H -H -CH3 -H -H -CH3 Furan-2-yl

10 -H -OH -H -H -OCH3 -H -H Phenyl

11 -H -OH -H -H -OCH3 -H -H Furan-2-yl

12 -OH -H -H -Br -OCH3 -H -H Phenyl

13 -OH -H -H -Cl -H -OCH3 -H Phenyl

14 -OH -H -H -H -OCH3 -H -H Phenyl

15 -OH -H -OCH3 -H -H -H - CH3 Phenyl

16 -OH -H -H -Cl -OCH3 -H -H Furan-2-yl

17 -OH -H -H -Cl -H -OCH3 -H Furan-2-yl

18 -OH -H -H -Br -H -H -OCH3 Phenyl

19 -OH -H -H -Cl -H -OCH3 -H Pyridin-4-yl

20 -OH -H -H -Cl -H -H -OCH2Ph Pyridin-4-yl

21 -OH -H -H -Cl -OCH3 -H -H Pyridin-4-yl

22 -OH -H -H -Br -H -H -OCH3 Pyridin-4-yl

23 -OH -H -OCH3 -H -H -H -CH3 Pyridin-4-yl

24 -OH -H -OCH3 -H -H -H -Br Pyridin-4-yl

25 -OH -H -H -H -H -CH3 -H Pyridin-4-yl

26 -OH -H -H -Cl -H -H -OCH3 Furan-2-yl

Figure 1. Structures of compounds 1-26
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According to Hamada and Abdo,9 the addition of pharmacophores 
such as chloro and bromo substituents with lipophilic properties 
increased the antimicrobial activity. For our compounds 
7, 12, and 14, the substitution of chloro and bromo atoms at 
the 5-position of the A ring tended to increase the biological 
activity.

When the C ring had a phenyl scaffold, replacement of the 
2-hydroxy-5-bromo phenyl (A ring) by 2-hydroxy-5-chloro 
phenyl increased the antibacterial activity against E. coli, 
S. aureus, and E. faecalis (compounds 7 and 12). When the 
compound carried a pyridine as the C ring, the substitution of 
2-hydroxy-3,5-dichloro phenyl decreased the antimicrobial and 
antifungal activity. Replacement of this group by 2-hydroxy-5-
bromo phenyl enhanced the antimicrobial activity against all 
bacteria and the fungus (compounds 4 and 8). Replacement of 
2-hydroxy-3,5-dichloro phenyl by 2-hydroxy-5-chloro phenyl 
increased the activity against E. coli, P. aeruginosa, B. subtilis, 
and C. albicans (compounds 4 and 21).

The addition of the naphthyl group instead of phenyl on the A 
ring in compound 2 resulted in increased efficacy against E. 
coli. It reduced the activity against S. aureus, P. aeruginosa, E. 
faecalis, and B. subtilis. Compound 25 showed no antimicrobial 
activity against E. coli, S. aureus, or B. subtilis. Compound 26 
showed no antimicrobial activity against E. coli. 

Addition of phenyl instead of 2-furyl as the C ring increased the 
activity (compounds 6 and 9; compounds 10 and 11; compounds 
13 and 17; compounds 7 and 16). The presence of phenyl instead 
of pyridine as the C ring increased the antimicrobial activity 
against E. coli. However, addition of pyridine instead of phenyl as 
the C ring enhanced the antibacterial activity against S. aureus, 
P. aeruginosa, E. faecalis, and B. subtilis (compounds 18 and 22). 
The substitution by a methoxy group at the fourth position on 
the B ring produced comparable antimicrobial activity against 
S. aureus and E. faecalis to the substitution by a methyl group 
(compounds 3 and 9).

Meta methoxy substitution on the B ring increased the activity 
against P. aeruginosa and S. aureus in the presence of pyridine 
as the C ring (compounds 19 and 21). Para methoxy substitution 
on the B ring enhanced the antimicrobial activity against P. 
aeruginosa, E. faecalis, and B. subtilis in the case of a pyridine 
substituent at the R8 position (compounds 8 and 22). Orto 
methoxy substitution on the B ring is not preferable, especially 
when the C ring is pyridine. According to Manna and Agrawal25 
ortho substitution in the phenyl ring with a methoxy group at 
the 5th position of the pyrazoline ring caused less or inactive 
antibacterial activity against Gram-negative bacteria. 

Replacement of 5-bromo with 5-methyl substitution on the 
A ring enhanced the activity against S. aureus and E. faecalis 
(compounds 3 and 18).

The presence of a methyl group at the fifth position of the A 
ring instead of a methoxy group at the fourth position of the A 
ring increased the antifungal activity and antimicrobial activity 
against E. coli, S. aureus, E. faecalis, P. aeruginosa, and C. albicans 
(compounds 6 and 15).

CONCLUSION
In this work, several pyrazoline derivatives and one hydrazone 
derivative were synthesized and screened for their antibacterial 
and antifungal activities. We noted that the pyridine ring as 
the C ring and methoxy and bromo substitutions on the B ring 
are preferable for a good antibacterial effect. 2-hydroxy-5-
chloro substitution and 2-hydroxy-4-methoxy substitution 
substituents are favorable as the A ring. Further studies are 
necessary in order to understand the relation between the 
substitutions and activity, which could guide the design of more 
potent antimicrobial agents for therapeutic use.
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ÖZ

Amaç: Haşereleri kontrol altına almak için çeşitli pestisit türleri ve eskilere kıyasla daha az toksik olan yeni tür pestisitler kullanıma giriyor. 
Toksisitenin ana mekanizmalarından biri olan pestisit kaynaklı oksidatif stres, son on yılda en çok odaklanan araştırma alanıdır. Literatürde pestisit 
maruziyetinin oksidatif stres parametresi aracılı toksisiteyi indüklemesine ilişkin farklı çalışmalar mevcuttur. Pestisit kaynaklı oksidatif stres 
seviyesi, memeli sistemlerinin biyokimyasal özelliklerine bağlıdır. İmidakloprid, güvenli olduğu düşünülen, yaygın olarak kullanılan bir neonikotinoid 
pestisittir; ancak oksidatif stres parametrelerinde değişikliklere neden olabileceği farklı çalışmalarda bildirilmiştir.
Gereç ve Yöntemler: Bu çalışmada doza ve zamana bağımlı olarak imidaklopridin L-929 fibroblast hücrelerinde AChE, laktat dehidrogenaz (LDH) ve 
glutatyon (GSH) düzeyleri üzerine etkisini inceledik. 1-500 µg imidakloprid dozlarının asetilkolinesteraz, glutatyon ve laktat dehidrojenaz düzeyleri 
üzerine etkileri araştırıldı. 
Bulgular: 250 ve 500 ng dozda imidaklopridin LDH seviyelerini, kontrol grubuna kıyasla anlamlı olarak artırdığı tespit edildi. GSH seviyelesinin 
dozdan bağımsız olarak 500 ng imidakloprid dozunda kontrol grubuna kıyasla anlamlı olarak azaldığı tespit edildi. Asetilkolinesteraz seviyeleri 
arasında anlamlı bir fark gözlenmedi. 
Sonuç: Bu sonuçlara göre yüksek doz imidakloprid maruziyeti fibroblast hücrelerinde oksidatif stres parametrelerini uyarabileceği gözlemlenmiştir. 
Anahtar kelimeler: İmidakloprid, L-929 hücre hattı, oksidatif hasar, AChE

ABSTRACT
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Objectives: There are several types of pesticides to control pests and several new types coming into use that could be less toxic compared to the 
old ones. Pesticide-induced oxidative stress, which is one of the main mechanisms of toxicity, is the research area focused most on over the last 
decade. There are several different studies in the literature on whether pesticide exposure induces oxidative stress parameter-mediated toxicity. 
Pesticide-induced oxidative stress level depends on the biochemical features of mammalian systems. Imidacloprid is a neonicotinoid pesticide in 
wide use that is considered safe; however, it has been reported in different studies that it may cause changes in oxidative stress parameters.
Materials and Methods: We investigated the dose- and time-dependent effects of imidacloprid on acetylcholinesterase (AChE), lactate dehydrogenase 
(LDH), and glutathione (GSH) levels in the L-929 fibroblast cell line. The effects of 1-500 µg imidacloprid dose range on AChE, GSH, and LDH were 
investigated.  
Results: LDH levels were significantly increased dose dependently in the 250 and 500 ng imidacloprid groups compared to the control group. GSH 
levels nonsignificantly decreased dose dependently and GSH levels were lower in the 500 ng imidacloprid group compared to the control group. 
There were no significant differences between the groups in AChE levels. 
Conclusion: These results indicated that high doses of imidacloprid may induce oxidative stress in fibroblast cells.
Key words: Imidacloprid, L-929 cell line, oxidative stress, AChE
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INTRODUCTION
Pesticides are mixtures of substances used to prevent, control, 
or reduce harmful organisms. Pesticides include active 
substances and filling material that facilitate usage and increase 
the effect of their active substances. Commercially available 
drugs are manufactured and launched to market in mixed form 
with filling material. In Turkey 2,500 tons of pesticides are used 
every year.1-3 

It has been speculated that neonicotinoid pesticides exhibit much 
lower toxic effects on mammals than on insects and therefore 
can replace organophosphates and carbamate insecticides. 
Neonicotinoid pesticides are a high risk for humans as they are 
often used not only in agricultural applications but also in the 
removal of domestic pests. Neonicotinoid pesticides show their 
selective toxic effects on insects via nicotinic acetylcholine 
receptors. Imidacloprid, which is a member of a new neuroactive 
neonicotinoid insecticide class, is a commonly used insecticide 
around the world as well as in Turkey. It has been reported that 
120 countries have commonly used imidacloprid since 1990, 
when it was first introduced commercially. It has been reported 
that imidacloprid’s oral LD50 values for rats were 380-650 
mg/kg body weight and for mice 130-170 mg/kg body weight. 
Under aerobic conditions, imidacloprid is an environmentally 
persistent chemical with a 3-year half-life, which increases its 
risk.4-7 

Pesticide-induced oxidative stress has been the focus of 
toxicological research over the last decade as a possible 
mechanism of toxicity. Several studies have been conducted 
to determine whether oxidative stress in humans or animals is 
caused by various agents in this group and is related to their 
toxic effects.8,9 It has been reported in different studies that 
imidacloprid induced oxidative stress parameters’ imbalance 
in different organisms in vitro and in vivo;10-17 however, there 
are no studies on imidacloprid’s oxidative imbalance effects on 
fibroblast tissue in the literature. 

In the present study we aimed to investigate the in vitro 
effects of imidacloprid on acetylcholinesterase (AChE), lactate 
dehydrogenase (LDH), and glutathione (GSH) levels in the L929 
fibroblast cell line.

MATERIALS AND METHODS

Chemicals
Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bovine 
serum (FBS), phosphate-buffered saline (PBS), penicillin 
streptomycin solution, and trypsin-EDTA solution were 
purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). The 
AChE assay kit (Fluorometric  Red, ab138873), LDH assay kit 
(Fluorometric, ab197000), and GSH assay kit (Fluorometric, 
ab65322) were purchased from Abcam (Cambridge, UK). The 
L929 cell line (CRL-6364) was purchased from the American 
Type Culture Collection (ATCC, VA, USA). The imidacloprid-
based herbicide (GORTCA FS 600) was purchased from Safa 
Tarım Ltd. (Turkey) and contained pure imidacloprid (CAS 
number: 138261-41-3, product code: 0210-207). 

Cell culture and treatments
All experiments on L929 were performed within 20 passages. 
The cells were grown with DMEM containing 10% FBS and 
1% penicillin-streptomycin-amphotericin B in a humidified 
incubator supplied with 5% of CO2 at 37 °C. Before the 
treatments were conducted, the cells were cultured for 24 h to 
ensure attachment. 

The L-929 cells were incubated with imidacloprid dissolved in 
100% of dimethyl sulfoxide (DMSO) and diluted with medium to 
the desired concentrations as 500 µg, 250 µg, 125 µg, 50 µg, 25 
µg, 5 µg, and 1 µg. Studies reported that cytotoxicity is observed 
at concentrations higher than 500 µg/mL. In the present study 
a high concentration of imidacloprid was determined as 500.18 
Vehicle control cells received equal volumes of DMSO (0.5%) 
as the treatment for 24 h. LDH, GSH, and AChE assays were 
performed after 24 h of exposure. 

Lactate dehydrogenase and glutathione parameters
LDH is a cytosolic enzyme and the measurement of its leakage 
to the extracellular matrix due to cell membrane damage is an 
indicator of cell membrane integrity loss and oxidative stress.19 

For this purpose, the L-929 cells were plated in 96-well plates 
at 1x104 cells/well and grown for 24 h. Following the cell 
treatments, the LDH release in supernatants due to membrane 
damage was quantified using a rat LDH ELISA kit (Cat. number: 
E-EL-R2547) in accordance with the manufacturer’s protocol. 
To each well was added 100 µL of standard or sample, followed 
by incubation for 90 min at 37 °C. After the liquid was removed, 
100 µL of Biotinylated detection Ab was added, followed by 
incubation for 1 h at 37 °C. After aspiration and washing 3 times, 
100 µL of horseradish peroxidase (HRP) conjugate was added, 
followed by incubation for 15 min at 37 °C. After more aspiration 
and washing 5 times, 90 µL of substrate reagent was added, 
followed by incubation for 15 min at 37 °C. When 50 µL of stop 
solution was added, it was read at 450 nm using a micro-plate 
reader (Biotek Epoch, USA).

GSH is an important molecule for the cellular antioxidant system 
and under oxidative stress conditions GSH level decreases. 
The L-929 cells were cultured in 25-cm2 flasks to determine 
GSH levels. Following exposure of cells to imidacloprid, 1x106 
cells were harvested in 1 mL of PBS and were homogenized 
by sonication, and the GSH content of the L-929 cells was 
determined using the GSH ELISA kit (Cat. number: E-EL-0026) 
to assay human GSH following the manufacturer’s procedure 
and referred to as µmol/g protein. To each well was added 
50 µL of standard or sample and then immediately 50 µL of 
Biotinylated detection Ab was added, followed by incubation for 
45 min at 37 °C. After aspiration and washing 3 times, 100 µL of 
HRP conjugate was added, followed by incubation for 30 min at 
37 °C. After aspiration and washing 5 times, 90 µL of substrate 
reagent was added, followed by incubation for 15 min at 37 °C. 
When 50 µL stop solution was added, it was read at 450 nm 
using a micro-plate reader (Biotek Epoch, USA).
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Acetylcholinesterase assay
AChE is strikingly distributed in the cell-substrate interface of 
radiated and migrating fibroblasts (morphoregulation by AChE 
in fibroblasts and astrocytes) and it helps us to understand how 
the nervous system works. The L-929 cells were cultured in 
25-cm2 flasks to determine AChE levels. Following exposure 
of cells to imidacloprid, 1x106 cells were harvested in 1 mL 
of PBS and were homogenized by sonication, and the AChE 
content of L-929 cells was determined using the AChE assay 
kit (colorimetric, Cat. number: ab138871). To each well of AChE 
standard, blank control, and test samples was added 50 µL of 
AChE reaction mixture to make the total AChE assay volume 100 
µL/well, followed by incubation for 30 min at room temperature. 
Increased fluorescence monitored absorbance optical density  
at 140 nm with a micro-plate reader (Biotek Epoch, USA).

Statistical analysis
All the experiments were performed as three replicates and the 
results were presented as the mean ± standard deviation. The 
statistical comparisons were evaluated using One-Way ANOVA 
followed by Tukey’s test for post hoc analysis, and the statistical 
significance was set at p<0.05 (SPSS, version 21.0, USA).

RESULTS
The LDH results of imidacloprid exposure on L929 cells are 
shown in Figure 1. We observed that LDH levels increased dose 
dependently, and 250 and 500 ng imidacloprid increased LDH 
levels significantly compared to the control group. GSH results 
of imidacloprid exposure on L929 cells are shown in Figure 
2. GSH levels nonsignificantly decreased dose dependently 
and GSH levels decreased in the 500 ng imidacloprid group 
compared to the control group. AChE results of imidacloprid 
exposure on L929 cells are shown in Figure 3. There were no 
significant differences between the groups, but the AChE level 
nonsignificantly decreased in the 125 ng group. 

DISCUSSION
Neonicotinoids are pesticides popular worldwide whose 
use has increased since 2000. Neonicotinoids exert their 

effects on insects by cellular nAChR mechanism.20,21 In recent 
years, neonicotinoids have taken the place of pyrethroid, 
organophosphorus, and carbamate insecticides.22 It is thought 
that they are a safe pesticide group for nontarget species; 
however, there are several recent studies in the literature 
about different toxic effects of neonicotinoids on nontarget 
organisms.23,24

The stable cytoplasmic enzyme LDH is an important biomarker 
for oxidative stress, apoptosis, necrosis, and other forms of 
cellular damage, expressed in all cells and rapidly released 
when the plasma membrane is damaged. In a study conducted 
in 2018, Kumar et al. 25,26 showed that LDH level increased with 
cellular damage, in accordance with our study. Abu Zeid et 
al.27 reported that imidacloprid exposure in the Rock pigeon 
(Columba livia domestica) resulted in a significant increase in 
plasma LDH levels in high dose (6 mg/kg) and median dose (3 
mg/kg) imidacloprid groups; however, there were no significant 
increase in the low dose (2 mg/kg) group compared to the control 
group. Plasma AChE’s enzyme activities in all imidacloprid 
dose groups significantly increased compared to the control 
group. Lonare et al.28 demonstrated that, 45 and 90 mg/kg body 
weight oral exposure of imidacloprid for 28 days significantly 
decreased AChE level in rats’ erythrocytes. In addition, the brain 
AChE activity in rats in the imidacloprid treatment groups was 
decreased in a dose dependant manner compared to the control 
group. They also demonstrated that LDH levels increased and 

Figure 1. LDH level in L-929 cells with imidacloprid exposure
LDH: Lactate dehydrogenase

Figure 2. GSH level in L-929 cells with imidacloprid exposure 
GSH: Glutathione

Figure 3. AChE level in L-929 cells with imidacloprid exposure 
AChE: Acetylcholinesterase
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GSH levels decreased significantly imidacloprid treated groups 
in different tissues of rats. Imidacloprid exposure increased 
the GSH and AChE activities in Chinese rare minnows’ brain. 
This result indicates that imidacloprid has no effect on Chinese 
rare minnows.11 It has been demonstrated that imidacloprid 
has neurotoxic effects through AChE inhibition and induces 
oxidative stress in rainbow trout brain tissue.29 Moreover, 
imidacloprid exposure significantly decreased AChE levels in 
the plasma and brain of 10 and 20 mg/kg treated female rats.30 
In another study 24-h 20 mg/kg imidacloprid administration 
decreased AChE activity approximately 22% in the brain and 
28% in red blood cells.31

CONCLUSION
Studies about imidacloprid’s effects on AChE, LDH, and GSH 
express controversial results, which may be related to different 
study conditions such as species variety, exposure time variety, 
in vitro and in vivo conditions, and different doses. There 
are studies that include oxidative stress inducing effects of 
imidacloprid with different species in the literature; however, 
the underlying mechanism is not elucidated yet. Further 
studies are needed to clarify the toxic effects of neonicotinoids, 
especially imidacloprid, in different species and in different 
tissues. 

Conflicts of interest: No conflict of interest was declared by the 
authors. The authors alone are responsible for the content and 
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ÖZ

Amaç: Biyouyumlu ve çevre dostu nanopartiküllerin potansiyel üreticileri olan mikroorganizmalar ve bunların metabolitleri kullanılarak hazırlanan 
nanopartiküllere olan ilgi son yıllarda artmıştır. Bu nanopartiküller, çoklu ilaç direnci (MDR) olan bakterilere karşı antibiyotiklere güçlü alternatifler 
olarak değerlendirilebilir. Bacillus spp. metabolitlerinin, bunların gümüş nanopartiküllerinin (SNP) ve MDR  Salmonella spp’ye karşı bazı antibiyotiklerin 
antibakteriyel potansiyelleri değerlendirildi.
Gereç ve Yöntemler: Bacillus spp.’den biyosentezlenen metabolitlerin ve SNP’lerin antimikrobiyal etki potansiyelleri, fizikokimyasal parametrelerin 
SNP biyosentezine etkileri, SNP’lerin antimikrobiyal aktivitesi ve SNP’ler ile kombine edilen antibiyotiklerin MDR Salmonella suşlarına karşı etkileri 
değerlendirildi.
Bulgular: Bacillus türlerinin biyoaktif metabolitleri test edilen MDR Salmonella spp.’ye karşı değişken antimikrobiyal aktivite gösterdiler. Metabolitler, 
SNP biyosentezi için gümüş nitratı (AgNO3) Ag+‘ya biyolojik olarak indirgeyebilmiştir. Beyazımsıdan koyu kahverengiye renk değişimi ve yüzey 

Objectives: The synthesis of nanoparticles using microorganisms and their metabolites is of increasing interest because they are potential 
producers of biocompatible and environmental friendly nanoparticles. Their nanoparticles can serve as potent alternatives to antibiotics against 
multidrug resistant (MDR) bacteria. The antibacterial potential of Bacillus spp. metabolites, their silver nanoparticles (SNPs), and some antibiotics 
against MDR Salmonella spp. was evaluated. 
Materials and Methods: The antimicrobial potential of metabolites and SNPs biosynthesized from Bacillus spp. was characterized, the effect of 
physicochemical parameters on SNP biosynthesis, the antimicrobial activity of the SNPs, and combination of SNPs and antibiotics against MDR 
Salmonella strains were evaluated. 
Results: The bioactive metabolites of the Bacillus spp. exhibited varied antimicrobial potential against the tested MDR Salmonella spp. The metabolites 
were able to bioreduce silver nitrate (AgNO3) to Ag+ for SNP biosynthesis. Change in color from whitish to darkish brown and a surface plasma 
resonance peak of 600-800 nm were observed. The SNPs were aggregated, rods, and crystalline in shape and their sizes were 15 µm, 16 µm, and 
13 µm. Carboxylic acid, amino acid, alcohol, esters, and aldehydes were the functional groups found in the biosynthesized SNPs. The antibacterial 
activity of BAC1-SNPs, BAC7-SNPs, and BAC20-SNPs against MDR Staphylococcus aureus 9 (MDRSA9) and MDRSA18 was 6.0-22 mm and 11-20 
mm. SNPs biosynthesized at pH 7 and 10 mM AgNO3 had the highest antagonistic activity. Combination of SNPs and antibiotics exhibited the best 
antagonistic potential. 
Conclusion: The metabolites and SNPs from Bacillus spp. exhibited antagonistic effects against MDR Salmonella spp. The combined SNPs and 
antibiotics had better antimicrobial activity.  
Key words: Bacillus strains, metabolites, antimicrobial, silver nanoparticles, MDR Salmonella species, synergistic effect
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INTRODUCTION
Infections caused by harmful microorganisms affect many 
people globally and they are an important cause of morbidity 
and mortality with adverse effects on the healthcare economy.1,2 
The treatment of these infections is of public health concern 
as a result of development of resistance to antibiotics by these 
etiological agents.3,4

Salmonella, the most commonly isolated food-borne pathogens 
associated with fresh fruits and vegetables, are Gram-negative 
flagellated rod-shaped facultative anaerobe bacteria.5,6 
Salmonella are a group of bacteria that cause typhoid fever, food 
poisoning, gastroenteritis, enteric fever, and other illnesses. 
Salmonella infections, or salmonellosis, are bacterial diseases 
of the intestinal tract.

The occurrence of enteric fever has been a major health problem 
in spite of the use of antibiotics and the development of newer 
antimicrobials. Resistance of Salmonella spp. to previously 
efficacious drugs like ciprofloxacin, ampicillin, ceftriaxone, and 
cotrimoxazole has been reported.7 Adabara et al.8 reported the 
prevalence and antibiotic susceptibility pattern of Salmonella 
typhi among patients in a military hospital in Minna, Nigeria. 
The isolates were resistant to all the antibiotics tested, which 
are the drugs of choice routinely used in the study area for the 
treatment of typhoid fever. 

Multidrug resistant (MDR) Salmonella strains are very common 
and are the causative agent of endemic and epidemic typhoid 
fever infections in many communities. MDR Salmonella typhi 
poses a serious threat because it has developed resistance to 
available antibiotics, resulting in an increase in the death rate 
and high capability for epidemic outbreaks of typhoid that may 
be difficult to manage. 

The consequence of typhoid fever outbreaks may be highly 
destructive most especially in developing countries where 
health facilities are very poor. Salmonella has been reported 
as the most common cause of bacterial food-borne illness in 
the US and is estimated to annually cause over 1 million cases, 
19,000 hospitalizations, 350 deaths, and $2.6 billion in social 
costs.9,10 Salmonella enterica serovar typhimurium is one of the 
most common salmonellae in humans and livestock, and most 
of these strains are resistant to multiple antibiotics. 

Bacillus species are Gram-positive, endospore-forming, 
chemoheterotrophic rod-shaped bacteria that are usu-
ally motile with peritrichous flagella; they are aerobic or 
facultative anaerobic and catalase positive and part of the 
phylum Firmicutes. Many Bacillus species are of remarkable 

importance because they are antibiotic producers. B. subtilis, B. 
polymyxa, B. brevis, B. licheniformis, B. circulans, and B. cereus 
have been reported as antibiotic producers. Antibiotics such as 
bacitracin, gramycidin S, polymyxin, and tyrotricidin produced 
by Bacillus spp. have found application in medical treatments.11-14 
A wide range of antimicrobial, antiviral, anti-ameobocytic, 
and antimycoplasma activities of Bacillus species have been 
reported.15-17 

The ability of Bacillus species to produce different metabolites 
with antimicrobial activity has been extensively used in 
medicine and the pharmaceutical industry; one of its potentials 
is its application as a biocontrol agent for animal, human, and 
plant diseases.18

Silver and silver-containing products are among the most 
popular and efficient antimicrobial agents commonly used 
against pathogenic bacteria.19 Since ancient times silver has 
been in used as an antimicrobial agent but with the development 
of antibiotics there has been a reduction in the medical 
applications of silver as an antimicrobial.20 

Nanolevel manipulation and physicochemical changes of silver 
can lead to production of silver nanoparticles (SNPs) with an 
increase in antimicrobial potential. SNPs are characterized by 
high surface-area-to-volume ratio and the unique chemical and 
physical properties that confer on them better antimicrobial 
properties.21

SNPs 0-100 nm in size showed strong bactericidal potential 
against both Gram-positive and Gram-negative bacteria.22 Silver 
in the form of SNPs is known to exhibit strong biocidal effects 
on different bacterial strains, including MDR bacteria.23,24 SNPs 
have little chance of drug resistance, which provides a solution 
to multidrug resistance problems.25 Drug resistance has been 
reported as one of the most serious threatening and widespread 
problems in all developing countries.26 Hence, diverse medical 
applications of AgNPs are necessary to avoid the effect of these 
drug-resistant pathogenic microorganisms by various methods, 
ranging from silver-based dressings and silver-coated medical 
devices, such as nanogels and nanolotions, to dental materials, 
sunscreen lotions, biological labeling, water treatment, in optical 
devices, and as an antibactericidal.27-29 Microbial resistance to 
antimicrobials is highly prevalent worldwide, particularly in 
developing countries, and this has made therapeutic options 
appear more limited than ever. As a result of the emergence 
of MDR pathogens, research interest has been geared towards 
the development of efficient and safe antimicrobials. For these 
reasons, the aim of the present research was to investigate the 

ADEBAYO-TAYO et al. Antagonistic Potential of Metabolites and Nanoparticles from Bacillus spp.

plazmon rezonans spektroskopisinde 600-800 nm’de  bir pik gözlendi. Agrege olan SNP’lerin, çubuk ve kristal şeklinde oldukları; boyutlarının 15 
µm, 16 µm ve 13 µm olduğu tespit edilmiştir. Karboksilik asit, amino asit, alkol, ester ve aldehit, biyosentezlenmiş SNP’lerde bulunan fonksiyonel 
gruplardır. BAC1-SNP’lerin, BAC7-SNP’lerin ve BAC20-SNP’lerin MDRSA9 ve MDRSA18’e karşı gösterdikleri antibakteriyel aktivite sırasıyla 6,0-22 
mm ve 11-20 mm aralığındaydı. pH 7 ve 10 mM AgNO3’te biyosentezlenen SNP’lerin en yüksek antagonistik aktiviteye sahip olduğu bulundu. En iyi 
antagonistik potansiyel SNP’lerin ve antibiyotiklerin kombinasyonu ile elde edildi. 
Sonuç: Bacillus spp.’den biyosentezlenen metabolitlerin ve SNP’lerin MDR Salmonella spp’ye karşı antagonistik etkileri olduğu bulundu. SNP’ler ile 
kombine antibiyotiklerin daha iyi antimikrobiyal aktiviteye sahip olduğu tespit edildi.
Anahtar kelimeler: Bacillus suşları, metabolitler, antimikrobiyal, gümüş nanopartiküller, MDR Salmonella türleri, sinerjistik etki
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antimicrobial potential of metabolites from Bacillus spp., their 
SNPs, and combination of SNPs with some antibiotics against 
some selected MDR Salmonella spp.

MATERIALS AND METHODS

Microorganisms
Cultures of Bacillus spp. and 10 MDR Salmonella spp. were 
obtained from the culture collection of our previous work in 
the Microbial Physiology and Biotechnology Unit, Department 
of Microbiology, University of Ibadan. The isolates were kept 
on nutrient agar slants in a refrigerator. Constant subculturing 
was carried out to ensure the viability of the isolates. 

Production of bioactive metabolites from Bacillus strains
Three Bacillus strains were used for the production of bioactive 
metabolites using sterile nutrient broth. The supernatant from 
the sterile inoculated nutrient broth was incubated at 35 °C for 
48 h and used as bioactive metabolites.

Antagonistic potential of the bioactive metabolites produced by 
Bacillus spp. against some MDR Salmonella spp.
The antagonistic potential of the bioactive metabolites against 
some MDR Salmonella spp. was investigated using agar well 
diffusion.30 Inoculum suspensions of 24-h-old culture of the 
Salmonella spp. were spread plated on Mueller-Hinton agar. 
Uniform wells of 6 mm were bored in the agar. Each well 
was filled with 60 µL of the bioactive metabolites from the 
Bacillus isolates. The plates were incubated at 37 °C for 24 h. 
The incubated plates were observed for a zone of inhibition 
(ZOI) around the well. The formation of a clear zone around 
the well is an indication of antibacterial activity.31 Results were 
considered positive if the diameter (mm) of the ZOI around the 
well was greater than 1 mm. The bioactive metabolites of the 
best three Bacillus spp. were used for further studies.

Production of SNPs using the selected Bacillus strains 
The bioactive metabolites of the best three Bacillus spp. were 
used for the production of SNPs. First 30 mL of the bioactive 
metabolites was added to 70 mL of 10 mM silver nitrate (AgNO3) 
solution. The mixture was stored at room temperature (35 °C) 
in a dark place for 24-72 h. After 12 h of incubation, the whitish 
solution turned brownish, which confirmed the formation of 
SNPs.  

Characterization of the synthesized SNPs
The SNPs were characterized using visual detection for 
change in color. Ultraviolet (UV)-Visabsorption (Vis) spectra 
of the SNPs were analyzed at room temperature using a UV-
Vis spectrophotometer (Lambda 25, PerkinElmer, Waltham, 
MA, USA) with a resolution of 0.5 nm at the wavelengths of 
200-800 nm. The fourier transform infrared (FTIR) spectra 
of the nanoparticles were analyzed using FTIR spectroscopy 
(Shimadzu) at a resolution of 4 cm-1. The size, shape, and 
morphology of the biosynthesized SNPs were determined using 
scanning electron microscopy (SEM). 

Antibacterial activity of the SNPs against some selected (MDR) 
Salmonella spp. and their synergetic effect with some selected 
antibiotics
The antibacterial activity of the biosynthesized SNPs and the 
synergistic effect of SNPs along with some selected antibiotics 
(ciprofloxacin, Zinacef, amoxicillin, Rocephin, streptomycin, 
Ampiclox, and gentamycin) were tested using agar well 
diffusion30 against the selected MDR Salmonella spp. as 
previously described. 

Determination of minimum inhibitory concentration (MIC) of 
the biosynthesized SNPs
MIC was determined using different concentrations (100%, 
50%, 25%, 12.5%, 6.25%, and 3.125%) of the SNPs against the 
isolates.30 The lowest dilution of the SNPs at which ZOIs were 
observed against the Salmonella sp. is regarded as the MIC for 
the SNPs. Ciprofloxacin was used as a positive control. 

Effect of physiochemical parameters on SNP biosynthesis
The effects of temperature (25 °C, 35 °C, and 40 °C), pH (4, 7, 
and 9), and different concentrations of AgNO3 (2-10 mM) on the 
biosynthesized SNPs were evaluated. 

Statistical analysis
The results were subjected to One-Way ANOVA using Minitab 
student Release 12 (Minitab Inc., State College, PA, USA). 
Statistically significant means were separated using Duncan’s 
multiple range test and Fisher pairwise comparisons. A 
significance level of p≤0.05 was used for the rejection of the 
null hypothesis. 

RESULTS AND DISCUSSION
The antimicrobial activity of the bioactive metabolites of the 
Bacillus spp. against some MDR Salmonella spp. is shown in 
Table 1. The antimicrobial activity of Bacillus subtilis BAC1, 
B. licheniformis BAC7, and Bacillus subtilis BAC20 bioactive 
metabolites against the 10 MDR Salmonella strains was 3.0-17.0 
mm, 4-14 mm, and 14-2.0 mm. MDR Staphylococcus aureus 9 
(MDRSA9) and MDRSA20 had the highest susceptibility.  

The ability of the Bacillus spp. metabolites to inhibit the test 
pathogens may be as a result of the production of some bioactive 
metabolites. Several antimicrobial activities of Bacillus spp. 
against pathogens have been reported. Antagonistic activity of 
Bacillus subtilis and Bacillus cereus against Staphylococcus spp. 
has been reported by Perez et al.13 and Riley and Wertz.32 

Biosynthesis of SNPs using Bacilli spp. broth
The 3 bioactive metabolites were able to bioreduce the 
AgNO3 to produce SNPs by the evident change in color from a 
whitish reaction mixture to darkish brown, which indicates the 
formation of SNPs. 

The biosynthesis of SNPs was done using the bioactive 
metabolites of Bacillus spp. with the highest antagonistic 
potential from the previous screening. This is in accordance 
with the work by Kalishwaralal et al.33 who biosynthesized 
SNPs from culture supernatant of Bacillus licheniformis. The 
culture supernatant was able to bioreduce Ag+ to Ago. Kanmani 
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and Lim34 reported the bioreduction of Ag+ to Ago using 
exopolysaccharides. 

Changes in color from white to brown indicate SNP biosynthesis. 
A visible color change from whitish yellow to brown was also 
reported by El-Batal et al.35 Changes in color may be attributed 
to the surface plasmon resonance (SPR).34

Spectrophotometric analysis of the biosynthesized SNPs
The biosynthesized SNPs were characterized by UV-Vis 
spectroscopy. UV-absorption measurements in the range of 
200-1000 nm were observed (Figures 1A-1C). 

The UV spectra of the biosynthesized SNPs using BAC1 
metabolites incubated for 24, 48, and 72 h had the highest 
SPR peak at 600 nm (Figure 1c). SNPs from BAC7 metabolites 
had the highest SPR peak at 800 nm, 600 nm, and 400 nm 
(Figure 1b). SNPs from BAC20 metabolites had the highest 
SPR peak at 600 nm, 600 nm, and 800 nm after 24, 48, and 
72 h of incubation (Figure 1C), which corresponds to plasmon 
excitation of the SNPs. All the peaks obtained were in the range 
of 400-800 nm. There was variation in the SPR peaks of the 
SNPs incubated for different time intervals.

Primary confirmation of SNP biosynthesis was carried out by 
UV-Vis spectroscopy in the range of 200-1000 nm. A strong 
SPR peak was observed at 600 nm for the SNPs biosynthesized 
by the Bacillus subtilis BAC1 and BAC20 after 24 h of incubation, 

indicating the formation of SNPs that varied in shape and size. 
Kanmani and Lim34 reported a strong SPR peak at 400-550 nm 
with a broad band. El-Batal et al.35 reported an SPR band at 
431 nm of SNPs synthesized with Bacillus stearothermophilus, 
indicating the presence of spherical or roughly spherical 
SNPs. Valencia et al.36 reported that solutions containing SNPs 
changed to yellow from an initial whitish color and presented 
SPR peaks between 411 and 414 nm.

Scanning electron microscopy 
The biosynthesized SNPs were characterized by SEM. Figures 
2a-2c show the micrographs of the SNPs. The SEM images 
show that SNPs from BAC1, BAC7, and BAC20 were of varying 
shape and size. BAC1-SNPs were aggregated, BAC7-SNPs 
were aggregated rods, and BAC20-SNPs were crystalline in 
shape (Figures 2A-2C). Their sizes were 15 µm, 13 µm, and 10 
µm, respectively.

SEM is used for morphological characterization at the 
nanometer to micrometer scale and can provide morphological 
information on the submicron scale and elemental information 
at the micron scale as reported by Schaffer et al.37 

SEM studies revealed that the biologically synthesized SNPs 
were different in size and shape and they showed that they 
were aggregated, rod shaped, and crystalline. The aggregation 
observed may have been due to the drying process. This 
observation agrees with the work by Sadowski et al.38 who 
observed aggregated SNPs biosynthesized using Penicillium 
strains isolated from soil. They concluded that the drying can 
affect the shape and size of SNPs.
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Figure 1A-C. UV-Visible spectra of the SNPs biosynthesized using 
metabolites of Bacillus spp. A) BAC1-SNPs, B) BAC7-SNPs, and C) BAC20-
SNPs at different incubation times
UV: Ultraviolet, SNPs: Silver nanoparticles, BAC1: Bacillus subtilis, BAC7: B. 
licheniformis, BAC20: Bacillus subtilis

Figure 2A-C. SEM micrograph of SNPs biosynthesized using metabolites 
of Bacillus spp. (A), BAC1-SNPs, B) BAC7-SNPs, and C) BAC20-SNPs 
SEM: Scanning electron microscope, SNPs: Silver nanoparticles, BAC1: Bacillus 
subtilis, BAC7: B. licheniformis, BAC20: Bacillus subtilis
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The rod shape observed in BAC7-SNPs is in accordance with 
the work by Gardea-Torresday et al.39 who reported a rod 
shape from the SEM characterization of biosynthesis of gold 
nanoparticles from Triticum aestivum leaves. 

The crystalline SNPs observed in the present work agree with 
the report by Vithiya et al.40 who stated that the extracellular 
biosynthesized SNPs from Bacillus spp. were monodispersed.

FTIR spectra of the SNPs
FTIR analysis of the SNPs was carried out to identify 
interactions between silver salts and protein molecules, which 
could account for the reduction of silver ions and stabilization 
of the SNPs formed. 

The BAC1-SNPs characterized using FTIR show 7 bands with 
transmission peaks at 3448.00, 2937.14, 1638.92, 1552.59, 
1404.40, 1103.65, and 607.24 cm-1 (Figure 3A). The bands 
corresponded to O-H stretch of alcohol, C-H symmetrical 
stretch, presence of amide, NH bend, C=O stretch, C-O stretch 
of alcohol, and acetylenic CH of alkynes, respectively. The 
functional groups generally observed indicated the presence 
of amino acids, alcohol, aldehydes, and carboxylic acid in the 
sample and this may have been responsible for the reduction 
of AgNO3 to SNPs. 

The FTIR analysis of BAC7-SNPs shows 9 bands and the peaks’ 
spectrum ranged from 3423.00 cm-1 to 352.84 cm-1 (Figure 3B). 
The peaks were attributed to O-H stretch vibration of alcohol, 
symmetrical C-H, C=O stretch of carboxylates and NH stretch 
of secondary amides, presence of O-H bends of esters, phenol 
and tertiary alcohol or C-C bend of aldehyde, C-O stretching 
vibration of carboxylic esters, C-O stretching vibration of 
secondary alcohol, and presence of acetylenic CH of alkynes 
and aromatic benzene ring. From the FTIR spectrum, it was 
observed that the SNPs were surrounded by carboxylic acid, 
aldehyde, esters, protein, and amino acids, which may have 
been responsible for the biosynthesis and stability of the SNPs 
(Figure 3B). 

The FTIR analysis of BAC20-SNPs revealed 12 absorption 
peaks that ranged between 3760.00 cm-1 and 361.39 cm-1. The 
peak indicated the presence of an O-H stretch free, strong 
alcohol, O-H stretch vibration of alcohol, C-H symmetrical 
stretching, carbonyl stretching of transition metals, NH bend 
of amide, NH stretch of secondary amides, C-O stretch of 
esters, carboxylic acids, acetylenic CH of alkynes, and weak 
aromatic benzene. The functional groups that corresponded to 
the FTIR spectrum generally indicated the presence of amino 
acids, alcohol, aldehydes, and carboxylic acid, which may have 
been responsible for the reduction of AgNO3 to SNPs (Figure 
3c). The presence of the intense peak in C=O stretching mode 
indicates the presence of carboxylic groups in the material 
bound to SNPs.

The FTIR measurements were obtained to identify possible 
interactions between silver salts and protein molecules. 
FTIR is very useful for SNP characterization as reported by 
Kanmani and Lim.34 El-Batal et al.35 reported that the release 

of extracellular protein molecules from bacteria could possibly 
perform the function of formation and stabilization of SNPs 
in aqueous medium. Balashanmugam et al.30 also suggested 
that from FTIR spectrum analysis SNPs were surrounded by 
proteins and amino acids, which may be responsible for the 
stability of the SNPs. 

The functional groups such as carboxylic acid, amino 
acid, alcohol, esters, and aldehydes present in the SNPs 
biosynthesized using the Bacillus metabolites were responsible 
for reduction, capping, and stabilization of the nanoparticles. El-
Batal et al.35 reported functional groups as the reducing agents 
responsible for SNP formation and stabilization in their work.

Antibacterial activity of the biosynthesized SNPs from the 
Bacillus strains against MDR Salmonella spp.
The antibacterial activity of the biosynthesized SNPs from the 
Bacillus spp. against the selected MDR Salmonella spp. is shown 
in Figure 4.

The antibacterial activity of BAC1-SNPs, BAC7-SNPs, and 
BAC20-SNPs against MDRSA9 ranged from 6.0 to 22 nm. 
MDRSA9 had the highest susceptibility to BAC1-SNPs. BAC7-
SNPs and BAC20-SNPs exhibited higher activity against the 
MDRSA9 compared to AgNO3. Ciprofloxacin exhibited higher 
activity against MDRSA9 compared to the SNPs.

The antibacterial activity of BAC1-SNPs, BAC7-SNPs, and 
BAC20-SNPs against MDRSA18 ranged from 11 to 20 nm. All 
the biosynthesized SNPs had antagonistic activity against 
MDRSA18. BAC7-SNPs exhibited higher antagonistic activity 
against MDRSA18 than BAC1-SNPs and BAC20-SNPs.
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Figure 3A-C. FTIR spectra of the SNPs from Bacillus spp. A) BAC1-SNPs, 
B) BAC7-SNPs, and C) BAC20-SNPs 
FTIR: Fourier transform infrared, SNPs: Silver nanoparticles, BAC1: Bacillus subtilis, 
BAC7: B. licheniformis, BAC20: Bacillus subtilis

Figure 4. Antibacterial activity of the synthesized SNPs against the 
selected (MDR) Salmonella spp.
MDR: Multidrug resistant, SNPs: Silver nanoparticles, AgNO3: Silver nitrate, MDRSA: 
Multidrug resistant Staphylococcus aureus, BAC1: Bacillus subtilis, BAC7: B. licheniformis, 
BAC20: Bacillus subtilis
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BAC1-SNPs had the highest antagonistic potential against 
MDRSA9 while BAC7-SNPs and BAC20-SNPs had the highest 
antagonistic potential against MDRSA18. Ciprofloxacin exhibited 
higher activity against MDRS18 compared to the SNPs.

Guzman et al.41 reported the possibility of SNPs acting similarly 
to the antimicrobial agents used for the treatment of bacterial 
infections, which show four different mechanisms of action, 
including interference with cell wall synthesis, inhibition of 
protein synthesis, interference with nucleic acid synthesis, and 
inhibition of metabolic pathway. Sharma et al.42 also noted that 
SNPs not only interact with the surface of the membrane, but 
can also penetrate inside the bacteria. It is reported that the 
bactericidal effect of SNPs decreases as the size increases and 
is also affected by the shape of the particles. Dhanalakshmi and 
Rajendran43 reported the interaction of nanoparticles with the 
DNA inside a bacterium thus losing its ability to replicate, which 
may lead to cell death. 

The antibacterial activities of the SNPs produced from Bacillus 
spp. metabolites against MDR Salmonella spp. are in agreement 
with the work by Natarajan and Selvaraj44 who reported 
the antibacterial activity of SNPs produced from Bacillus 
subtilis against pathogens like Escherichia coli, Staphylococcus 
epidermidis, Staphylococcus coagulase positive, Serratia spp., 
and Salmonella typhi. They also stated that the SNPs showed 
the most activity against Salmonella typhi. This is not in 
accordance with Kanmani and Lim34 who reported that Gram-
negative bacteria were more susceptible to SNPs than Gram-
positive bacteria.

MIC of the SNPs against the MDR Salmnella spp.
The MIC of the SNPs against the MDR Salmonella spp. is shown 
in Table 2. BAC1- SNPs had an MIC of 3.25% on SA9 and 
6.25% on SA18. BAC7-SNPs had an MIC of 3.25% on SA9 and 
of 6.25% on SA18. The BAC20-SNPs had an MIC of 6.25% on 
SA9 and 3.25% on SA18. Salmonella spp. SA9 was resistant to 
BAC20-SNPs at a concentration of 3.25%, while Salmonella sp. 
SA18 was resistant to BAC1-SNPs and BAC7-SNPs at a 3.25% 
concentration.

The MIC was defined as the lowest concentration of the SNPs 
that can have an antimicrobial effect on the test organisms; 10 
mM was used to prepare the different concentrations of the SNPs 
for the MIC evaluation and different MICs were recorded for the 
two (MDR) Salmonella spp. Balashanmugam et al.30 also reported 
the MIC of their SNPs after testing on some pathogens, with 
Escherichia coli and Bacillus subtilis having the highest values.

Effect of temperature on SNP biosynthesis
The effect of temperature (25-40 °C), pH (4-9), and different 
concentrations of AgNO3 (2-10 mM) on the biosynthesis of 
SNPs was evaluated and the SNPs were characterized. 

The UV-Vis spectra of BAC1-SNPs had a sharp SPR peak at 
400 and 800 at 25 °C and 35 °C. At 40 °C, a sharp SPR peak 
was observed at 600 nm. SNPs synthesized at 35 °C had the 
highest SPR peak (Figure 5A). For BAC7- SNPs biosynthesized 
at 25 °C, 35 °C, and 40 °C, the sharp SPR peak was observed at 
400 nm and 800 nm (Figure 5B). For BAC20-SNP at 25 °C and 
40 °C, the UV-Vis spectra showed a sharp SPR peak at 400 nm 
and 800 nm, while at 35 °C, the sharp SPR peak was observed 
at 600 nm (Figure 5C). The highest absorbance values were 
obtained at 35 °C followed by 40 °C for all the SNPs. The 
optimum temperature for the production of SNPs was 35 °C.
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Figure 5B. UV-Visible spectra of BAC7 SNPs at different temperature

UV: Ultraviolet, SNPs: Silver nanoparticles, BAC7: B. licheniformis

Figure 5A. UV-Visible spectra of BAC1 SNPs at different temperature

UV: Ultraviolet, SNPs: Silver nanoparticles, BAC1: Bacillus subtilis

Table 1. Antimicrobial activity (mm) of the bioactive metabolites of Bacillus spp. against some multidrug resistant Salmonella spp.

Bioactive Bacillus 
spp. metabolites

MDR Salmonella strains/Zone of inhibition (mm)

SA23 SA15 SA32 SA20 SA32b SA9 SA7 SA18 SA21 SA8

BSM (BAC1) 7.0±0.5e 11.0±1.0b 8.0±0.5d 5.0±1.00f 4.0±1.0fg 17.0±0.5a 4.0±1.0fg 10.0±1.0c 0.0±0.0h 3.0±0.5g

BLM (BAC7) 0.0±0.0g 10.0±0.5d 6.0±0.5e 4.0±1.0f 10.0±0.0d 14.0±1.0a 0.0±0.0g 12.0±0.5b 10.0±0.0d 11.0±1.0c

BMM (BAC20) 2.0±0.0f 0.0±0.0g 0.0±0.0g 14.0±1.0a 12.0±0.0c 6.0±1.0e 2.0±0.0f 11.0±0.0d 6.0±0.0e 13.0±0.5b

Values are means ± standard deviations of triplicate observations. Means with different letters across the row are statistically significant at p≤0.05. MDR: Multidrug resistant, 
BSM (BAC1): Bioactive metabolites from Bacillus subtilis, BLM (BAC7): Bioactive metabolites from B. licheniformis, BMM (BAC20): Bioactive metabolites from Bacillus subtilis, 
BAC20, a, b, c, d, e, f, g: Are statistically significant letters from Duncan multiple range test

A

B
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The effect of temperature on SNP synthesis was evaluated and 
the best temperature was 35 °C. This is not in accordance with 
the work by Amin et al.45 who observed that with an increase 
in temperature from 25 °C to 45 °C the SPR peaks became 
sharper and an absorption band at 406 nm was obtained, which 
suggested the formation of SNPs. 

Annadurai et al.46 also reported that the synthesis of SNPs from 
leaf extract of Coleus aromaticus increased when the reaction 
temperature was increased and they concluded that a higher 
temperature (70 °C) was best for nanoparticle synthesis. Amin 
et al.45 observed that the best temperature required for the 
completion of the reaction was 45 °C.

Effect of pH on SNP biosynthesis
The UV spectra of the effect of different pH values (4, 7, and 
9) on SNP biosynthesis are shown in Figures 6A-6C. The UV-
Vis spectra of BAC1-SNPs produced at different pH values are 
shown in Figure 6A. At pH 4 and 7 a sharp peak was observed 
at 600 nm, while at pH 9 a sharp SPR peak was observed at 
400 nm. The highest absorbance was observed at pH 7. The 
UV-Vis spectra of BAC7-SNPs at pH 4, pH 7, and pH 9 had 
a broad spectrum between 400 nm and 800 nm. BAC7-SNPs 
at pH 7 had a sharp peak at 200 nm (Figure 6B). The UV-Vis 
spectra of BAC20-SNPs biosynthesized at different pH values 
are shown in Figure 5C. BAC20-SNPs had the highest sharp 
SPR peak at 600 nm. The SNPs biosynthesized at pH 4 and 7 
had a broad band between 600 nm and 800 nm. 

The optimum pH for the production of SNPs by Bacillus spp. 
fermentation broth was 7. Goldie et al.47 reported that the 
optimum pH for extracellular fabrication of SNPs using 
Pseudomonas aeruginosa was 10. Annadurai et al.47 reported 

ADEBAYO-TAYO et al. Antagonistic Potential of Metabolites and Nanoparticles from Bacillus spp.

Figure 5c. UV-Visible spectra of BAC20 SNPs at different temperature

UV: Ultraviolet, SNPs: Silver nanoparticles, BAC20: Bacillus subtilis

Figure 6A-C. UV-Visible spectra of SNPs biosynthesized at different pH by 
Bacillus spp. A), BAC1-SNPs, B) BAC7-SNPs and C) BAC20 SNPs

UV: Ultraviolet, SNPs: Silver nanoparticles, BAC1: Bacillus subtilis, BAC7: B. 
licheniformis, BAC20: Bacillus subtilis

Table 2. Determination of minimum inhibitory concentration of Bacillus spp.  silver nanoparticles on the selected multidrug resistant  
Salmonella spp.

MIC concentration (%)

Zones of inhibition (mm)

MDRSA9 MDRSA18

BAC1-SNPs BAC7-SNPs BAC20-SNPs BAC1-SNPs BAC7-SNPs BAC20-SNPs

50 13±0.0ab 14.0±0.2a 12.0±0.7b 10.0±0.0b 12.0±1.0a 8.0±0.5c

25 12±0.4b 14.0±0.5a 10.0±1.0c 12.0±0.2a 10.0±0.0b 10.0±0.3b

12.5 9.0±1.0b 12.0±0.6a 12.0±0.0a 9.0±0.6a 8.0±1.0b 6.0±1.0c

6.25 6.0±1.0b 8.0±0.0a 5.0±0.3c 5.0±1.0a 4.0±0.1b 4.0±0.15b

3.25 4.0±0.2b 5.0±0.5a 0.0±0.0c 0.0±0.0b 0.0±0.0b 2.0±1.0a

Ciprofloxacin 12.0±0.5b 14.0±0.0a 4.0±0.2c 10.0±0.8a 10.0±0.0a 1.0±0.5b

Values are means ± standard deviations of triplicate observations. Means with different letters across the row are statistically significant at p≤0.05. MIC: Minimum inhibitory 
concentration, SNPs: Silver nanoparticles, MDRSA: Multidrug resistant Staphylococcus aureus, BAC1: Bacillus subtilis, BAC7: B. licheniformis , BAC20: Bacillus subtilis, a, b, c: Are 
statistically significant letters from Duncan multiple range test

A

B

C

C
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that alkaline pH was more suitable for SNP synthesis by Coleus 
aromaticus. Amin et al.45 reported more SNPs biosynthesized 
under basic conditions, while the formation of SNPs was 
repressed by acidic conditions and at lower pH (pH 5) larger 
nanoparticles were formed, whereas at higher pH (pH 9) 
smaller and highly dispersed nanoparticles were formed. 

Antimicrobial potential of AgNO3 and SNPs biosynthesized at 
different pH values against MDR-Salmonella spp. 
The antimicrobial activity of the SNPs biosynthesized at 
different pH values against MDR-SA9 is shown in Table 3a. 
All the AgNO3 and the SNPs had antimicrobial activity against 
MDR-SA9. 

The antibacterial activity of BAC1-SNPs, BAC7-SNPs, and 
BAC20-SNPs at pH 4, pH 7, and pH 9 against MDR-SA9 was 
8-16 mm, 4-14 mm, and 4-14 mm, respectively. BAC1-SNPs 
produced at pH 9 and BAC7-SNPs and BAC20-SNPs produced 
at pH 7 exhibited the highest antagonistic activity against MDR-
SA9. 

The antimicrobial activity of SNPs biosynthesized at different 
pH values by Bacillus spp. against MDR-SA18 is shown in Table 
3b. The SNPs had antimicrobial activity against MDR-SA18 at 
different pH values. The antimicrobial activity of BAC1-SNPs, 
BAC7-SNPs, and BAC20-SNPs against MDR-SA18 was 4.0-
9.0 mm, 4.0-9.0 mm, and 3.0-10 mm, respectively. The highest 
activity was recorded at pH 7. There was no ZOI at pH 9 by BAC1-
SNPs or BAC7-SNPs against MDR-SA18 after 24 h of incubation.

Effect of different concentrations of AgNO3 on SNP biosynthesis
The effect of different concentrations (2-10 mM) of AgNO3 
solutions on the biosynthesis of SNPs was evaluated and was 
monitored by UV-Visible spectrophotometer. Figure 7A shows 

the spectra of BAC1-SNPs produced at different concentrations 
of silver nitrate. The SPR peak was observed at 400 nm for 
Bacillus sp. BAC1 SNPs produced with 8 mM. The SNPs 
produced with 2 mM and 4 mM of AgNO3 had a broad band 
between 400 nm and 800 nm. The SNPs produced with 10 mM 
AgNO3 had a strong SPR peak at 600 nm. 

The spectra obtained for BAC7 SNPs produced with different 
concentrations of AgNO3 are shown in Figure 7B. A broad band 
spectrum between 400 nm and 600 nm was observed for the 
SNPs synthesized with 2 mM, 6 mM, and 8 mM concentrations 
of AgNO3. The SNPs produced with the 10 mM AgNO3 has a 
strong peak at 600 nm. The 10 mM AgNO3 concentration had 
the highest OD.

The effect of concentration on the biosynthesis of Bacillus sp. 
BAC20 SNPs is presented in Figure 7c. The SNPs produced 
with 2 mM to 10 mM AgNO3 concentration all had a broad band 
spectrum between 400 nm and 800 nm. A SPR peak of 600 nm 
was observed for 2 mM, 4 mM, and 6 mM. The highest OD was 
shown by the SNPs produced with 10 mM at 500 nm.

Antimicrobial potential of SNPs biosynthesized using different 
concentrations of AgNO3

The antimicrobial activity of the SNPs biosynthesized by 
Bacillus spp. using different concentrations of AgNO3 is shown 
in Tables 4a and 4b. 

All the SNPs produced by Bacillus spp. using different 
concentrations of AgNO3 had antagonistic activity against the 
isolates. The antimicrobial activity of BAC1-SNPs, BAC7-SNPs, 
and BAC20-SNPs against MDR-SA9 was 6-24 mm, 2-25 mm, 
and 2-20 mm at 24, 48, and 72 h of incubation, respectively. The 
highest antagonistic activity (15 mm) against SA9 was shown 
by 10 mM AgNO3.
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Table 3a. The antimicrobial potential of silver nitrate and silver nanoparticles biosynthesized at different pH values against multidrug 
resistant-SA9

Samples

Antimicrobial activity (mm)

BAC1-SNPs SA9 BAC7-SNPs BAC20-SNPs

24 h 48 h 24 h 48 h 24 h 48 h

SNPs pH 4 10.0±1.0a 8.0±1.0b 4.0±0.0d 4.0±0.0d 7.0±0.3c 4.0±1.0d

SNPs pH 7 12.0±0.5b 10.0±0.0b 14.0±1.0a 12.0±0.5b 14.0±0.5a 11.0±0.0bc

SNPs pH 9 14.0±0.2b 16.0±0.2a 12.0±0.3c 9.0±0.4d 6.0±0.0f 8.0±0.5e

Values are means ± standard deviations of triplicate observations. Means with different letters across the row are statistically significant at p≤0.05. SNPs: Silver nanoparticles, 
SA: Staphylococcus aureus, BAC1: Bacillus subtilis, BAC7: B. licheniformis, BAC20: Bacillus subtilis, a, b, c, d, e: Are statistically significant letters from Duncan multiple range test 

Table 3b. The antimicrobial potential of silver nitrate and silver nanoparticles biosynthesized at different pH values against multidrug 
resistant-SA18

Samples

Antimicrobial activity (mm)

BAC1-SNPs BAC7-SNPs BAC20-SNPs

24 h 48 h 24 h 48 h 24 h 48 h

SNPs pH 4 4.0±0.0c 6.0±0.5b 7.0±0.2a 4.0±0.c 2.0±0.2d 6.0±0.2b

SNPs pH 7 9.0±0.4b 8.0±0.00c 6.0±0.0d 9.0±0.2b 6.0±0.50d 10.0±0.4a

SNPs pH 9 0.0±0.0d 3.0±0.2c 0.0±0.0d 4.0±0.0b 5.0±0.2a 3.0±0.27c

Values are means±standard deviations of triplicate observations. Means with different letters across the row are statistically significant at p≤0.05. SNPs: Silver nanoparticles, 
SA: Staphylococcus aureus BAC1: Bacillus subtilis, BAC7: B. licheniformis, BAC20: Bacillus subtilis, a, b, c, d: Are statistically significant letters from Duncan multiple range test
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The antimicrobial activity of BAC1-SNPs, BAC7-SNPs, and 
BAC20-SNPs against MDR-SA18 was 2.0-15 mm, 2.0-17 mm, 
and 2.0-21 mm, respectively. The SNPs from the Bacillus 
spp. had the highest activity against MDR-SA18 at 10 mM 
concentration of AgNO3.

Synergistic effect of the biosynthesized SNPs and some 
antibiotics against MDR Salmonella spp.
The synergetic effect of the biosynthesized SNPs and some 
antibiotics against MDR Salmonella sp. SA9 and MDR Salmonella 
sp. SA18 is shown in Figures 8A and 8B. 

The MDR-SA9 showed susceptibility to antibiotics with 
antagonistic potential ranging between 3.0 and 20 mm. Colistin 
had the lowest antagonistic activity while chlortetracycline had 
the highest activity. 

The synergetic effect of the biosynthesized SNPs and some 
antibiotics against MDR-SA9 is shown in Figure 8a. The 
antagonistic potential of BAC1 SNPs + the antibiotics ranged 
from 10 to 33 mm. BAC1 SNPs + erythromycin had the highest 
antagonistic activity against MDR-SA9, while BAC1 SNPs + 
oxytetracycline had the lowest activity. 

The antagonistic potential of BAC7-SNPs + antibiotics against 
MDR-SA9 ranged from 6.0 to 30 mm. BAC7-SNPs + gentamicin 
had the highest activity, while BAC7 SNPs + colistin had the 
lowest antagonistic activity. The antagonistic activity of BAC20-
SNPs + antibiotics against MDR-SA9 ranged from 5.0 to 31 
mm. BAC20 + chlortetracycline had the highest antagonistic 
potential, while BAC20-SNPs + colistin had the lowest activity. 

The synergistic effect of the SNPs and the antibiotics against 
the MDRSA18 is shown in Figure 8B. The antagonistic activity 
against MDR-SA18 ranged from 2.0 to 18 mm. Colistin had 
the lowest activity, while gentamicin had the highest activity 
against MDR-SA18. 

The antagonistic activity of BAC1 SNPs + the antibiotics 
against MDR-SA18 ranged from 9.0 to 20 mm, showing a high 
susceptibility. MDR-SA18 had the highest susceptibility to BAC1 
SNPs + ciprofloxacin, while the least susceptibility was to BAC1 
SNPs + colistin. 

BAC7 SNPs + antibiotics had antibacterial activity ranging from 
10 to 24 mm against MDR-SA18. BAC7 SNPs + gentamicin have 

ADEBAYO-TAYO et al. Antagonistic Potential of Metabolites and Nanoparticles from Bacillus spp.

Figure 7A. UV-Visible spectra of BAC1 SNPs at different concentrations 
of AgNO3

UV: Ultraviolet, SNPs: Silver nanoparticles, AgNO3: Silver nitrate, BAC1: 
Bacillus subtilis 

Figure 7B. UV-Visible spectra of BAC7 SNPs at different concentrations 
of AgNO3

UV: Ultraviolet, SNPs: Silver nanoparticles, AgNO3: Silver nitrate, BAC1: 
Bacillus subtilis

Figure 7C. UV-Visible spectra of BAC20 SNPs at different concentrations 
of AgNO3

UV: Ultraviolet, SNPs: Silver nanoparticles, AgNO3: Silver nitrate, BAC20: 
Bacillus subtilis

Table 4a. Antimicrobial potential of silver nanoparticles biosynthesized using different concentrations of silver nitrate against multidrug 
resistant-SA9 at different incubation times

Zone of inhibition (mm)/Incubation time (h) against MDRSA9

Concentrations of 
AgNO3

BAC1-SNPs BAC7-SNPs BAC20-SNPs

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

2 mM 6.0±0.5e 8.0±0.0d 8.0±0.1d 4.0±0.2f 8.0±0.0d 14.0±0.0a 12.0±0.3b 6.0±0.0e 10.0±1.0c

4 mM 8.0±0.0f 20.0±1.0a 12.0±0.0d 14.0±0.45c 10.0±1.0e 12.0±1.0d 18.0±0.0b 10.0±0.0e 8.0±0.0f

6 mM 12±0.53d 17.0±0.3b 16.0±1.0c 2.0±0.0g 10.0±0.5e 16.0±0.5c 4.0±0.10f 10.0±0.0e 18.0±0.5a

8 mM 6.0±0.6f 16.0±0.0c 18.0±0.53b 6.0±0.2f 12.0±0.2e 14.0±0.3d 2.0±0.0g 20.0±1.0a 12.0±1.0e

10 mM 10.0±0.0g 20.0±1.0d 24.0±0.25b 6.0±0.0h 22.0±1.0c 25.0±0.0a 17.0±0.6e 15.0±0.6f 20.0±1.0d

Values are means ± standard deviations of triplicate observations. Means with different letters across the row are statistically significant at p≤0.05. AgNO3: Silver nitrate, 
SNPs: Silver nanoparticles, SA: Staphylococcus aureus, MDRSA: Multidrug resistant Staphylococcus aureus, BAC1: Bacillus subtilis, BAC7: B. licheniformis, BAC20: Bacillus subtilis,  
a, b, c, d, e, f, g, h: Are statistically significant letters from Duncan multiple range test

A

B

C
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the highest activity against MDR-SA9. The antagonistic activity 
of BAC20 SNPs + antibiotics against MDR-SA18 ranged from 6.0 
to 26 mm. BAC20 + erythromycin had the highest antagonistic 
potential, while BAC20 SNPs + colistin had the lowest. 

The antagonistic potential of the combined BAC1- SNPs and 
the antibiotics against MRDSA9 and MDRS18 is shown in 

Tables 4a and 4b. The antagonistic activity against MRDSA9 
and MRDSA18 was 3.0-33 mm and 2.0-20 mm, respectively. 
MRDSA9 was highly susceptible to BAC1-SNPs + erythromycin.

It was found that the SNPs produced from Bacillus spp. enhanced 
the reaction rates of the antibiotics in a synergistic mode as 
well as in its own way on these pathogens. In the cases of both 
Salmonella spp. (SA9) and Salmonella enterica subsp. enterica 
(SA18) the highest ZOI was produced by the combination of 
antibiotics + SNPs. This result is in agreement with the findings 
reported by Krishna et al.48 who mentioned increasing efficacies 
(percentage) of antibiotics like streptomycin and ceftriaxone 
when used in combination with SNPs against Bacillus subtilis, 
S. aureus, E. coli, and Proteus vulgaris. 

Shahnaz et al.49 reported that in vitro antibacterial activity of 
SNPs synthesized from Penicillium species was obtained in 
combination with the antibiotics sparfloxacin and ofloxacin 
against the clinically isolated pathogens Staphylococcus aureus, 
Bacillus cereus, E. coli, and Proteus vulgaris. It was found that the 
SNPs produced by Penicillium species enhanced the reaction 
rates of the antibiotics in a synergistic mode on the clinically 
isolated pathogens.

The MIC was defined as the lowest concentration of the SNPs 
that can have an antimicrobial effect on the test organisms. 
For the MIC evaluation 10 mM was used to prepare different 
concentrations of the SNPs and different MICs were recorded 
for the two (MDR) Salmonella spp. Balashanmugam et al.30 also 
reported the MIC of SNPs after testing on some pathogens, with 
Escherichia coli and Bacillus subtilis having the highest values.

CONCLUSION
The bioactive metabolites from Bacillus spp. had antibacterial 
activity against the selected MDR Salmonella spp. The 
bioactive metabolites were able to bioreduce AgNO3 for SNP 
biosynthesis. These biologically synthesized SNPs exhibited 
good antibacterial activity and the combination of SNPs with 
some antibiotics equally enhanced the antibacterial potential 
of the antibiotics against the tested isolates. Thus, these 
nanoparticles can be used as antibacterial agents alone or 
in combination with antibiotics to improve their antibacterial 
potential.

ADEBAYO-TAYO et al. Antagonistic Potential of Metabolites and Nanoparticles from Bacillus spp.

Table 4b. Antimicrobial potential of silver nanoparticles biosynthesized using different concentrations of silver nitrate against multidrug 
resistant-SA18 at different incubation times

Zone of inhibition (mm)/Incubation time (h) against MDRSA18

Concentrations of 
AgNO3

BAC1-SNPs BAC7-SNPs BAC20-SNPs

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

2 mM 3.0±0.0d 4.0±0.3c 0.0±0.0e 4.0±1.0c 4.0±1.0c 7.0±0.2a 0.0±0.0e 6.0±0.0b 0.0±0.0e

4 mM 5.0±0.5c 0.0±0.0f 5.0±0.0c 2.0±0.6e 3.0±0.0d 9.0±0.4b 10.0±0.0a 10.0±0.2a 9.0±0.0b

6 mM 0.0±0.0e 10.0±1.0b 12.0±1.0a 0.0±0.0e 8.0±0.5c 10.0±0.5b 2.0±1.0d 0.0±0.0e 0.0±0.0e

8 mM 7.0±0.10e 12.0±0.2a 9.0±0.45c 8.0±1.0d 4.0±0.1f 4.0±0.1e 8.0±0.3d 12.0±0.0a 10.0±1.0b

10 mM 13.0±0.6e 15.0±0.0c 14.0±1.0d 3.0±0.0h 12.0±1.0f 17.0±0.0b 8.0±1.0g 12.0±0.0f 21.0±0.3a

Values are means±standard deviations of triplicate observations. Means with different letters across the row are statistically significant at p≤0.05. SNPs: Silver nanoparticles, 
AgNO3: Silver nitrate, SA: Staphylococcus aureus, MDRSA: Multidrug resistant Staphylococcus aureus, BAC1: Bacillus subtilis, BAC7: B. licheniformis, BAC20: Bacillus subtilis,  
a, b, c, d, e, f, g: Are statistically significant letters from Duncan multiple range test

Figure 8A. Diameter of zones of inhibition in (mm) of the of the SNPs, 
antibiotic and combination of SNPs + antibiotics against the MDR-SA9

SNPs: Silver nanoparticles, MDR: Multidrug resistant, AgNO3: Silver nitrate, 
BAC1: Bacillus subtilis, BAC7: B. licheniformis, BAC20: Bacillus subtilis

Figure 8B. Diameter of zones of inhibition (mm) of the SNPs, antibiotic and 
combination of SNPs + antibiotics against the MDR-SA18

SNPs: Silver nanoparticles, MDR: Multidrug resistant, AgNO3: Silver nitrate, 
BAC1: Bacillus subtilis, BAC7: B. licheniformis, BAC20: Bacillus subtilis

A

B
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ÖZ

Amaç: Bu çalışmada, irbesartan (IRBE) ve hidroklorotiyazidin (HCT) eşzamanlı tayini için basit ve hızlı bir ters fazlı yüksek performanslı sıvı 
kromatografisi (TF-YPSK) yöntemi geliştirilmiş ve validasyon çalışmaları yapılmıştır.
Gereç ve Yöntemler: Deneysel koşullar; farklı tampon çözeltileri, çeşitli pH değerleri, sıcaklık, mobil fazın bileşimi, akış hızının etkisi gibi 
parametrelerin üzerinden optimize edildi.
Bulgular: Bu antihipertansif ajanlar için geliştirilen TF-YPSK yönteminin tüm validasyon parametrelerine ilişkin çalışmalar yapılmış, ve IRBE 0,1-25 
μg mL-1 doğrusal aralığında ve HCT 0,25-25 μg mL-1 doğrusal aralığında tespit edilmiştir. Ayrıca önerilen TF-YPSK yöntemi ile IRBE için 0,008 μg 
mL-1 ve HCT için 0,012 μg mL-1 tayin alt sınır değerleri bulunmuştur. Geliştirilen yöntem, insan serumunda ve farmasötik dozaj formlarında bulunan 
IRBE ve HCT’nin belirlenmesi için başarıyla uygulanmıştır.
Sonuç: Bu antihipertansif ilaçların miktar tayininde önerilen YPSK analiz yönteminin, analiz süresinin önemli olduğu ilaç firmalarında rahatlıkla 
kullanılabileceği ve uygulanabileceği düşünülmektedir.
Anahtar kelimeler: YPSK, irbesartan, hidroklorotiyazit, farmasötik dozaj formları

ABSTRACT

1Ankara University Faculty of Pharmacy, Department of Analytical Chemistry, Ankara, Turkey
2University of Potsdam, Institute of Biochemistry and Biology, Potsdam, Germany

Objectives: In this work, a simple and rapid liquid chromatographic method for the simultaneous determination of irbesartan (IRBE) and 
hydrochlorothiazide (HCT) was developed and validated by reverse phase high performance liquid chromatography (RP-HPLC). 
Materials and Methods: Experimental conditions such as different buffer solutions, various pH values, temperature, composition of the mobile 
phase, and the effect of flow rate were optimized. 
Results: The developed RP-HPLC method for these antihypertensive agents was wholly validated and IRBE was detected in the linear range of 
0.1-25 μg mL-1 and HCT was detected in the linear range of 0.25-25 μg mL-1. Moreover, the suggested chromatographic technique was successfully 
applied for the determination of the drugs in human serum and pharmaceutical dosage forms with limit of detection values of 0.008 μg mL-1 for 
IRBE and 0.012 μg mL-1 for HCT. 
Conclusion: The proposed rapid analysis method of these antihypertensive drugs can be easily used and applied by pharmaceutical companies for 
which the analysis time is important. 
Key words: HPLC, irbesartan, hydrochlorothiazide, pharmaceutical dosage forms
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INTRODUCTION 
Cardiovascular disease causes the death of 17.9 million people 
annually, which represents nearly 30% of all global deaths.1 
Hypertension is responsible for at least 45% of deaths due to 
heart disease. A variety of pharmaceuticals, such as angiotensin 
converting enzyme inhibitors, angiotensin-receptor blockers, 
beta-blockers, diuretics, and calcium channel blockers, have 
been applied for the management of hypertension.2 

Irbesartan (IRBE) (2-butyl-3-[p-(o-1 H-tetrazol-5-yl phenyl)
benzyl]-1,3-diazospiro[4,4]non-1-en-4-one) is an angiotensin II 
receptor antagonist that selectively and noncompetitively binds 
to the angiotensin II receptor subtype I (Figure 1). It has no 
affinity for the receptor subtype 2 or α1- and α2-adrenoceptor 
and serotonergic receptors.3-6 IRBE is mainly used for the 
treatment of hypertension. Furthermore, it may also play roles 
in postponement of the progression of diabetic nephropathy. It 
also has a role in the indication for the reduction of renal disease 
progression in patients with type 2 diabetes, hypertension, and 
microalbuminuria or proteinuria.3-6 Hydrochlorothiazide (HCT), 
6-chloro-1,1-dioxo3,4-dihydro-2H-1,2,4-benzothiadiazine-7-
sulfonamide, is one of the oldest members of the thiazide class 
of diuretics (Figure 1). Thiazides decrease peripheral resistance 
by an unknown mechanism and thereby lower blood pressure. 
HCT is widely used in the form of a combination pill with other 
antihypertensive agents including IRBE.7-9

Combined cardiovascular therapy is beneficial, since most 
of these therapies exploit complementary mechanisms of 
differently acting antihypertensive agents to maximize blood 
pressure-lowering effects.10 In the literature several methods 
have been described concerning simultaneous determination of 
IRBE and HCT in pharmaceutical dosage and biological samples 
using spectrophotometric,11-13 spectrofluorometric,14 capillary 
electrophoretic,15 and chromatographic methods.16,17

In the present work, a liquid chromatographic method for the 
simultaneous determination of IRBE and HCT was developed 
using reverse phase high performance liquid chromatography 
(RP-HPLC). Experimental conditions such as different buffer 
solutions, various pH values, temperature, additives, and the 
effect of flow rate were optimized. Moreover, the developed 
chromatographic technique was successfully applied for the 
determination of IRBE and HCT in pharmaceutical dosage forms. 

MATERIALS AND METHODS

Chemicals and instruments
IRBE and HCT in their dosage forms Karvezide® and Co-Irda® 
were obtained from pharmaceutical companies. All reagents 

were of analytical grade and were prepared using doubly 
distilled water. All experiments were performed at room 
temperature; all solutions were protected from light and used 
within 24 h to avoid decomposition. Chromatographic grade 
acetonitrile, methanol, hydrogen peroxide, and phosphoric acid 
were used. All other reagents were of analytical grade.

The analyses were performed with the Agilent Technologies HP 
1100 series (Wilmington, DE, USA) LC system equipped with a 
G1379A degasser, G1311A quaternary pump, 61313 auto injector, 
and G1315B diode array detector. Chromatographic separation 
was achieved using 60:40 (V/V) ACN: pH 3 phosphate buffer 
(from H3PO4) as a mobile phase, with an X Terra RP® (250x5 
mm I.D.: 3 µm) column at a flow rate of 0.8 mL min-1 and an 
injection value of 10 µL. The separation was carried out at 
30 °C and the diode array detector was adjusted to 226 nm. 
Before using the mobile phase, the pH was adjusted with 
5 M NaOH, and the mobile phase filtered through 0.45-µm 
polytetrafluoroethylene membranes using a vacuum pump 
and degassed. For the pH measurements, a pH meter Model 
538 (WTW, Weilheim, Germany) was used with a combined 
electrode with an accuracy of ±0.05 pH.

Preparation of stock solutions 
Stock solutions of IRBE and HCT (100 µg mL-1) were prepared 
by dissolving 5 mg of each compound in 50 mL of methanol by 
ultrasonication for 10 min in an ultrasonic bath. The required 
concentration for the analysis was diluted with the mobile 
phase. 

Analysis of pharmaceutical dosage form
For both binary mixtures, 10 tablets of Karvezide® and Co-
Irda® were accurately weighed, crushed, and finely powdered, 
separately. From these powders, desired solutions were 
prepared, sonicated, and filtered. The analyzed solutions were 
obtained by diluting with mobile phase. The contents of IRBE 
and HCT were calculated from the related calibration curves.

Statistical Analysis

System suitability test studies and validation of the analytical 
method
The system suitability test parameters such as retention 
time, symmetry factor, theoretical plate number, selectivity, 
resolution, and tailing were calculated and compared with the 
recommended values in the United States Pharmacopeia (USP) 
criteria.18-20 Validation of the proposed method was performed 
according to International Council on Harmonisation (ICH) 
Guidelines and USP criteria in terms of precision, accuracy, 
linear range, limit of detection (LOD), and quantification values 
and reported. 

Degradation studies
It is recommended in the ICH Guidelines to perform degradation 
studies for the developed assays to show that the method is 
stability indicating.21,22 In order to assess the capacity of 
the proposed method to separate IRBE and HCT from their 
degradation products, mild and harsh conditions like heating in 
an oven (75 °C, 3 h and 24 h), treating the samples with acidic  Figure 1. Chemical structures of A) irbesartan and B) hydrochlorothiazide

A B
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(0.5 N HCl and 1 N HCl) or alkaline (0.5 N NaOH and 1 N NaOH) 
solutions or oxidants (3% and 30% H2O2), and exposing to 
ultraviolet (UV) (254 nm, 3 h and 24 h) were applied. 

RESULTS AND DISCUSSION

System suitability test parameters
Prior to the validation of the proposed method, system suitability 
tests such as tailing factor, selectivity, resolution, tailing, and 
theoretical number of plates were calculated and reported. The 
retention factor values for IRBE and HCT were calculated as 
2.08 for HCT and 3.35 for IRBE; the other system suitability test 
parameters are summarized in Table 1. Those results show that 
the proposed method for the determination of IRBE and HCT 
conformed to the ICH guidelines.21

Method validation

Linearity
The linearity of the detector for IRBE and HCT was evaluated 
by the relation between the peak areas under the corresponding 
peaks and concentrations of each drug with a correlation 
coefficient of 0.997 and 0.998, respectively (Table 2). Repeated 
injections were performed at each concentration level. The 
linear range was in good agreement and wide linear range 
values were obtained. For HCT the linear range obtained was 
between 0.25 and 25 µg mL-1 and for IRBE it was between 0.1 
and 25 µg mL-1 (Figure 2). 

Limit of detection and limit of quantification
The ICH guidelines propose several approaches for the 
determination of LOD and limit of quantification (LOQ). In the 
present work the LOD and LOQ values were calculated as 
LOD=3.3 s/m and LOQ=10 s/m using the standard deviation of 
response (s) and the slope (m) of the calibration curve.19,22-24 
The LOD and LOQ values are also reported in Table 2, where a 
statistical evaluation of the calibration data is presented. HCT 
was detected with an LOD value of 0.012 µg mL-1 and an LOQ 

value of 0.036 µg mL-1 with the proposed RP-HPLC method. 
IRBE was detected with an LOD value of 0.008 µg mL-1 and an 
LOQ value of 0.023 µg mL-1 with the proposed RP-HPLC method. 

Precision
The precision of the proposed method was evaluated by 
repeatability studies. Within-day and between-day repeatability 
were determined by the injection of three different levels of 
calibration solutions (n=5) on the same day and on three 
consecutive days, respectively. The results are expressed by the 
percentage of relative standard deviation (RSD %) and shown 
in Table 2, where a statistical evaluation of the calibration 
data is presented. As seen, there is no significant difference 
between the values within the within-day and between-day 
measurements in the mobile phase. 

Accuracy
Accuracy is an important parameter for the analysis of 
pharmaceuticals. Real sample applications and recovery 
studies were performed to show the accuracy of the purposed 
method. Acceptable results were obtained for Karvezide® and 

Table 1. System suitability tests parameters

Mobile phase

Compounds HCT IRBE

Retention time (min) 1.85 2.61

Linearity range (µg mL-1) 0.25-25 0.1-25

Slope (mAU µg-1 mL) 7.925 37.913

Intercept (mAU) 0.313 9.438

Correlation coefficient 0.997 0.998

LOD (µg mL-1) 0.012 0.008

LOQ (µg mL-1) 0.036 0.023

Within-day repeatability a (RSD %) 0.775 0.265

Between-day repeatability a (RSD %) 0.848 0.430

HCT: Hydrochlorothiazide, IRBE: Irbesartan, LOD: Limit of detection, LOQ: Limit of 
quantification, RSD: Relative standard deviation

Table 2. Statistical evaluation of the calibration data

Parameters
Recommended 
values20

Compounds HCT IRBE -

Retention time (min) 1.85 2.61 -

Selectivity - 2.05 >1

Resolution - 2.03 >2

Tailing 1.18 1.20 <2

Theoretical number of plates 4581 5402 >2000

HCT: Hydrochlorothiazide, IRBE: Irbesartan, Min: Minute

Figure 2. Chromatograms of increasing concentrations of 
hydrochlorothiazide and irbesartan
HCT: Hydrochlorothiazide, IRBE: Irbesartan
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Co-Irda®, which contain 150 mg of IRBE and 12.5 mg of HCT 
(Table 3). For the accuracy test, recovery of the method was 
studied using the spiking method. Solutions were prepared by 
adding 50%, 100%, and 150% level standard solutions of the 
drugs to the pharmaceutical Karvezide® sample (Table 4). The 
experiment was performed in triplicate and recovery %, RSD %, 
and (BIAS %) spiked drugs were calculated. It can be concluded 
that, using the suggested HPLC method, acceptable recoveries 
can be obtained with RSD % values lower than 1 and recovery 
values between 98% and 102%. 

Specificity (degradation studies)
Specificity is another essential parameter in pharmaceutical 
analysis.19,21-23 Specificity studies were performed by means 
of degradation studies. Degradation of drugs under mild and 
drastic stress conditions is shown in Table 5, as degradation %. 
It can be seen that the hard acidic and alkaline conditions hardly 
affect these drugs. In UV and heat degradation these drugs can 
be affected within 3 h (Table 5). 

CONCLUSION 
In the present work, an RP-HPLC method was developed and 
validated for the simultaneous separation and determination of 
IRBE and HCT. The studies were performed for the analyses 
of IRBE and HCT from the mobile phase. Compared to already 
published papers we suggest an environmentally friendly, 

green chemistry method for application to combined drug 
technology. It is thought that the proposed rapid analysis 
method of these antihypertensive drugs can be easily used and 
applied by pharmaceutical companies for which the analysis 
time is important. Moreover, in studies with real samples or in 
bioequivalence studies this method may be used. 

Conflicts of interest: No conflict of interest was declared by the 
authors. The authors alone are responsible for the content and 
writing of the paper.
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ÖZ

Amaç: Bu çalışmanın amacı, Lysimachia verticillaris’in (LV) kolinesteraz, tirozinaz inhibitör etkisini ve antioksidan aktivitesini değerlendirerek 
nörodejeneratif hastalıklar için terapötik potansiyelini belirlemek ve en etkili fraksiyondan hareketle ana bileşiklerini izole etmektir.
Gereç ve Yöntemler: Biyolojik aktivite ve izolasyon çalışmaları için LV’nin metanol ekstresinden hareketle kloroform, EtOAC ve sulu fraksiyonları elde 
edilmiştir. Etkili EtOAC fraksiyonundan, yarı preparatif yüksek performanslı sıvı kromatografisi (YBSK) yöntemi ile 7 ana bileşik izole edilmiştir. İzole 
edilen bileşiklerin yapıları çeşitli spektroskopik yöntemler kullanılarak aydınlatılmıştır. Metanol ekstresi (ME) ve tüm fraksiyonların asetilkolinesteraz 
(AChE), butirilkolinesteraz (BChE), tirozinaz inhibitor etkileri ve antioksidan potansiyelleri ELISA yöntemleri kullanılarak belirlenmiştir.
Bulgular: En yüksek AChE inhibitor etki EtOAc fraksiyonunda (%63,37±1,74), en yüksek BChE inhibitör etki ME’de ve etil asetat fraksiyonunda 

ABSTRACT
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Objectives: The scope of the present study was to specify the therapeutic potential for neurodegenerative diseases through evaluating cholinesterase 
and tyrosinase (TYR) inhibitory and antioxidant activity of Lysimachia verticillaris (LV), and to isolate the major compounds considering the most 
active fraction.
Materials and Methods: The methanol extract (ME) of LV and the chloroform, ethyl acetate (EtOAC), and aqueous fractions obtained from it were 
used for biological activity and isolation studies. The ME and all fractions were tested for their acetylcholinesterase (AChE), butyrylcholinesterase 
(BChE), and TYR inhibitory and antioxidant potentials using ELISA microtiter assays. Seven major compounds were isolated from the active EtOAC 
fraction by semi-preparative high performance liquid chromatography. The structures of the compounds were elucidated by several spectroscopic 
methods. 
Results: Marked AChE inhibitory activity was observed in the EtOAC fraction (6337±1.74%), BChE inhibitory activity in the ME and EtOAC fraction 
(85.84±3.01% and 83.82±3.93%), total phenol content in the EtOAC fraction (261.59±3.95 mg equivalent of gallic acid/1 g of extract) and total 
flavonoid contents in the EtOAC fraction (515.54±2.80 mg equivalent of quercetin/1 g of extract), and 2,2-diphenyl-1-picrylhydrazyl radical 
scavenging activity and ferric-reducing antioxidant power values in the aqueous and EtOAC fractions (92.54±0.67%, 92.11±0.30%; 2.318±0.054, 
2.224±0.091, respectively). Accordingly, the isolation studies were carried out on the EtOAC fractions. Compounds 1-7 (gallic acid, (+)-catechin, 
myricetin 3-O-arabinofuranoside, myricetin 3-O-α-rhamnopyranoside, quercetin 3-O-β-glucopyranoside, quercetin 3-O-arabinofuranoside, and 
quercetin 3-O-α-rhamnopyranoside, respectively) were isolated from the active EtOAC fraction. 
Conclusion: LV may be a potential herbal source for treatment of neurodegenerative diseases based on its strong antioxidant activity and significant 
cholinesterase inhibition similar to that of the reference. 
Key words: Anticholinesterase, HPLC, isolation, Lysimachia, tyrosinase 

Lysimachia verticillaris L.’nin Kolinesteraz ve Tirozinaz İnhibitör Etki 
Potansiyeli ve Antioksidan Kapasitesi ile Ana Bileşiklerinin İzolasyonu

Cholinesterase and Tyrosinase Inhibitory Potential 
and Antioxidant Capacity of Lysimachia verticillaris 
L. and Isolation of the Major Compounds 

Turk J Pharm Sci 2020;17(5):528-534
DOI: 10.4274/tjps.galenos.2019.71598

https://orcid.org/0000-0001-9839-6717
https://orcid.org/0000-0001-7679-7165
https://orcid.org/0000-0002-4336-7924
https://orcid.org/0000-0002-8928-6628
https://orcid.org/0000-0002-5850-9841
https://orcid.org/0000-0002-7379-5436
https://orcid.org/0000-0002-4876-6297
https://orcid.org/0000-0002-5470-130X
https://orcid.org/0000-0001-9680-2865


529ÖZGEN et al. Therapeutic Value of Lysimachia verticillaris 

INTRODUCTION
Neurodegenerative diseases such as Alzheimer’s disease (AD) 
and Parkinson’s disease (PD), common in the elderly population 
over the age of 65, have become serious health problems 
especially in industrialized countries. Hence, a huge amount of 
research is being conducted to find new drugs and treatment 
strategies for these diseases. In this sense, natural products 
and medicinal herb extracts are attractive sources in the search 
for novel anti-AD and anti-PD drug candidates. Deficiency in 
acetylcholine, hydrolyzed by acetylcholinesterase (AChE) and 
butyrylcholinesterase (BChE), has been proved in the brains of 
AD patients.1 On the other hand, the function of tyrosinase (TYR) 
is to catalyze the oxidation reaction of tyrosine to melanin, 
which is linked to hyperpigmentation of skin, occurrence of 
melanoma, unwanted browning of fruits and vegetables, and 
dopamine toxicity in PD.2

The genus Lysimachia (Primulaceae) is represented by 8 taxa in 
the Turkish flora.3 Lysimachia species, locally known as “karga 
otu”, “adi karga otu”, and “altın kamış” in Turkey, have been 
recorded to be used for expectorant, antipyretic, and wound 
healing purposes as well as against cough and bronchitis in 
Anatolian folk medicine.4 Lysimachia species contain assorted 
secondary metabolites including flavonoids, triterpenes, 
phenolic acids, etc.5-7 Moreover, several Lysimachia species 
have many desirable biological activities such as cytotoxic, 
hepatoprotective, and vasorelaxant.8-10

Based on the information that Lysimachia monnieri is a 
synonym of Bacopa monnieri, the reputed plant called “brahmi” 
in Ayurvedic medicine for its strong memory-enhancing effect, 
we aimed to study the memory-enhancing effect of another 
species, L. verticillaris. For this purpose, in the current study, 
AChE, BChE, and TYR inhibitory activity and antioxidant 
potential including 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
radical scavenging activity and ferric-reducing antioxidant 
power (FRAP) were studied in the methanol extract (ME) and 
all fractions. The EtOAC fraction that showed remarkable 
anticholinesterase and antioxidant effect was subjected to 
various chromatographic methods, which gave seven pure 
compounds (1-7). The structures of the compounds were 
identified by means of 1H-NMR and 13C-NMR. In addition, the 
total phenol and flavonoid quantities in the samples were 
measured spectrophotometrically.

MATERIALS AND METHODS

Instruments and chemicals
NMR spectra were obtained on a Varian-600 spectrometer at 
600 MHz for 1H-NMR and 150 MHz for 13C-NMR using CD3OD as 
solvent. An Agilent-1100 series was used for high-performance 
liquid chromatography (HPLC) studies (Germany). A Unico 4802 
ultraviolet (UV)-visible spectrophotometer (USA) was used for 
antioxidant activity, total phenol, and flavonoid contents studies. 
A Supelco Ascentis® RP-amide (250x10 mm, 5 µm) column, 
HPLC grade acetonitrile and methanol (Scharlau Chemie S.A., 
Spain), formic acid (Lachema, Brno, CZ), Sephadex LH-20 
(Sigma-Aldrich), silica gel 60 (Merck 7734 and Merck 9385), 
LiChroprep RP-18 (Merck 9303), and silica gel 60 F254 (Merck 
5554) were used for the isolation and chromatographic studies. 

To measure the enzyme inhibition assays, a 96-well microplate 
reader (VersaMax Molecular Devices, USA), electric eel AChE 
(Type-VI-S, EC 3.1.1.7, Sigma), horse serum BChE (EC 3.1.1.8, 
Sigma), acetylthiocholine iodide and butyrylthiocholine chloride 
(Sigma, USA), 5,5’-dithio-bis (2-nitrobenzoic acid) (DTNB, 
Sigma, USA), galantamine (Sigma, USA), TYR (EC 1.14.1.8.1, 30 
U, mushroom tyrosinase, Sigma), and L-DOPA were used. 

Plant material 
The aerial parts of Lysimachia verticillaris (LV) were gathered in 
the vicinity of Kafkasör at an altitude of 1300 m (Artvin Province, 
Turkey). The identification of the plant was performed by Dr. 
Ufuk Özgen. A voucher specimen (AEF 26311) is deposited at 
the Herbarium of the Faculty of Pharmacy. 

Extraction
Air-dried and finely powdered samples (500 g) were extracted 
with MeOH (2 Lx8 h, three times). The combined extracts 
were evaporated to obtain 74 g of the crude residue. The 
ME (73 g) was suspended in an H2O:MeOH (9:1) mixture and 
then partitioned with chloroform (300 mLx2) and EtOAc (300 
mLx2) successively. The chloroform and EtOAc fractions were 
evaporated at reduced pressure at 40 °C and were 15.6 g and 
6.6 g, respectively. The aqueous phase was evaporated to give 
a residue (46.3 g). The ME and all fractions obtained from it 
were employed in the activity assays performed herein.

AChE and BChE inhibitory activities
The enzyme inhibitory activities were evaluated by a modified 
version of the method developed by Ellman et al.11,12 

(%85,84±3,01 ve %83,82±3,93), en yüksek total fenolik içeriği etil asetat fraksiyonunda (261,59±3,95 mg gallik asit eşdeğeri/g ekstre), en yüksek total 
flavonoit içeriği etil asetat fraksiyonunda (515,54±2,80 mg kersetin eşdeğeri/1 g ekstre) gözlenmiştir. En yüksek 2,2-difenil-1-pikrilhidrazil radikal 
süpürücü etki ve demir azaltıcı antioksidan güç değerleri ise su ve EtOAC fraksiyonlarında sırasıyla %92,54±0.67, %92,11±0,30 ve 2,318±0,054 
2,224±0,091 olarak belirlenmiştir. Aktivite sonuçlarına dayanarak izolasyon çalışmalarının etil asetat fraksiyonunda yürütülmesine karar verilmiştir. 
Etil asetat fraksiyonundan, gallik asit (1), (+) kateşin (2), mirsetin 3-O-arabinofuranozit (3), mirsetin 3-O-α-ramnopiranozit (4), kersetin 3-O-β-
glukopiranozit (5), kersetin 3-O-arabinofuranozit (6) ve kersetin 3-O-α-ramnopiranozit (7) ana bileşikleri izole edilmiştir.
Sonuç: LV, güçlü antioksidan aktivitesiye sahip olması ve referans bileşiklerle karşılaştırıldığında benzer kolinesteraz inhibitor etki göstermesi 
nedeniyle nörodejeneratif hastalıkların tedavisi için potansiyel bir bitkisel ilaç kaynağı olabilir.
Anahtar kelimeler: Antikolinesteraz, YBSK, izolasyon, Lysimachia, tirozinaz
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Tyrosinase inhibitory activity 
The modified dopachrome method was used by measuring at 
475 nm.13 The results were compared with a control consisting 
of 50% dimethyl sulfoxide in place of sample. 

DPPH radical scavenging activity 
The activities of the samples were detected by Blois’ method.14 
Absorbance was measured at 520 nm. 

Ferric-reducing antioxidant power assay 
The FRAP values were determined by the assay described by 
Oyaizu.15 The absorbance was monitored at 700 nm. 

Total phenol and flavonoid contents 
Phenolic content of the samples was determined using the 
Folin-Ciocalteu method.16 Absorbance was read at 760 nm. 

The total flavonoid content of the samples was measured by 
aluminum chloride colorimetric method.17 

Statistical analysis
The statistical analysis of the enzyme inhibition and antioxidant 
capacity assays was conducted using Softmax PRO 4.3.2.LS 
software. The data were expressed as mean ± scanning electron 
microscopy. Statistical differences between groups were 
evaluated by ANOVA (One-Way). Dunnett’s multiple comparison 
tests were used as post hoc tests. p<0.05 was considered to be 
significant (*p<0.05; **p<0.01; ***p<0.001, ****p<0.0001). 

Isolation of the major compounds from LV by combined open 
column chromatography and semi-preparative HPLC
The EtOAC fraction was applied to column chromatography 
using a silica gel 60 and CHCl3: MeOH (80:20→50:50) solvent 
system. The  subfractions 5-14 combined were subjected 
to a semi-preparative HPLC column, which yielded seven 
compounds (1-7) (Figure 1). The flow rate of the solvent was 
adjusted to 4.0 mL/min. The mobile phase composition was 
linear gradient; 0 min: 40% MeOH +60% formic acid (0.2% in 
aqueous solution); 36 min: 65% MeOH +35% formic acid (0.2% 
in aqueous solution). UV-DAD detection was performed at 280 
nm. The column temperature was 50 °C.

Structure elucidation of the isolated compounds
Structure elucidation of the compounds was performed by 
1H-NMR, 13C-NMR, and ESI/MS, which was confirmed finally by 
comparison of the results with the reported data. 

RESULTS

AChE, BChE, and TYR inhibitory activity 
The ME and all fractions were tested for their enzyme inhibitory 
activity against AChE, BChE, and TYR. The aqueous fraction 
was inactive against both AChE and BChE, while the ME and 
EtOAc and chloroform fractions of LV showed high degrees 
of inhibition against AChE, having 58.21±3.36%, 63.37±1.74%, 
and 41.63±0.45% inhibition, respectively. Although the ME 
(85.84±3.01%) and EtOAC fraction of LV (83.82±3.93%) 
exhibited very high BChE inhibitory activity, similar to 
galantamine (86.66±2.72%), the chloroform fraction exhibited 
lower BChE inhibition (54.65±0.23%). All of the fractions and 
the ME displayed weak inhibition toward TYR, ranging between 
14.11±1.00% and 16.10±2.14% (Table 1). 

Antioxidant activity 
In the DPPH radical quenching activity test, the chloroform 
fraction of LV had moderate activity (63.66±0.57%), whereas 
high activity against DPPH radical was observed in the aqueous 

Table 1. TYR, AChE, and BChE inhibitory activity of the methanol extract and EtOAC, chloroform, and aqueous fractions

Samples
Inhibitory level (% ± SEMa) at 100 µg/mL

TYR AChE BChE

MeOH Extract 14.11±1.00**** 58.21±3.36** 85.84±3.01

EtOAc Fr. 16.10±2.14**** 63.37±1.74** 83.82±3.93

Chloroform Fr. 15.33±0.97**** 41.63±0.45**** 54.65±0.23***

Aqueous Fr. 14.31±0.98**** -b -b

Galantaminec 94.48±3.81 86.66±2.72

Kojic acidd 85.44±0.14
aStandard error mean, bNo inhibition, cReference for inhibitory activity against AChE and BChE, dReference for inhibitory activity against tyrosinase, (*p<0.05, **p<0.01, ***p<0.001, 
****p<0.0001), TYR: Tyrosinase, AChE: Acetylcholinesterase, BChE: Butyrylcholinesterase, EtOAc: Ethyl acetate, SEM: Scanning electron microscopy

Figure 1. HPLC chromatogram of the EtOAc fraction
HPLC: High-performance liquid chromatography, EtOAc: Ethyl acetate, Min: Minute
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(92.54±0.67%) and EtOAc fractions (92.11±0.30%). On the other 
hand, the aqueous and EtOAc fractions possessed the highest 
FRAP values, which are higher than that of quercetin used as 
the reference (Table 2). 

Total phenol and flavonoid contents 
The total phenol contents of the chloroform, EtOAC, and aqueous 
fractions and ME were stated as gallic acid equivalent (GAE, mg/g 
extract), while their total flavonoid contents were stated as quercetin 
equivalent (QUE, mg/g extract). The richest total phenol content 
belonged to the EtOAC fraction (261.59±3.95 mg/g extract). Similarly, 
the EtOAc fraction was also found to have the most abundant total 
flavonoid content (515.54±2.80 mg/g extract) (Table 3).

Identification of the compounds isolated from the active EtOAC 
fraction
Compounds 1-7 were isolated from the active EtOAC fraction 
(Figure 2); they were isolated from LV for the first time. The 
NMR data for all compounds are given as 1H-NMR (600 MHz, 
CD3OD) and 13C-NMR (150 MHz, CD3OD):

Compound 1
Grayish powder. 1H-NMR: δ 6.94 (s, 2H, H-2 and H-6). 13C-NMR: 
δ 169.45 (-COOH), 144.91 (2C, C-3 and C-5), 137.90 (C-4), 121.25 
(C-1), 108.84 (2C, C-2 and C-6). NMR data are in total agreement 
with the data for gallic acid.18

Compound 2
Grayish powder. 1H-NMR: δ 6,73 (d, 1H, J=2.0 Hz, H-2′), 6.65 (d, 
1H, J=8.1 Hz, H-5′), 6.62 (dd, 1H, J1=2.0, J2=8.1 Hz, H-6′), 5.82 
(d, 1H, J=2.4 Hz, H-8), 5.75 (d, 1H, J=2.4 Hz, H-6), 4.46 (d, 1H, 
J=7.6 Hz, H-2), 3.87 (td, 1H, H-3), 2.75 (dd, 1H, J1=5.3, J2=15.9 
Hz, H-4a), 2.40 (dd, 1H, J1=8.2, J2=15.8 Hz, H-4b). 13C-NMR: δ 
156.42 (C-7), 156.16 (C-5), 155.49 (C-9), 144.83 (C-3’ or C-4’), 
144.80 (C-3’ or C-4’), 130.79 (C-1’), 118.59 (C-6’), 114.63 (C-5’), 
113.82 (C-2′), 99.37 (C-10), 94.83 (C-8), 94.05 (C-6), 81.43 (C-2), 

67.39 (C-3), 27.10 (C-4). NMR data are in total agreement with 
the data for (+)-catechin.19

Compound 3
Yellow powder. 1H-NMR: δ 7.08 (s, 2H, H-2′ and H-6′), 6.38 (d, 1H, 
J=1.0 Hz, H-8), 6.19 (d, 1H, J=1.0 Hz, H-6), 5.54 (d, 1H, J=1.1 Hz, 
H-1’’), 4.18-3.32 (sugar protons, 5H, m, H-2’’, H-3’’, H-4’’, H-5’’). 
13C-NMR: δ 177.71 (C-4), 164.64 (C-7), 161.19 (C-5), 157.15 (C-9), 
156.38 (C-2), 145.71 (2C, C3’ and C-5’), 136.58 (C-4’), 133.23 
(C-3), 119.82 (C-1’), 108.03 (2C, C-2’ and C-6’), 107.57 (C-10), 
103.85 (C-1’’), 98.74 (C-6), 93.52 (C-8), 85.33 (C-4’’), 82.00 (C-
3’’), 76.74 (C-2’’), 60.40 (C-5’’). NMR data are in total agreement 
with the data for myricetin 3-O-α-arabinofuranoside.20

Table 3. Total phenol and total flavonoid contents of the methanol extract and EtOAC, chloroform, and aqueous fractions

Sample Total phenol contenta ± SEMb Total flavonoid contentc ± SEM

MeOH Extract 64.41±2.26 229.45±2.80

EtOAC Fr. 261.59±3.95 515.54±2.80

Chloroform Fr. 20.73±5.53 136.54±2.52

Aqueous Fr. NDd ND
aData expressed in mg equivalent of gallic acid (GAE) to 1 g of extract, bStandard error of the mean, cData expressed in mg equivalent of quercetin (QUE) to 1 g of extract, dNot determined 
due to very low solubility, EtOAC: Ethyl acetate, SEM: Scanning electron microscopy

Table 2. DPPH radical scavenging activity and FRAP of the methanol extract and EtOAc, chloroform, and aqueous fractions at 1000 µg/mL
Samples DPPH radical scavenging activity (% ± SEMa) FRAPb

MeOH Extract 82.20±2.82 0.917±0.030*

EtOAC Fr. 92.11±0.30 2.224±0.091

Chloroform Fr. 63.66±0.57** 0.650±0.007*

Aqueous Fr. 92.54±0.67 2.318±0.054

Quercetinc 92.75±0.05 2.090±0.032
aStandard error mean, bAbsorbance at 700 nm ± SEM (greater absorbance indicates greater antioxidant power), cReference, (*p<0.01, **p<0.001), DPPH: 2,2-diphenyl-1-picrylhydrazyl, 
FRAP: Ferric-reducing antioxidant power, EtOAC: Ethyl acetate, SEM: Scanning electron microscopy

Figure 2. Compounds (1-7) isolated from the EtOAc fraction 
EtOAc: Ethyl acetate
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Compound 4
Yellow powder. 1H-NMR: δ 6.94 (s, 2H, H-2’ and H-6’), 6.35 (d, 
1H, J=2.1 Hz, H-8), 6.18 (d, 1H, J=2.1 Hz, H-6), 5.30 (d, 1H, J=1.1 
Hz, H-1’’), 4.21 (t, 1H, J=1.5 Hz, H-2’’), 3.77 (dd, 1H, J1=3.3, J2=9.4 
Hz, H-3’’), 3.50 (m, 1H, H-5’’), 3.32 (t, 1H, J=9.6 Hz, H-4’’), 0.95 
(d, 3H, J=6.1 Hz, H-6’’). 13C-NMR: δ 178.23 (C-4), 164.47 (C-7), 
161.77 (C-5), 158.00 (C-2), 157.07 (C-9), 145.42 (2C, C-3’ and 
C-5’), 136.45 (C-4’), 134.87 (C-3), 120.47 (C-1’), 108.12 (2C, C-6’ 
and C-2’), 104.42 (C-10), 102.18 (C-1’’), 98.36 (C-6), 93.24 (C-8), 
71.91 (C-4’’), 70.67 (C-2’’), 70.60 (C-3’’), 70.44 (C-5’’), 16.23 (C-
6’’). NMR data are in total agreement with the data for myricetin 
3-O-α-rhamnopyranoside.21

Compound 5
Yellow powder. 1H-NMR: δ 7.60 (d, 1H, J=2.3 Hz, H-2′), 7.49 
(dd, 1H, J=2.3, 8.8 Hz, H-6’), 6.77 (d, 1H, J=8.8 Hz, H-5’), 6.29 
(d, 1H, J=1.7 Hz, H-8), 6.10 (d, 1H, J=2.3 Hz), H-6, 5.15 (d, 1H, 
J=7.7 Hz, H-1’’), 3.61 (dd, 1H, J1=2.4, J2=11.7 Hz, H-6a’’), 3.48 (dd, 
1H, J1=5.3, J2 =11.7 Hz, H-6b’’), 3.38 (dd, 1H, J1=7.7, J2 =8.8 Hz, 
H-2’’), 3.32 (t, 1H, J=8.8 Hz, H-3’’), 3.25 (dd, 1H, J1=8.8, J2=9.9 
Hz, H-4’’), 3.12 (m, 1H, H-5’’). 13C-NMR: δ 178.01 (C-4), 165.11 (C-
7), 161.61 (C-5), 157.51 (C-9), 157.08 (C-2), 148.44 (C-3’), 144.49 
(C-4’), 134.15 (C-3), 121.73 (C-1’), 121.63 (C-6’), 116.07 (C-2’), 
114.56 (C-5’), 104.11 (C-10), 102.87 (C-1′′), 98.67 (C-6), 93.42 (C-
8), 76.96 (C-5’’), 76.69 (C-3’’), 74.28 (C-2’’), 69.77 (C-4’’), 61.12 
(C-6’’). NMR data are in agreement with the data for quercetin 
3-O-β-glucopyranoside.22

Compound 6
Yellow powder. 1H-NMR: δ 7.43 (d, 1H, J=1.8 Hz, H-2’), 7.40 (dd, 
1H, J1= 2.1, J2= 8.5 Hz, H-6’), 6.80 (d, 1H, J=8.3 Hz, H-5’), 6.30 (s, 
1H, H-8), 6.10 (d, 1H, J=2.4 Hz, H-6), 5.37 (s, 1H, H-1’’), 4.23 (d, 1H, 
J=2.3 Hz, H-2’’), 3.81 (m, 1H, H-3’’), 3.77 (m, 1H, H-4’’), 3.40 (m, 
2H, H-5’’). 13C-NMR: δ 178.54 (C-4), 164.80 (C-7), 161.64 (C-5), 
157.89 (C-2), 157.15 (C-9), 148.43 (C-4’), 144.94 (C-3’), 133.45 (C-3), 
121.65 (C-1’), 121.52 (C-6’), 115.38 (C-2’), 114.99 (C-5’), 108.07(C-
1’’), 104.12 (C-10), 98.49 (C-6), 93.36 (C-8), 86.57 (C-4’’), 81.87 (C-
2’’), 77.24 (C-3’’), 61.09 (C-5’’). NMR data are in total agreement 
with the data for quercetin 3-O-α-arabinofuranoside.20

Compound 7
Yellow powder. 1H-NMR: δ 7.24 (d, 1H, J=1.8 Hz, H-2’), 7.21 (dd, 
1H, J1=1.8, J2=8.2 Hz, H-6’), 6.82 (d, 1H, J=8.2 Hz, H-5’), 6.28 (s, 
1H, H-8), 6.11 (d, 1H, J=1.2 Hz, H-6), 5.25 (d, 1H, J=1.2 Hz, H-1′′), 
4.12 (d, 1H, J=1.1 Hz, H-2’’), 3.65 (dd, 1H, J1=2.9, J2=9.4 Hz, H-3’’), 
3.32 (m, 1H, H-5’’), 3.24 (d, 1H, J=9.4 Hz, H-4’’), 0.84 (d, 3H, 
J=6.4 Hz, H-6’’). 13C-NMR: δ 178.21 (C-4), 164.65 (C-7), 161.76 
(C-5), 157.89 (C-2), 157.11 (C-9), 148.39 (C-4’), 144.99 (C-3’), 
134.78 (C-3), 121.52 (C-1’), 121.42 (C-6’), 115.50 (C-5’), 114.95 (C-
2’), 104.41 (C-10), 102.11 (C-1’’), 98.45 (C-6), 93.33 (C-8), 71.82 
(C-4’’), 70.67 (C-3’’), 70.61 (C-2’’), 70.47 (C-5’’), 16.21 (C-6’’). 
NMR data are in total agreement with the data for quercetin 
3-O-α-rhamnopyranoside.18-21

DISCUSSION 
Since ancient times, plants have served as one of the most 
important sources of medicines. Approximately 500 species 
are known to be used as folk medicine in Anatolia. 

Many desirable biological activities such as analgesic, 
anticholecystitis, cholagogic, cytotoxic, hepatoprotective, and 
vasorelaxant activity of Lysimachia species used traditionally 
for expectorant, antipyretic, and wound healing purposes in 
Turkey are reported.4-10

Taking the folkloric and modern use of L. monnieri for memory 
enhancement into account, we designed the current study, 
which was the first on the neuroprotective effect of any 
Lysimachia species. Confirming its folkloric use, the ME as 
well as the EtOAC and chloroform fractions of LV inhibited 
AChE and BChE effectively. Among them, we chose the 
EtOAc fraction for further study due to its high cholinesterase 
inhibitory and antioxidant effects. Our phytochemical studies 
in order to identify substances found in the fraction led to the 
isolation of seven phenolic compounds (1-7) from the plant for 
the first time. The compounds were characterized as gallic 
acid (1), (+)-catechin (2), myricetin 3-O-α-arabinofuranoside 
(3), myricetin 3-O-α-rhamnopyranoside (4), quercetin 3-O-β-
glucopyranoside (5), quercetin 3-O-α-arabinofuranoside (6), 
and quercetin 3-O-α-rhamnopyranoside (7). 

Previous phytochemical studies on other Lysimachia species 
showed the presence of secondary metabolites including 
flavonoids, triterpenes, phenolic acids, etc.5-7 According 
to these studies, Lysimachia species have rich phenolic 
compounds such as gentisic acid, caffeic acid, chlorogenic 
acid, p-coumaric acid, apigenin, luteolin, myricetin, quercetin, 
kaempferol, isorhamnetin, quercetin 3-O-glucoside, 
quercetin 3-O-rutinoside, myricetin 3-O-glucoside, myricetin 
3-O-rhamnoside, eriodictyol 7-O-glucoside, vitexin, and 
isovitexin.5-7 Phenolic compounds are known to be generally 
responsible for the antioxidant capacity of plant extract. For 
instance, among them, gallic acid, (+) -catechin, myricetin-
3-O-arabinofuranoside, and myricetin-3-O-rhamnoside 
have been demonstrated to be well-known compounds with 
remarkable antioxidant potential.23-25 The antioxidant activity, 
anti-inflammatory, antinociceptive, and antipyretic activities 
of quercetin 3-O-β-arabinopyranoside and quercetin 3-O-α-L-
rhamnopyranoside have been proven by Ramzi et al.26 The DPPH 
assay, which determines the scavenging ability of antioxidants 
against stable radical DPPH∙, is applied as a valid and practical 
assay, while the FRAP assay is based on the determination of the 
antioxidant capacity of foods, beverages, and other nutritional 
supplements rich in polyphenols via their ferric reducing 
ability.27,28 It is a simple, automated test to measure antioxidant 
capacity. It should be noted that the high antioxidant activity of 
the EtOAC fraction is strongly correlated with its richest total 
phenol and flavonoid content and the isolated compounds (1-7) 
are the major contributors to the marked antioxidant activity of 
the plant.

On the other hand, flavonoid derivatives have been known 
to exert strong cholinesterase inhibitory effects.29 Many 
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researchers have so far pointed out various flavonoids to be 
responsible for the potent cholinesterase inhibitory capacity 
of plant extracts. For example, the flavonoid fraction obtained 
from the fern Dryopteris erythrosora that contained gliricidin 
7-O-hexoside, apigenin7-O-glucoside, quercetin 7-O-rutinoside, 
quercetin 7-O-galactoside, kaempferol 7-O-gentiobioside, 
kaempferol 3-O-rutinoside, myricetin 3-O-rhamnoside, and 
quercitrin exhibited strong AChE inhibition over 90% in dose-
dependent manner.30

Some studies showed that the isolated compounds 
(+)-catechin, myricetin 3-O-arabinofuranoside, quercetin 
3-O-β-glucopyranoside, quercetin 3-O-arabinofuranoside, and 
quercetin 3-O-α-rhamnopyranoside exhibited an active inhibitory 
effect against the AChE enzyme as well as strong antioxidative 
activity.31,32 Moreover, gallic acid is well known as a powerful 
antioxidant to remedy DNA damage due to oxidative stress.33

In our previous study,17 we reported quercetin with a significant 
AChE and BChE inhibitory effect in a competitive manner, which 
was shown to bind with hydrogen bonds to important amino 
acid residues at the anionic site of AChE. Recently, Ado et 
al.34 demonstrated the presence of many flavonoid derivatives, 
i.e. catechin, quercetin pentoside, quercetin hexoside, etc. in 
the AChE-inhibiting fraction of Cynometra cauliflora leaves. In 
fact, an AChE inhibitory effect of (+)-catechin isolated from 
Canarium patentinervium was described at low level (˃100 µg/
mL).35 Nevertheless, other flavonoid derivatives isolated from 
LV herein could be suggested to contribute to some extent 
to the cholinesterase inhibitory effect of the plant as Russo 
et al.35 demonstrated a strong correlation between flavonoids 
and cholinesterase inhibition through calculation of Pearson 
correlation.

Actually, it should be also noted that the occurrence of marked 
cholinesterase inhibitory activity as well as antioxidant activity 
might also be due to a synergistic action of the flavonoids 
present in the extract, because in many cases flavonoids have 
been shown to exert synergistic or additive effects, whereas 
sometimes antagonism occurs.36-38 This is because the 
antioxidant activity of green tea, grape seed, and lettuce extracts 
was shown to increase after the addition of quercetin via acting 
synergistically, while catechins were proven to be responsible 
for synergism in green tea regarding its antioxidant activity, 
which might the case in the present study as well.37,38

According to previous bioactivity studies, various Lysimachia 
species such as Lysimachia laka, Lysimachia punctata, 
Lysimachia foenum-graecum, Lysimachia clethroides, and 
Lysimachia vulgaris have potent antioxidant capacity.39-43 There 
are limited studies about the cholinesterase inhibitory activity 
of Lysimachia species. One study showed that Lysimachia 
christinae was inactive on AChE.44

The results of the present study showed that the EtOAc fraction 
had the highest total phenol and flavonoid content. This may 
explain why the highest enzyme inhibitor effect was observed 
on the EtOAC fraction. The total flavonoid content of ME 
extract was high. The high flavonoid content and other minor 
compounds of ME extract may be responsible for the similar 

enzyme inhibitor effect compared with the EtOAc fraction. 
Although the aqueous fraction has high antioxidant activity, no 
enzyme inhibitor effect of the aqueous fraction was observed. 
Furthermore, no total phenol or flavonoid content of the 
aqueous fraction was detected. The high antioxidant activity of 
the aqueous fraction may be based on the other compounds, 
which have no cholinesterase inhibitory effect.

CONCLUSION
The results obtained from the present study demonstrated 
that the ME and EtOAc fraction of the aerial parts of LV have 
strong AChE and BChE inhibitory effects, providing scientific 
justification for its use in folk medicine. The compounds 
mentioned herein have been isolated from LV for the first 
time. The current study is the very first on phytochemistry 
and neuroprotective effects through the cholinesterase and 
TYR inhibitory activity of LV. The phenolic compounds we 
isolated (1-7) may be responsible for the anticholinesterase and 
antioxidant activities.
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ÖZ

Amaç: Bu çalışmanın amacı, yüksek performanslı sıvı kromatografisi (HPLC) ve ultraviyole-görünür bölge (UV-GB) spektrofotometresi kullanılarak 
piroksikamın asit ayrışma sabitinin (pKa) bulunması; HPLC kullanılarak partisyon katsayısı (Log P), dağılım katsayısı (Log D) ve “Log kw” değerlerininin 
belirlenmesidir.
Gereç ve Yöntemler: HPLC çalışmaları, 1,0 mL min-1 akış hızında ters faz kromatografisinde ACE C18 (150x4,6 mm ID, 5 µm) kolon kullanılarak 
gerçekleştirildi. Detektör 360 nm’ye ayarlandı. Farklı pH değerlerinde (3,0-6,5) Log D değeri, hareketli faz olarak fosfat tamponu (20 mM): asetonitril 
(30:70 h/h) karışımı ile incelendi. pKa’nın belirlenmesi için HPLC çalışmaları, 3,50 ve 6,00 pH aralığında fosfat tamponu (20 mM): metanol karışımı 
ile gerçekleştirildi. Log kw ölçümleri, pH 3,50 ila 6,00 arasında bir pH aralığında fosfat tamponu (20 mM): MeOH (20:80 h/h ile 10:90 h/h) karışımları 
ile yapıldı. UV-GB spektrofotometrik pKa ölçümleri 285 nm dalga boyunda gerçekleştirildi.
Bulgular: Piroksikamın pKa değeri sırasıyla HPLC ile 5,3 ve UV-GB spektrofotometresi ile 5,7 olarak bulundu. Deney şartlarımızda piroksikamın Log 
P değeri 1,58 olarak bulundu. Log D değerleri, sırasıyla 3,17, 3,79, 4,44, 5,42 ve 6,56 pH değerleri için 1,57, 1,57, 1,44, 1,13 ve 0,46 olarak bulundu.
Sonuç: Literatürde, piroksikam için farklı Log P (3,1, 2,2 ve 0,6) ve pKa (6,3 ve 4,8) değerleri bildirilmiştir. Çalışmamızda piroksikam için elde edilen 
Log P (1,58) ve pKa (5,3 ve 5,7) değerleri literatür değerleri arasındaydı. Tüm bu sonuçlar, fizikokimyasal özelliklerin belirlenmesinde kullanılan farklı 
deneysel yaklaşımların farklı değerler verebileceğini göstermektedir. UV spektrofotometresinin uygulanması kolay olsa da, HPLC, bileşiklerin pKa, 
Log D ve Log P değerlerinin eşzamanlı olarak belirlenmesi için eşsiz tekniklerden biridir.
Anahtar kelimeler: Piroksikam, fizikokimyasal özellikler, pKa, Log P, Log D, Log kw

Objectives: The aim of this study was to determine the acid dissociation constant (pKa) of piroxicam using high performance liquid chromatography 
(HPLC) and ultraviolet-visible (UV-Vis) spectrophotometry, and to determine the partition coefficient (Log P), distribution coefficient (Log D), and 
“Log kw” values of piroxicam using HPLC. 
Materials and Methods: The HPLC studies were performed on a reversed-phase ACE C18 (150x4.6 mm ID, 5 µm) column at a flow rate of 1.0 mL 
min-1. The detector was set to 360 nm. Log D at different pH values (3.0-6.5) was examined with a phosphate buffer (20 mM) and acetonitrile (30:70 
v/v) mixture as the mobile phase. For pKa determination, HPLC studies were performed with a mixture of phosphate buffer (20 mM) and methanol 
within the pH range of 3.50-6.00. Log kw measurements were performed with phosphate buffer (20 mM) and MeOH (from 20:80 v/v to 10:90 v/v) 
mixtures within the pH range of 3.50-6.00. UV-Vis spectrophotometric pKa measurements were performed at 285 nm wavelength. 
Results: The pKa value of piroxicam was found to be 5.3 by HPLC and 5.7 by UV-Vis spectrophotometry. Log P of piroxicam was determined as 
1.58 in our experimental conditions. Log D values were 1.57, 1.57, 1.44, 1.13, and 0.46 for pH values of 3.17, 3.79, 4.44, 5.42, and 6.56, respectively. 
Conclusion: In the literature, different Log P (3.1, 2.2, and 0.6) and pKa (6.3 and 4.8) values were reported for piroxicam. The Log P (1.58) and 
pKa (5.3 and 5.7) values obtained for piroxicam in our study were within the range of the literature values. All these results indicate that different 
experimental approaches used for the determination of physicochemical properties could provide different values. Although UV spectrophotometry 
is easy to apply, HPLC is a unique technique for simultaneous determination of pKa, Log D, and Log P values of compounds.
Key words: Piroxicam, physicochemical properties, pKa, Log P, Log D, Log kw
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INTRODUCTION
Dissolution from the dosage form is one of the factors limiting 
the absorption of drugs from the gastrointestinal (GI) tract. 
According to the Noyes-Whitney dissolution model,1 the in vivo 
dissolution rate is influenced by drug diffusivity, drug solubility 
in GI contents, the wetted surface area of solid by biological 
fluids, and GI hydrodynamics.2

Non-steroidal anti-inflammatory drugs (NSAIDs) are chronically 
used as anti-inflammatory, analgesic, and antipyretic agents3 
to reduce pain, decrease stiffness, and improve function in 
patients suffering from all forms of arthritis. They are also used 
for the acute treatment of pain associated with headaches, 
dysmenorrhea, and postoperative pain.4 Recent studies have 
focused on the usage of NSAIDs for cancer treatment and 
prevention.5 Pharmacologic treatment of cancer pain using 
NSAIDs has also been investigated for a long time,6 although 
their use is limited due to their side effects.7 The relationship 
between some GI tract diseases and NSAIDs usage is also 
discussed.8 Drug-drug interactions related with the usage of 
NSAIDs are still an issue to be investigated.9 Because of all 
these aspects, the physicochemical properties of drugs are 
one of the key points in understanding their behavior inside the 
body. Therefore, to understand the drug’s behavior in the GI 
tract, it is important to know the lipophilicity and pKa of drugs.10

Piroxicam is a NSAID of the oxicam class and is used to alleviate 
the symptoms of painful and inflammatory conditions such as 
arthritis.3 They are also used for the treatment of headaches, 
dysmenorrhea, and postoperative pain.4

In the literature, it is easy to find various studies on the 
determination of the pKa values of pharmaceuticals using 
high performance liquid chromatography (HPLC),11-14 ultraviolet 
(UV) spectrophotometry,15-17 capillary electrophoresis,18,19 and 
potentiometric titrations.20-22 Identical analytical techniques 
have also been applied over a long period for calculation of 
partition coefficient (Log P) and distribution coefficient (Log 
D) values.23-30 For piroxicam, the reported Log P values differ 
from 0.6 to 3.6 and the reported pKa values differ from 4.76 
to 6.30 according to DrugBank. Variable results in such basic 
physicochemical parameters motivated us to investigate 
these parameters in our conditions. In the present study, a 
simple experimental procedure based on HPLC and UV-visible 
(Vis) spectrophotometry was applied for the determination 
of the physicochemical properties (pKa, Log P, and Log D) 
of piroxicam (Figure 1). A comparison of HPLC and UV-Vis 
spectrophotometry used for the determination of pKa values 
was also carried out. A chromatographic approach based 
on Log kw is suggested in the literature31,32 to determine the 
lipophilicity of drugs. This technique is relatively new compared 
to the classical shake-flask method,33 and, to the best of our 
knowledge, there is no report available in the literature to 
correlate the shake-flask method and Log kw measurements 
with each other. Therefore, this is the only study to compare the 
Log P and Log kw measurements for an active pharmaceutical 
ingredient.

MATERIALS AND METHODS

Chemicals
Piroxicam was supplied by Sigma Aldrich (St. Louis, MO, USA). 
Sodium dihydrogen phosphate (NaHPO4•2H2O) and NaOH 
were purchased from Merck (Darmstadt, Germany). Disodium 
hydrogen phosphate (Na2HPO4•2H2O), potassium chloride 
(KCl), acetonitrile (ACN), methanol (MeOH), and 1-octanol 
were obtained from Sigma Aldrich. Water was obtained from 
the Milli-Q water system (Barnstead, USA) and used for the 
preparation of all standard solutions and buffers.

Instrumentation
The HPLC system used was equipped with a gradient pump 
(Spectra System P2000), a degasser (Spectra System 
SCM 1000), a manual injector with a 20-µL injection loop 
(Rheodyne), and a detector (Spectra System UV2000, Thermo 
Separation Products, USA). The detector was adjusted to 360 
nm, and retention times were determined automatically by an 
online computer equipped with ChromQuest software. The 
separations were performed using a reversed-phase (RP) 
ACE C18 (125x4.6 mm ID, 5 µm) HPLC column (Aberdeen, 
Scotland) at a flow rate of 1 mL min-1. The spectrophotometric 
measurements were carried out using a Varian Cary 50 UV-Vis 
wavelength spectrophotometer with a xenon lamp (200-800 
nm). The UV spectra of reference and sample solutions were 
determined in 1-cm quartz cells at wavelengths from 200 to 
800 nm.

Solutions

Standard stock solution of piroxicam (1000 µg mL-1 in MeOH)
Piroxicam standard stock solution was prepared by dissolving 
piroxicam (50 mg) in MeOH in a volumetric flask (50 mL). 

Phosphate buffer (20 mM) with potassium chloride (100 
mM) solution (between pH 3.00 and 7.50) for UV-Vis 
spectrophotometric pKa determination
A phosphate buffer (20.0 mM) and 100 mM KCl mixture were 
prepared by dissolving 3.56 g of sodium dihydrogen phosphate 
(NaH2PO4•2H2O) and 7.45 g of KCl in about 800 mL of water 
and then making up the volume to 1000 mL with water. The 
pH of the solutions was adjusted with 1 M NaOH and 0.1 M KCl 
mixture solution.

Figure 1. Chemical structure of piroxicam
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Phosphate buffer (20 mM):MeOH (50:50 v/v) solutions 
(between pH 3.50 and 6.00) for HPLC pKa determination
Phosphate buffer (20.0 mM) was prepared by dissolving 3.12 
g of sodium dihydrogen phosphate (NaH2PO4•2H2O) in about 
800 mL of water and then making up the volume to 1000 mL 
with water. The mobile phase was prepared as 500 mL of a 
mixture of phosphate buffer/MeOH (50:50 v/v) and the pH was 
adjusted with o-phosphoric acid/MeOH (50:50 v/v) or 20 mM 
disodium hydrogen phosphate (Na2HPO4)/MeOH (50:50 v/v) 
mixtures for different pH values in the range of 3.64-5.94. 

Phosphate buffer (20 mM) solutions (between pH 3.00 and 
6.60) for Log D determination 
Phosphate buffer (20.0 mM) was prepared by dissolving 3.56 
g of disodium hydrogen phosphate (Na2HPO4•2H2O) in about 
800 mL of water and then making up the volume to 1000 mL 
with water, and adjusting the pH with o-phosphoric acid to 
different pH values in the range of 3.17-6.56. 

Phosphate buffer (20 mM, pH 3.0):ACN (30:70 v/v) solutions 
as the HPLC mobile phase for Log D determination 
Phosphate buffer (20.0 mM) was prepared by dissolving 3.56 
g of disodium hydrogen phosphate (Na2HPO4•2H2O) in about 
800 mL of water, adjusting the pH with o-phosphoric acid to 
3.0, and then making up the volume to 1000 mL with water. 
The mobile phases were prepared as 500 mL of a mixture of 
phosphate buffer (20 mM, pH 3.0) and ACN (30:70 v/v).

Phosphate buffer (20 mM):MeOH (from 20:80 v/v to 10:90 
v/v) solutions for Log kw determination (between pH 3.00 and 
6.00)
Phosphate buffer (20.0 mM) was prepared by dissolving 3.56 
g of disodium hydrogen phosphate (Na2HPO4•2H2O) in about 
800 mL of water and then making up the volume to 1000 mL 
with water. The mobile phases were prepared as 500 mL of 
a mixture of phosphate buffer (20 mM)/MeOH in the range of 
20:80-10:90, v/v. The pH of the mobile phases was adjusted 
with o-phosphoric acid/MeOH (20:80-10:90, v/v) or 20 mM 
disodium hydrogen phosphate (Na2HPO4)/MeOH (20:80-10:90, 
v/v) mixtures for different pH values (3.00 and 6.00) and 
different mobile phase compositions (phosphate buffer (20 
mM)/MeOH in the range of 20:80-10:90, v/v).

Procedures

UV-Vis spectrophotometric pKa determination
The standard stock solution of piroxicam was diluted to 20.0 µg 
mL-1 by using phosphate buffer (20 mM): KCl (100 mM) solutions 
for UV-Vis spectrophotometric pKa determination (pH 3.09-
7.48). The spectra were recorded at wavelengths from 200 to 
400 nm. The shifts in absorption were considered. A sigmoidal 
curve was constructed between pH of the solutions and 
absorption at 285 nm. The pKa of piroxicam was determined 
according to the sigmoidal relationship given by Microsoft Excel 
between pH 3.09 and 7.48.

HPLC pKa determination
The standard stock solution of piroxicam was diluted to 5.0 µg 
mL-1 with phosphate buffer (20 mM):MeOH (50:50 v/v) solutions 
for HPLC pKa determination (pH 3.64-5.94). These solutions 
were injected into the HPLC system with the mobile phases in 
which they were dissolved. A sigmoidal curve was constructed 
between the pH of the mobile phases and the capacity factor (k’) 
of piroxicam. The pKa of piroxicam was determined according 
to the sigmoidal relationship between pH 3.64 and 5.94.

Log D determination
The experimental system was a modified shake-flask method 
to meet the requirements of the OECD guideline for the testing 
of chemicals.33 For this purpose, the standard stock solution of 
piroxicam was diluted to 250 µg mL-1 with MeOH. Then 50.0 
µL of this solution was added to aqueous biphasic systems 
containing phosphate buffer (20 mM) solutions for Log D 
determination (pH 3.17-6.56) and 1-octanol (50:50 v/v, 950 
µL). After extraction at ambient temperature, the amount of 
piroxicam remaining in the buffer was determined by HPLC. A 
phosphate buffer (20 mM, pH 3.0):ACN (30:70 v/v) mixture was 
used as a mobile phase and the buffer phase of the extracted 
sample was diluted 5-fold with the mobile phase before injection 
into the HPLC system. Peak areas were compared with 5.0 µg 
mL-1 piroxicam solution to determine the piroxicam amount that 
partitioned into the octanol phase.

Log P determination
The lipophilicity of a compound can be expressed by its Log 
P, which is the concentration ratio of a nonionized compound 
in a mixture of two immiscible phases (aqueous and organic 
phases) at equilibrium. For measurement of the Log P value 
of a weakly basic drug, piroxicam, the equation given below 
is used for different pH values. The average of the obtained 
results was calculated to find the Log P value.

LogD=LogP-Log(1+10pKa-pH)   Equation 1

Log kw determination
For determination of Log kw values, piroxicam was diluted to 
5.0 µg mL-1 using phosphate buffer (20 mM):MeOH (from 20:80 
v/v to 10:90 v/v) solutions (pH 3.00 and 6.00). The relationship 
between Log k’ and MeOH concentration in the mobile phase is 
described by Log k’=Log kw–Sφ.31,34 In this equation, kw is the k’ 
value for a compound when the aqueous phase is used as the 
eluent, S is the slope of the regression line, and φ is the volume 
percentage of MeOH in the mobile phase. If φ is zero (no MeOH 
in the mobile phase), the mobile phase is composed of only the 
phosphate buffer and the Log k’ will be equal to the Log kw.

Measurements on sigmoidal curves
The data measured from the sigmoidal curve for pKa 
determination were found using two different approaches. The 
first one was to print the whole graph on A4 paper and find the 
pKa values by drawing tangents. The second one was to use the 
derivative of the actual graph.
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Statistical analysis
Measurements were performed as three replicates and the 
results were statistically evaluated to obtain standard deviation 
and standard error for the calculations. The mean values were 
used to present the data.

RESULTS AND DISCUSSION
In the present study, we focused on the pKa, Log P, and Log 
D values of piroxicam because the reported values are very 
different from each other. The Log kw values of piroxicam were 
also evaluated and the values were compared with the Log D 
values. Based on the statistical evaluation, mean values were 
used to present the results.

UV-Vis spectrophotometric pKa determination
Absorption of organic compounds including most of the drugs 
is based on transitions of n or π electrons to the π* excited 
state. The absorption peaks for these transitions fall in the 
200-700 nm range, which is the experimentally convenient 
region of the spectrum. The transitions referred to require an 
unsaturated group in the molecule to provide π electrons. The 
solvent in which the absorbing species are dissolved may have 
serious effects on the spectrum.35 In the present study, the 
spectra of piroxicam in the phosphate buffers having identical 
ionic strengths (adjusted with 0.1 M KCl) but at different pH 
values from 3.09 to 7.48 were recorded. The values between 
3.09 and 7.48 were used to construct the sigmoidal curve at 
285 nm wavelength. The characteristic of the absorption 
spectrum for piroxicam was changed by changing the pH of 
the buffered aqueous media (Figure 2). The changes in the 
absorbance values are usually followed by overlaid plots of 
recorded spectra, and the greatest change occurs when the 
acidity of the aqueous solution is equal to the pKa of the studied 
compound. The sigmoidal curve was constructed and the pKa 
value of piroxicam was estimated as 5.7 (Figure 3).

HPLC pKa determination
The capacity factor of a drug in a RP-HPLC system is related 
to its lipophilicity.36,37 Since weak acidic drugs like piroxicam 
are ionized at basic pH, they tend to be eluted rapidly from a 

lipophilic C18 stationary phase with basic mobile phases. The 
situation is the opposite for acidic mobile phases. Our results 
are in good agreement with this statement. Piroxicam was 
eluted at 7.44 min at acidic pH (pH 3.64) and eluted at 4.34 

Figure 5. Sigmoidal relationship between pH (3.64-6.22) and k’ of the 
piroxicam peak

Figure 4. Representative overlaid chromatograms of piroxicam taken under 
optimum conditions at various pH (3.64-5.94) values. pH values are given 
on the top of each chromatogram peak

Figure 2. Representative overlaid spectra (200-400 nm) of piroxicam 
under optimum conditions at various pH values (pH 3.09-7.48)

Figure 3. The plot of the absorbance values of piroxicam at 285 nm 
obtained as a function of pH (3.09-7.48)
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min at relatively basic pH (pH 5.94) values (Figure 4). When the 
pH value of the mobile phase was plotted against k’ values, a 
sigmoidal relationship was obtained between pH and capacity 
factor (Figure 5). The pKa value of piroxicam was calculated as 
5.3 from this relationship. 

Log D and Log P determination
In drug discovery and development, the lipophilicity of a 
compound is usually expressed by its partition between water 
and 1-octanol. The concentration of a nonionized compound 
in the organic and aqueous phases refers to Log P. The Log 
P of any ionizable solution can be measured in the aqueous 
phase in which the pH is adjusted to the nonionized form. 
The concentration ratio of nonionized solute in the solvents is 
calculated according to the Log P value, which is a measure of 
lipophilicity and is not pH dependent (Equation 2). 

LogPoct/wat =
 
Log

             [solute]octanol

       [solute](nonionized water
Equation 2

                                
As described above, piroxicam is a weak base, and it is 
partially ionized when dissolved in water. Log D is the ratio 
of the sum of the concentrations of all forms of the compound 
(ionized plus nonionized) in each phase and is pH dependent. 
The distribution coefficient is defined as a function of the ratio 
of the total concentration of the solute species in each phase 
(Equation 3).38

LogD(oct/wat) =
 
Log

                                [solute]octanol

         [solute](nonionized water + [solute] neutral water

Equation 3 

For a non-ionized drug, Log P is equal to Log D at any pH value, 
but the effective lipophilicity at any specific pH value is directly 
related to its pKa value for any ionized drug. In our experimental 
conditions, Log D of piroxicam was investigated at pH 3.17, 3.79, 
4.44, 5.42, and 6.56. Table 1 summarizes the Log D values of 
piroxicam at the investigated pH values. The Log P values given 
in Table 1 were calculated according to Equation 1, in which the 
pKa of piroxicam was accepted as 5.7 and 5.3 based on the UV 
spectrophotometric and HPLC measurements, respectively.

Since piroxicam is an acidic drug, it is ionized at basic pH values 
and tends to be dissolved in aqueous phases. As expected, the 
solubility of piroxicam in the aqueous phase (phosphate buffer) 

was increased about 13-fold by the changes in pH from 6.56 
to 3.17. This situation was in harmony with the capacity factor 
of piroxicam on HPLC for different mobile phase pH values. 
Although Log D values differ with pH values, calculated Log 
P values should be identical according to the theory. When the 
mean and standard error of Log P values were calculated it 
was found that Log P was 1.58±0.04 if pKa was taken as 5.3 
and 1.46±0.05 if pKa was taken as 5.7. This shows us that the 
pKa value of 5.3 determined by HPLC provides a lower standard 
error for the calculated Log P values. Therefore, the Log P 
value for piroxicam was accepted as 1.58 in our experimental 
conditions.

Log kw determination
Since the retention time of an analyte in RP-HPLC is directly 
related to its lipophilicity, this relationship can be used to 
show how the lipophilicity of an analyte will be affected by 
pH changes. In our study, initially we calculated the Log k’ 
values for all mobile phase compositions (80:20, 85:15, 90:10 
MeOH:phosphate buffer (20 mM); (v/v) for pH values below 
(3.0) and above (6.0) the calculated pKa (5.3). The Log k’ 
values were calculated for the mobile phase not containing any 
organic phase (0% MeOH). Figure 5 shows an example of this 
application for pH 6.0. When there was no MeOH in the mobile 
phase, the kw’ values were calculated for pH 3.0 and 6.0 and 
found to be 37.5 and 7247.7, respectively.

CONCLUSION
In this study, spectrophotometric and chromatographic 
analytical approaches were examined to determine the 
physicochemical properties of piroxicam. Since piroxicam is 
a well-known compound, the results were easily compared 
with those in DrugBank (https://www.drugbank.ca/drugs/
DB00554). According to our experimental results, the pKa 
value was found to be 5.7 and 5.3 for the spectrophotometric 
and HPLC experiments, respectively. The value found by UV-
Vis spectrophotometry is close to the experimental value of 
6.3 given in DrugBank. However, the predicted value of 4.76 
given in DrugBank is close to the one calculated by the results 
of HPLC analysis. The experimental Log P value in DrugBank 
for piroxicam is 3.06, where the predicted values are 0.6 and 
2.2. Our experiments show that piroxicam’s Log P value is 1.58. 
This value is between the predicted and experimental values 

Table 1. Experimental Log D and calculated Log P values of piroxicam

pH Log D Log D
Log P
(pKa is accepted as 5.3)

Log P
(pKa is accepted as 5.7)

3.17 37.17 1.57 1.57 1.57

3.79 37.38 1.57 1.58 1.58

4.44 27.65 1.44 1.50 1.46

5.42 13.58 1.13 1.50 1.32

6.56 2.89 0.46 1.74 1.38

Log D: Distribution coefficient, Log P: Partition coefficient, pKa: Dissociation constant
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reported in DrugBank. The differences for pKa and Log P 
between the experimental and predicted values in DrugBank 
indicate that the experimental data found in the present study 
are novel for piroxicam. Based on all these results, we can 
conclude that the use of different experimental approaches for 
the determination of physicochemical properties can clearly 
provide different values for drugs.

Conflicts of interest: No conflict of interest was declared by the 
authors. The authors alone are responsible for the content and 
writing of the paper.
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ÖZ

Amaç: Bu çalışmanın amacı, sabah erken enflamasyonun tedavisinde kullanılmak üzere pulsatil piroksikam salımı yapan pektin-hidroksipropil 
metilselüloz kaplı yüzer mikro küreciklerin hazırlanmasıdır.
Gereç ve Yöntemler: Piroksikam yüklü mikroküreler, iyonotropik jelleştirme yöntemi kullanılarak kalsiyum karbonatın farklı konsantrasyonları içinde 
sodyum aljinat ve hidroksipropil metilselülozdan (HPMC) hazırlandı. Gastrointestinal sistemin üst kısmında ilaç salımını önlemek için mikro küreler 
daldırmalı kaplama yöntemi kullanılarak pektin-HPMC tabakası ile kaplandı. Mikrokürelerin boyut analizi ve enkapsülasyon verimi, ilaç yükleme, in 
vitro salım, şişme davranışı ve yüzey morfolojisi çalışmaları yapılmıştır.
Bulgular: İn vitro salım çalışması, mikrokürelerin pektin-HPMC kaplamasının ilacın asidik ortamda salınmasını önlediğini ve bir gecikme süresinden 
sonra ilacın pulsatil salımını sağladığını ortaya koymuştur. Formülasyon CF4 (sodyum alginata göre 3:4 oranında kalsiyum karbonat içerir), istenen 
6 saatlik gecikme süresinden sonra fosfat tamponunda 7 saatin sonunda%95,55’lik pulsatil salım sergilediği bulunmuştur.
Sonuç: Çalışma, pektin-HPMC ile kaplanmış, optimize edilmiş yüzen pulsatil mikrokürelerin, piroksikam etken maddesinin asidik ortamda koruyarak 
tutabildiğini ve bir gecikme süresinden sonra alkali ortamda pulsatil salım yaptığını ortaya koymuştur. Ayrıca, hazırlanan boncukların potansiyel 
olarak sabah erken iltihaplanma ile bağlantılı hastalığın kronoterapötik tedavisi için kullanılabileceğini gösterdi.
Anahtar kelimeler: Mikroküreler, hidroksipropil metilselüloz, pektin, pulsatil

ABSTRACT

Objectives: The aim of the present study was to prepare pectin-hydroxypropyl methylcellulose-coated floating beads for pulsatile release of 
piroxicam in the treatment of early morning inflammation.
Materials and Methods: Piroxicam-loaded beads were prepared from sodium alginate and hydroxypropyl methylcellulose (HPMC) in different 
concentrations of calcium carbonate using the ionotropic gelation method. In order to avoid drug release in the upper part of the gastrointestinal 
tract, the beads were coated with a pectin-HPMC layer using the dip coating method. Size analysis and encapsulation efficiency, drug loading, in 
vitro release, swelling behavior, and surface morphology studies of the beads were carried out.
Results: The in vitro release study revealed that the pectin-HPMC coating of the beads prevented the release of the drug in an acidic medium and 
provided pulsed release of the drug after a lag time. Formulation CF4 (containing calcium carbonate in the ratio 3:4 with respect to sodium alginate) 
exhibited pulsed release of 95.55% at the end of 7 h in phosphate buffer, which was after the desired lag time of 6 h.
Conclusion: The study revealed that optimized floating pulsatile beads coated with pectin-HPMC can efficiently retain piroxicam in an acidic 
medium and that there is pulsed release in an alkaline medium after a lag time. It also showed that the beads prepared can potentially be used for 
chronotherapeutic treatment of the disease associated with early morning inflammation.
Key words: Beads, floating, hydroxypropyl methylcellulose, pectin, pulsatile
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INTRODUCTION
Drug delivery systems based on circadian variations are gaining 
much attention.1 Several diseases treated by chronotherapeutics, 
such as asthma, hypertension, arthritis, and peptic ulcers, 
require an instantaneous and complete release of a drug after 
a scheduled time for effective action. Pulsatile drug delivery 
systems are developed to deliver drugs at the right time, in the 
right amount, and at the right site of action and thus improve 
patient compliance.2 Time-controlled and site-specific drug 
delivery systems must be programmed such that they can be 
administered at bedtime and the drugs are released rapidly 
when the symptoms worsen. Pulsatile drug delivery systems 
have a short residence time in the stomach although they 
release drugs after a certain lag time. Different approaches 
have been developed to improve the retention time and 
bioavailability of drugs in the gastrointestinal tract (GIT), such 
as intragastric floating formulations, magnetic formulations, 
extensible or swellable formulations, and superporous hydrogel 
gel formulations.3 Multiple-unit dosage forms have various 
advantages over monolithic-type dosage forms in reducing 
intersubject and intrasubject variabilities of transit due to the 
all-or-nothing emptying process. Various approaches have 
been used to impart buoyancy to multiple-unit dosage forms. 
These involve effervescent or noneffervescent systems.4,5 
Jagdale et al.6 developed press-coated floating pulsatile tablets 
of lisinopril for the treatment of hypertension. Gadad et al.7 
formulated hollow multiparticulate floating formulations using 
low-methoxy pectin (LM-PC) and gellan gum as polymers for 
site- and time-specific delivery of antihypertensive drugs.

The aim of the present investigation was to design and evaluate 
floating pulsatile beads of piroxicam (PX). LM-PC can be used 
as a coating material to avoid drug release in an acidic medium. 
LM-PC has a strong coating film-forming property, but it is 
highly soluble in water. Due to this water solubility, it cannot be 
used to prevent the release of PX to a great extent in the upper 
GIT. Absorption of water may lead to weakening of the rigid 
gel structure of an LM-PC coating. The use of hydroxylpropyl 

methylcellulose (HPMC) E50 LV along with LM-PC not only 
maintains the gel structure but also gives strength and better 
coating properties.8,9 PX was incorporated in sodium alginate 
(SA) and HPMC E50 LV polymeric membrane along with a gas-
forming agent (calcium carbonate) so that the beads would 
remain buoyant in the stomach for a longer duration. The addition 
of LM-PC to the HPMC E50 LV coating layer to reduce the 
release of PX from floating pulsatile beads in an acidic medium 
is reported for the first time in the present work. The prepared 
beads were coated with LM-PC-HPMC E50 LV to prevent drug 
release in the upper portion of the GIT. The prepared beads were 
analyzed in terms of size, swelling and erosion, drug loading, 
encapsulation efficiency, floating properties, and in vitro drug 
release. Fourier transform infrared spectroscopy was carried 
out and their surface morphology was studied.

MATERIALS AND METHODS

Materials
PX was a gift sample from Apex Health Care Ltd (Gujarat). 
SA, HPMC K15M, LM-PC, HPMC E50 LV, and calcium chloride 
were obtained from LOBA Chemical Pvt Ltd (Mumbai). All other 
chemicals were of analytical grade.

Selection of polymer combinations
Nine formulations were made using the ionotropic gelation 
method with SA and different polymers (xanthan gum, HPMC 
K100 M, and HPMC K15 M) in different ratios, keeping total 
polymer weight constant. The concentrations of the drug, 
crosslinking agent (2% w/v calcium chloride solution in 1% 
v/v acetic acid aqueous solution), and floating agent were 
maintained constant, as shown in Table 1. The beads were 
observed and a promising polymer ratio was selected visually.

Effect of concentration of calcium chloride on formation of 
beads
The polymers selected from a previous study, HPMC K15 M and 
SA, were weighed accurately in the ratio 9.3:0.7. The HPMC 

Table 1. Preliminary selection of polymer combinations and ratios for preparation of beads

Serial 
number

Polymer Concentration Crosslinking solution Observation

1
Sodium 
alginate:xanthan 
gum

8:2
3% w/v calcium 
chloride solution in 
1% v/v acetic acid

Formation of highly viscous solution

9:1 Less viscous but not passable through needle

9.5:0.5 Non-spherical beads and does not float more than 20 min

2
Sodium 
alginate:HPMC 
K100 M

9:1 Highly viscous solution

9.5:0.5 Not passable through needle

7:1 Irregular shaped beads

7.5:0.5 Spherical beads but does not have desired floating time

3
Sodium 
alginate:HPMC 
K15 M

8:2 Highly viscous solution

9:1 Formation of rigid beads

9.3:0.7 Spherical beads with desired floating time

HPMC: Hydroxpropyl methylcellulose
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K15 M was soaked overnight in deionized water and the SA 
was dissolved in it. A syringe with a 23G needle was used 
to extrude the resultant solution into 50 mL of a crosslinking 
solution containing different concentrations of calcium chloride 
(2%, 3%, and 4% w/v). The effect of concentration of calcium 
chloride on the formation of beads was observed visually. The 
polymer combination of SA:HPMC K15 M in the ratio 9.3:0.7 and 
a 3% calcium chloride crosslinking solution were selected for 
further studies.

Preparation of PX-loaded floating pulsatile beads10

PX-loaded beads were prepared using the ionotropic gelation 
method. An aqueous polymeric solution (10% w/v) of SA and 
HPMC K15 M (in the ratio 9.3:0.7) was prepared using deionized 
water. PX was dispersed uniformly using a magnetic stirrer 
running at a speed of 150 rpm. Calcium carbonate at different 
concentrations was added to this mixture as shown in Table 
2, and the resulting dispersion was sonicated for 15 min in a 
sonicator to remove any air bubbles that formed during the 
mixing process. The prepared dispersion was extruded using 
a 23G needle and syringed into a crosslinking solution (3% w/v 
calcium chloride solution in deionized water containing 1% v/v 
acetic acid). The loosely formed beads were cured by stirring 
at 150±5 rpm for 15 min. The prepared beads were separated 
by filtration, washed three times with deionized water, and 
subsequently dried at room temperature.

Coating of floating pulsatile beads

Film-forming study10,11

The solvent casting method was used to prepare films. LM-
PC (2% w/v) and HPMC E50 LV (0.1% w/v) were dissolved in 
deionized water and allowed to stand and swell. A plasticizer 
(polyethylene glycol 600/0.1% v/v) was added dropwise so 
that a homogeneous solution was achieved. The solution 

was kept undisturbed for some time to allow air bubbles to 
escape. The solution was poured into a petri dish. The petri 
dish was maintained at 40 °C for 24 h to achieve evaporation 
in a controlled manner. The film-forming ability, physical 
appearance, and texture of the coating solution were evaluated 
visually.

Procedure for coating beads
PX-loaded uncoated beads were dip coated uniformly in 
coating solution containing LM-PC (2% w/v) and HPMC E50 
LV (0.1% w/v) for 3 min. The coated beads were dried at room 
temperature and kept in an airtight container for further use.

Encapsulation efficiency and drug-loading efficiency12-14

Accurately weighed PX-loaded beads (50 g) from each batch 
were crushed by mortar and pestle. The crushed beads were 
added to 50 mL of phosphate buffer (pH 7.4). The resulting 
solution was stirred using a magnetic stirrer for 24 h and 
filtered through Whatman filter paper 42. The filtered solution 
was diluted sufficiently, and the absorbance was read at 
353.80 nm with phosphate buffer (pH 7.4) as the blank solution. 
The percent encapsulation efficiency and drug loading were 
determined using the following equations:

 
% encapsulation efficiency = Actual drug content

× 100
Theoretical drug content

   
(1)

 % drug loading= Weight of drug in beads × 100
Weight of drug-loaded beads

(2)

Floating property study12,13,15

Floating properties of the beads, such as the total floating 
time and floating lag time, were determined by placing them 
(n=50) in a USP type II Dissolution Apparatus (model no. DA-3, 
Veego Scientific Devices, Mumbai, India) filled with 500 mL of 

Table 2. Composition, encapsulation efficiency, percent drug loading, particle size, and floating properties of different batches of beads

Formulation
Composition of drug polymer 
dispersion (10 mL)

Crosslinking 
solution (50 mL)

Encapsulation 
efficiency* (% 
w/w)

Percent 
drug 
loading* (% 
w/w)

Particle 
size** (mm)

Floating study

Drug 
(mg)

SA 
(mg)

HPMC k15 
M (mg)

Calcium 
carbonate 
(mg)

CaCl2 
(% w/v)

Acetic 
acid (% 
v/v)

Floating 
property

Floating 
duration*
(hours)

F1 20 465 35 0 3 1 98.56±0.12 28.15±0.15 1.348±0.012 + -
3.20±0.30

F2 20 465 35 116.25 3 1 96.73±0.13 23.70±0.22 1.413±0.014 + -
4.30±0.07

F3 20 465 35 232.5 3 1 95.84±0.11 20.48±0.18 1.521±0.018 + +
5.18±0.03

F4 20 465 35 348 3 1 95.03±0.28 18.05±0.15 1.542±0.015 + +
6.15±0.06

F5 20 465 35 465 3 1 90.12±0.23 15.30±0.13 1.576±0.011 + +
12

*Mean ± SD (n=3), **Mean ± SD (n=20), + + indicates better floating property (45-50 beads floated), + - moderate floating property (20-25 beads floated)
SA: Sodium alginate, HPMC: Hydroxypropyl methylcellulose, SD: Standard deviation
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pH 1.2 buffer. The paddle speed was kept at 100 rpm and the 
temperature was maintained at 37±0.5 °C. The buoyancy of the 
beads was observed by visual inspection.

Particle size analysis12-14

An imaging system (Biowizard Software 4.1) was used to 
determine the particle size of the beads. The diameters of 20 
beads were determined.

In vitro drug release13-15

The release profiles of the PX from the different formulations 
were obtained using a USP type I Dissolution Apparatus 
operated at 100 rpm. Prepared beads equivalent to 20 mg 
of PX were kept in a basket that was inserted in 500 mL of 
the dissolution medium at 37±0.5 °C. A release study was 
carried out with a pH 1.2 buffer for the first 2 h and then with a 
phosphate buffer (pH 7.4) for 10 h. Samples were withdrawn at 
predetermined time periods and passed through Whatman filter 
paper. The samples were then diluted sufficiently and analyzed 
spectrophotometrically at 335 nm and 353.8 nm in a pH 1.2 
buffer and pH 7.4 phosphate buffer, respectively. The amount 
of drug release was determined from the standard calibration 
curve of PX in both media. The calibration curve in both media 
obeyed Beer-Lambert’s law within the concentration range of 
0-20 (µg/mL) with a correlation coefficient (R2) of 0.999.

Swelling study16

Accurately weighed beads (40 mg) were placed in the basket 
of a USP type I Dissolution Apparatus containing 500 mL of a 
buffer solution. Considering the floating characteristics of the 
beads, the swelling study was carried out in a pH 1.2 buffer 
solution and then in a pH 7.4 phosphate buffer maintained at 
37±0.5 °C with the basket being rotated at 100 rpm. The baskets 
were withdrawn at predetermined intervals, blotted to remove 
excess water, and immediately weighed. The swelling index of 
the beads was calculated as the relative weight gain/loss of the 
beads according to the following equation:

% swelling index = (3)

where

Ws = weight of swollen beads

Wd = weight of dried beads

The change in swelling with time was noted.

Scanning electron microscopy17

The external morphology of the prepared beads (size, shape, 
and surface) was studied using scanning electron microscopy. 
The beads of the optimized batch (CF4) were kept on double-
sided copper conductive tape (NEM Nisshin EM Co Ltd) fixed 
on aluminum stubs. The beads were then coated by sputtering 
with a thin layer of gold in a vacuum for 45 s at I=20 mA using a 
coating unit (Cressington 108 auto sputter coater, UK) to make 
them electrically conductive. They were then analyzed using a 
scanning electron microscope (Supra 5 Carl Zeiss, Germany) 
operated at 5 kV.

Stability study18,19

Stability was studied by maintaining the optimized formulation 
at 40±0.5 °C and 75±5% RH for 90 days. The samples were 

tested for drug content after 0, 30, 60, and 90 days. The 
formulation was analyzed for percent drug loading and floating 
ability. The physical appearance of the formulation was noted 
and an in vitro release study was carried out.

Statistical analysis20

All the data were represented as the mean ± standard deviation. 
The drug entrapment efficiency, floating duration, and mean 
particle size were compared using One-Way ANOVA, and the 
difference between the means for significance was observed 
using Tukey’s HSD post-hoc test (GraphPad Prism InStat 
software).

RESULTS AND DISCUSSION
Crosslinking of the alginate with the divalent calcium ion is 
responsible for the formation of beads.21 Carbon dioxide is 
liberated as gas bubbles in the chemical reaction between 
calcium carbonate and acetic acid.12 This was responsible for 
the floating of the beads.

The percent encapsulation efficiency of the PX-loaded 
uncoated formulations was in the range from 98.56±0.12% to 
90.12±0.23% w/w (Table 2). The percent drug loading of the 
uncoated formulations F1-F5 was in the range from 28.15±0.15% 
to 15.30±0.13% w/w. The percent drug loading of the coated 
formulations CF1-CF5 was in the range from 28.15±0.15% 
to 14.20±0.13% w/w. A reduction in percent encapsulation 
efficiency and percent drug loading was observed due to an 
increase in the proportion of the gas-forming agent. The 
increased formation of gas led to a reduction in extent of the 
rigid structure of the beads due to increased pore density and 
diameter. This results in the leaching of the drug during the 
formation of the beads, which leads to reduced entrapment of 
drug molecules.1,12-15 No significant difference was observed 
(p>0.05) in the percent drug loading between the coated and 
uncoated formulations.

Carbon dioxide gas was generated due to the reaction between 
the gas-forming agent, i.e. calcium carbonate, and the acidic 
medium. The generated gas was entrapped in a polymeric 
network of SA and HPMC K15M and imparted buoyancy to the 
beads. The floating properties of the uncoated beads and coated 
beads are shown in Tables 2 and 3. As the amount of gas-
forming agent present in the formulation during the formation 
of beads was increased, the floating duration increased. The 
increased porosity of the beads might be due to the generation 
of greater amounts of gases, which led to a reduction in the 
density of beads, resulting in the improved floating duration. 
The reduced proportion of the high-density SA in the beads 
also led to the formation of lighter beads. The paddle speed 
does not affect the floating properties of the beads. The beads 
were able to float until disintegration occurred. Thus, in both the 
coated and uncoated formulations, as the concentration of the 
gas-forming agent was increased, the porosity was increased, 
causing them to remain buoyant for a longer duration.12-15,22 The 
differences between the floating duration of the coated and 
uncoated formulations were insignificant (p>0.05).
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The mean particle size of the formulations F1-F5 was in the 
range from 1.348±0.012 mm to 1.576±0.011 mm, while that of the 
coated formulations was in the range from 1.431±0.014 mm to 
1.661±0.061 mm. From the results (Table 2), it may be seen that 
increasing the amount of gas-forming agent led to an increase 
in the bead diameter due to increases in the number and size 
of pores. Again, the formation of more gas resulted in a less 
dense bead structure of greater size. The beads of batch F5, 
with a higher concentration of gas-forming agent, were not 
spherical, in contrast to those of batch F1, containing no gas-
forming agent. This was due to expansion of carbon dioxide, 
which led to a rapid bursting of walls before they had hardened 
sufficiently.1,12-14 A significant difference (p<0.05) was observed 
in particle size between the uncoated and coated formulations.

It was observed that there was an appreciably high drug release 
from uncoated beads in an acidic medium (Figure 1), which is 
not desirable. This might be because a lower concentration of 
SA and a higher concentration of the gas-forming agent led 
to pore formation and faster release of drug. The increased 
floating duration also led to an increase in the duration over 
which the drug was released in an acidic medium. Beads were 
dip coated with a layer of LM-PC and HPMC E50 LV to reduce 
the release of the drug in acidic media. Formulation CF4 gave 
the desired lag time of 6 h in acidic medium and rapid release 
(95.55% at the end of 7 h) in the phosphate buffer. In contrast, 
formulations CF1 (lag time 3 h), CF2 (lag time 4 h), CF3 (lag 
time 5 h), and CF5 (lag time 12 h) gave cumulative releases 

of 88.54% in 4 h, 93.15% in 5 h, 93.75% in 6 h, and 5% in 12 
h, respectively (Figure 2). It was observed that the release of 
drug from the coated beads in acidic medium was significantly 
reduced compared with uncoated beads. The rigid gel structure 
of the PC and HPMC E50 LV coating led to a reduction in the 
diffusion of molecules from the inner core of the beads to 
an acidic medium. When the beads were transferred to the 
phosphate buffer of pH 7.4 after the lag time, pulsed release 
was observed because of rapid swelling and gel relaxation 
of pectin in the alkaline pH.1,13-15,21 As the floating duration of 
formulations F5 and CF5 was more than 12 h, their lag time 
of release was also more than 12 h. Formulations F5 and CF5 
remained in acidic medium throughout the dissolution study, 
leading to very slow release rates.

The percent swelling study showed that formulations CF1-CF5 
showed less swelling in the pH 1.2 HCl buffer compared with 
a pH 7.4 phosphate buffer (Figure 3). In an acidic pH, pectin 
remains protonated in an insoluble form, with reduced swelling. 
The concentration of the gas-forming agent also acts as a barrier 
to the absorption of water. From the floating characteristics, 
formulation CF1, with no gas-forming agent, was found to have 
the maximum swelling. The swelling decreased with increasing 
concentration of gas-forming agent due to the formation of 
void spaces in the beads that retained the maximum volume of 
solvent. Thus, formulation CF5 showed the minimum floating-
dependent swelling because of the high concentration of the 
gas-forming agent.

Figure 1. Cumulative amounts of PX released from beads of formulations 
F1, F2, F3, F4, and F5 (mean ± SD, n=3)

SD: Standard deviation, PX: Piroxicam

Figure 2. Cumulative amounts of PX released from beads of formulations 
CF1, CF2, CF3, CF4, and CF5 (mean ± SD, n=3)

SD: Standard deviation, PX: Piroxicam

Table 3. Percent drug loading, particle size, and floating properties of different batches of coated beads

Formulation
Percent drug 
loading  (% w/w)

Particle size** (mm) Floating study

Floating property Floating duration* (hours)

CF1 28.15±0.15 1.431±0.014 + - 3.31±0.03

CF2 22.80±0.22 1.587±0.047 + - 4.42±0.02

CF3 19.60±0.18 1.611±0.033 + + 5.19±0.01

CF4 18.01±0.15 1.640±0.042 + + 6.12±0.01

CF5 14.20±0.13 1.661±0.061 + + 12.19±0.01

*Mean ± SD (n=3), **Mean ± SD (n=20), + + indicates better floating property (45-50 beads floated), + - moderate floating property (20-25 beads floated)
SD: Standard deviation
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The uncoated beads of all the optimized formulations were seen 
to be almost spherical in the scanning electron photomicrographs 
(Figure 4). The beads with higher concentrations of the gas-
forming agent were porous, rough, and spherical. The high 
porosity of the beads was due to the rapid evolution of carbon 
dioxide during bead formation as the number of pores formed 
is directly related to the concentration of the gas-forming agent 
present.15

After exposure to extreme conditions, formulation CF4 was 
analyzed for physical appearance, percent drug loading, floating 
ability, and in vitro drug release at an interval of 1 month. No 
significant changes (p>0.01) were observed in the physical 
appearance, percent drug loading, floating ability, or in vitro 
drug release.

CONCLUSION
PX-loaded beads of SA and HPMC K15M were prepared using 
the ionotropic gelation method, and their performance was 
analyzed through in vitro experiments. The release of PX from 
uncoated beads in the acidic medium due to entry of the GI 
fluid through the unprotected polymeric matrix was observed. 
Therefore, the beads were coated with a polymeric film of LM-
PC and HPMC E50 LV. Addition of HPMC E15 LV decreased 
the rupturing of the film and reduced the extent of premature 
drug release in the upper GI tract. Overall, the buoyant beads 
exhibited gastroretention and provided a lag phase, followed by 
pulsatile drug release. These would be beneficial for treating 
the inflammation associated with chronotherapeutic diseases. 
Addition of HPMC E50 LV increased the flexibility, gelation, 
transparency, and mechanical properties of the LM PC films. 

From the results it can be concluded that the PC: HPMC E50 
LV-coated floating pulsatile beads can be used to treat the early 
morning inflammatory conditions in rheumatoid arthritis.

Conflicts of interest: No conflict of interest was declared by the 
authors. The authors alone are responsible for the content and 
writing of the paper.
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Objectives: Oxidative stress plays a major role in endothelial dysfunction. Citral is a monoterpene aldehyde with antioxidant properties. This study 
aimed to investigate the effect of citral on human umbilical vein endothelial cells (HUVECs) under hydrogen peroxide (H2O2)-induced oxidative 
stress. 
Materials and Methods: The cells were treated with citral (0.625-10 µg/mL) for 24 h before exposure to H2O2 (0.5 mM, 2 h). Cell viability was 
evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay. The hydroperoxide concentrations and ferric reducing 
ability of plasma (FRAP) were measured in intra- and extracellular fluids. 
Results: Pretreatment of HUVECs with citral at concentrations of 5 and 10 µg/mL significantly enhanced the cell viability in H2O2-induced cytotoxicity. 
It reduced intracellular hydroperoxide levels at the concentrations of 5 and 10 µg/mL and extracellular hydroperoxide levels at the concentrations of 
2.5-10 µg/mL. Pretreatment with citral significantly increased the FRAP value in intra- and extracellular fluids at the concentration range of 1.25-10 
µg/mL. 
Conclusion: Antioxidant and cytoprotective effects were found for citral against oxidative damage induced by H2O2 in human endothelial cells. 
However, more studies in this area are needed to assess its clinical value for prevention and treatment of cardiovascular diseases.
Key words: Citral, HUVECs, oxidative stress, antioxidant, hydrogen peroxide

ABSTRACT

ÖZ

Amaç: Oksidatif stres endotel disfonksiyonda önemli bir rol oynamaktadır. Sitral, antioksidan özelliklere sahip olan monoterpen bir aldehittir. Bu 
çalışma, sitralin, hidrojen peroksit (H2O2) kaynaklı oksidatif stres altındaki insan göbek kordonu ven endotel hücreleri (HUVEC) üzerindeki etkisini 
araştırmak amacı ile gerçekleştirilmiştir. 
Gereç ve Yöntemler: Hücreler, H2O2’ye (0,5 mM, 2 saat) maruz kalmadan önce 24 saat boyunca sitral (0,625-10 µg/mL) ile muamele edildi. Hücre 
canlılığı, 3-(4, 5-dimetiltiazol-2-yl)-2, 5-difenil-tetrazolyum bromür deneyi ile belirlendi. Hidroperoksit yoğunluğu ve plazmadaki ferrik demir iyonu 
indirgeme kapasitesi (FRAP) hücre içi ve dışı sıvılarda ölçüldü. 
Bulgular: HUVEC’lerin önceden sitral ile 5 ve 10 µg/mL yoğunluğunda maruz kalması, H2O2 kaynaklı sitotoksisitede hücre canlılığını önemli ölçüde 
artırdı. Bu hücre içi hidroperoksit seviyesini 5 ve 10 µg/mL yoğunluğuna ve hücre dışı hidroperoksit seviyesini ise 2,5-10 µg/mL yoğunluğuna 
düşürdü. Sitrale önceden maruz kalmaları, 1,25-10 µg/mL yoğunluk aralığında hücre içi ve hücre dışı sıvılarda FRAP değerini önemli ölçüde artırdı.
Sonuç: İnsan endotel hücrelerinde H2O2’nin neden olduğu oksidatif hasara karşı sitralin antioksidan ve sitoprotektif etkili olduğu bulundu. Ancak, 
kardiyovasküler hastalıkların önlenmesi ve tedavisinde klinik değeri ve yerini tespit edebilmek için bu alanda daha fazla çalışma ve deneye ihtiyaç 
vardır.
Anahtar kelimeler: Sitral, HUVEC’ler, oksidatif hasar, antioksidan, hidrojen peroksit
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INTRODUCTION
Cardiovascular diseases (CVDs) are the most prominent causes 
of death worldwide.1 Many studies have confirmed the pivotal 
role of oxidative stress in the pathogenesis and progression 
of CVDs. Oxidative stress is a state of overproduction of free 
radicals and an imbalance between oxidants and antioxidants. 
Cellular damage and endothelial dysfunction resulting from 
excessive generation of reactive oxygen species (ROS) have 
been reported to be involved in various CVDs.2 Superoxide 
anion, hydroxyl radicals, lipid radicals, and hydrogen peroxide 
(H2O2) are examples of ROS in the vascular system. ROS have 
a physiological role in controlling cardiovascular homeostasis 
by mediating diverse biological responses such as induction 
of host defense genes, activation of transcription factors, 
phosphorylation of kinases, and mobilization of ion transport 
systems.3,4 Besides their physiological role, ROS also play an 
important pathophysiological role in inflammation, hypertrophy, 
proliferation, apoptosis, migration, fibrosis, angiogenesis, 
vascular remodeling, and endothelial dysfunction.5,6 

Natural antioxidants are widely distributed in fruits, 
vegetables, and medicinal plants, produced via the secondary 
metabolisms and possessing various biological activities.7,8 In 
many investigations, herbal antioxidants and bioactive plant 
constituents have been associated with beneficial therapeutic 
effects and a reduction in the risk of CVDs.9

Citral (3,7-dimethyl-2,6-octadienal) is one of the most 
important natural flavoring compounds, widely used in the food, 
pharmaceutical, and cosmetic industries.10 This monoterpene 
aldehyde also called lemonal and is a mixture of geranial (trans-
citral or citral A) and neral (cis-citral or citral B).11 Citral is 
present in several plants with lemon aroma such as lemongrass 
(Cymbopogon citratus) and lemon balm (Melissa officinalis).12,13 
This essential oil has exhibited antifungal, bactericidal, 
insecticidal, anticancer, analgesic, anti-inflammatory, 
anticonvulsant, and spasmolytic activities in pharmacological 
studies.10,14 Moreover, some beneficial cardiovascular effects 
have been reported for citral due to its antioxidant, radical 
scavenging, anti-inflammatory, and vasodilatory properties.15,16 
The present study aimed to investigate the possible protective 
effects of citral against oxidative damage induced by H2O2 in 
human umbilical vein endothelial cells (HUVECs).

MATERIALS AND METHODS

Cell culture
HUVECs were maintained in Dulbecco’s Modified Eagle’s 
Medium in a humidified atmosphere of 5% CO2 at 37 °C. The 
medium was supplemented with 10% fetal bovine serum, 100 
µ/mL penicillin, and 100 µg/mL streptomycin. Citral (Sigma, 
Germany) was dissolved in dimethyl sulfoxide 0.8% and diluted 
with cell culture medium to get different concentrations as 
required.

Cell viability assay
The viability of HUVECs was determined by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl- tetrazolium bromide 

(MTT) assay (Bioidea Co., Tehran, Iran) for evaluation of the 
potential cytotoxicity of citral under normal conditions and its 
possible cytoprotective effect against oxidative stress.17 In brief, 
the cell monolayer in exponential growth was harvested and 
1.5x105 cells/mL were seeded in each well of the 96-well plates. 
Twenty-four hours after plating, the HUVECs were treated with 
0.625 to 100 µg/mL citral and incubated for an additional 24 h for 
assessment of the effect of citral on HUVEC proliferation under 
normal conditions. After washing out with butylene succinate 
(PBS), MTT reagent was added to each well, followed by further 
incubation for 3 h. Then dimethyl sulfoxide was used and the 
absorbance was measured at 570 nm by a microplate reader.

For evaluation of the cytoprotective effect of citral on HUVECs 
against H2O2-induced oxidative stress, the cells were pre-
incubated with 0.625 to 10 µg/mL citral for 24 h and then the 
citral was removed from the media and the wells were washed 
out with PBS. After that the cells were exposed to 0.5 mM 
H2O2 for 2 h. The rest of the experiment was performed as 
above. The cells without any exposure to the extract or H2O2 
were considered the negative control. The viability of treated 
samples was measured according to the following formula and 
each experiment was tested in triplicate: 

Cell viability (%) = (OD test - OD blank/OD negative control - OD 
blank) × 100

Hydroperoxide assay 
A ferrous ion oxidation by xylenol orange (FOX-1) kit (Hakiman 
Shargh Research Co., Isfahan, Iran) was used for evaluation of 
the effects of pretreatment with citral on intra- and extracellular 
hydroperoxide levels. In this method, hydroperoxides are 
detected based upon oxidation of reagent Fe+2 to Fe+3 by oxidizing 
agents and formation of a color complex through its binding to 
xylenol orange in an aqueous medium containing sorbitol.18 Ten 
milliliters of supernatant of the cells or the cell lysates after 
being pretreated with different concentrations of citral and then 
exposed to H2O2 was mixed with 190 µL of FOX-1 reagent. After 
incubation for 30 min at 40 °C, the absorbance was measured 
at 540 nm using a microplate reader/spectrophotometer. The 
hydroperoxide content of the samples was estimated as H2O2 
equivalents using a H2O2 standard curve. 

Ferric reducing ability of plasma assay (FRAP)
The effects of citral on the intra- and extracellular FRAP was 
determined by a commercial kit (Hakiman Shargh Research 
Co., Isfahan, Iran).19 In this assay, the total antioxidant capacity 
is estimated based on the reduction of ferric-tripyridyltriazine 
complex to ferrous form. Briefly, after pretreatment of HUVECs 
with different concentrations of citral and then exposure to 
H2O2, 10 µL of the supernatant of the cells or the cell lysates was 
added to 200 µL of FRAP reagent containing tripyridyltriazine/
ferric chloride/acetate buffer. The reaction mixture was 
incubated for 40 min at 40 °C and absorbance was read at 570 
nm using a microplate reader/spectrophotometer. The FRAP 
values of the samples were calculated using a standard curve 
of FeSO4x7H2O concentrations and were expressed as FeII 
equivalents. 
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Statistical analysis 
The data were presented as mean ± standard error of the mean. 
For statistical analysis, One-Way ANOVA followed by Tukey’s 
post-hoc test was performed using SPSS version 18.0. A p 
value <0.05 was considered significant.

RESULTS

Effect of citral on HUVEC viability
The potential cytotoxicity of citral on HUVECs was evaluated 
by MTT assay. There was an inhibitory effect on HUVEC 
proliferation after 24 h exposure to the concentrations of 20-
100 µg/mL of citral (p<0.001 compared with control cells) 
(Figure 1). Therefore, citral was used at the concentration range 
of 0.625-10 µg/mL for further studies.

Effect of citral on H2O2-induced oxidative stress 
Figure 2 shows the cytoprotective effect of citral against 
oxidative cell death induced by H2O2 using an MTT assay. H2O2 
(0.5 mM) produced a significant reduction in HUVEC viability 
compared with the control cells (p<0.001). Pretreatment with 
citral at the concentrations of 5 and 10 µg/mL significantly 
enhanced cell viability in H2O2-induced cytotoxicity (p=0.005 
and p<0.001, respectively).  

Effects of citral on hydroperoxide levels
The FOX-1 assay was performed to detect the effects of citral 
on intra- and extracellular hydroperoxide concentrations in 
HUVECs after exposure to the oxidative stress induced by 
H2O2. A significant increase in hydroperoxide production was 
observed in the presence of 0.5 mM H2O2 as compared to the 
untreated normal control (p<0.001). Incubation of HUVECs with 
citral significantly decreased the intracellular hydroperoxide 
levels at the concentrations of 5 µg/mL (p=0.35) and 10 µg/
mL (p=0.001) compared to the cells treated with H2O2 alone 
(Figure 3A). Citral also caused a significant reduction in the 
extracellular hydroperoxide levels at the concentrations of 2.5, 
5, and 10 µg/mL (p=0.003, p<0.001, and p<0.001, respectively) 
(Figure 3B). 

Figure 1. Effect of citral on HUVEC viability determined by MTT assay. Cells 
were incubated with different concentrations of citral (0.625-100 µg/mL) 
for 24 h. Values are means ± SEM from three independent experiments in 
triplicate. ***p<0.001 versus control (untreated cells) 

HUVEC: Human umbilical vein endothelial cell, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide, SEM: Standard error of the mean

Figure 2. Effect of citral on HUVEC viability in H2O2-induced oxidative 
stress determined by MTT assay. Cells were incubated with H2O2 (0.5 
mM, 2 h) after pretreatment with different concentrations of citral (0.625-
10 µg/mL). Values are means ± SEM from three independent experiments 
in triplicate. ###p<0.001 versus control (untreated cells), **p<0.01 and 
***p<0.001 versus H2O2 stimulated cells

HUVEC: Human umbilical vein endothelial cell, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide, SEM: Standard error of the mean

Figure 3. Effect of citral on intra- A) and extracellular B) hydroperoxide 
concentration in HUVECs as H2O2 equivalents determined by FOX-1 method. 
Cells were incubated with H2O2 (0.5 mM, 2 h) after pretreatment with 
different concentrations of citral (0.625-10 µg/mL). Values are means ± 
SEM from three independent experiments in triplicate. ###p<0.001 versus 
control (untreated cells), *p<0.05, **p<0.01, and ***p<0.001 versus H2O2 

stimulated cells

HUVEC: Human umbilical vein endothelial cell, FOX-1: Ferrous ion oxidation by xylenol 
orange, SEM: Standard error of the mean
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Effects of citral on FRAP value 
The effect of citral on total antioxidant capacity was evaluated 
by FRAP assay. Exposure of HUVECs to H2O2 resulted in a 
significant decrease in the FRAP value (p=0.007). Pretreatment 
with citral significantly increased the FRAP value in intracellular 
fluids at the concentrations of 1.25, 2.5, 5, and 10 µg/mL 
(p=0.025, p=0.004, p=0.002, and p=0.003, respectively) (Figure 
4A). It also improved the FRAP value in extracellular fluids 
at the concentrations of 1.25, 2.5, 5, and 10 µg/mL (p=0.016, 
p=0.001, p<0.001, and p<0.001, respectively) (Figure 4B).

DISCUSSION
The findings of the present study showed cytoprotective and 
antioxidant effects of citral against oxidative stress induced 
by H2O2 in HUVECs. Citral protected the cells against oxidative 
cell death at the concentrations of 5 and 10 µg/mL. It reduced 
hydroperoxide levels and increased the FRAP value in both 
intra- and extracellular fluid at different concentration ranges. 

H2O2 is a stable ROS with capability of readily diffusing 
through the cellular membrane and plays a significant role in 
vascular cell signaling such as proliferation, apoptosis, and 
inflammation.20 H2O2 as a trigger of oxidative stress in human 

endothelial cells has been used in many studies to provide 
insight into the mechanisms of CVD development. In the present 
study, the exposure of HUVECs to H2O2 caused significant 
reductions in cell viability and the FRAP value and an increase 
in hydroperoxide levels.

Citral, the major constituent of the essential oil of lemon-scented 
plants, has been reported to possess several pharmacological 
activities.11 Studies have shown that citral dose- and time-
dependently protects some normal cells against distressing 
stimuli. At higher concentrations, it may show a cell growth 
inhibitory effect.21 Our results showed the cytoprotective 
activity of citral at concentrations less than 20 µg/mL. Nordin 
et al.22 reported similar results for the effect of citral on the 
proliferation of normal spleen cells.

In the present investigation, citral also exhibited antioxidant 
effects through reducing hydroperoxides level and elevating 
the FRAP value in intra- and extracellular fluids. Measurement 
of ROS provides important data to study the effects of oxidative 
stress inducers and antioxidant remedies. FOX-1 is a sensitive 
assay for detection of hydroperoxides in biological samples.18 
This assessment was performed to detect the effects of citral 
on intra- and extracellular hydroperoxide concentrations in 
HUVECs after exposure to oxidative stress induced by H2O2. 
The effect of citral on total antioxidant capacity was evaluated 
by FRAP assay. Antioxidants are enzymes or nonenzymatic 
compounds involved in the defense mechanisms against 
oxidative injuries induced by free radicals through preventing 
ROS creation and scavenging or eliminating ROS.23 FRAP 
is a simple and rapid colorimetric measurement widely used 
for screening of nonenzymatic antioxidants.19 Several studies 
have reported the antioxidant properties of the phytochemicals 
in citrus plants.24 Radical scavenging activity and induction of 
enzymatic and nonenzymatic cellular antioxidants have been 
presented for monoterpenes.14 Cytoprotective and antioxidant 
effects have been described for Melissa officinalis extract as 
a plant containing a high level of citral against H2O2-induced 
oxidative stress in endothelial cells.25 Vimal et al.16 showed the 
in vitro antioxidant effects of some essential oil compounds 
including citral through evaluation of free radical scavenging, 
lipid peroxidation, and antioxidant enzymes activities. Bouzenna 
et al.26 reported a protective effect of citral against aspirin-
induced oxidative stress through attenuation of mitogen-
activated protein kinases, reduction of malondialdehyde level, 
and modulation of superoxide dismutase and glutathione 
activities. Protection against high glucose-induced oxidative 
stress has also been found for citral through inhibiting the ROS 
activated protein kinases signaling pathway in HepG2 cells.27

Besides antioxidant properties, some studies have revealed 
anti-inflammatory effects of citral by suppression of pro-
inflammatory cytokines such as tumor necrosis factor-α 
and interleukins (IL-6 and IL-8), inhibition of inducible 
endothelial nitric oxide synthase transcription, reduction of 
p50 nuclear factor-κB levels, and suppression of vascular cell 
adhesion molecule 1, intercellular adhesion molecule 1, and 
cyclooxygenase-2 expression.28-31

Figure 4. Effect of citral on intra- A) and extracellular B) FRAP value in 
HUVECs determined as ferrous sulfate equivalents. Cells were incubated 
with H2O2 (0.5 mM, 2 h) after pretreatment with different concentrations 
of citral (0.625-10 µg/mL). Values are means ± SEM from three independent 
experiments in triplicate. ##p<0.01 versus control (untreated cells), 
*p<0.05, **p<0.01, and ***p<0.001 versus H2O2 stimulated cells

FRAP: Ferric reducing ability of plasma, HUVECs: Human umbilical vein endothelial 
cells



553SAFAEIAN et al. Citral Protects Endothelial Cells

Moreover, the helpful vascular effects including vasodilatory 
effect likely through affecting the intracellular calcium 
concentration and nitric oxide pathway have been found for 
citral in isolated aorta.15 Regarding the beneficial cardiovascular 
activities such as antioxidant, cytoprotective, anti-inflammatory, 
and vasorelaxant effects, citral as a natural component could 
be suggested for prevention of vascular oxidative stress and 
endothelial dysfunction and consequently prevention of CVDs.

CONCLUSION
Citral was found to protect HUVECs against oxidative damage 
induced by H2O2 by enhancing total antioxidant capacity and 
reducing hydroperoxide production. However, more studies in 
this area are required to evaluate its clinical value for prevention 
and treatment of CVDs.
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ÖZ

Amaç: Giderek artan sayıda kanıt, hipoksiye maruz kalmanın öğrenme ve hafıza eksikliklerine neden olduğunu göstermektedir. Bununla birlikte, 
etkili doğal kaynaklı terapötik yaklaşım detaylı araştırılmamıştır. Önceki çalışmalarımız, Tualang bal uygulamasının ovarektomi yapılmış sıçanlarda 
öğrenme ve hafıza işlevlerini koruduğunu bulmuştur. Bu nedenle, bu çalışmada Tualang balının yetişkin erkek Sprague Dawley sıçanlarında 
hipoksinin neden olduğu hafıza kayıplarını gidermedeki etkinliği araştırıldı.

Objectives: A growing body of evidence indicates that hypoxia exposure causes learning and memory deficits. An effective natural therapeutic 
approach has, however, not been explored widely. Our previous studies found that Tualang honey administration protected learning and memory 
functions in ovariectomized rats. Therefore, the present study investigated its efficacy in ameliorating hypoxia-induced memory deficits in adult 
male Sprague Dawley rats.
Materials and Methods: The rats were divided into four groups: i) Normoxia treated with sucrose (n=12), ii) Normoxia treated with Tualang honey 
(n=12), iii) Hypoxia treated with sucrose (n=12), and iv) Hypoxia treated with Tualang honey (n=12). Tualang honey (0.2 g/kg/BW) and sucrose (1 
mL of 7.9%) supplementations were administered orally to the rats daily for 14 days. Then the hypoxia groups were exposed to hypoxia (~11%) for 
7 days, while the normoxia groups were kept in normal conditions. Following exposure to hypoxia, the rats’ memories were analyzed using a novel 
object recognition task and T-maze test.
Results: The data revealed that rats exposed to hypoxia showed significant impairment in short-term memory (STM), spatial memory (p<0.01), 
and long-term memory (LTM) when compared to the normoxia group. Hypoxia rats treated with Tualang honey showed significant improvement in 
STM, LTM, and spatial memory (p<0.05) compared with those treated with sucrose (p<0.05). Tualang honey also reduced neuronal damage in the 
hippocampus of adult male Sprague Dawley rats exposed to hypoxia.
Conclusion: It is suggested that Tualang honey pretreatment has protective effects against hypoxia-induced memory deficits, possibly through its 
antioxidant contents.
Key words: Hypoxia, Tualang honey, sucrose, memory performance, novel object recognition task, T-maze

ABSTRACT

Tualang Balı, Yetişkin Erkek Sprague Dawley Sıçanlarının 
Hipokampusundaki Nöronal Hasarı Azaltarak Hipoksiye Bağlı Bellek 
Kayıplarını İyileştiriyor

Tualang Honey Ameliorates Hypoxia-induced 
Memory Deficits by Reducing Neuronal Damage in 
the Hippocampus of Adult Male Sprague Dawley 
Rats
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INTRODUCTION
High altitude is considered one of the most adverse 
environments, where hypoxia causes many physiological and 
psychological changes in humans as well as in animals.1,2 The 
challenge to regulate homeostasis of oxygen at high altitude is 
important for the survival of all species of vertebrates. Failure 
to maintain homeostasis of oxygen leads to damage to both 
the peripheral nervous system and central nervous system 
(CNS). The CNS is responsible for cognitive functions including 
learning and memory. In previous studies, findings suggest that 
the hippocampus involved in spatial learning and memory is 
also vulnerable to hypoxia.3 Hypoxia exposure has been shown 
to affect the hippocampus, causing memory impairment.4,5 
Although previous findings strongly indicated that exposure to 
hypoxia induced memory loss, few studies have evaluated the 
protective effects of natural products and their compounds on 
memory loss after exposure to hypoxia. 

Administration of exogenous antioxidants such as polyphenols 
and vitamin E has been reported to be a potential way to combat 
the adverse effects of oxidative stress-induced hypoxia.6-16 In 
animal models and patients with impaired cognition, antioxidant-
rich diets or treatments prevent memory and learning deficits.17 
Several approaches have been used to target oxidative stress 
including supplements such as blueberry extracts,18 melatonin,13,19 
and vitamin E.20 Despite promising results from both rodent and 
human studies, much is still being studied regarding the benefit 
and role of specific nutritional supplements in the treatment of 
various hypoxic conditions.18,19,21 

Numerous studies have demonstrated the beneficial effects 
of Tualang honey and its potential therapeutic applications as 
an antidiabetic, anticancer, and antimicrobial agent as well as 
its possessing wound healing properties.22 Moreover, Tualang 
honey enhances the hippocampal neuronal morphology and 
minimizes hippocampal neuronal damage.23 Tualang honey is 
rich in phenolic acid and contains antioxidant compounds such 
as quercetin and flavonoids.24 A recent study reported that 
Tualang honey improved brain function through the cholinergic 
system.25 Our previous studies concluded that Tualang honey 
improved memory performance in stressed ovariectomized 
rats,26 rats subjected to noise stress,27 and postmenopausal 
women28 and decreased depressive-like behavior and 

increased brain-derived neurotrophic factor (BDNF) level in 
ovariectomized rats.29 Correspondingly, another study identified 
significantly reduced markers of oxidative stress and increased 
levels of antioxidative enzymes in brain tissue, further 
supporting the protective effect of Tualang honey against brain 
oxidative stress.30 However, to the best of our knowledge, no 
study has investigated the effect of Tualang honey on learning 
and memory of rats in hypoxic condition. Therefore, the present 
study aimed to evaluate the efficacy of Tualang honey in adult 
male Sprague Dawley rats to alleviate hypoxia-induced memory 
deficit.

MATERIALS AND METHODS
Forty-eight adult male Sprague Dawley rats were supplied by 
the Laboratory Animal Research Unit, Universiti Sains Malaysia 
(USM). The rats were approximately 8 weeks old with body 
weight of 200±20 g. They were kept in polypropylene cages 
(32x24x16 cm) and had free access to food and water. The rats 
were exposed to 12-h light/dark cycles and held at 23 °C room 
temperature. The experimental protocol followed internationally 
accepted principles for laboratory animal use and care, and 
was approved by the research and Ethics Committee of this 
university [USM/Animal Ethics Approval/2015/ (95) (609)].

Experimental animals
The four groups of rats were as follows: normoxia treated with 
sucrose (n=12), normoxia treated with Tualang honey (n=12), 
hypoxia treated with sucrose (n=12), and hypoxia treated with 
Tualang honey (n=12). Tualang honey (1 mL of 0.2 g/kg body 
weight)23 and sucrose (1 mL of 7.9%)31 were freshly prepared 
and administered via oral gavage to the rats daily for 14 days. 
The Tualang honey and sucrose used in this study were from 
single batch honey obtained from Federal Agricultural Marketing 
Authorities, Malaysia and Sigma-Aldrich, Inc., St. Louis, MO, 
USA, respectively. The total food intake and body weight of the 
rats were recorded throughout the experimental period.

Hypoxia exposure
The rats in the hypoxia groups were housed in an acrylic air-
tight chamber with ~11% O2, ~25 °C temperature, and ~76% 
humidity. The O2 content of ~11% was generated by an HCA 
HYPO-002 high-altitude simulation system. The rats in the 

Gereç ve Yöntemler: Sıçanlar dört gruba ayrıldı: i) sükroz ile muamele edilmiş Normoksi (n=12), ii) Tualang balı ile muamele edilmiş normoksi 
(n=12), iii) sükroz ile muamele edilmiş hipoksi (n=12) ve iv) Tualang balı ile tedavi edilen hipoksi (n=12). Tualang balı (0,2 g/kg/BW) ve sükroz 
(1 mL %7,9) takviyeleri 14 gün boyunca her gün farelere ağızdan uygulandı. Daha sonra hipoksi grupları 7 gün süreyle hipoksiye (~%11) maruz 
bırakılırken, normoksi grupları normal koşullarda tutuldu. Hipoksiye maruz kalmanın ardından, farelerin bellek analizleri yeni bir nesne tanıma görevi 
ve T-labirent testi kullanılarak yapıldı.
Bulgular: Veriler, hipoksiye maruz kalan sıçanların normoksi grubuna kıyasla kısa süreli belleğinde (STM), uzamsal belleğinde (p<0,01) ve uzun 
süreli belleğinde (LTM) anlamlı kayıp olduğunu ortaya koydu. Tualang balı ile tedavi edilen hipoksi sıçanları, sükroz ile tedavi edilenlere kıyasla 
(p<0,05) STM, LTM ve uzamsal hafızada önemli gelişme gösterdi (p<0,05). Tualang balı, hipoksiye maruz kalan yetişkin erkek Sprague Dawley 
sıçanlarının hipokampusundaki nöronal hasarı da azalttı.
Sonuç: Tualang balı ön tedavisinin, muhtemelen antioksidan içeriği yoluyla, hipoksiye bağlı hafıza kayıplarına karşı koruyucu etkilere sahip olduğu 
ileri sürülmektedir.
Anahtar kelimeler: Hipoksi, Tualang balı, sükroz, bellek performansı, yeni nesne tanıma görevi, T-labirenti
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normoxia groups were kept in room condition. The rats’ food 
intake and body weight change were recorded weekly. 

Behavioral tests
The behavioral tests were performed before and after exposure 
to hypoxia or normoxia for 2 weeks. The experiments were 
conducted in a ventilated, dimly lit, and soundproof room. The 
room temperature was maintained at about 23 °C.

Novel object recognition (NOR) test
All rats were habituated to the open arena (60x60x30 cm). They 
were allowed to freely explore the arena for 10 min per session 
for 2 days. On the third day, two similar objects were placed 
and fixed in symmetrical position on the right and the left side 
of the arena, about 10 cm from the wall. The rats were allowed 
to freely explore the objects for 10 min.32,33 The time spent to 
explore the objects was recorded manually.

The test sessions were carried out after 2 and 24 h for short-
term memory (STM) and long-term memory (LTM), respectively. 
During these sessions, familiar and novel objects were placed 
in the arena for 10 min and the time spent to explore each object 
was recorded. In order to avoid discrimination by olfactory 
cues, all the equipment was cleaned with 70% alcohol between 
each session. Object position was changed (right and left) to 
avoid place preference. The objects were made of plastic toys 
with a height of 5 cm, and had similar textures, colors, and sizes 
but distinctive shapes. Sniffing or touching the object with the 
rat’s nose was defined as exploration.34 Sitting on the object 
was not defined as exploration.34 

The discrimination index was calculated based on the difference 
in exploration time between the novel and familiar objects and 
dividing it by the total exploration time of both objects.35 The 
index was used to measure recognition memory.36 A positive 
score means a preference for the novel object and indicates 
successful memory retention for the familiar object, while a 
negative score means a preference for the familiar object and 
indicates memory deficit.37

T-maze
The T-maze was made of black Perspex, was 30 cm in height, 
consisted of three arms (start arm: 60x16.5 cm; two goal arms: 
50x16.5 cm), and was equipped with three doors. Before the 
experiment, the rats were placed in a room for at least 30 min 
to accustom them to it. The test was carried out in a single 
continuous session. It started with one-forced choice trial 
followed by 14-free choice trials.38 During the forced-choice 
trial, the door was lowered to close the left or right goal arm. 
The rat was released from the start arm and was allowed to 
navigate the maze until it entered the open goal arm. Once the 
rat returned to the start position, it was detained for 5 s by 
lowering the door of the start arm. During the 14-free choice 
trials, the rat was released from the start arm and was free to 
enter either the right or left goal arm. Once the rat entered one 
goal arm, the other goal arm was closed immediately. After the 
rat returned to the start arm, it was again detained for 5 s in 
the start arm.

If the animal did not return to the start arm within 2 min, the 
door was used to gently push the rat to the start arm. The 
test session was terminated as soon as 14-free choice trials 
had been completed or 30 min had elapsed, whichever came 
first. In order to avoid discrimination by olfactory cues, all 
the equipment was cleaned with 70% alcohol between each 
session. The number of correct alternations out of the 14-forced 
trials was recorded and the rats that passed fewer than 8-free-
choice trials within 30 min were excluded from the study. 

Morphological changes

Histological analysis
Twenty-four hours after the last behavioral test, the rats 
were anesthetized using sodium pentobarbital (0.27 mL) 
(Alfasan, Woerden, Holland). Intracardiac perfusion with 0.1 M 
phosphate-buffered saline (PBS) (pH 0.7) for 2 min followed 
by 4% paraformaldehyde (PFA) (pH 7.0) for 3 min (Fisher 
Scientific, USA) was performed to prefix the tissue. The brain 
was carefully dissected, postfixed in 4% PFA (Fisher Scientific, 
USA) and kept at 4 °C in the refrigerator. Then the brain tissues 
were subjected to paraffin sectioning following the standard 
protocol.

Cresyl violet staining
The paraffin section was dewaxed by immersion in xylene 1 and 
2 solutions for 2 min each. After that, the slides were hydrated 
in decreasing dilutions of ethanol for 2 min each, immersed in 
cresyl violet for 3 min, and then cleaned with distilled water to 
remove excess cresyl violet. Next, the slides were dehydrated 
in increasing dilutions of ethanol for 2 min each, immersed in 
xylene 1 and 2 for 2 min each, and finally left to dry for 30 
min. The slides were then mounted in DPX mounting medium 
(BDH Chemicals, UK) and covered using coverslips (HmbG 
Inc., Germany). Finally, the slides were examined under a 
light microscope (Olympus Corporation, Japan) attached to 
an image analyzer (20x objective lens power) by three blinded 
investigators.

Apoptosis detection by propidium iodide assay 
The paraffin sections were dewaxed, hydrated in decreasing 
dilutions of alcohol, and washed in PBS. The slides were gently 
dabbed on tissue paper to drain excess PBS. Then the slides 
were blocked by incubation in the blocking solution for 20 min 
in the dark. Before incubation in 25 µL of buffer for 10 min, 
the area around the sample was carefully wiped and washed 
in PBS. Next, 25 µL of propidium iodide reagent was added 
to each slide for 30 min and then washed in PBS. The slides 
were then mounted in fluorescent mounting medium (Thermo 
Fisher Scientific, USA) and covered with coverslips (HmbG 
Inc., Germany). Finally, the slides were examined under a 
fluorescent microscope (Olympus Corporation, Japan) attached 
to an image analyzer under a green filter (20x objective lens 
power) by three blinded investigators.

Statistical analysis
Differences in the means of behavioral scores, food intake, and 
body weight among the experimental groups were analyzed 
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using One-Way ANOVA with a Bonferroni post hoc test. 
Differences were regarded as significant at p<0.05.

RESULTS

Changes in food intake
There were no differences in food intake in normoxia animals, 
whereas hypoxia animals treated with sucrose and honey 
showed a significant (p<0.05) reduction in food intake (Figure 
1).

Changes in body weight
Following exposure to hypoxia, the body weight of the animals 
was significantly (p<0.05) reduced in both the sucrose and 
honey treated groups (Figure 1).

NOR test
The results suggest that hypoxia adversely affects STM 
more than LTM. There was a significant improvement in the 
discrimination indexes of the STM and LTM tests following 
honey treatment, indicating that honey pretreatment was able to 
prevent the adverse effects of hypoxia on recognition memory 
functions, especially STM (Figure 2). 

T-maze
The results suggest that hypoxia also affects the number of 
alterations in the T-maze. Similar to the NOR test, a significant 
improvement in the mean number of alterations in the T-maze 
was noted following honey treatment, suggesting the protective 
effects of honey pretreatment on spatial memory functions 
(Figure 2). 

Morphological changes
Following the behavioral experiments, hippocampal morphology 
was analyzed using cresyl violet (Figures 3-6) and propidium 

iodide staining (Figures 7 and 8). The quantity analysis of CA1, 
CA2, CA3, and DG of the hippocampus showed significant 
(p<0.05) numbers of dead cells in the sucrose-treated hypoxic 
group, whereas the Tualang honey-treated hypoxic group of 
animals showed fewer dead cells, indicating that Tualang honey 
prevented neuronal damage (Figure 7). Cytoplasmic shrinkage 
and pyknotic nucleus are features indicative of a dead cell. 
For qualitative analysis to further confirm neuronal damage 
especially in the hypoxia groups treated with sucrose and 
honey, PI staining was carried out. The results displayed and 
reconfirmed that there was considerable neuronal damage in 
the hypoxia group treated with sucrose but not much in the 
hypoxia group treated with Tualang honey (Figure 8).

DISCUSSION
We present three important findings in the present study. First, 
continuous exposure to normobaric hypoxia for 7 days exerted 
adverse effects on food intake, body weight gain, and memory 
performance. Second, with regard to memory function, STM, 
LTM, and spatial memory performance were significantly 
affected. Third, Tualang honey pretreatment was able to protect 
against hypoxia-induced memory deficits and hippocampal 
neuronal damage. Regarding food intake, hypoxic animals 
treated with sucrose and honey consumed significantly less 
food than normoxia animals treated with sucrose and honey. 
Numerous previous studies support the present findings that 
high altitude exposure is associated with a reduction in food 
intake.39 Westerterp-Plantenga et al.40 demonstrated that high 
altitude causes hypophagia and reported it as being more 
specific to carbohydrate41 and protein.42 Not only humans 
subjected to high altitude experience hypophagia but also 
animals exhibit changes in feeding behavior following exposure 
to hypobaric hypoxia, whereby reductions in food intake are 
directly linked to the degree of simulated altitude.43 

Figure 1. Food intake A), body weight B), and brain weight C) following exposure to hypoxia. The data are displayed as mean (SEM). *p<0.05 vs. normoxia 
with sucrose, ≠ p<0.05 vs. normoxia with honey

SEM: Standard error of the mean
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As a result of the decrease in food intake, animals exposed to 

hypoxia display a substantial reduction in body weight in both 

sucrose and honey treated groups. Loss of appetite could be one 

of the possibilities for the reduction in body weight.44 Hypoxia 

also affects body weight regulation as noted in humans as well 

as in animals.45 Similar findings were obtained in the present 
study, in which the food intake and body weight gain were lower 
in the rats exposed to hypoxia compared to the nonhypoxic 
rats. The poor appetite and decreased food intake often 
produce an imbalance in the energy equation that leads to low 
weight gain and changes in body composition.46 The proposed 
mechanisms include changes in leptin, glucagon-like peptide 1, 

Figure 2. Short-term memory A), long-term memory B), and spatial memory C) following exposure to hypoxia. The data are displayed as mean (SEM). 
*p<0.05 vs normoxia with sucrose

SEM: Standard error of the mean

Figure 3. Morphological changes in CA1 of the hippocampus in normoxia 
sucrose (NS), normoxia honey (NH), hypoxia treated with sucrose (HS), 
and hypoxia treated with honey (HH). Neuronal damage indicated with red 
arrow. Cytoplasmic shrinkage and pyknotic nucleus indicate dead cells. Bar 
scale 200 µm 

Figure 4. Morphological changes in CA2 of the hippocampus in normoxia 
sucrose (NS), normoxia honey (NH), hypoxia treated with sucrose (HS), 
and hypoxia treated with honey (HH). Neuronal damage indicated with red 
arrow. Cytoplasmic shrinkage and pyknotic nucleus indicate dead cells. Bar 
scale 200 µm 
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protein synthesis, intestinal absorption, and hypoxia-regulated 
genes.47 Moreover, previous work suggested leptin as the main 
candidate for the reduction in food intake following hypoxia.44 
However, the role of leptin and food intake during hypoxia is 
still a subject of debate and the mechanisms responsible for the 
decrease in energy intake in hypoxia conditions remain unclear. 

Despite the hypoxic groups of animals displaying a reduction in 
food intake and body weight, these groups did not show any kind 
of locomotor deficits in the open field test. Hence, the recognition 
objective memory test was carried out following exposure to 
hypoxia. Interestingly, the hypoxia group treated with Tualang 
honey showed improvement in recognition objective memory 
performance, whereas the hypoxia group treated with sucrose 
failed to retain memory function. There were no significant 
changes found in the normoxia rats treated with sucrose and 
Tualang honey. Many previous studies used a hypoxic chamber 
set at 6-8% of oxygen content for a shorter time and found 
significant memory deficit.47,48 Reducing the oxygen content to 
6% impaired acquisition of the avoidance response, and the 
significant difference between the percentages of avoidance 
responses of animals placed in normoxic and hypoxic conditions 
on day 3 were 69.2% and 38.0%, respectively. This finding was 
in line with an earlier report by Saligaut et al.47 in which the 
acquisition of a conditioned avoidance response was impaired 
under 8% oxygen content (300 torr) of hypobaric hypoxia. 

Our results, along with those of previous studies, clearly 
indicated that both normoxic and hypobaric hypoxia were able 
to induce memory deficits. Thus, this ‘equivalent air altitude 
model’49 can also be used to study memory function despite 
earlier reported physiological differences between acute 
exposures to normobaric and hypobaric hypoxia.50 In the 
present study, two behavioral tests were carried out, i.e. spatial 
working memory and recognition memory. Rats that were 
exposed to hypoxia displayed deficits in STM, LTM, and spatial 
memory. Such findings are consistent with earlier evidence 
that hypoxic exposure impaired visual memory and spatial 
memory.51-58 Interestingly, the present study demonstrated that 
pretreatment with Tualang honey was able to protect the rats 
against hypoxia-induced memory deficits as revealed by the 
behavioral output that was comparable to that of the controls. 

Numerous studies have reported that exposure to hypoxia 
triggers memory deficits through involvement of various 
mechanisms.56,59 In particular, neuronal apoptosis in the cortex, 
striatum, and hippocampal cells;53 imbalance in oxidative and 
antioxidative enzymes;60 and alteration in cholinergic55 and 
glutamate neurotransmission61 might be the root cause of 
impairment of spatial working memory during exposure to 
hypoxia. However, the potential therapeutic method to reduce 
these changes during hypoxia has not been evaluated. The 
present results suggested that Tualang honey treatment could 
improve memory following exposure to hypoxia. Hence, Tualang 
honey could potentially be a way to mitigate deleterious effects 
following hypoxia.

A broad range of studies have been carried out in Asian 
countries to analyze the chemical composition of Tualang 
honey as well as its functional properties.22,23,62 Tualang 
honey has been reported to possess high flavonoid content, 
including quercetin, luteolin, kaempferol, apigenin, chrysin, and 
galangin.63 Likewise, honey, in general, contains enzymatic and 
nonenzymatic antioxidants.64-66 Based on the present results, 
memory performance improved after hypoxia exposure in 

Figure 5. Morphological changes in CA3 of the hippocampus in normoxia 
sucrose (NS), normoxia honey (NH), hypoxia treated with sucrose (HS), 
and hypoxia treated with honey (HH). Neuronal damage indicated with red 
arrow. Cytoplasmic shrinkage and pyknotic nucleus indicate dead cells. Bar 
scale 200 µm

Figure 6. Morphological changes in DG of the hippocampus in normoxia 
sucrose (NS), normoxia honey (NH), hypoxia treated with sucrose (HS), 
and hypoxia treated with honey (HH). Neuronal damage indicated with red 
arrow. Cytoplasmic shrinkage and pyknotic nucleus indicate dead cells. Bar 
scale 200 µm
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Tualang honey treated groups through modulation of oxidative 

stress. Previous studies reported that Tualang honey decreased 

oxidative stress caused by kainic acid.62 It also shows antioxidant 

properties in streptozotocin-induced diabetic rats.22 In human 
subjects, Tualang honey treatment in healthy postmenopausal 
women resulted in an improvement in memory.28 Al-Rahbi et 
al.23 also reported that Tualang honey treatment improved 
memory in animals subjected to instability stress. Al-Rahbi et 
al.23 reported that Tualang honey supplement improves memory 
performance and prevents neuronal damage in hippocampal 
regions. A recent study reported that in female athletes Tualang 
honey showed antioxidant activity and oxidative stress in a 
dose-dependent manner.67 Tualang honey was also found to 
protect the rat midbrain from oxidative stress.68 Azman et al.27,69 
demonstrated that Tualang honey prevented memory deficits 
following noise stress. An in vitro study also stated that Tualang 
honey improved cell migration and resistance against oxidative 
stress.70 Not only does Tualang honey control oxidative stress 
but it also enhances the level of BDNF,29 which could be one of 
the mechanisms involved in the improvement of memory during 
hypoxia. However, this needs further exploration.

Brain weight and morphological changes were also studied 
following exposure to hypoxia. The results suggested that the 
weight of the brain following hypoxia significantly increased in 
the hypoxia group treated with sucrose but not in the hypoxia 
group treated with Tualang honey. Mórocz et al.71 reported that 
brain volume changes occur in patients following exposure 
to hypoxia due to changes in cerebral blood volume. Another 
important factor is the occurrence of brain edema due to the 

Figure 7. Quantification of neuronal damage in CA1, CA2, CA3 and DG of the hippocampus. The data are displayed as mean (SEM). *p<0.05 vs normoxia 
with sucrose

SEM: Standard error of the mean

Figure 8. The apoptotic dead cells using PI staining in PFC and CA1, CA2, CA3, 
and DG of the hippocampus in hypoxia treated with sucrose (HS) and hypoxia 
treated with honey (HH). Neuronal damage indicated with arrows. Cytoplasmic 
shrinkage and pyknotic nucleus indicate dead cells. Bar scale 200 µm
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inflammatory process following acute exposure to hypoxia.72 
In the present study, we did not evaluate the factors that 
could contribute to edema but the increased brain weight 
indicates this. The hippocampal morphological changes were 
analyzed in CA1, CA2, CA3, and DG. The hypoxia group treated 
with sucrose showed a significant number of dead cells as 
compared to the hypoxia group treated with Tualang honey. It is 
assumed that Tualang honey prevents neuronal damage through 
reduction of oxidative stress. It is possible that its antioxidant 
content contributes to minimizing the neuronal damage and 
improving memory.31 It is thought that Tualang honey prevents 
hippocampal neuronal damage through phenolic acid, which has 
an antioxidant property.73 Phenolic antioxidants attenuate the 
hippocampal neuronal cell damage induced by excitotoxicity.74 
We postulate that the superior therapeutic performance seen 
in Tualang honey treated rats in hypoxic condition was due to 
many antioxidant components and other components involved 
to improve memory through prevention of neuronal damage. 

Taking together all findings in the present study, Tualang 
honey could improve memory and prevent neuronal damage 
due to hypoxia, possibly through mechanisms involving its 
antioxidant properties bringing about these effects. To the best 
of our knowledge, this is the first time that Tualang honey has 
been evaluated under hypoxic condition using rats. For better 
understanding regarding the underlying mechanisms whereby 
Tualang honey improves memory and prevents neuronal 
damage, further studies are warranted.

CONCLUSION
We propose that Tualang honey pretreatment potentially has 
protective effects against memory deficits triggered by hypoxia 
through its antioxidant content. 
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ÖZ

Antimikrobiyal direnç (AMR), mikroorganizmanın antimikrobiyal ajanlara maruz kalması sonucu geliştirdiği ve organizmayı bu ajanlara tepkisiz 
hale getiren olgudur. Bu antimikrobiyal ajanlara karşı gelişen direnç, küresel toplum refahı için ciddi bir yükselen risktir, bu tür dirençli mikrobik 
enfeksiyonların yönetimi zordur. Bu durum, tüm hükümet kademelerinde ve toplumda eyleme geçilmesini gerektirir. Antimikrobiyal ilaçların etki 
ettiği moleküler hedefteki değişiklik, AMR’nin arkasındaki anahtar mekanizmalardan biridir. AMR ile savaşma yaklaşımlarından biri, mikroplarda 
daha yeni moleküler hedefleri keşfetmek ve buna göre yeni moleküller keşfetmek olabilir. Hücre duvarının biyosentezine, aromatik amino asit 
biyosentezine, hücre ayrışmasına, yağ asidinin biyosentezine ve izoprenoid biyosentezine ve tRNA sentetazlarına karşı geliştirilen çeşitli yeni ilaç 
hedefleri vardır. Yukarıdakilerin tümü arasında yağ asidi biyosentezi (FAB) ve bunların enzimleri, yeni antimikrobiyal ajanların geliştirilmesi için daha 
çekici bir hedeftir. Bakteriyel yağ asidi sentezi için umut verici inhibitörler geliştirilmiştir ve ayrıca bunlardan bir kısmı klinik olarak kullanılmaktadır. 
Bu potansiyel inhibitörlerden bazılarının, lider bileşik olarak yeni antibakteriyel geliştirmede kullanıldığı bulunmuştur ve platensimisin ve analoğu 
platensin gibi yüksek verimli tarama süreçlerinde keşfedilmiştir. Bu derleme büyük ölçüde tip II yağ asidi sentezi sistemindeki bakteriyel FAB’yi ve 
ilgili yeni antibakteriyel hedeflerle, potansiyel inhibitörleri kapsamaktadır.

Anahtar kelimeler: İlaç direnci, antibakteriyel aktiviteler, FAS sistemi, tiyolaktomisin, platensimisin, platensin

INTRODUCTION
The agents which destroy or prevent the growth of microbes 
are termed as antimicrobials. Antimicrobials are classified by 
various ways depending on mechanism or type of action as 
bacteriostatic and or bactericidal.1 Antimicrobial have various 
therapeutic implications like endocarditis, gingivitis, prophylactic 
or suppressive therapy as presurgical antimicrobials, prophylaxis 
in immunocompromised patients with HIV/AIDS, traumatic 
injuries, neutropenia etc.2 Antimicrobial agents like antibacterial 
mark vital element of microbial breakdown, thus limiting the 

bacteria. For example, the β-lactams, such as penicillin or 
cephalosporins, inhibit cell-wall synthesis etc.3

Antimicrobial resistance (AMR) is the capability of micro-
organisms to inhibit antimicrobial substances from working 
against it which results that the standard treatment is 
ineffective; infections may spread and persist for longer period.4  

As we see the current scenario of antibiotic use it will increase 
steadily in recent years and therefore antibacterial played a 
crucial part in fatality and mournfulness in the nation.5 Hence 
resistance is the major concern now days as resistant organism 

Antimicrobial resistance (AMR) is the phenomenon developed by microorganism on exposure to antimicrobial agents, making them unresponsive. 
Development of microbial confrontation is a severe rising risk to global community well-being as treatment in addition, management of such 
resistant microbial infections is difficult and challenging. The situation requires action across all government sectors and society. The change in 
the molecular target on which antimicrobial drugs act is one of the key mechanisms behind AMR. One of the approaches to battle with AMR can 
be exploring newer molecular targets in microbes and discovering new molecules accordingly.  There are various examples of novel targets such 
as biomolecules involving in biosynthesis of cell wall, biosynthesis of aromatic amino acid, cell disunion, biosynthesis of fatty acid, and isoprenoid 
biosynthesis and  tRNA synthetases. Fatty acid biosynthesis (FAB) and their enzymes among all the above is the more appealing target for the 
advancement of new antimicrobial agents. Number of promising inhibitors have been developed for bacterial fatty acid synthesis (FAS) and also 
few of them are clinically used. Some of these potential inhibitors are found to be used in development of new antibacterial as a lead compound and 
have been discovered from high throughput screening processes like Platencimycin and their analogue, Platencin. The review majorly encompasses 
bacterial FAB in type II FAS system and potential inhibitors with respective targets of novel antibacterial.
Key words: Drug resistance, antibacterial activities, FAS system, thiolactomycin, platencimycin, platencin
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may lead to treatment failure, widespread in the community 
at increasing rate, undetected low level of resistance, added 
burden to healthcare cost, selection pressure of right antibiotic, 
threatening return to pre-antibiotic era.6 

Amongst various types of molecular mechanisms involved 
in development of AMR, alteration in the molecular targets 
on which antimicrobials act is one of key mechanism. The 
researchers in drug discovery process had tried to develop 
new antimicrobials by altering the functional molecular groups 
in parent moiety thereby modulating potency and safety of 
newly designed molecules. This has helped to overcome the 
AMR to some extent. But still the problem development of AMR 
persists as microbes are smart enough to mutate and change 
the molecular mechanism for survival. 

Prevention and control strategies will require overcoming from 
the situation by feasible way called as the evolution of inhibitors 
of resistant enzymes. These inhibitors can be delivered as a 
co-drug with the antibiotics, thereby prevent AMR and sustain 
the antimicrobial activity of the drugs. Another approach to 
overcome the resistance is bacterial fatty acid synthesis (FAS), 
which is a necessary goal for antibacterial discovery. The 
organizational difference of the conserved enzymes and the 
existence of multiple forms of enzymes mobilizing the similar 
reactions during the path and create the bacterial FAS which is 
active against selected target preferably than the established 
multiple target. Likewise, bacterial FAS inhibitors are found 
to be narrow-targeting, rather than broad-targeting like old 
mono-therapeutic and broad-spectrum antibiotics. The narrow-
targeting FAS inhibitors found to be fast-developing; resistance 
is target-based which made it a significant application for 
antibiotic development.7 Despite of advanced antimicrobials 
with novel targets proceed to be recognized and contributed 
to the continuing struggle against AMR the intimidation to send 
back humanity to a circumstance commensurate to the pre-
antibiotic era. Examples of definite target in the areas of cell wall 
biosynthesis, aromatic amino acid biosynthesis, cell division, 
two component signal transduction, fatty acid biosynthesis, 
isoprenoid biosynthesis and tRNA synthetases demonstrates 
according to characteristics of the above effectiveness were 
strike in drug finding and depiction of new antibacterial targets.8

The review discusses about the novel targets for emerging 
antimicrobial treatments, featuring important research on 
which potential to continue to successfully treat bacterial 
infection relies.

ANTIMICROBIAL: CLASSIFICATION AND ITS 
TARGETS
According to their application and spectrum of activity 
antimicrobials are classified as microbicides that kill micro-
organisms, whereas bacteriostatic agents inhibit the growth 
of pathogens and allow the leucocytes and other defense 
mechanism of the host to confront with immobile invader. The 
microbicides may show selective toxicity depending on their 
spectrum of activity. They may act as viricides (killing viruses), 
bacteriocidic (killing bacteria), algicides (killing algae) or 
fungicides (killing fungi).

Categorizations of antimicrobial agents 

They are mainly classified into three categories:

- Antibiotics and chemically derived chemotherapeutic agents:

  Beta lactam antibiotics, nucleoside antibiotics, aminoglycosides

- Non-antibiotic chemotherapeutic agents:                

  Disinfectants, antiseptics and preservatives

- Immunological products: 

  Vaccines, polyclonal antibodies.

Antimicrobial targets
Antimicrobial drugs interfere chemically with the molecular 
components of microorganisms that play crucial physiological 
role in them. They may act as a bactericidal or bacteriostatic. 
There are discrete ways by which these agents exert their 
antimicrobial activity such as inhibition protein synthesis, DNA 
gyrase inhibition, affecting cell wall synthesis or cell membrane 
function and folic acid synthesis etc. Figure 1 shows the targets 
with drugs acting on the targets.    

Some of the established antimicrobial targets and the drugs 
with their pathway of action are briefed in Table 1. 

Development of antibiotics
In 1930s, the first commercially accessible antibacterial 
prontosil (sulfonamide) was introduced by German biochemist 
Gerhard Domagk. Before this, Alexander Fleming identified the 
primary antibiotic, penicillin, in 1928, which is used to control 
microbial infections. The period after exhibition of penicillin, is 
called as “golden era” of antibiotics. After this, many antibiotics 
were introduced commercially and/or are useful as medicine 
even for activities other than the antibiotic activity. Antibiotics 
are used as enzyme inhibitors, antitumor, immunosuppressive, 
hypolipidemic and antiparasitic agents, in addition to their 
applications as antibiotics.9

The research focusses on discovery of new or novel antibiotics 
and further modifications in existing antibiotics are still in 
progress. There are several important reasons why the finding 
and advancement of antibiotics with innovative structural 
modules are predominantly important, including the expansion 
of resistant bacteria and other pathogen.10

Figure 1. Molecular targets with drugs action on the targets
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Development void
Today, very fewer novel antibiotics are seemed to be under 
development. The consequences are seen worldwide as more 
and more bacterial infections are becoming hard to treat again.  
This has led to be unavoidable major health problem today. 
According to Walsh, “no foremost classes of antimicrobials 
were presented” between 1962 and 2000 which denotes to a 
modernization gap. Hence due to this innovation gap majority 
of pharma companies has been pull back their study from 
this area.11 The Figure 2 illustrates the Gap in the Antibiotic 
development.       

Newer targets for antimicrobial agents
The fruitful growth of various antimicrobials in the 1930s-1960s12 
established the contented awareness in the therapeutic 
and methodical societies that microbial infections had been 
overcome, ensuing in a decreased research in the antimicrobial 
area. Inappropriately, bacteria altered to their unfavorable novel 
atmosphere and started surviving even though exposed to the 
antibiotics. This is a process of gaining resistance that ultimately 
reduced many of these antimicrobials’ noneffective. Presently, 
communicable diseases are still increasing and may result into 
one and only major reasons of death globally13-15 one of the 
reasons behind it might be firm decrease in development of new 
antibacterial agents over the last 20 years.16 To fight against 
this situation, antimicrobial agents with novel mechanisms of 
action might be helpful. Though, in the last 7 years out of 11 
new antimicrobials that were accepted by the Food and Drug 
Administration, out of two of them acts through a different 

mechanism: linezolid, an oxazolidinone, and daptomycin, a 
cyclic lipopeptide, mutually they are used to cure the Gram-
positive bacterial infections only. Hence there is urgent need 
of identifying and targeting new targets with novel mechanism 
that drive a crucial part in the growth of antibiotics dynamic 
against unaffected pathogens.17-19 Table 2 shows difference in 
single enzyme and multienzyme targets on which antibiotics 
may act. 

As compared to the sole target approach multi-target concept 
is thought to provide better resistance inhibition, possibility of 
generating hybrid molecules that may attack two cellular targets 
concurrently by fastening distinct inhibitors or pharmacophores 
together to form a single molecule.20,21

Though there are so many targets as described above, in the 
review focusses upon β-Ketoacyl-acyl carrier protein (ACP) 

Table 1. Antimicrobial targets with the drugs
Primary target Drug Drug type Origin Pathway affected

Type 2 topoisomerase 
(DNA gyrase), type IV 
topoisomerase 

Nalidixic acid,
ciprofloxacin,
levofloxacin

DNA synthesis    
inhibitors

Synthetic Deoxyribonucleic acid (DNA) replication, 
division of cell, energy generation, citric acid 
cycle, ROS formation

DNA-dependent
RNA polymerase

Rifampicin RNA synthesis
Inhibitor

Natural and semisynthetic
RNA transcription, DNA
Replication

Penicillin-binding 
proteins

Penicillin, 
cephalosporins

Inhibitors of cell wall
synthesis
(β-lactams)

Natural and semi-synthetic forms 
of carbonyl lactam ring-containing 
azetidinone molecules (from P. notatum)

Synthesis of cell wall, cell division, enzyme 
that breakdown the biological components 
called as autolysin activity, ROS formation, 
and envelope

Peptidoglycan
units (terminal d-Ala-d-
Ala dipeptide)

Vancomycin
Cell wall
synthesis inhibitors
(Glycopeptides)

amino sugar-linked peptide chains 
which is natural and semi-synthetic (for 
glycopeptides)

Cell wall synthesis,
trans glycosylation,
transpeptidation

Cell membrane
Daptomycin and 
Polymyxin B

Disruption of cell 
membrane function

fatty acid-linked
with peptide chains which is natural and 
semi-synthetic obtained from species S. 
roseosporus and B. polymyxa)

Cell wall synthesis and
envelope two-component
systems

30S ribosomes
Tetracycline and 
aminoglycosides

Protein synthesis 
inhibitors

It is formed of four-ringed
Polyketides and are natural and semi-
synthetic originated from species
S. aureofaciens

Protein   translation occurred through 
inhibition of
aminoacyl tRNA binding
to ribosome.

50S ribosomes
Erythromycin and
azithromycin

Protein synthesis 
inhibitors

Natural and semi-synthetic forms of 14- 
and 16-membered lactone rings (from S. 
erythraea and S. ambofaciens)

Inhibition of elongation and
translocation process protein translation 
happened and by depletion of
free tRNA

Simultaneous binding to 
bacterial dihydrofolate 
reductase

Sulfonamide and 
Trimethoprim

Nucleoside 
synthesis inhibition

Synthetic
Blocks pathways and inhibit folic acid 
metabolism

Figure 2. Era of antibiotics development
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synthases of FAS II which plays a role in microbial fatty acid 
synthesis. The FAS in microbial cells as following.

Fatty acid biosynthesis
Beta-ketoacyl-ACP synthase is an enzyme that participates 
in FAS. It take part in the establishment of aceto-acetyl ACP 
and it is briefed in Figure 3.                                            

The hugely conserved enzyme that is established in practically 
all lifecycle on earth as a domain is fatty acid synthase (FAS) 
also called as Beta-ketoacyl-ACP synthase.22 The enzyme plays 

a role in the FA elongation series and is tangled in the feedback 
regulation of the biosynthetic pathway via product inhibition. 
Two types of FAS enzymes have been identified yet as type-I 
and type-II shown in Figure 4.        

The type I FAS also called associated form which is present in 
fungi and animals called as multifunctional protein encrypt by 
a one gene or two genes. Type II FAS also called dissociated 
type that is found in prokaryotes and plant plastids consists of 
separate enzymes.

Structure
Beta-ketoacyl synthase (KAS) consist of two protein domains. 
Between the N- and C-terminal domains the active site is 
situated. Most of the structures participating in dimer formation 
that constitutes the N-terminal domain and also in the active 
site cysteine. The substrate restraining and catalysis promoted 
by residues from both domains.23

KAS is a domain on type I FAS, which is a wide enzyme 
compound that has diversified sections to catalyze various 
distinct reactions.24 Further experimentation of KAS I and II 
of E. coli disclosed that together are homo-dimeric, but KAS II 
is somewhat bigger. Still,  both are tangled in FA metabolism, 
they have totally different primary structure.25 In KAS II, every 
subunit constitutes a penta-stranded β pleated sheet enclosed 
by several α helices.

The active positions are almost adjacent, which is around 25 Ao  
away, and comprise of a generally aqua phobic pocket.26 The 
occurrence of “fatty acid transport channels” inside the KAS 
domain that happen into one of many “fatty acid cavities”, which 
basically acts as the active site.27

Mechanism
In the reaction sequence the first step is organized by the 
KAS category of enzymes that is involved in a nucleophilic 
substitution by the active-site cysteine residue on the substrate 
carbonyl. The complete reaction is mediated by the KAS and it 
splits into distinct valuable phases-

Figure 3. Fatty acid biosynthesis

ACP: Acyl carrier protein

Figure 4. Types of FAS

FAS: Fatty acid synthase

Table 2. Newer targets
Serial 
number

Single enzyme target Multi enzyme target

1. MurB to MurF enzymes as antibacterial targets

Single pharmacophore, multiple targets
a- Dual inhibitors of DNA gyrase and topoisomerase IV
b- Dual inhibitors of Gram-positive DNA polymerases
c- β-Ketoacyl-ACP synthases of FAS II

2.

Targets of inhibitors discovered by enzyme screening or design
a- UppS
b- WalK/WalR
c- LpxC
d- FtsZ

Targeting substrates and cofactors
a- Lipid II and other specific cell wall substrates
b- A vitamin cofactor as target

3.

Single-enzyme targets of novel inhibitors in clinical trials
a- Peptidyl deformylase
b- Enoyl-reductases of FAS II
c- Leucyl tRNA synthetases of Gram-negative organisms
d- RNA polymerase in C. difficile

Hybrid molecules: dual pharmacophore, multiple targets

ACP: Acyl carrier protein, FAS: Fatty acid synthesis
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a- Beginning with ACP, the acyl moiety is transferred to 
thioester form [but in situation of KAS III it forms acyl-coenzyme 
A (CoA)], to the active-site cysteine residue of the KAS.

b- To produce a reactive carbanion, binding and replacement of 
carboxyl group with hydrogen atom of the chain widen moiety 
is required and

c- A new C-C bond of the anion in which carbon is trivalent 
formed by nucleophilic attack on carbonyl carbon of the acyl 
moiety.28 

Both type I and II FAS system can essentially prolong the small 
chain-length pioneers to the 14-carbon form, additionally the 
extension of C16 to C18 ACP, is effectively mobilized by KAS II 
or FAS II. Hence miscellaneous forms of KAS were identified 
specifically and plays a crucial part in deciding the structure 
of the products formed in the particular multi-step’s enzyme 
catalyzed process.29 These meaningful characteristics in 
functioning and arrangement of associated and dissociated 
form differentiated the type II FAS or dissociated enzymes, as 
promising goal in the evolution of innovative antibacterial and 
antiparasitic agents which shows nominal adverse effects in 
humans. Considering the limitations, words and pages to be 
published, only KAS III (FabH) are discussed here in detail.30

KAS III (FabH)
In cells, fatty acids playing a major role in cell membrane 
formation and fatty acid biosynthetic pathway indicated important 
targets in drug discovery. FAS called as multifunctional enzyme 
complex system that helps in regulating and processing of 
FAS.31  KAS III is the functional enzymes which initiates the 
fatty acid synthesis, thus performed a most prominent part in 
bacterial fatty acid biosynthesis (FAB) and called as condensing 
enzyme.32-35 It is used to mobilize the primary elongation 
reaction called as Claisen-Schmidt condensation of associated 
type in microorganisms, plant plastids etc. The FabB and FabF 
other bacterial condensing enzymes that, work in future in the 
series, actually showed difference from FabH in a way that they 
use acyl-ACP in spite of acetyl-CoA as the primer for further 
condensation reactions shown in Figure 5.

As a result, FabH seems to show a crucial part in the microbial 
FAB cycle because no additional enzyme in the pathway is found 

to be capable to carry out valuable reaction.36 Furthermore, the 
essential part and 3D assembly of the protein is tremendously 
protective to the several Gram-positive and Gram-negative 
bacteria and hence, its inhibitors commit to be dynamic 
antimicrobials with wide ranging action.37

STRUCTURAL EXPLORATION OF ββ-Ketoacyl-
ACP SYNTHASE III 
FAB is introduced via KAS.38,39 By various reduction and 
dehydration steps, FAS II cycle helps in prolongation of FA. 
Between the associated FAS II enzymes, the condensing 
protein, KAS, is an essential target for novel antibacterial drug 
design.38,40 The three classes of KAS (I, II, and III) have been 
established in which KAS I is encrypted by FabB and KAS II 
by FabF and these are elongation condensing enzymes that 
prefer acyl-ACP as a primer to abridge with malonyl-ACP.41 The 
function and structures of these two enzymes are same, while 
significant distinct mechanisms are shown by KAS IIII (encrypt 
by FabH). KAS III regulates primary condensation of acetyl-CoA 
with malonyl-ACP, and participates as important part of bacterial 
FAB.40,42 The crystal structure of KAS I, II and III shows that they 
all are dimers having α-β-α-β-α pleat and their active sites are 
distinguished by existence of a Cys-His-His triad, in KAS I and 
II, and a Cys-His-Asn catalytic triad in KAS III.40 The concealed 
active sites of FabH comprised of Cys112, His244 and Asn274. 
Additionally, Asn343 established near to Asn274, and it was 
recommended to participate as a major part in the catalysis, 
Cys112 in the acetyl-CoA/FabH complex structure was found 
to be acetylated, showing clear proof that,  His244 and Asn274 
are demanding for decarboxylation and condensation reactions 
while Cys112 is the catalytical residue.43

Type II FAS reaction pathway: activation, elongation and control
FAB takes place in cytosol not in mitochondria. It usually 
contains a unit called ACP rather than CoA with reducing agent 
dihydronicotinamide-adenine dinucleotide phosphate (NADPH) 
instead of NAD/FAD.

It consists of various steps/stages-

- Transport

- Activation and integrating mechanism

(i) Acetyl CoA carboxylase (ACC)

(ii) FAS complex

- Prolongation of palmitate

(i) Condensation

(ii) Reduction

(iii) Dehydration

(iv) Reduction

- Desaturation of FA

- Regulation of FAB

A. From mitochondria to cytosol Passage of acetyl CoA
  In the mitochondria the acetyl CoA is synthesized by two ways 
shown in Figure 6.        

- By β-oxidation of FA

- By united action of pyruvate dehydrogenase and dihydrolipoyl 
transacetylase                          

Figure 5. KAS III regulation

The primary condensation step in FAS III regulate by acetoacetyl-ACP 
synhase (KAS III) KAS: Ketoacyl synthase, FAS: Fatty acid synthase, ACP: 
Acyl carrier protein, CoA: Coenzyme A
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Acetyl CoA is moved out from the mitochondria to cytosol and 
intiate the FAS and this process is takes placed by tricarboxylic 
carrier protein system in the inner mitochondrial membrane 
which pushed out the citrate  is shown in Figure 7.                  

Sources of NADPH for Fatty acid synthesis
- For each particle of Acetyl CoA, one fragment of NADPH is 
generated that is relocated from mitochodria to the cyotosol.

- NADPH molecules come from the pentose phosphate pathway

B. Activation and synthesis mechanism

(i) ACC
ACC mediates the first limiting step of FAB and the enzyme 
biotin which adds CO2, a carboxyl group to methyl end of acetyl 
CoA. The endothermic reaction described in Figure 8.             

(ii) FAS complex    
The seven different reactions catalyzed by multifunctional 
enzyme by which 2 carbon moieties are linked together from 
malonyl-CoA and finally formed the palmitoyl-CoA. During the 
complete synthesis process the formation of palmitate from 
acetyl CoA it involves total of 7 ATPs and 14 NADPHs.

C. Elongation of palmitate
The Precursors needed for elongation reaction gets loaded via 
thioester derivatives and included following steps with their 
respective enzymes like condensation, reduction, dehydration 
and reduction shown in Figure 9.

- From malonyl-ACP there is an inclusion of an acetyl group 
between the thioester bond of the acetyl-ACP molecule and 

this reaction is takes place by  KAS and this enzyme known 
as condensing enzyme.

- And when there is a reduction of the Beta-keto group to a 
Beta-hydroxyl group in coordination with NADPH then this step 
is mobilized by Beta-keto-ACP reductase.

- During third step of dehydration the reaction is catalyzed 
by Beta-hydroxy acyl-ACP dehydrase and result into dehydration 
between the alpha and Beta carbons.

- And lastly there is a reduction by NADPH of the trans double 
bond and reaction is accomplished by enoyl-ACP reductase.

Various other enzymes like elongases that help to elongates the 
palmitate to produce many other fatty acids along the reaction 
and the origin of this enzyme in mitochondria and endoplasmic 
reticulum.

D. Desaturation of fatty acids
Fatty acids get desaturated with the help of enzymes fatty acyl-
CoA desaturase which is terminal desaturases that produce 
unsaturated fatty acids.

Figure 8. Establishment of malonyl-CoA: most committed steps

CoA: Coenzyme A

Figure 9. Elongation chain reaction

ACP: Acyl carrier protein, NADPH: Dihydronicotinamide-adenine 
dinucleotide phosphate

Figure 6. Synthesis of acetyl CoA in mitochondria

CoA: Coenzyme A, NADPH: Dihydronicotinamide-adenine dinucleotide 
phosphate

Figure 7. Initiation of fatty acid synthesis in cytosol

CoA: Coenzyme A, NADPH: Dihydronicotinamide-adenine dinucleotide 
phosphate
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E. Regulator of FAB
During the FA metabolism of cells, like other metabolic 
pathways there should have an appropriate control mechanism 
to meet the energy needs. As FAS can be controlled by either 
of two ways i.e. partly by long-term regulatory mechanism 
in which governing the rate of reaction by which any protein 
incorporates or separate and hence controlled the quantity 
of enzymes responsible for this and partly by short-term 
regulatory mechanism like enzymes modification.

VARIOUS INHIBITORS OF ββ-KETOACYL ACP 
SYNTHASES
The highly conserved, essential and important pathway for 
survival is type II bacterial FAS.44 Thus, the enzymes required 
during this procedure are found to be most fruitful goal to the 
advancement of innovative therapeutics. Additionally, to this 
there are various inhibitors which are used to treat various 
untreatable or resistant infections like FabI inhibitors that 
are recently in preclinical and clinical development against 
methicillin-resistant S. aureus (MRSA).45-47 Along with this there 
is another appropriate target is FAS II β-keto (ACP) synthase 
enzyme. These enzymes show a foremost part in the beginning 
and continuation phases of FAS II pathway, by mobilizing a 
decarboxylative Claisen condensation reaction and bacteria 
has 3 types of KAS enzymes: FabB, FabF and FabH. As FabB 
and FabF which is also called as KAS I and KAS II which 
assemble the condensation of malonyl-ACP and acyl-ACP in 
the elongation cycle and that consist of Cys-His-His catalytic 
triad, while FabH (KAS III) contains a Cys-His-Asn triad, and 
is important for the condensation of malonyl-ACP with acetyl-
CoA for beginning of the FASII bacterial cycle.42,48-50

Thiolactomycin
Thiolactomycin (TLM) was first originated from soil samples 
having a Nocardia species and it is an actinomycetes 
product having IUPAC name (4S) (2E,5E)-2-4-6-trimethyl-3-
hydroxy-2,5,7-octatriene-4-thiolide.51,52 TLM showed deprived 
antibacterial activity and found to be dual inhibitor of FabH and 
FabF. TLM is a chiral compound with +ve optical rotation and 
competitive reversible inhibitor that attached with the malonyl-
ACP of the KAS enzymes. According to earlier studies TLM was 
established as an inhibitor of Gram (+) and Gram (-) FAS.53,54 
Additionally, efficacious against M. tuberculosis55 and other 
unicellular parasites that contain FAS II.56

According to previous studies it was found that TLM particularly 
restrict the KAS and acetyl-CoA: ACP trans acylase actions in 

E. coli. Besides, TLM mimics the malonyl ACP and prevents 
the synthases from TLM inhibition on KAS. When done with 
direct binding studies using fluorescence spectroscopy and 
provides the confirmation against sensitivity in the given order 
FabF>FabB>>>FabH.57 Majorly two reasons, that showed TLM 
poor inhibitor of FabH, primary, histidine 298 and 333 in FabB 
are recouped by His-244 and Asn-274 in FabH, and our FabB-
TLM structure shows that the two-histidine made strong H- 
bonds with the antibacterial but the inhibition activity of TLM 
against different species varies. The isoprenoid moiety in TLM 
makes its advantageous of a particular aqua-phobic gap which 
exist in the active sites of both FabB and FabF.58 These TLM 
analogs in plant and mycobacterial fatty-acid synthase systems 
would be able to explain the results of inhibition in which the 
isoprenoid moiety regained by different acyl chains. In these 
organisms, the congeners with lengthy and pliable chains 
possessed raised activity against FAS II and the lengthy chains 
might be more thoroughly filled with the possible spaces.59 
For example, Mycobacterium tuberculosis FabH was ~3-time 
more sensitive to TLM than E. coli FabH.55 TLM and the related 
thiolactones was found to be efficient inhibitors of fatty acid 
and mycolic acid synthesis in mycobacteria as well as of 
chloroplast type II FAB.58,60 TLM is found to be in toxic in mice 
and used to treat UTI and intraperitoneal bacterial infections.61 
Strangely, TLM found to stop the evolution of various protozoan 
parasites including T. gondii and P. falciparum.62 Newly, TLM 
is noted to kill trypanosomes by inhibiting the production of 
myristate.63  Myristate is used by the blood-borne form of the 
parasite to hold the surface glycoproteins that camouflage the 
parasite from host immune control. This physical awareness 
shows significant conclusion for the proposal of more effective 
inhibitors against these enzymes.

Cerulenin (CER)
A natural product CER is originated from Cephalosporium 
cerulean.64 CER is irreversible inhibitor of FAS of bacteria and 
eukaryotes or cells65 and it also shows therapeutic efficacy 
in various animal models of yeast infections.66 It shows 
anticancer activity by inhibiting the FAS in mammals which is 
highly indicative in neoplastic cells and it also exhibit ability to 
decrease food intake and body weight in mice.67 Regardless, 
of these promising outcomes of CER suggests the root of new 
therapeutics opportunities, the capability of CER to prevent the 
mammalian enzymes majorly dabble the interest for further 

development.

The CER molecule can be differentiate into an aquaphilic head 
comprising of the functional epoxide ring and a 1,4-diene aqua 
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phobic tail.64 In case of sensitivity of CER the order of inhibition 
is FabB >FabF >>FabH and the reasons of poor inhibition of CER 
of FabH is because of that, FabH is deficient of the substrate 
hydrophobic pocket to put up in the acyl chain of the drug. This 
help our judgement that the His-His active site, is different to 
the FabH His-Asn active site arrangement, which is critical for 
optimal CER inhibition. When KAS-CER complexes undergo 
structural analyses, it proposed that CER effectively mimics the 
transition state of the condensation reaction and confirm many 
visible features of the early models of CER enzyme inhibition.58 
The associated type FAS I, of eukaryotes also inhibited by 
CER by binding to the KAS region of the multi-domain FAS 
protein.63,68 Because of this fact of instability and its toxicity 
and discouraging pharmacological properties, CER has no 
practicality as a potential wide-spectrum antibiotic.69

Platencimycin (PTM) and platencin (PTN)
PTM and PTN were originated from the bacterial soil strain 
Streptomyces platensis with the help of new antisense 
differential sensitivity screening strategy.70-72 Fatty acid ACP 
synthase II (FabF) which is elongation condensing enzyme 
selectively inhibited by PTM, whereas PTN is a uniformed dual 
inhibitor of both FabF and fatty acid ACP synthase III (FabH) 
which is an initiation condensing enzyme.73 The PTM and PTN 
shows effective, wide-spectrum Gram (+) in vitro activity, 
including active against antibiotic-resistant bacteria, such as 
MRSA, vancomycin-resistant Enterococci and vancomycin-
intermediate S. aureus, because of their exclusive antibacterial 
mechanism.74 Basically, both PTM and PTN showing no multi 
drug-resistance to clinically significant pathogens and show 
in vivo efficacy without toxicity.75 Platensimycin (C24H27NO7, 
relative molecular mass 441.47), comprises of two distinct 
structural elements connected by an amide bond. PTM shown 
to be inhibition selectivity as it does not inhibit DNA, RNA, 
protein or cell wall biosynthesis at concentrations up to 500 
μg/ml. The selectivity of PTM target was first determined 
within S. aureus strains either showing antisense FabF RNA 
(AS-fabF) or overexpressing FabF protein. PTM exhibited 200-
fold greater potency in comparison to CER and similar FabF 
target selectivity in both assays, reveal that FabF is the major 
target of PTM for the inhibition of bacterial growth. PTM found 
to be potent and discriminating inhibitor of mammalian FAS.74

PTM and PTN structure shown in Figure 10 having two dissimilar 
unit attached with a CO-NH bond and both possess an 3-amino-
2,4-dihydroxybenzoic acid (ADHBA) moiety. Elastic amide 
linkage of propanoic acid is common while the aliphatic cages 
that are linked to ADHBA moiety are dissimilar.76 The aliphatic 
moieties are composed of 17 carbons with cyclohexanone ring.77

Mechanism of action of PTM and PTN
In FASII, the two classes of decarboxylating condensing 
enzymes inhibited by PTM and PTN. During the Claisen-
Schmidt condensation the chain initiation mediated by 
condensing enzyme FabH of acetyl-CoA with malonyl-ACP.  
The chain elongation is mediated by FabB/FabF when the 
condensation of malonyl-ACP with the growing fatty acyl-
ACP takes place.42 The utilization of two substrates by FabH 

and FabB/FabF in a three-step double displacement reaction 
mechanism. The cysteine in the active site is covalently 
transferred in acetyl-CoA in FabH or acyl-ACP in FabB/FabF 
that forming an acyl-enzyme intermediate and liberating 
reduced form of CoA or ACP, respectively. The PTM consists 
of two moiety that is ADHBA moiety which resides inside the 
malonate binding pocket of FabF and forms possible interactions 
with catalytic site residues, and other is ketolide moiety that 
remains in the opening of the catalytic site, partly showing to 
solvent.70 The changes in the organic selectivity’s of PTM and 
PTN must exist in their definite ketolide moieties. The PTM and 
PTN have similar ADHBA moieties, and have identical catalytic 
site interactions that is crucial in preventing FA condensation 
enzymes. In FabF, PTN is still not so much active than PTM, 
but active as much extent than PTM in FabH.74 The selectivity 
of PTM distinguishing lack of the ether ring. In FabF, during the 
entry of the active site, PTM makes the hydrogen bond to T270 
but not with PTN. Vice-versa, in FabH the analogous region is 
bound with nonpolar residues, allowing PTN, but not PTM, to 
inhibit FabH77 described in Figure 11.

Pharmaceutical application
Most promising antibacterial agents are PTN and PTM because 
of their particular mechanism 

Figure 11. Diagrammatic representation of bacterial fatty acid synthesis 
cycle (FAS II) red emphasized mark are PTM inhibiting FabF/B and PTN 
dually inhibiting FabH and FabB

PTM: Platencimycin, PTN: Platencin

Figure 10. Structure of PTM and PTN

PTM: Platencimycin, PTN: Platencin, ADHBA: 3-amino-2,4-
dihydroxybenzoic acid
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of action, efficacious in vivo activity and no multi drug-
resistance with Gram-negative pathogens. But in spite of these 
promising utilities there are few roadblocks in pharmaceutical 
advancement such as poor pharmacokinetics and endless 
discussion on reasonable target for antibacterial therapies of 
FAS II.74,78 Both the natural products found to be unacceptable 
antibiotics as PTN and PTM both cleared more quickly in vivo 
and hence to maintain the efficacy need of continuous delivery. 
The better differentiation between mammalian and bacterial 
FAB promoted FAS II as a most interesting and fruitful goal for 
the growth of antibacterial.

PTM developed as an anticipated or potential drug for the 
management of diabetes and different metabolic irregularities. 
As both these natural products PTM and PTN have motivated 
start up and development in the field of biology, medicine, study 
of enzymes and off course synthetic chemistry. 

The distinct antibiotic effectiveness of PTM and PTN might 
be well-known in clinical trials and their usage in humans for 
managing with cross- resistance may be acceptable in the 
upcoming future.

CONCLUSION
Increased incidences of AMR and unavailability of potential 
antimicrobials against these resistant microorganisms is going 
to be one of the major health challenges in future. A variety 
of potential targets have been explored, the discovery of 
molecules targeting them has not yet succeeded. In spite of 
it, the efforts to explore these targets and their modulators are 
still in process and the future hopes for potential antimicrobials 
against resistant species of microorganisms remains.

Though the various novel targets like aromatic amino acids, 
isoprenoids, tRNA synthetases have been identified, fatty acid 
biosynthesis and the enzymes involved in their biosynthesis 
are appealing targets in the discovery of antimicrobial drugs. 
Though number of the FAS inhibitors have been developed only 
few have reached to clinical use. 

The review here claims that bacterial FAS offers a sequence 
of rational and fascinating targets for antibacterial drugs 
however the question of how to approach these targets is 
not yet answered completely. Yet based on the  structures of 
FAS intermediates presently available  and the action of the 
inhibitors it can be estimated that the accessibility of purified 
b-ketoacyl-ACP syntheses from a variety of bacteria, along 
with the combination of techniques involving combinatorial 
chemistry, high-throughput screening, and rational drug design 
based on crystal structures, will undoubtedly support in the 
future discovery and development of much needed potent and 
broad-spectrum antibacterial agents. 

PTM and their analogue PTN have been identified as lead 
compound during the drug development process. They have 
been characterized as the new classes of potential antibiotics, 
and their discovery is a success for natural product drug 
discovery and for new approaches that develop screening 
sensitivity and specificity. The fact that they inhibit a new 
target, fatty acid biosynthesis, increases their significance in 

the combat to stem multidrug resistance against antibiotics that 
have been in practice for many years.
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