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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.
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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
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Eczacılar COVID-19 Salgını Sırasında Yüz Maskelerinin Toplum Tarafından 
Doğru Kullanılmasında Daha Etkili Olabilir mi?

Can Pharmacists be More Effective Regarding the 
Proper Use of Face Masks by the Public During the 
COVID-19 Pandemic?

Turk J Pharm Sci 2020;17(4):357-358
DOI: 10.4274/tjps.galenos.2020.58997 LETTER TO EDITOR

Dear Editor,

COVID-19 disease has spread quickly throughout the world 
after it was first identified in Wuhan, China. Since the outbreak 
was accepted as a pandemic by the World Health Organization, 
governments/health authorities have started to announce 
and implement preventive and protective measures against 
the disease. Using face masks is one of these methods of 
protection. At this point, at the beginning some governments/
health authorities recommended face masks only for those who 
have respiratory symptoms or are vulnerable to infections.1 
Currently, increasing numbers of agencies and governments 
are advocating that the general population should wear masks, 
besides health professionals. The use of a face mask has 
become common whether the authorities have recommended 
it or not. For effective prevention and protection from 
respiratory diseases wearing a face mask in the correct way 
is an important issue. When the public’s behavior during this 
pandemic is evaluated, it is seen that many do not use masks 
correctly. Touching the front of the mask, touching the face and 
other surfaces without washing the hands after removing the 
mask, and using disposable masks repeatedly are incorrect 
practices seen among the public. Many bacteria, viruses, and 

fungi accumulate on the outer surface, especially the inner side 
of the mask.2 In the study conducted by Chughtai et al.2 when 
surgical masks used by healthcare workers were examined, 
10% of the mask users had respiratory virus contamination 
and the most contamination was observed with adenovirus, 
bocavirus, and influenza virus. Contamination possibility 
increased 6 hours after wearing the mask. Although healthcare 
workers are knowledgeable about the vital function of protective 
equipment and use it correctly, the public’s knowledge and 
ability regarding correct equipment use appear insufficient. 
Therefore, incorrect use increases the risk of contamination to 
both the wearer and those around. When we observe population 
behavior towards compliance with protective measures for 
pandemic diseases we see that as well as unchangeable factors 
such as age and sex, comparable factors such as perceived 
susceptibility have important impacts. According to Sim et 
al.3 perceived susceptibility appears to be the most significant 
factor influencing compliance with mask wearing. They 
suggest that, to increase the public’s perceived susceptibility, 
they should be educated about contagious diseases. Eastwood 
et al.4 stated that the community was more likely to seek 
information about the outbreak from general practitioners 
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and other healthcare professionals than the national health 
hotline set up for rapid information dissemination during the 
H1N1 pandemic. Pharmacists, as healthcare professionals 
effective in providing preventive public health services by 
delivering necessary health interventions about lifestyle 
changes in chronic diseases, vaccination, sexual health, and 
stopping smoking and alcohol consumption, play an important 
role in consulting during extraordinary situations such as 
pandemics as well. They can prevent incorrect use of masks 
by explaining preventive measures to the public during the 
current pandemic.5 They should prioritize giving the necessary 
information about mask use to the public and make sure that 
people use masks correctly, which would be of importance 
especially during shortages. There is no study on this role of 
pharmacists. We think that pharmacists’ contribution to the 
public as a whole through education about taking preventive 
measures will improve compliance with preventive measures, 
and therefore we recommend that studies should be conducted 
in this direction.

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, faktöriyel tasarım yaklaşımını kullanarak flutikazon propiyonat (FP)-yüklü katı lipit nanopartikül formülasyonları (SLN) 
geliştirmektir. 
Gereç ve Yöntemler: Faktöriyel tasarımda tristearin yüzdeleri (X1) (%1, %2 ve %4) ve homojenizasyon döngüleri (X2) (2, 4 ve 8 döngü) bağımsız 
değişkenler olarak seçilmiştir. SLP formülasyonlarının çoklu regresyon analizi (MLR) ile optimize edilmiş, seçilen işlemin ve formülasyonun 
etkisini SLN’lerin karakteristikleri üzerinde değerlendirmek için bağımsız değişkenleri olarak enkapsülasyon etkinliği (Q1) ve partikül boyutları 
(Q2) seçilmiştir. Bu çalışmada nanopartiküllere ait polidispersite indeksi ve yüzey yükleri de değerlendirilmiştir. Bunun yanı sıra, optimum SLN 
formülasyonu için transmisyon elektron mikroskopisi, diferansiyel taramalı kalorimetri ve in vitro etkin madde salım çalışmaları da yapılmıştır.
Bulgular: MLR analizi, üretim sürecinde homojenizasyon döngüsü (X2) arttıkça, ortalama partikül boyutunun azaldığını göstermiştir.
Sonuç: Bu araştırma, istenen özelliklere sahip FP ile enkapsüle edilmiş SLN’lerin, formülasyonların üretim ve içerik değişkenleri değiştirerek 
üretilebileceğini göstermiştir.
Anahtar kelimeler: Deneysel tasarım, flutikazon propiyonat, nanopartiküller

Objectives: The aim of this study was to develop fluticasone propionate (FP)-loaded solid lipid nanoparticle (SLN) formulations by using factorial 
design approach.
Materials and Methods: Tristearin percentages (X1) (1%, 2%, and 4%) and homogenization cycles (X2) (2, 4, and 8 cycles) were selected as 
independent variables in the factorial design. SLN formulations were optimized by multiple linear regression (MLR) to evaluate the influence of 
the selected process and formulation independent variables on SLNs’ characteristics, namely as encapsulation efficiency (Q1) and particle size 
(Q2). The polydispersity index and surface charge of the SLNs were also evaluated in this research. Moreover, transmission electron microscopy, 
differential scanning calorimetry, and in vitro drug release studies were carried out on the optimum SLN formulation.
Results: The MLR analysis indicated that as the homogenization cycle (X2) increased in the production process, the mean particle size decreased.
Conclusion: This research showed that FP-encapsulated SLNs with desired characteristics can be produced by varying the production and content 
variables of the formulations.
Key words: Experimental design, fluticasone propionate, nanoparticles

ABSTRACT

Ankara University Faculty of Pharmacy, Department of Pharmaceutical Technology, Ankara, Turkey

 Gülin AMASYA*,  Ceyda Tuba ŞENGEL TÜRK,  Ulya BADILLI,  Nilüfer TARIMCI

Flutikazon Propiyonatının Katı Lipit Nanopartikül Formülasyonlarının 
Geliştirilmesi ve İstatistiksel Optimizasyonu

Development and Statistical Optimization of Solid 
Lipid Nanoparticle Formulations of Fluticasone 
Propionate

Turk J Pharm Sci 2020;17(4):359-366
DOI: 10.4274/tjps.galenos.2019.27136

https://orcid.org/0000-0002-0491-450X
https://orcid.org/0000-0003-4123-7226
https://orcid.org/0000-0003-0580-9012
https://orcid.org/0000-0001-7255-190X


360 AMASYA et al. “Statistical Optimization of Solid Lipid Nanoparticles”  

INTRODUCTION
Topical corticosteroids are regularly used drugs in the practice 
of dermatology, especially for the treatment of inflammatory 
skin disorders. However, the long-term application of them is 
restricted due to their local or systemic adverse effects. Several 
studies have been performed to enhance the anti-inflammatory 
efficiency of these active substances and to reduce their side 
effects.1-3 

Fluticasone propionate (FP), which is a potent ant-iinflammatory, 
immunosuppressive, and antiproliferative drug, is a synthetic 
trifluorinated topical corticosteroid and is used for the therapy 
of skin conditions like atopic dermatitis and psoriasis.4,5 It is a 
highly lipophilic substance and highly glucocorticoid receptor 
binding and activation is its main characteristic.2 FP is available 
in 0.005% ointment and 0.05% cream formulations for the 
treatment of inflammatory skin disorders that are responsive 
to corticosteroids.5,6 

The purpose of dermal drug delivery is to deliver the active 
molecules to the skin layers with minimum systemic absorption. 
One of the most important issues regarding the therapy of skin 
disorders such as atopic dermatitis, psoriasis, and skin cancer 
is the accumulation of the active substances in skin layers.7,8 In 
other words, drugs should reach the skin layers at a sufficient 
concentration and stay there for a particular duration. However, 
the stratum corneum, the outermost layer of the epidermis, 
considerably restricts the penetration of active substances into 
the skin.9 Nanosized drug delivery systems come into play at 
this point since they offer several advantages for dermal drug 
application. These advantages can be summarized as improving 
the skin penetration and reducing the adverse effects of active 
substances, achieving site-specific drug targeting into the 
skin, providing sustained and/or controlled drug release, and 
enhancing the chemical stability of molecules.9-11 Dermal drug 
delivery by liposomes,12 niosomes,13 nanoemulsions,14 polymeric 
nanoparticles,15 and lipid nanoparticles16-18 has been extensively 
researched by several groups.

Solid lipid nanoparticles (SLNs) were investigated at the 
beginning of the 90s for the elimination of the drawbacks 
of pre-existing colloidal systems such as nanoemulsions, 
liposomes, and polymeric nanoparticles.19,20 SLNs are produced 
by physiologically tolerated lipids or a mixture of lipids that 
are in solid form at body and room temperature. SLNs have 
several advantages like biocompatibility, protection of drugs 
against degradation, modification of the drug release rate, 
and the possibility of large scale production without the use 
of organic solvents. Moreover, the structural similarity and 
interactions between the epidermal lipids and the lipid matrix 
of SLNs could enhance the skin permeation of encapsulated 
drugs. The nanosize, narrow size distribution, and greater 
surface area of SLNs also facilitate drug penetration into 
the skin.21-23 The controlled release of drugs can be achieved 
because of the considerably lower mobility of drug in a solid 
matrix than in a droplet. Several types of solid lipids including 
fatty acids, triglycerides, partial glycerides, waxes, and steroids 
can be used as the main ingredients of SLNs. The most 

frequently used surfactants are nonionic triblock  copolymers 
of polyoxypropylene and polyoxyethylene, nonionic surfactant, 
and emulsifiers such as polysorbates, lecithins, or polyvinyl 
alcohol for providing the stabilization of nanodispersions.24,25 

There are various methods for the production of SLNs such 
as high pressure homogenization, microemulsion, high shear 
homogenization and/or ultrasonication, solvent emulsification/
evaporation, solvent emulsification/diffusion, electrospraying, 
solvent injection, and the use of membrane contactors and 
supercritical fluids. High pressure homogenization is the 
most desirable production technique for SLNs since it exhibits 
several advantages compared to the other techniques, such as 
suitability for large scale industrial production, the possibility of 
avoiding use of organic solvents, and the quite short processing 
time.26,27 

Factorial design is an approach that provides a statistical 
perspective to determine the effects and effect levels of input 
factors on the final product. The main objective in the factorial 
design approach is to obtain the maximum information between 
the minimum sample size and the cause-effect relationship 
for optimization of the formulation.28 For this purpose, the 
factorial design approach makes controlled changes in input 
variables. The factorial design helps to scale the replies of 
the dependent variables based on the defined goals. Response 
surface methodology provides a graphical evaluation of the 
effects of input variables on response variables.29,30 The aim of 
the present investigation was to develop FP-loaded SLNs using 
the factorial design approach. A 32 full factorial design through 
design expert 6.0.8 software was used to optimize the various 
physico-chemical characteristics of SLNs. Two formulation 
parameters, tristearin percentages (1%, 2%, and 4%) and 
homogenization cycles (2, 4, and 8 cycles) were chosen as input 
factors. The output (response) factors selected to evaluate the 
particles in vitro were the encapsulation efficiency percentage 
(Q1) and particle size (Q2) of the SLNs.

MATERIALS AND METHODS

Materials
FP was kindly supplied as a gift from Deva Drug Company 
(İstanbul, Turkey). Tristearin was obtained from Sigma Aldrich 
(USA). Tween 80 was purchased from Fluka (USA). All other 
materials were of analytical grade.

Analytical validation of the high performance liquid 
chromatography (HPLC) method
The FP was analyzed by HPLC and the method was validated 
by means of the linearity, accuracy, precision, limit of detection 
(LOD), and limit of quantification (LOQ).

Optimization by 32 factorial design  
Multiple linear regression (MLR) was carried out to examine the 
variables influencing the final characteristics of SLNs.31 Nine 
SLN formulations were produced as per a 32 factorial design 
to investigate the effect of two input factors, namely tristearin 
percentages (X1) and homogenization cycle (X2), on the two 
output factors, namely entrapment efficiency percentage (Q1) 
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and mean particle size (Q2), of the FP-loaded SLNs. Three 
levels were determined in order to evaluate each factor: -1, 
0, and 1. The fitted models’ regression equation for the output 
variables is presented in Equation 1 below. 

Q= bo+b1X1+b2X2+b3X12+b4X22+b5X1X2 (Equation 1)

In the model, Q is the output factor, bo is the arithmetic 
average value of the tests, and b1, b2, b3, b4, and b5 are the 
forecasted coefficients for the factors X1 and X2. Nonlinearity 
is analyzed through the polynomial terms (X12 and X22). The 
outcomes were investigated statistically using analysis of 
variance (ANOVA)4. The variable levels and the actual values 
are tabulated in Table 1.

Preparation of solid lipid nanoparticle formulations
FP-loaded SLN formulations were manufactured using a high 
pressure homogenizer. Tristearin was melted and 50 mg of FP 
was added to the melted lipid. Aqueous Tween 80 (1%) solution 
was also heated to the same temperature. After an Ultraturrax 
T25 (IKA, Germany) at 13.500 rpm was used to mix the lipid 
phase and aqueous phase for 3 min, the hot pre-emulsion was 
subsequently homogenized by a Microfluidics M110L (USA) at a 
pressure of 18.000 Psi. Three different tristearin percentages 
(1%, 2%, and 4%) and three different cycle numbers (2, 4, 
and 8 cycles) were investigated based on two responses: 
encapsulation efficiency (Q1) and particle size (Q2). SLN 
dispersions were centrifuged using a Vivaspin (MWCO=10.000) 
at 4500 rpm for 30 min (Sigma 3K30, Germany) and then 
lyophilized. 

Particle size and zeta potential analysis
Particle size measurements were obtained by a dynamic light 
scattering technique. For this purpose, a Malvern Zetasizer 
(Malvern, UK) was used to measure the mean particle size, 
polydispersity index, and the zeta potential values of FP-loaded 
SLNs. Dry powder of lipid nanoparticles was dispersed in 
ultrapure water before analysis.

Determination of encapsulation efficiency
For the determination of the encapsulation efficiency of SLN 
formulations, 10 mg of SLN was dissolved in methanol at 75°C. 
The solution was stirred using a magnetic stirrer in a tightly 
sealed vial. After that, the solution was ultrasonicated with 50% 
power for 5 min (Bandelin Sonoplus HD 2070, Germany) and then 
cooled to room temperature. It was centrifuged at 26.000 rpm for 
20 min at 4°C (Sigma 3K30, Germany) and then the supernatant 
was filtered using a 0.22 µm cellulose acetate membrane filter. 
The amount of FP was determined using an HPLC system (Agilent 
1260 Infinity). Separation was carried out using a NovaPak® 
C18 column (4 µm, 150x3.9 mm) (Waters, Ireland). The column 
temperature was set to 35°C. The mobile phase composition was 
acetonitrile:water (60:40 v/v) and the flow rate was 1 mL/min. A 
10-µL sample was injected into the system and the samples were 
analyzed at a wavelength of 236 nm. 

In vitro drug release study
The dialysis bag method was used to determine the in vitro 
release profile of FP from the SLN formulation. SLN formulation 
corresponding to 5 mg of FP was placed into hydrated dialysis 
membranes (MWCO=12-14 kDa, Spectrapor-2). A mixture of 100 
mL of phosphate buffered saline pH 7.4 and ethanol (70:30) was 
used as dissolution medium at 37°C and under constant stirring 
(100 rpm). The samples were taken at particular times over 24 
h. The medium was completely removed and replaced with 100 
mL of fresh dissolution medium at each time point to provide 
a sink condition. Samples taken were filtered through 0.45 µm 
regenerated cellulose membrane filters and the amount of FP 
was determined by HPLC. 

Transmission electron microscopy (TEM) analysis
The shapes of the lipid nanoparticles were examined by FEI 
Tecnai G2 S Twin TEM (Osaka, Japan) at an acceleration 
voltage of 120 kV. After dry powder of lipid nanoparticles was 
dispersed in ultrapure water the dispersion was dropped on a 
copper grid.  

Differential scanning calorimetry (DSC) analysis
The thermal properties and crystallinity of pure FP, bulk lipid, 
and FP-loaded SLNs were determined by DSC (Shimadzu DSC-
60, Japan). Five milligrams of sample was placed in hermetically 
sealed aluminum pans and a DSC thermogram was obtained at 
a scanning rate of 5°C/min while the samples were heated from 
room temperature to 300°C. Moreover, for the calibration of the 
instrument indium was used as a reference. 

Statistical analysis
All results were statistically analyzed using one-way ANOVA 
through design expert 6.0.8 software. 

RESULTS AND DISCUSSION

Analytical validation of the HPLC method

Linearity 
After analyzing the eight different concentration of FP six 
times by HPLC, the average peak areas were plotted against 

Table 1. Actual values and variable levels designed through 32 
factorial design of FP-loaded SLNs

Formulation codes Actual 
values

Variable levels in coded form

X1 X2 X1 X2 X12 X22 X1X2

SLN1 1% 2 -1 -1 1 1 1

SLN2 1% 4 -1 0 1 0 0

SLN3 1% 8 -1 1 1 1 -1

SLN4 2% 2 0 -1 0 0 0

SLN5 2% 4 0 0 0 1 0

SLN6 2% 8 0 1 0 0 0

SLN7 4% 2 1 -1 1 1 -1

SLN8 4% 4 1 0 1 0 0

SLN9 4% 8 1 1 1 1 1

FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle
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concentrations. A linear relationship between peak area and 
concentration was observed. The best linearity was obtained 
between concentrations of 0.25 and 10 µg/mL in methanol 
since the correlation coefficient was found to be 0.9996. 

Accuracy
After FP solutions in methanol at concentrations of 0.5 µg/mL, 4 
µg/mL, and 10 µg/mL were injected 6 times as a test sample, the 
detector responses were used to calculate the concentrations 
of FP. The accuracy of the analytical method was determined 
with the help of the variation coefficient [relative standard 
deviation (RSD)] of the percent recovery values. Since the RSD 
values obtained were close to or less than 2%, the method was 
assumed to be accurate (Table 2).

Precision
The repeatability and intermediate precision of the method were 
evaluated. The repeatability of the method was determined by 
analysis of 6 repetitive injections of FP-methanol solutions 
and was shown as the RSD of measured concentrations. The 
RSD values were less than 2% as can be seen in Table 2. The 
intermediate precision of the HPLC method was defined by the 
RSD value of 12 injections performed on two different days 
and the RSD values were less than 2% (Table 2). On the other 
hand, there was no statistically significant difference between 
the means of the measured concentrations obtained on two 
different days for each FP solution (p>0.05). 

LOD and LOQ values
The LOD and LOQ values were calculated in accordance with 
the equations below. The standard deviation (s) of the response 
and the slope (m) of the calibration curve were used. While the 
LOD value was 0.09 µg/mL, the LOQ value was 0.28 µg/mL. 

LOD=3.3×s/m

LOQ=10×s/m

Formulation optimization by 32 factorial design  
Tristearin percentages were varied (1%, 2%, and 4%). These 
three different ratios were tested at three different numbers of 
homogenization cycles: 2, 4, and 8. In this way, nine SLNs were 
produced as per the 32 factorial design. The magnitude and 
sign of the main influence indicate the relative effect of each 
factor on the response by means of polynomial equations. Table 
3 gives the predicted and the observed values of responses 
(Q1, Q2). The predicted values were derived from the equations 
and the observed values were determined from experimental 
results.

Table 4 shows the results of model coefficients estimated by 
MLR and the ANOVA of the investigated model for all responses. 
The quality of the model developed was evaluated based on the 
regression coefficient values. The determination coefficient (r2 
value) for the response Q2 was nearer to 1, indicating that there 
was a good correlation between the observed and the response 
measures from the model. The negative sign in front of the 
coefficients indicated that the response of the nanoparticles 
increased when the independent factor was decreased, and 
the positive sign for the coefficients showed the positive effect 
of the independent factors on the observed replies. The model 
F-value of 3.87 for Q1 response implied there was a 5.30% 
probability that a “Model F-Value” of this magnitude could be 
caused by noise. On the other hand, the “Model F-value” of 
57.71 for Q2 response indicated that the model was statistically 
meaningful. The possibility of such a large “Model F-Value” due 
to noise is only 0.01%.28,31,32 

Figure 1 shows the linearity plots between the Q1 and Q2 values. 
The correlation graphs that show linearity between actual and 
predicted response variables indicated that the fit to the model 
was at an excellent level for Q2 (p<0.05), whereas the linear 
correlation plots showed a low compliance to the model for 
Q1 (p>0.05) (Figure 1). This situation is also evidenced by the 
F-value calculated for the Q1 model. The F-value of the Q1 model 
(F=3.87) is smaller than the tabulated F-value (F tab=4.46). This 
situation indicates statistical nonsignificance of the model 
(Figure 1 and also the p values in Table 4).

As seen from Table 3, drug entrapment efficiency of all 
factorial formulations was produced within a broad range of 
27.07-94.65%. Drug entrapment efficiency was not affected 
significantly by the level of X1 or X2 (p>0.05). Generally, as seen 
in p values that indicated the significance of the coefficients 
(Table 4), neither of the independent factors (X1 and X2) had a 
strong effect on the drug entrapment efficiency (Q1) (p>0.05).

Table 2. The RSD % values obtained for the analytical validation 
parameters

0.5 µg/mL 4 µg/mL 10 µg/mL

Accuracy (RSD %) 1.43 2.34 0.55

Repeatability (RSD %) 1.92 1.55 1.30

Intermediate precision (RSD %) 1.89 1.80 1.19

RSD: Relative standard deviation

Table 3. Observed and predicted responses of FP-loaded SLNs

Formul 
code

Responses

Observed values Predicted values

Q1± SD 
(%)

Q2± SD 
(nm)

Q1± SD 
(%)

Q2± SD (nm)

SLN1 52.02 352.9 43.51 334.3

SLN2 37.70 203.8 47.55 223.5

SLN3 33.31 130.9 31.97 112.7

SLN4 35.70 243.5 36.36 253.4

SLN5 38.11 190.7 34.68 196.8

SLN6 27.07 131.2 13.39 140.1

SLN7 71.32 177.1 79.17 172.5

SLN8 94.65 178.4 71.78 170.0

SLN9 29.74 171.6 44.76 167.5

FP: Fluticasone propionate, SLN: Solid lipid nanoparticle, SD: Standard deviation
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When the average size of the SLNs was investigated depending 
on the variation in homogenization cycles (X2) at each tristearin 
percentage (X1), it was observed that as X2 increased from 2 
to 8 the mean particle size decreased significantly (p<0.05). 
The average particle size of SLNs ranged from 130.9±3.30 to 
352.9±10.93 nm. Generally, from the p values of the coefficients 
presented in Table 4, it was concluded that both of the 
investigated variables (X1 and X2) had a major influence on the 
output Q2 (p<0.05). The biggest average size was observed in 
the lowest level of X1 (1%) and the lowest level of X2 (2 cycles) 
in factorial formulation SLN1. 

PDI, which is the indicator of homogeneity of the size 
distribution in colloidal drug delivery systems, is generally 
expressed as less than 0.3 for narrow size distribution.28,32 
The PDI values of all factorial formulations were between 
0.181 and 0.497 (Figure 2). It was observed that the factorial 
formulations that contain tristearin with a percentage of 1 or 
2 showed a wide size distribution (PDI >0.2) based on the 
homogenization cycles investigated except in the formulations 
that contained 2% tristearin at homogenization cycle 8 (SLN6 
coded formulation). As tristearin percentage increased from 1% 
or 2% to 4%, the PDI values were less than 0.3, indicating a 
uniform size distribution.

The surface charge of nanosized particles is the potential at the 

hydrodynamic shear plane and indicates the particle stability 
in dispersions.31 All of the SLNs exhibited negative surface 
charge between -19.5 and -29.7 mV. The surface charge of 
SLNs was not affected significantly by the variation in tristearin 
percentages or the homogenization cycles (Figure 3).

Simplified models were also utilized to draw contour plots 
for analyzing the effect of independent variables. The contour 
plots give a diagrammatical demonstration of the values of 

Figure 1. Linearity correlation graphs between actual and predicted values 
of (A) Q1, (B) Q2

Figure 2. PDI values of the FP-loaded SLN formulations
PDI: Polydispersity index, FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle

Figure 3. Surface charge of the FP-encapsulated SLN formulations
FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle

Table 4. Results of model coefficients estimated by MLR and the ANOVA of the fitted model for all responses

Responses
Model coefficients Regression analysis of variance

Factor Coefficients p value F p value R2 Adjusted R2

Q1

Intercept 34,6844

3.87 0.0530 0.7345 0.5449

X1 +12,1133 0.0638

X2 -11,4867 0.0755

X12 +24,9931 0.0179

X22 -9,81070 0.2662

X1X2 -5,71750 0.4248

Q2

Intercept +196,7462

57.71 <0.0001 0.9506 0.9341
X1 -26,7500 0.0013

X2 -56,6333 <0.0001

X1X2 +54,1250 <0.0001

MLR: Multiple linear regression, ANOVA: Analysis of variance
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the response. Since the contour plot of Q1 (Figure 4A) was 
nonlinear, it demonstrates a nonlinear relationship between 
input factors. As can be seen from the contour plot of Q2 
(Figure 4B), the indicator of the linear relationship between X1 
and X2 input factors is the linearity of the graph. 

According to the release profile study of FP-loaded SLNs as 
shown in Figure 5, prolonged release was obtained without any 
initial burst effect. The nature of the lipid matrix affects the 
release profile of the active substance. It is thought that FP-
loaded SLNs formed in a core-shell model with a drug-enriched 
core. This may be responsible for the slow release.

TEM micrographs of FP-loaded SLNs are shown in Figure 6. 
TEM analysis confirmed the colloidal sizes of the FP-loaded 
SLNs with spherical shapes.

Differential scanning calorimetry analysis
The DSC thermograms given in Figure 7 show that pure FP 
is decomposed by a small exothermic peak at 271.72°C. This 
outcome is in agreement with previous research by El-Gendy et 
al.33 and Dai et al.34 The peak of the active agent thus observed 
also indicated that the FP was a crystal structure. When the 
thermogram of the pure form of tristearin was evaluated, it 
was seen that tristearin produced a small exothermic shoulder 
peak at 49.89°C at first and then it gave a large endothermic 
peak at 60.73°C, which indicated the presence of a crystal 
structure in tristearin.35 When the thermogram of the optimum 
SLN was examined, it was seen that the exothermic peak of 
FP disappeared. This indicated that FP’s crystal structure was 
turned into an amorphous structure within the SLN matrix. 

When the optimum formulation’s thermogram was examined 
for tristearin peaks, it was seen that the exothermic shoulder 
peak of tristearin disappeared where the main endothermic 
main peak at 57.02°C remained the same shape with the same 
sharpness. This situation was interpreted as showing that 
tristearin in the SLN formulation preserved a large proportion 
of its crystal structure.

CONCLUSION
FP-loaded SLNs were successfully fabricated using high 
pressure homogenization. A 32 experimental design and 
contour plot analysis were used with software to set up the best 
formulation conditions with a limited number of experiments. 
This study showed that tristearin percentages and the number 
of homogenization cycles used in the SLN formulations 
significantly affected the physico-chemical characteristics 

Figure 4. Contour plots of FP-loaded SLNs showing the influence of X1 and 
X2 on A) Q1, B) Q2
FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle

Figure 5. In vitro drug release profile of FP-loaded SLNs
FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle

Figure 7. DSC thermograms of pure FP, tristearin, and optimum formulation
DSC: Differential scanning calorimetry, FP: Fluticasone propiyonat 

Figure 6. TEM micrograph of the optimal formulation
TEM: Transmission electron microscopy
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of FP-loaded SLNs. According to the factorial design study 
performed in this research, the optimum formulation could be 
achieved with the content of 4% tristearin and 4 homogenization 
cycles.

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: Sıkıştırma simülatorü (CS) toz sıkıştırma prosesi sırasında veri  kaydı yapan tek zımbalı bir cihazdır. Bu çalışmanın amacı laktoz bazlı doğrudan 
tabletleme ajanlarının (DTA) davranışlarını CS kullanarak belirlemektir. Kaydedilen veriler tozların basılabilme ve akış özelliklerini değerlendirmede 
kullanılmıştır. Çalışmanın odağı zayıf akış özelliğine sahip parasetamol içeren tabletler yapmak için StarLac® [alfa laktoz monohidrat (%85) ve mısır 
nişastası %15)] ve FlowLac® 100 (püskürterek kurutulmuş alfa laktoz monohidrat) basılabilirliğini karşılaştırmaktır.  
Gereç ve Yöntemler: İki laktoz bazlı DTA kullanılmıştır. Bu tozların bulk, sıkıştırılmış ve gerçek yoğunlukları yansıra fiziksel özellikleri taramalı 
elektron mikroskobu analiziyle birlikte görüntülenmiştir. Daha sonra akış özellikleri yığın açısı, Hausner oranı ve Carr basılabilirlik indeksleri 
hesaplanmıştır. CS tarafından üretilen kuvvet, sıkışmış tozun zımba içindeki kalınlığı ve zımba deplasmanı verileri iç kompresyon esnasında elde 
edilmiştir. Basılabilirlik Heckel eşitliği kullanılarak hesaplanmıştır.
Bulgular: Fiziksel karakterizasyon test sonuçları iki DTA arasında anlamlı bir fark göstermemiştir. Sertlik sonuçları FlowLac® içeren tablet 
formülasyonların StarLac® içeren formülasyonlara göre  baskı gücünün artışına karşı daha yüksek hassasiyet gösterdiklerini açığa çıkarmıştır. 
Baskı döngüsü esnasında, CS tarafından oluşturulan Heckel plotlarından FlowLac®100 and StarLac® için verim basıncı (Py) hesaplanmıştır. kM’de 
sıkıştırma döngüsü esnasında FlowLac®100 and StarLac® için Heckel parametreleri (Py) sırasıyla 87,5 MPa ve 85,2 MPa olarak hesaplanmıştır. Bu 
veriler iki tozun da sıkıştırılabilir olduğunu ve kırılgan davranış gösterdiğine işaret etmiştir. 

Objectives: A compaction simulator (CS) is a single-punch instrument that records data during the powder compaction process. The aim of the study 
was to determine the behavior of lactose-based direct tableting agents (DTAs) by CS. The data recorded were used to evaluate the flowability and 
compressibility of powders. The focus of the study was on comparing the compressibility of StarLac® [alpha lactose monohydrate (85%) and white 
maize starch (15%)] and FlowLac®100 (spray-dried alpha lactose monohydrate) in order to make tablets containing poorly flowable paracetamol.
Materials and Methods: Two lactose-based DTAs were used. Physical characterization of these powders was done by measuring bulk, tapped, and 
true densities alongside scanning electron microscopy analysis. Flow properties were then calculated by the angle of repose, Hausner ratio, and 
Carr’s compressibility index. Force, in-die thickness, and punch displacement data produced by the CS were captured during in-die compression. 
Compressibility was calculated using the Heckel equation.
Results: The physical characterization test results showed no significant difference between the two DTAs. Hardness results revealed that tablet 
formulations containing FlowLac® had higher sensitivity to an increase in compression force in comparison with StarLac®. From the Heckel plots 
generated by the CS during the compression cycle, yield pressure (Py) values were calculated for FlowLac®100 and StarLac®. The Heckel parameter 
(Py) for FlowLac®100 and StarLac® was calculated as 87.5 MPa and 85.2 MPa, respectively, during the compaction cycle at 5 kN. These data 
indicated that both powders are compressible and have brittle behavior. 
Conclusion: StarLac® is less brittle, which was shown by its lower sensitivity to compression force. Py values obtained from the Heckel equation 
described the plasticity of particles, which gives distinct information on the compressibility of both DTAs in real time during the compaction cycle.
Key words: Compaction simulator, compressibility, tablet, FlowLac®100, StarLac®
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INTRODUCTION
A compaction simulator (CS) works by mimicking the exact 
cycle of any tabletting process in real time and records all 
important parameters during a single compression cycle. It 
has a wide range of advantages in industrial production and 
pharmaceutical research, having the ability to perform scale-up, 
understand compaction behavior, and characterize powders.1 
Data obtained from measurements of forces and displacement 
of upper and lower punches as well as plastic and elastic 
energies are used to evaluate the deformation characteristics 
of pharmaceutical powders.

Direct tableting agents (DTAs) are incorporated into 
formulations to improve the flow and compressibility of poorly 
flowable paracetamol. The primary function of DTAs in a tablet 
is to act as a carrier for the active pharmaceutical ingredient 
(API).2 The focus of the present study was on lactose-based 
powders, which are generally used to enhance the bulk of a 
tablet, flow, and tableting properties. The two DTAs evaluated 
in our study were FlowLac®100 (spray-dried alpha lactose 
monohydrate) and StarLac® (co-processed maize starch 
and lactose). Lactose is a commonly used agent in tablet 
formulations. Lactose exhibits poor binding properties as a 
result of particle fragmentation, which is considered the main 
consolidation mechanism of lactose.3

Characterization of powders can be achieved using various 
compression equations that have been derived by many 
researchers.4-10 The Heckel equation, proposed by Heckel in 
1961, which characterizes materials according to plastic and 
brittle properties, has been widely used in compaction studies.11 
The yield pressure, which is calculated from the Heckel 
equation, follows first-order kinetics. Yield pressure (Py)  is the 
stress at which a material begins to plastically deform. A low Py 
value indicates that a material will deform plastically and higher 
Py values indicate brittle deformation.12 Attempts have been 
made by mechanical descriptors to set limits on these values, 
allowing materials to be categorized.13 Although these limits 
are present, it has been reported that there may be factors that 
affect the yield pressure, which may give rise to variations in 
the Py values for the same material.14-17

The target of the present study was to see how both DTAs 
improve the compactibility characteristics of the model API 
with the aid of data produced by a compaction simulator. 

MATERIALS AND METHODS
Paracetamol USP grade (Kimetsan) was used with the DTA 
StarLac® (Meggle AG). StarLac® is co-processed by the 
spray-drying of α-lactose monohydrate and corn starch. 
For comparison, FlowLac®100 (spray-dried alpha lactose 
monohydrate, Meggle AG) was used. Stearic acid (Kimetsan) 
was added to all formulations as lubricant.

Material characterization
The bulk and tapped densities of the dry sieved raw materials 
were determined. Bulk and tapped densities were measured 
using an ERWEKA® tapped volumeter (type: SMV 101/SMV 
102, Germany). First the powder was transferred to a 50 mL 
graduated glass cylinder with the aid of a funnel. After that 
the sample was weighed on an analytical balance. The glass 
cylinder was placed on the tapped volumeter and tapped up to 
100 times. The volume of the substance was visually detected 
and the tapped and bulk densities were calculated. The true 
densities of substances were determined using a helium 
pycnometer.

Microscopy 
Particle morphology of the powders used was assessed by 
scanning electron microscopy (SEM). 

Formulation design
The tablet formulations in this study are shown in Table 1. 
Formulations were made to compare the compressibility of 
StarLac® [alpha lactose monohydrate (85%) and white maize 
starch (15%)] and FlowLac®100 (spray-dried alpha lactose 
monohydrate) in order to make tablets containing poorly 
flowable paracetamol.

Preparation of powder blends and granulation
The process of dry granulation was employed in the present 
study to ensure a uniform granulated powder ready for tableting. 
Slugging was performed in place of roller compaction. The API 
was fed into a large capacity tablet press (Korsch XP 1) and 
was compacted by means of flat punches 18 mm in diameter. 
The slugs were then milled and screened through a 0.63-mm 
mesh sieve. Four formulations were prepared, and a fixed 
amount of FlowLac®100 or StarLac® was weighed and mixed 
with 300 mg of API granules and 10 mg of lubricant in a cubic 
mixer (ERWEKA® Heusenstamm Germany, type KB 15, serial 
no. 73876. 1070) for 5 min at a mixing speed of 50 rpm. 

Compression procedures
The tablets were compressed on a Stylcam 200R Compaction 
Simulator (Medepharm, France). Flat-faced punches 11.28 mm 
in diameter were used. The tablets were compressed using 15 

Table 1. Formulation composition

Formulations for tabletting (mg)

Formulation Paracetamol FlowLac®100 StarLac® Stearic acid

F01 - 500 - 10

F02 - - 500 10

F03 300 200 - 10

F04 300 - 200 10

Sonuç: StarLac®’ın daha az kırılgan olduğu baskı kuvveti uygulamasına karşı daha az duyarlı olduğu ile gösterilmiştir. Heckel eşitliğinden elde 
edilen partiküllerin plastisitesini tarif etmektedir ve bu da sıkıştırma döngüsü esnasında her iki DTA’nın da sıkıştırabilirlikleri hakkında belirgin bilgi 
vermektedir. 
Anahtar kelimeler: Sıkıştırma simülatorü, sıkıştırabilirlik, tablet, FlowLac®100, StarLac®
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kN and 30 kN force to determine the compressibility of the API. 
The CS recorded upper and lower punch displacement data, 
which were analyzed using the software ANALIS.

Determining tablet properties
Ten tablets were made for each formulation at 5, 10, 15, and 
20 kN. Physical tests were carried out on an average of three 
of them. The crushing strength for each formulation was 
measured with an ERWEKA® tablet hardness tester (TBH 225 
series). Thickness and diameter were also measured.  

Heckel analysis
The Heckel equation is an experimental equation that interprets 
the relationship between the densification of a powder bed and 
applied stress.

ln    1  

  1-D
 = KP + Intercept

D is the relative density of the powder, P is pressure, and K is 
a constant and the slope of the linear portion of the graph. The 
Heckel parameter, denoted by 1/K (inverse of the slope), is 
thought to be related to the Py of the powder and has the unit of 
pressure. The arch at low pressure often seen before the linear 
region on a Heckel plot is due to rearrangement or fracture.4,11,18

Statistical analysis
The study data were analyzed using One-Way ANOVA. The 
software package IBM SPSS statistics v26 was used. The level 
of significance was p<0.05.

RESULTS
The powder flowability was determined by measuring and 
calculating the angle of repose, the Hausner ratio, and Carr’s 
index. As expected, the results in Table 2 show that the flow 
properties of paracetamol granules were poor. FlowLac®100 
and StarLac® showed excellent flow properties as indicated by 
the Hausner ratio (1.14 and 1.17, respectively). 

In Figures 1a and 1b the SEM images show the similarity in 
particle structure between FlowLac®100 and StarLac®. Both the 
fillers appeared to have spherical particles with rough surfaces 
and their particle sizes are within close range (Meggle).

Figures 2a and 2b illustrate the in-die Heckel plots, which 
were obtained for F01 and F02. ln (1/1-D) was calculated for 
the formulations within a range of compaction forces and these 
were plotted against each other to determine Py.

The variations observed in Py for both materials can be attributed 
to the effect of compaction pressure as shown in Tables 3a 
and 3b. Yield stress (Py) showed a progressive increase with 

Figure 1a, 1b. Scanning electron microscopy images of the DTAs used in 
this study (500x):

a) StarLac® b) FlowLac®100
DTAs: Direct tableting agents

Figure 2a. In-die Heckel plot for 510 mg of StarLac® compressed at 15 kN

Figure 2b. In-die Heckel plot for 510 mg of FlowLac®100 compressed at 
15 kN 

Table 2. Powder physical properties

Powders Bulk density 
(g/L)

Tapped density 
(g/L)

Hausner ratio Flow character Carr’s index 
(%)

Angle of repose 
(°)

Flow properties

Granulated paracetamol 44 80 1.8 Very, very poor 44 50 Poor

FlowLac® 100 625 714 1.14 Good 12.5 21.15 Excellent

StarLac® 609 714 1.17 Good 14.6 19.79 Excellent
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increase in compression force. This indicated that yield stress 
is pressure dependent.

The Heckel analysis showed that for both formulations, F01 
and F02, an increase in compaction pressure resulted in an 
increase in relative densities, thus signifying that a higher 
degree of densification occurred at higher pressures.  

Figure 3 shows the hardness profiles for the formulations 
made. There was a greater decrease in crushing strength for 
FlowLac®100 containing formulations as the compression force 
increased. However, the sensitivity of StarLac® to change in 
compression force was less.

DISCUSSION
The calculated yield pressures for both formulations from 
Figures 2a and 2b were greater than 80 MPa. In accordance 
with the limits set by Roberts and Rowe14 both powders would 
be considered brittle materials. Generally, a lower Py value 
(higher slope) reflects lower resistance to pressure, better 
densification, higher plastic deformation ability, and improved 
compressibility.19

Duberg and Nyström20 divided the Heckel plot into two phases: 
compression and decompression. For an elastic material the 
curve shows a noticeable deviation from the horizontal in the 
decompression phase, which then leads to a low Py value. As 
expected, the lactose-based excipients showed no deviation 
from the horizontal. 

The Heckel analysis showed that for both formulations, F01 and 
F02, as the compaction pressure increased, values of relative 
density increased. Hence, a higher degree of densification 

occurred at higher pressures. In concurrence with previous 
studies,18,21 StarLac® had lower Py when compared to 
FlowLac®100; therefore, the values of Py were higher for F01 
at all compaction pressures compared to F02. These findings 
also indicate that more densification was exhibited by F02 and 
this could be attributed to the low resistance to force as seen 
in Figure 3. This may also be attributed to the different physical 
properties of the DTAs. 

The confidence level of 95% gives a clear indication of variation 
between Py of both DTAs, with a significant difference value 
(p<0.05).

The reduced densification of F01 (FlowLac®100) can be 
associated with increased frictional and cohesive forces, which 
tend to restrain particle sliding. This leads to a relatively small 
amount of fragmentation and thus formation of less dense 
compacts.14 

Figure 3. Hardness profiles of formulations at different compaction forces

Table 3b. Mean yield pressure, densification due to initial die filling, elastic energy, plastic energy, and R2 values obtained from in-die Heckel 
analysis for StarLac®

Compression
force (kN)

Py (MPa) R2 D0* EE PE EE/PE ratio

5 (0.2) 85.2 (1.115) 0.998 (0.001) 0.223 (0.006) 0.078 (0.004) 3.529 (0.091) 0.022 (0.001)

10 (1.8) 112.1 (1.553) 0.999 (0.000) 0.330 (0.000) 0.196 (0.012) 6.686 (0.119) 0.028 (0.001)

15 (0.3) 121.3 (1.595) 0.996 (0.001) 0.320 (0.030) 0.340 (0.026) 9.493 (0.215) 0.035 (0.002)

20 (0.4) 118.7 (2.476) 0.995 (0.000) 0.337 (0.031) 0.572 (0.067) 12.398 (0.01) 0.047 (0.005)

n=3 with standard deviations in parentheses *values of D0 are derived from the subtraction of densification due to slippage and rearrangement of primary particles (Db) from 
densification due to initial particle rearrangement (Da)
Py: Yield pressure, EE: Elastic energy, PE: Plastic energy

Table 3a. Mean yield pressure, densification due to initial die filling, elastic energy, plastic energy, and R2 values obtained from in-die Heckel 
analysis for FlowLac®100

Compression
force (kN)

Py (MPa) R2 D0* EE PE EE/PE ratio

5 (0.2) 87.5 (0.95) 0.995 (0.001) 0.300 (0.066) 0.083 (0.009) 3.662 (0.064) 0.023 (0.002)

10 (1.8) 119.5 (9.25) 0.997 (0.002) 0.363 (0.066) 0.202 (0.020) 6.828 (0.053) 0.030 (0.002)

15 (0.3) 138.0 (2.57) 0.996 (0.002) 0.383 (0.046) 0.385 (0.017) 9.736 (0.171) 0.041 (0.001)

20 (0.4) 145.5 (1.78) 0.996 (0.000) 0.408 (0.013) 0.617 (0.100) 12.249 (0.10) 0.050 (0.001)

n=3 with standard deviations in parentheses, *values of D0 are derived from the subtraction of densification due to slippage and rearrangement of primary particles (Db) from 
densification due to initial particle rearrangement (Da)
Py: Yield pressure, EE: Elastic energy, PE: Plastic energy
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The data illustrated in Tables 3a and 3b indicated that at different 
compaction forces the StarLac® tablets exhibited lower elastic 
energies than FlowLac®100 tablets did.

As observed from the hardness profiles of F03 and F04, both 
formulations were compressible and gave suitable crushing 
strengths at 15 kN. Due to the difference in composition of 
the DTAs, StarLac® gave rise to a combination of deformation 
mechanisms. This indicates that there was a reduction in the 
brittle behavior of StarLac®. 

Study limitation
A limitation of the study is that slugging may not generate 
reproducible results and therefore the use of a roller compactor 
may improve reliability. 

To obtain an optimized formulation using the same materials, 
the study can be expanded by implementing more tablet tests 
to help design a more robust formulation with the aid of a 
compaction simulator.

CONCLUSION
A CS can precisely and efficiently characterize the 
compressibility of DTAs in a single compression cycle in 
real time. The low Py of the StarLac® formulation indicated 
better compressibility in comparison to FlowLac®100. Initial 
characterization of both DTAs used led to understanding of 
their deformation behavior from the Heckel parameter (Py) 
depicting a brittle nature.

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 tiyokolşikosid için en iyi poloksamer katı dispersiyon taşıyıcısını bulmaktır. 
Gereç ve Yöntemler: Tiyokolşikosidin eksipiyanlarla geçimliliği diferansiyel tarama kolorimetrisi ve fourier transform infrared spektroskopisi ile 
çalışılmıştır. Katı dispersiyonların (SD) farklı formülasyonları poloksamer-108, poloksamer-188, poloksamer-237, poloksamer-338 ve poloksamer-407 
gibi poloksamer taşıyıcılarını tiyokolşikosid: poloksamer oranı 1:1, 1:2, 1:4 ve 1:6 olacak şekilde yapılmıştır. SD’ler yeni bir mikrodalga füzyon metoduyla 
yapılmıştır ve 8-istasyonlu tablet kompresyon makinesi kullanılarak basılmıştır. Üretilen SD tabletleri fizikokimyasal kısıtlama ve ilaç salım oranları 
ile karakterize edilmiştir. Hazırlanan SD’lerden salınan tiyokolşikosid daha sonra kinetik modellerle analiz edilmiştir.
Bulgular: Tiyokolşikosid poloksamer taşıyıcılarla geçimli bulunmuştur. SD formülasyonları fizikokimyasal kısıtlamalar açısından ve tek basamaklı 
salımı takiben tatmin eden tiyokolşikosid salmı göstermiştir. 
Sonuç: Kullanılan poloksamer taşıyıcılar arasında, poloksamer-188 çözünürlük artışı ve SD’lerde tiyokolşikosid salımı açısından en iyisi olarak 
belirlenmiştir.
Anahtar kelimeler: Tiyokolşikosid, poloksamer, katı dispersiyon, değerlendirme
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Objectives: The aim of this study of this study was to discover the best poloxamer as a solid dispersion carrier for thiocolchicoside (TCS). 
Materials and Methods: The compatibility of TCS with excipients was studied by differential scanning colorimetry and fourier transform infrared 
spectroscopy. Different formulations of solid dispersions (SDs) were made with poloxamer carriers, i.e. poloxamer-108, poloxamer-188, 
poloxamer-237, poloxamer-338, and poloxamer-407 were made by taking TCS:poloxamer in ratios of 1:1, 1:2, 1:4, and 1:6. The SDs were made by a 
novel microwave fusion method and compressed using an 8-station tablet compression machine. The fabricated SD tablets were characterized by 
physicochemical constraints and drug release rates. The release of TCS from the prepared SDs was later analyzed by kinetic models.
Results: TCS was observed to be compatible with the poloxamer carriers. The SD formulations showed satisfactory physicochemical constraints 
and TCS release following first-order release.
Conclusion: Among the poloxamer carriers used, poloxamer-188 was the best for increasing the solubility and release rate of TCS from the SDs.
Key words: Thiocolchicoside, poloxamer, solid dispersion, evaluation 
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INTRODUCTION
Industrial pharmacists make many attempts to enhance the 
solubility of drugs economically. Among the various approaches 
for enhancing solubility, the solid dispersion (SD) approach is 
gaining in importance as it is simpler and requires less effort 
than the other approaches.1

Thiocolchicoside (TCS) is a colchicoside derivative from 
Gloriosa superba and Colchicum autumnale. TCS is a muscle 
relaxant used to tackle sore muscle shrinkages, acute and 
arthritic problems, and pains, and it lacks sedative side 
effects, unlike other muscle relaxants. It is also given with 
many nonsteroidal anti-inflammatory drugs.2-5 TCS is a yellow 
crystalline powder that is slightly soluble in ethyl alcohol and 
insoluble in chloroform. 

The traditional method of preparing SDs is by fusion, in which 
the polymer-carriers used for SDs are not exposed to a uniform 
heat from the heat source. To overcome this, a novel microwave 
(MW) melting technique is adopted. Electromagnetic irradiation 
was applied in an MW oven with 0.3 to 300 GHz of infrared and 
radio frequencies equivalent to wavelengths of 1 mm to 1 m. 
This technique can be adopted for obtaining fast and continuous 
heating even in materials presenting low heat conductivity (e.g., 
polymers), because the relocation of energy does not depend 
on heat diffusion.6,7 Thus, this novel MW melting method was 
adopted in the preparation of SDs.

Much research has been performed on enhancing the solubility 
of drugs using poloxamers, i.e. poloxamer-108,8 poloxamer-188,9 
poloxamer-237,10 poloxamer-338,11 and poloxamer-407.12

Therefore, it is important to enhance the solubility of TCS, with 
faster discharge, absorption, and action to relieve acute patients. 
It also helps researchers to know which poloxamer carrier is 
best for releasing TCS among poloxamer-108, poloxamer-188, 
poloxamer-237, poloxamer-338, and poloxamer-407. The 
current investigation aimed to enhance the solubility of TCS 
with poloxamer carriers and find out the best among the better 
poloxamers. 

MATERIALS AND METHODS

Materials
TCS was gifted from Yarrow Chemicals. Poloxamer-108, 
poloxamer-188, poloxamer-237, poloxamer-338, and 
poloxamer-407 were from Amrutha Organics, Hyderabad. 
Microcrystalline cellulose, talc, and magnesium stearate were 
obtained from Colorcon, India. Double distilled water (DW) was 
utilized whenever appropriate.

Statistical analysis

Solubility studies
Pure TCS was examined for solubility in 0.1 N HCl, water, pH 
4.5 acetate buffer, and pH 6.8 and pH 7.4 phosphate buffers.13

Drug-excipient compatibility studies
Differential scanning calorimetry (DSC) and fourier transform 
infrared (FTIR) spectroscopy were used to explore the 
interaction among the TCS and carriers used in the study.

Differential scanning calorimetry
Pure drug (TCS) and 1:1 ratio of TCS and carriers (SDs) were 
included in the analysis. About 10 mg of mix (in a DSC aluminum 
pan) was examined between 50 and 300°C (DSC-50, Shimadzu, 
Japan).

Fourier transform infrared spectroscopic study
The relations between the ingredients of the SDs were 
investigated using FTIR spectroscopy. The FTIR spectra of 
the TCS alone and together with carriers were logged using 
an FTIR spectrometer (Bruker) by scanning at 4000-400 cm-1 

range.

Designing of solid dispersions (physical mixture)
TCS and carrier SDs were prepared by MW induced heating 
technique.14 Different percentages of TCS and carrier (Table 1) 
were put into a glass beaker in CATA- 2R MW oven (Catalytic 
Systems, Pune, India) at 560 W. In the oven, one beaker 
containing drug excipient blend was kept in an accurate site 
every time. The mixture was exposed to MW radiation for 
prearranged periods (3, 4, 5, and 6 min). Then the beakers with 
mixtures were left at room temperature to solidify.15 The SDs 
were kept in a desiccator for 24 h and smashed in a mortar. The 
pulverized blends were passed through an 80# sieve (Table 1).

Table 1. Drug (thiocolchicoside):carrier (poloxamer) ratios in 
various formulations

Drug:carrier Ratio Formulation code

TCS: poloxamer-108 1:1 TP108-1

1:2 TP108-2

1:4 TP108-3

1:6 TP108-4

TCS: poloxamer-188 1:1 TP188-1

1:2 TP188-2

1:4 TP188-3

1:6 TP188-4

TCS: poloxamer-237 1:1 TP237-1

1:2 TP237-2

1:4 TP237-3

1:6 TP237-4

TCS: poloxamer-338 1:1 TP338-1

1:2 TP338-2

1:4 TP338-3

1:6 TP338-4

TCS: poloxamer-407 1:1 TP407-1

1:2 TP407-2

1:4 TP407-3

1:6 TP407-4

TCS: Thiocolchicoside
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Evaluation of solid dispersions

Flow properties for solid dispersions
The designed SDs were evaluated in terms of their micromeritic 
characteristics, i.e. angle of repose, true and tapped densities, 
Carr’s index, and the Hausner ratio.16,17

Yield
The % recovery of SDs were determined after full removal of 
moisture. Thus it includes the weight of dried SDs in the total of 
the TCS and excipients necessary for making SDs.

% Yield =
            Actual weight of the SDs          

×100
 

                Total weight of the TCS and excipients

Tablet preparation and depiction
SDs equivalent to TCS were made by direct compression18 into 
tablets, after mixing with prerequisite amounts of all ingredients 
(Table 2) with the aid of a tablet compression machine (8 
station-Karnavati Engineering, Ahmedabad, India).

Evaluation of tablets
The following parameters were tested for the TCS SDs 
tablets.19-22

Morphological constraints 
The tablets were assessed for their uniformity in size and 
shape.

Thickness
The thickness of the tablets was measured using vernier 
calipers (Qumos Enterprises, Mumbai, India). They were 
measured three times.

Hardness
The force needed to fragment the tablets was recorded with 
a Monsanto tablet hardness tester (Vinsyst Technologies, 
Mumbai) to determine the physical strength. These tests were 
performed three times.

Uniformity in weight
Individual lots of 20 tablets were weighed with an electronic 
digital balance (Citizen, CY-104, Mumbai, India) and the mean 
was determined. The % change in weight was determined and 
then compared with IP specifications (limit ±7.5%). 

Friability
This test was done with a Roche Friabilator to determine the 
physical strength of the prepared tablets and to check their 
intactness when subjected to physical stresses. Winitial was 
recorded for 10 tablets before the test, and they were placed in 
the drum and spun at 25 rpm for 4 min and Wfinal was recorded. 
The loss on friability was then determined by the following 
equation:

F=
  Winitial – Wfinal  

×100
           Winitial

Thiocolchicoside calibration curve
The practice of finding TCS by ultraviolet (UV) spectrophotometer 
at 259 nm was standardized and the TCS was observed to obey 
the Beer-lambert law in 2-10 µg/mL concentration.23

Uniformity of thiocolchicoside content
Tablets from every lot (n=5) were taken, weighed, and smashed 
in a mortar. Then 4 mg of TCS was dissolved in 100 mL of 0.1 
M HCl. Next, 0.2 mL of solution was made up to 10 mL with 0.1 
M HCl. The absorbance was determined24 at 259 nm with a UV-
visible spectrophotometer (Double Beam-lab India, Mumbai). 
The content evenness was determined from the TCS standard 
calibration graph.

Dissolution rate/in vitro thiocolchicoside discharge
The dissolution conditions were as below:25

• Apparatus: USP XXIII dissolution test apparatus 

• Dissolution medium: 0.1 M HCl

• Volume: 900 mL

• Temperature: 37±0.5°C

• Paddle speed: 50 rpm

• Sampling times: every 5 min

• Sample withdrawn: 10 mL

• Absorbance: 259 nm

Kinetic modeling of TCS discharge 
The mechanisms of the TCS discharge from the tablets were 
examined and the rate kinetics of the SDs was attained with the 
formula shown below:26,27

• Cumulative % of drug discharged vs time (zero-order plots)

• Log cumulative % of drug enduring vs time (first-order plots)

• Cube root of drug remaining vs time (Hixson-Crowell plots)

Accelerated stability studies
The TCS-SDs tablets were subjected to stability studies for 6 
months in different storage environments to determine their 
sustainability in these storage conditions (Environmental 
Chamber Model 5532).28

RESULTS 
Novel and efficient SDs of TCS with poloxamer carriers using 
MW fusion (MWF) were prepared. In contrast, TCS matching 
with the carriers used was confirmed by the DSC thermograms 
(Figure 1). 

Table 2. formulation of a tablet containing solid dispersions 

Ingredients Quantity per tablet (mg)

SDs equivalent to 4 mg of TCS 125

Lactose 50

Starch 15

Microcrystalline cellulose 50

Magnesium stearate 5

Talc 5

The weight of the tablets 250

SDs: Solid dispersions, TCS: Thiocolchicoside
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The matching of the TCS drug with the poloxamer carriers was 
established by FTIR studies and the FTIR spectra of the TCS 
with poloxamer carriers used (Figure 2).

The SDs were checked for flow properties to confirm their free 
movement from hopper to tableting machine die wall without 
adhesion. The flow properties of the fabricated TCS-SDs are 
given in Table 3.

The fabricated TCS tablets were observed to be uniform in 
size and shape, off white, and odorless with a smooth surface. 
The prepared formulations’ thickness, uniformity of weight, 
hardness, friability, percent yield, and TCS amount uniformity 
are given in Table 4. 

The main reason for preparing SDs is to increase the solubility 
of drugs. The solubility of the prepared SDs was studied in 
various solvents. The solubility of the prepared tablets was high 
in DW and 0.1 N HCl. These values are shown in Figure 3.

Later TCS discharge was assessed by in vitro drug dissolution. 
The TCS discharge from the tablets was determined by plotting 
a calibration curve of TCS as per the procedure described 
before and the calibration curve (Figure 4).

The solubility of TCS SDs was further demonstrated by in 
vitro testosterone dissolution studies. All the SDs showed 
satisfactory drug discharge. The SDs containing TCS:poloxamer 
(1:6) showed better discharge than the other formulations 
(Figure 5). 

The TCS discharge mechanism from the tablets was determined 
by kinetic treatment of in vitro drug dissolution data. The 
correlation (R2) values are given in Table 5. The first-order and 
Hixson-Crowell’s plots are shown in Figures 6 and 7. 

DISCUSSION 
DSC is a vital tool for obtaining evidence quickly about 
suitability among the TCS and the carrier by the presence, 
swing, or vanishing of endothermic/exothermic peaks.29 DSC 
gives an insight into the melting and recrystallization activities 
of SDs. Neither loss of characteristic peaks nor appearance of 
new peaks were documented upon DSC analyses and confirms 
the lack of incompatibility between the TCS and the carrier 
used.30 The DSC points were attained on pure TCS and physical 
blend. The thermograms of TCS with poloxamer combinations 
were shifted towards the left, indicating proper impregnation 
of TCS with the carriers used. The characteristic peaks and 
stretches of pure TCS were also seen in the TCS-poloxamer 
carrier combinations, indicating no incompatibility of TCS with 
the carriers used. 

FTIR spectroscopy is another significant approach to determine 
possible chemical interactions among TCS and the excipients. 
The orientation of new absorption bands gives the main signals 
of the interaction among TCS and the active substance.31 
The FTIR spectra showed that typical TCS bands and carrier 
separately were not rehabilitated in the mixtures, which 
indicates no interactions between TCS and poloxamer. 

The spectra of TCS show prominent bands at 1556.6 cm-1, 
attributed to the C=O stretching, tropane ring at 1647.6 cm-1, Amide 
II band (N-H stretching) at 3326.98 cm-1, and -OH stretching band 
at 3413.77 cm-1. All these bands were seen undisturbed even in 
TCS-poloxamer blends and are given in Figure 2.

The free flow of SDs from the hopper was confirmed by the 
micromeritic properties. The fabricated TCS SDs showed 
very good flow properties in terms of the angle of repose 
(34.52±0.02 to 25.21±0.03°) and nearly spherical particles. 
The compressibility index was 0.877±0.05 to 10.552±0.09, 
signifying good compression properties while tableting. The 
fabricated TCS tablets were uniform in size and shape, off 
white, and odorless, with a smooth surface.

The TCS tablets appeared to be uniform in thickness (4.5 mm) 
and weight, indicating the TCS and excipients used were added 
and blended properly. The loss on friability was <1% and the 
hardness was more than 4 kg/cm2, indicating that the tablets 
have good mechanical strength, and that means good cohesive 
properties of SDs for compressing them into tablets. The yield 
was observed to be good (>90%) and TCS content was uniform. 

Pure TCS was checked for solubility in various media, i.e. water, 
0.1 N HCl, pH 4.5 acetate buffer, pH 6.8 phosphate buffer, and 

Figure 1. DSC thermograms of thiocolchicoside with poloxamer bases
DSC: Differential scanning calorimetry

Figure 2. FTIR spectrum of thiocolchicoside with poloxamer
FTIR: Fourier transform infrared
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Table 3. Flow character specifications
Flow properties

Formulation Angle of repose (°) Bulk density Tapped density Carr’s index Hausner ratio

TP108-1 33.95±0.03 0.785±0.05 0.799±0.06 1.752±0.01 1.017±0.01
TP108-2 29.64±0.05 0.458±0.02 0.466±0.01 1.716±0.08 1.017±0.01
TP108-3 28.45±0.02 0.635±0.01 0.654±0.06 2.905±0.02 1.029±0.02
TP108-4 29.05±0.05 0.258±0.01 0.268±0.01 3.731±0.05 1.038±0.01
TP188-1 27.37±0.09 0.528±0.03 0.536±0.04 1.492±0.01 1.015±0.01
TP188-2 31.22±0.06 0.568±0.07 0.578±0.04 1.730±0.03 1.017±0.03
TP188-3 31.55±0.05 0.258±0.01 0.268±0.01 3.731±0.07 1.038±0.09
TP188-4 25.84±0.06 0.269±0.05 0.287±0.02 6.271±0.05 1.066±0.05
TP237-1 26.37±0.05 0.356±0.03 0.398±0.01 10.552±0.09 1.117±0.01
TP237-2 30.50±0.05 0.524±0.05 0.545±0.03 3.853±0.04 1.040±0.03
TP237-3 29.41±0.03 0.425±0.03 0.457±0.01 7.002±0.09 1.075±0.03
TP237-4 29.15±0.04 0.546±0.04 0.555±0.06 1.621±0.05 1.016±0.07
TP338-1 30.50±0.06 0.365±0.05 0.389±0.02 6.169±0.06 1.065±0.08
TP338-2 29.12±0.06 0.358±0.01 0.364±0.02 1.648±0.01 1.016±0.01
TP338-3 25.21±0.03 0.452±0.03 0.456±0.05 0.877±0.05 1.008±0.01
TP338-4 26.09±0.06 0.254±0.08 0.259±0.01 1.930±0.01 1.019±0.07
TP407-1 26.27±0.04 0.524±0.01 0.541±0.03 3.142±0.02 1.032±0.02
TP407-2 30.28±0.06 0.658±0.05 0.666±0.01 1.201±0.01 1.012±0.01
TP407-3 34.52±0.02 0.524±0.05 0.566±0.01 7.420±0.09 1.080±0.08
TP407-4 28.46±0.02 0.425±0.01 0.433±0.01 1.847±0.01 1.018±0.01
All values given as mean ± SD, trials (n=3), SD: Standard deviation

Table 4. Physical characteristics of prepared solid dispersions
Physical parameter
Formulation Uniformity of weight (mg) Hardness (cm2) Thickness (mm) Friability (%) Yield (%) Assay (%)

TP108-1 250.2±2.01 6.5±0.21 4.50±0.01 0.18±0.02 88.2±0.85 102.5±1.23
TP108-2 254.3±1.25 5.2±0.09 4.53±0.02 0.62±0.07 89.3±0.65 96.7±0.44
TP108-3 255.2±0.12 6.9±0.08 4.50±0.03 0.53±0.04 90.5±0.94 99.5±0.77
TP108-4 255.2±0.98 5.3±0.06 4.51±0.04 0.45±0.03 99.2±0.32 100.6±0.48
TP188-1 255.1±0.65 4.9±0.07 4.51±0.02 0.51±0.01 96.8±0.65 97.8±0.05
TP188-2 250.9±0.54 4.5±0.01 4.53±0.02 0.62±0.09 98.8±1.25 97.3±0.85
TP188-3 252.3±0.96 5.7±0.01 4.50±0.04 0.53±0.03 97.8±1.95 96.2±0.06
TP188-4 253.8±0.08 6.3±0.02 4.51±0.06 0.55±0.04 98.6±3.26 99.0±2.25
TP237-1 250.5±0.17 5.3±0.03 4.50±0.02 0.61±0.01 95.6±0.68 100.6±0.08
TP237-2 250.1±0.07 4.5±0.04 4.50±0.06 0.82±0.01 92.5±0.84 97.1±0.84
TP237-3 254.2±0.84 5.2±0.02 4.51±0.01 0.45±0.02 95.6±1.39 96.8±0.16
TP237-4 252.2±0.63 6.0±0.01 4.50±0.04 0.35±0.03 98.5±1.28 97.3±0.08
TP338-1 251.3±0.83 5.3±0.02 4.50±0.02 0.51±0.05 92.3±0.94 96.1±0.09
TP338-2 252.3±0.10 4.5±0.01 4.51±0.03 0.72±0.01 90.7±0.83 98.5±0.09
TP338-3 251.2±0.54 7.2±0.07 4.52±0.08 0.63±0.02 97.4±0.64 97.8±0.75
TP338-4 250.2±1.28 8.3±0.04 4.50±0.03 0.25±0.03 98.3±0.88 96.6±0.84
TP407-1 250.2±2.26 4.5±0.03 4.51±0.05 0.41±0.03 92.8±1.23 98.9±0.99
TP407-2 251.2±2.39 4.2±0.02 4.52±0.03 0.52±0.01 96.8±1.29 100.9±2.25
TP407-3 250.1±1.25 6.3±0.01 4.50±0.04 0.53±0.03 97.9±0.36 97.8±0.23
TP407-4 252.1±1.24 5.2±0.01 4.51±0.03 0.65±0.07 99.1±0.35 99.6±0.09
All values given as mean ± SD, trials (n=3), SD: Standard deviation
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pH 7.4 phosphate buffer. The solubility in these was <0.3 µg/mL, 
indicating poor solubility of the drug. 

The SD tablets with poloxamer-108 (TP108-1, TP108-2, TP108-
3, and TP108-4) showed good solubility in 0.1 N HCl (up to 
0.61±0.05 µg/mL) and in DW (up to 0.49±0.03 µg/mL). The 
tablets with poloxamer-188 (TP188-1, TP188-2, TP188-3, and 

TP188-4) showed good solubility in DW (up to 0.78±0.04 µg/
mL) and in 0.1 N HCl (up to 0.69±0.05 µg/mL). The SDs tablets 
with poloxamer P-237 (TP237-1, TP237-2, TP237-3, and TP237-
4) showed good solubility in 0.1 N HCl (up to 0.58±0.04 µg/
mL) and in acetate buffer (pH 6.8) (up to 0.45±0.03 µg/mL). 
The tablets with poloxamer-338 (TP338-1, TP338-2, TP338-3, 
and TP338-4) showed good solubility in DW (up to 0.69±0.04 
µg/mL) and in 0.1 N HCl (up to 0.68±0.05 µg/mL). The tablets 
with poloxamer-407 (TP407-1, TP407-2, TP407-3, and TP407-
4) showed good solubility in DW (up to 0.68±0.05 µg/mL) and 
in 0.1 M HCl (up to 0.58±0.03 µg/mL). The nonionic surfactant 
component of poloxamer enhances the solubility of TCS in 
solvents.32,33

TCS followed the Beer-lambert law at the concentration 
of 2 to 10 µg/mL. The regression produced R2=0.9998; 
slope=0.0743x+0.0149. The dissolution of the tablets was 
good in a lot of TCS:poloxamer (1:6) with all carriers, i.e. 
poloxamer-108, poloxamer-188, poloxamer-237, poloxamer-338, 
and poloxamer-407. 

Furthermore, the hydrophilic polyoxyethylene part of the 
copolymer prevented aggregation of individual drug particles, 

Figure 3. Solubility of thiocolchicoside and solid dispersions in various media with A) poloxamer-108; B) poloxamer-188; C) poloxamer-237; D) poloxamer-338; 

E) poloxamer-407
TCS: Thiocolchicoside

Figure 4. Calibration curve for the estimation of thiocolchicoside
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exhibiting high solid-liquid surface tension. Hence, it acted on 
the hydrodynamic layer adjacent to the TCS particles, resulting 
in an in situ inclusion progression that augmented dissolution. 
Similar observations have been reported for SDs by Viraj and 
Praveen.34

The regression gave R2=0.9930, 0.9869, 0.9868, 0.8869 and 
0.9980 for the first-order plots and 0.9979, 0.9868, 0.9206, 
0.9860 and 0.9804 for the Hixson-Crowell models for 
formulations TP108-4, TP188-4, TP237-4, TP338-4, and TP407-

4. Accelerated stability studies for the optimized formulation 
(TP188-4) revealed that these formulations retained their 
physical parameters even after extreme storage environments.

CONCLUSION
The attempt at elevating solubility was successful using various 
poloxamer carriers in 1:6 ratios of drug and carrier (TP108-4, 
TP188-4, TP237-4, TP338-4, and TP407-4) by making them 
into SD formulations. The MWF method was better than the 

Figure 5. In vitro drug dissolution plots of thiocolchicoside solid dispersions with A) poloxamer-108; B) poloxamer-188; C) poloxamer-237; D) poloxamer-338; 
E) poloxamer-407
TCS: Thiocolchicoside

Figure 6. First-order plots for formulations with the drug:carrier ratio 1:6

Table 5. Correlation coefficients (R2) for different release kinetics 
of thiocolchicoside solid dispersions

Correlation (R2)

Formulation Zero order First order Hixson-Crowell

TP108-4 0.9738 0.9936 0.9979

TP188-4 0.5025 0.9885 0.9868

TP237-4 0.8823 0.9494 0.9206

TP338-4 0.9785 0.9868 0.9860

TP407-4 0.9738 0.9666 0.9804
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other techniques of making SDs as MWF enables the exposure 
of drug and polymers to a uniform temperature and prevents 
overheating. TCS and poloxamer interactions studied using DSC 
and FTIR confirmed the suitability of polymer carrier with TCS. 
All the SDs were found to raise the solubility of TCS. Among the 
SDs the preparations with 1:6 ratios of TCS and poloxamer-188 
(TP188-4) had better solubility and drug dissolution constraints 
compared to poloxamer-108, poloxamer-237, poloxamer-338, 
and poloxamer-407. This advance in formulation technology, 
MWF, is better than other conventional SDs preparation 

techniques in terms of preparation and drug release. Hence we 
can conclude that poloxamer-188 is a better poloxamer carrier 
compared to poloxamer-108, poloxamer-237, poloxamer-338, 
and poloxamer-407 for preparing TCS SDs. 
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ÖZ

Amaç: Metilen mavisi (MV) yakın infrared (NIR) görüntüleme ve foto-dinamik tedavi (PDT) için, ışığa maruziyet sonrası reaktif oksijen radikalleri 
üreterek apoptozu indükleyen sıklıkla kullanılan bir boyadır. MV’nin hücre membranlarından zayıf penetrasyonu etkinliğini kısıtlayan bir faktördür. 
Azalmış hücresel alımı lipozomlar gibi ilaç taşıyıcı sistemlere enkapsülasyonu ile önlenebilir. Ek olarak, tümörlerin artmış geçirgenlik ve tutulum 
özellikleri nanotaşıyıcıların hedef bölgede tutulumunu sağlar.
Gereç ve Yöntemler: Nanoboyutlu, MV enkapsüle edilmiş, Tc-99m radyo-işaretli Lipoid S PC:PEG2000-PE:Chol:DTPA-PE ve DPPC:PEG2000-
PE:Chol:DTPA-PE multifonksiyonel teranostik lipozomları daha kesin görüntüleme ve cerrahiye yardımcı olabilecek tedavi sağlayabilmek amacıyla; 1) 
NIR görüntüleme, 2) sentinel lenf nodlarının (SLN) gama prob ile tayini ve 3) PDT’yi aynı lipozomal sistemde dizayn edilebilen formülasyonlar olarak 
hazırlanmıştır. Lipozomların karakterizasyonu partikül boyutu, zeta potansiyeli, fosfolipit içeriği ve enkapsülasyon etkinliği ölçülerek yapılmıştır. 
Ayrıca, MV’sinin in vitro salım profili ve fiziksel stabilitesi altı aylık sürede belirli zaman aralıklarında ortalama partikül boyutu, zeta potansiyeli, 
enkapsülasyon etkinliği ve fosfolipit içeriği oda sıcaklığında (25°C) ve 4°C’de ölçülerek değerlendirilmiştir.

Objectives: Methylene blue (MB) is a commonly used dye that can be used for near-infrared (NIR) imaging and photodynamic therapy (PDT) by 
producing reactive oxygen species after light exposure, inducing apoptosis. The limiting factor of MB is its poor penetration through cell membranes. 
Its decreased cellular uptake can be prevented by encapsulation in drug delivery systems such as liposomes. Additionally, the enhanced permeability 
and retention effect of tumors enables enhanced accumulation of nanocarriers at the target site. 
Materials and Methods: Nanosized, MB encapsulated, Tc-99m radiolabeled Lipoid S PC:PEG2000-PE:Chol: DTPA-PE and DPPC:PEG2000-
PE:Chol:DTPA-PE liposomes were formulated to design multifunctional theranostic nanocarriers for: 1) NIR imaging, 2) gamma probe detection 
of sentinel lymph nodes (SLNs), and 3) PDT, which can provide accurate imaging and therapy helping surgery with a single liposomal system. 
The characterization of liposomes was performed by measuring particle size, zeta potential, phospholipid content, and encapsulation efficiency. 
Additionally, the in vitro release profile of MB and physical stability were also evaluated over 6 months at determined time intervals by measuring 
the mean particle size, zeta potential, encapsulation efficiency, and phospholipid content of liposomes kept at room temperature (25°C) and 4°C.
Results: Tc-99m radiolabeled, nanosized Lipoid S PC:PEG2000-PE:Chol:DTPA-PE and DPPC:PEG2000-PE:Chol:DTPA-PE liposomes showed 
suitable particle size (around 100 nm), zeta potential (-9 to -13 mV), encapsulation efficiency (around 10%), phospholipid efficiency (around 85-
90%), and release profiles. Additionally, the liposomes found stable for 3 months especially when kept at 4°C.
Conclusion: MB encapsulated, Tc-99m radiolabeled, nanosized Lipoid S PC:PEG2000-PE:Chol:DTPA-PE and DPPC:PEG2000-PE:Chol:DTPA-PE 
liposomes were found to have potential for SLN imaging by gamma probe detection, NIR imaging, and PDT. In vitro and in vivo imaging and 
therapeutic efficiency should be definitely evaluated to enable a final decision and our studies on this research topic are continuing. 
Key words: Sentinel lymph node, methylene blue, theranostic nanomedicine, diagnosis
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INTRODUCTION
The identification and mapping of sentinel lymph nodes (SLNs) 
for biopsy or imaging are commonly used for staging of many 
cancers especially breast cancer. SLNs are important as they are 
the first nodes draining the primary tumor to which a malignancy 
is likely to metastasize. Various dyes have been used for SLN 
identification such as isosulfan blue and methylene blue (MB). 
MB is a cheap and easily accessible dye that is approved by the 
Food and Drug Administration. Additionally, its side effects are 
less serious than those of isosulfan blue.1,2 The limiting factor of 
MB is its poor penetration through cell membranes. 

Radiopharmaceuticals have been used as an alternative 
or in addition to dyes for external imaging and/or radiation 
detector monitoring for SLN detection and mapping before 
surgery. Intraoperative use of gamma probe detectors enables 
confirmation of external sampling procedures by directly 
counting the various lymph nodes discovered through a small 
incision. By the use of these methods, various advantages can 
be achieved: 1) a significant reduction in the duration of the 
surgical procedure, 2) a significant increase in the accuracy of 
SLN identification, and 3) a significant decrease in morbidity 
due to the staging procedure.3 

MB is used to diagnose breast tumors with near-infrared 
(NIR) fluorescence imaging injection after i.v. administration.2 
NIR imaging is a relatively new field for the investigation of 
preclinical and clinical applications in cancer imaging with 
its high spatial resolution and real-time display. The NIR light 
range (wavelength: 650-900 nm) provides tissue penetration 
and less autofluorescence from neighboring tissues.4,5 

Photodynamic therapy (PDT) has been investigated as a 
therapeutic approach for a variety of cancers.6-8 Its mechanism 
depends on photooxidation of biological matter. For this 
purpose, a photosensitizer is illuminated with a light having 
an appropriate wavelength to excite and induce photochemical 
reactions that generate reactive oxygen species inducing cell 
death.9,10 PDT has been used as an experimental treatment 
approach for different cancer types in many countries11,12 and 
it is generally approved as an effective therapy for some small 
and localized tumors.13 Reduced long-term morbidity is the 
most important advantage of PDT.9,14 

Encapsulation or modification of active pharmaceutical 
ingredients and/or contrast/radiocontrast agents in nanosystems 
is desirable due to the enhancement of bioavailability and organ/
tissue accumulation by specific targeting, and decrease side 
effects and dose. Liposomes still attract significant attention for 
both diagnostic imaging15 and therapy16 due to their advantages 
of encapsulation of different kinds of drugs and modification 

with target specific ligands.17-19 By the effect of reducing particle 
size to nanometer ranges, polymer modification of surfaces 
such as PEG steric stabilization can be achieved and rapid 
removal of liposomes can be prevented from circulation by 
opsonization with a reticulo-endothelial system (RES) such 
as plasma proteins and macrophages.19-21 Therefore, enhanced 
circulation time, bioavailability, and especially for diseases 
related to damaged vessel integrity enhanced drug delivery 
accumulation and targeting in the desired disease area by 
enhanced permeability and retention (EPR) effect such as in 
tumors can be achieved at the end.21

Recently, NIR imaging has been used with PDT for a theranostic 
approach by using appropriate photosensitizer dyes. MB, a 
cheap and safe dye, has both NIR fluorescence (excitation: 
668 nm, emission: 688 nm) and photosensitizer properties. To 
evaluate SLN detection, MB, isosulfan blue, radioisotopes, and 
nanocarriers have been used alone or in combination in some 
previous studies for lymphoscintigraphy and SLN biopsy as 
a promising approach.3,22-24 However, the poor penetration of 
MB through cell membranes is a limiting factor. Its decreased 
cellular uptake can be prevented by encapsulating MB in 
delivery systems such as liposomes. Combining a radionuclide 
and photosensitizer dye (MB) in one injection can allow both 
lymphoscintigraphy and lymphatic mapping by nuclear imaging 
and NIR imaging and also PDT by application of a light giving 
suitable illumination, which can help in SLN surgery.

The aim of the present study was to formulate MB 
encapsulated, Tc-99m radiolabeled, PEGylated liposomes 
to design a multifunctional theranostic nanocarrier for NIR 
imaging and detection by gamma probe of SLNs and PDT 
that can be combined with surgery with a single vesicular 
system. The characterization of liposomes was performed 
by measurement of particle size, zeta potential, phospholipid 
content, radiolabeling efficiency, and encapsulation efficiency. 
The in vitro release profile of MB was determined. The in vitro 
stability of the liposomes was also evaluated over 6 months, 
which were stored at room temperature (25°C) and 4°C. 

MATERIALS AND METHODS

Materials
Lipoid S phosphatidylcholine [(PC) from soybean (98%)] 
and dipalmitoylphosphatidylcholine (DPPC) were kind gifts 
from Lipoid GmbH (Germany) and Phospholipon GmbH 
(Germany), respectively. Cholesterol (Chol) was obtained 
from Sigma-Aldrich (USA).“1,2-Distearoyl-sn-glycero-3-
phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] 
(ammonium salt) (PEG2000-DSPE) and 1,2-dioleoiyl-sn-

Bulgular: Tc-99m radyo-işaretli, nanoboyutlu Lipoid S PC:PEG2000-PE:Chol:DTPA-PE ve DPPC:PEG2000-PE:Chol:DTPA-PE lipozomları uygun 
partikül boyutu (100 nm civarında), zeta potansiyeli (-9 mV’den -13 mV’e dek), enkapsülasyon etkinliği (%10 civarında), fosfolipit etkinliği (%85-90 
civarında) ve salım profili göstermiştir. Ayrıca, 4°C’de saklandıklarında lipozomlar 3 ay boyunca stabil kalmıştır. 
Sonuç: MV enkapsüle, Tc-99m radyo-işaretli, nanoboyutlu Lipoid S PC:PEG2000-PE:Chol:DTPA-PE ve DPPC:PEG2000-PE:Chol:DTPA-PE 
lipozomlarının SLN’nın gama probla tayin edilebilmesi, NIR görüntüleme ve PDT için potansiyellerinin olduğu bulunmuştur. İn vitro ve in vivo görüntüleme 
ve tedavi etkinliklerinin daha kesin sonuca ulaşmak için değerlendirilmesi gerekmektedir ve bu konudaki çalışmalarımız devam etmektedir.
Anahtar kelimeler: Sentinel lenf nodu, metilen mavisi, teranostik nanotıp, teşhis
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glicero-3-phosphoethanolamine (DOPE) were obtained from 
Avanti Polar Lipids (USA). Diethylenetriaminepentaacetic acid 
anhydride (DTPA) and MB were obtained from Sigma-Aldrich 
(Germany). Dimethyl sulfoxide (DMSO) was obtained from 
Merck (Germany).

DTPA-PE synthesis
DTPA-PE is used for Tc-99m radiolabeling. For its synthesis, 
30 μL of triethylamine was added to 0.1 mM of DOPE in 4 mL of 
chloroform. This solution was added to 1 mM of DTPA anhydride 
in 20 mL of DMSO slowly. It was then mixed for 3 h at 25°C 
under argon gas. Afterwards, the mixed solution was dialyzed 
against water at 4°C for 2 days and freeze-dried.25-29

Preparation of MB encapsulated, PEGylated, DTPA-PE 
containing liposomes
MB encapsulated, nanosized liposomes were prepared by 
film hydration.30 Lipoid S PC:PEG2000-PE:Chol:DTPA-PE 
(60:0.9:39:0.1% molar ratio) were used. For this purpose, Lipoid 
S PC, PEG2000-PE, Chol, and DTPA-PE were dissolved in 
chloroform. The chloroform was then evaporated and the dry 
lipid film was hydrated with 0.5 mM MB solution in HEPES (1 M, 
pH 7.4) buffer at 35°C. The liposomes were then extruded twice 
through polycarbonate membranes having 0.6, 0.4, and 0.2 µm 
pore sizes. Afterwards, the liposomes were dialyzed through a 
cellulose membrane (3500 Da cut-off size) for 12 h.1

For the preparation of DPPC as phospholipid containing 
liposomes DPPC:PEG2000-PE:Chol:DTPA-PE (60:0.9:39:0.1% 
molar ratio) were used for the mixture. The same procedure 
was also used for the preparation of MB encapsulated 
DPPC:PEG2000-PE:Chol:DTPA-PE liposomes; the only 
difference was that the hydration procedure was performed at 
60°C.

Characterization of MB encapsulated, PEGylated, DTPA-PE 
containing liposomes
The characterization of MB encapsulated, liposomal 
formulations was performed by measuring their mean particle 
size, zeta potential, phosphate content, and encapsulation 
efficiency %. 

Mean particle size and zeta potential 
It was determined by using a Zetasizer Nano ZS (Malvern 
Instruments UK).31

Encapsulation efficiency (%)
After the removal of unencapsulated MB by dialysis, the 
liposomes were lysed with ethanol. Encapsulated MB 
amount was determined spectrophotometrically at 660 nm. 
Encapsulation efficiency (%) was calculated with the help of 
the standard line and line equation obtained previously. The 
percentage of entrapped drug was determined by applying 
Equation 1:

Entrapment efficiency (%)=(DE×100)/(DI), 		  (1)

where DE is the amount of entrapped drug and DI is the initial 
amount of drug.

Liposomal phospholipid amount
The phosphate content of MB encapsulated liposomes was 
obtained by a modified method.32 This method depends on 
the detection of phosphorus content after perchloric acid 
destruction of liposomes at 797 nm spectrophotometrically 
(Shimadzu UV-1280, Germany).

Physical stability of liposomes
Any alterations in the mean particle size, zeta potential, and 
encapsulation efficiency of liposomes were evaluated. The 
liposomes were kept at two different temperatures (4°C and 
25°C) for 6 months and changes in these parameters were 
evaluated at fixed time intervals (0, 3, 5, 7, 14, 21, 30, 60, 90, 
120, 150, 180 days) over 6 months.29

In vitro release studies
The in vitro release profile of MB was evaluated by dialysis.27 
For this purpose, 1 mL samples of the liposomes were put in 
dialysis bags (MW cut-off: 2000) in 10 mL of HEPES (1 M, pH 
7.4) buffer, and agitated in a shaking water bath (SWB 5050, 
Labnet International, Canada) (100 oscillations.min-1), which 
was incubated at 37°C. Then 1 mL of formulations was taken for 
the measurement of MB concentrations at specific time points. 
Release of MB in HEPES (1 M, pH 7.4) buffer was determined 
spectrophotometrically (Shimadzu UV-1280, Germany).

Radiolabeling of MB encapsulated, PEGylated, DTPA-PE 
containing liposomes
MB encapsulated, DTPA-PE containing liposomes were 
radiolabeled by tin reduction. For this, 0.5 mL of SnCl2.2H2O (1 
mg.mL-1) and 1.5 mCi of Tc-99m were mixed with liposomes for 
30 min by shaking to allow transchelation.28,29 After incubation, 
the liposomes were dialyzed against HEPES (1 M, pH 7.4) buffer 
for 5 h at 4°C to remove free Tc-99m by dialysis membrane 
(3500-Da cut-off size). After removal of unchelated Tc-99m, the 
radioactivity of liposomes was measured by a gamma counter.

Statistical analysis
All data are given as mean ± standard deviation. To evaluate 
the statistical significance of differences among the results, 
statistical analysis was performed. Depending on the numbers 
of data, which are less than 30, nonparametric test methods 
were applied for evaluation. Due to the group number, the 
Mann-Whitney U test and Kruskal-Wallis test were applied 
for comparison of two groups and three or more groups, 
respectively. The significance level was accepted as p≤0.05.

RESULTS
Tc-99m labeled, MB encapsulated liposomes were formulated 
for the purpose of SLN detection by gamma probe, NIR imaging, 
and also PDT of SLNs to perform better detection, mapping, and 
also a treatment option helping during surgery. 

MB encapsulated liposomes were characterized and the results 
are given in Table 1.

The mean particle sizes of all liposomes were about 100 
nm. DPPC containing liposomal dispersions had smaller 
particle size than Lipoid S PC liposomes (p>0.05). The MB 
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encapsulation amount of liposomes was higher than that of 
Lipoid S PC liposomes (p>0.05). The liposomes’ phosphate 
content was high, about 85-90%. DPPC containing liposomes 
had higher phosphate content than Lipoid S PC containing ones 
did (p>0.05). 

Alterations in mean particle size, zeta potential, and MB 
encapsulation efficiency of liposomes stored at both 4°C and 
25°C for 6 months are given in Figures 1-3, respectively. Only 
slight increases were observed in these parameters of both 
formulations stored at 4°C at the end of 3 months (p>0.05). 
Higher alterations were observed in these parameters of both 
liposomes stored at 25°C when compared with those stored 
at 4°C at the end of 3 months (p<0.05). Significant increases 
were observed in these parameters for all formulations stored 
at both 4°C and 25°C for 6 months (p<0.05). On the other hand, 
MB encapsulated liposomes were stable due to mean particle 
size, zeta potential and MB encapsulation efficiency when 
stored at 25°C for 1 month. When the effect of phospholipid was 

Table 1. Characterization of MB encapsulated liposomal dispersions (n=6)

Liposome formulation Mean particle 
size (nm)

PDI Zeta potential 
(mV)

Encapsulation 
efficiency (%)

Phospholipid efficiency 
(%)

Lipoid S PC:PEG2000-PE:Chol:DTPA-PE 116±0.14 0.17 -13.75±0.21 9.51±0.01 86.8±2.1

DPPC:PEG2000-PE:Chol:DTPA-PE 121±0.19 0.12 -9.81±0.16 11.84±0.02 91.7±3.2

MB: Methylene blue, PC: Phosphatidylcholine, Chol: Cholesterol, DTPA: Diethylenetriaminepentaacetic acid anhydride, DPPC: Dipalmitoylphosphatidylcholine

Figure 1. Alterations in mean particle size of MB encapsulated, nanosized 
liposomes over 6 months of storage at both 4°C and 25°C
MB: Methylene blue, Chol: Cholesterol, DTPA: Diethylenetriaminepentaacetic acid 
anhydride

Figure 2. Alterations in zeta potential of nanosized, MB encapsulated 
liposomes over 6 months of storage at both 4°C and 25°C
MB: Methylene blue, Chol: Cholesterol, DTPA: Diethylenetriaminepentaacetic acid 
anhydride

Figure 3. Alterations in MB encapsulation efficiency of nanosized 
liposomes over 6 months of storage at both 4°C and 25°C
MB: Methylene blue, Chol: Cholesterol, DTPA: Diethylenetriaminepentaacetic acid 
anhydride

Figure 4. In vitro release of nanosized, MB encapsulated liposomes at 37°C
MB: Methylene blue, Chol: Cholesterol, DTPA: Diethylenetriaminepentaacetic acid 
anhydride
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compared, no significant difference was seen between Lipoid 
S PC containing liposomes and DPPC containing ones stored 
in the same conditions (p>0.05). These results are compatible 
with those of previous studies.28,29,33 

The in vitro release of both MB encapsulated, nanosized 
liposomes were evaluated by dialysis.27 Lipoid S PC containing 
liposomes showed slightly faster release of MB when compared 
with DPPC containing ones (p>0.05). As shown in Figure 4, the 
two formulations exhibited similar release profiles. A number 
of studies were found in the literature supporting our data.34,35

DISCUSSION
Both liposomes were formulated to combine a radionuclide 
and photosensitizer dye (MB) in one injection to achieve both 
lymphoscintigraphy by nuclear and NIR imaging and also PDT, 
which can help in surgery. 

All formulations exhibited nanosize (around 100 nm) significant 
for long-circulation and passive targeting by PEGylation to 
obtain “stealth” formulations, which is essential for EPR effect 
in tumor accumulation.36 Lipoid S PC containing liposomes have 
smaller particle size than DPPC containing ones (p>0.05). This 
may be due to the liquid crystalline structure of Lipoid S PC, 
which may easily be reduced by extrusion because of greater 
elasticity than gel state phospholipids. Furthermore, PDI 
values, which are a significant indicator for the homogeneity of 
particle size distribution in a dispersion, of MB encapsulated, 
Lipoid S and DPPC containing liposomes were very small, 
around approximately 0.1. Surface modification was performed 
by PEG2000-DSPE coating for all formulations for passive 
targeting of SLNs and surrounding tumor tissue by EPR effect, 
which prevents opsonization by RES cells and increasing blood 
circulation time. 

DTPA-PE was synthesized for Tc-99m radiolabeling of 
formulations due to its metal chelator properties. DTPA is 
one of the most commonly used chelator agents nowadays 
for efficient radiolabeling of liposomes for imaging.26,28,29 The 
chelating agent DTPA conjugates to the amino head group with 
a -COOH group and in this way while PE was incorporated with 
the lipid bilayer of liposomes, Tc-99m was incorporated with 
DTPA with high efficiency.25,26 

Zeta potential exhibits the magnitude of the electrostatic 
repulsion/attraction between particles. Therefore, it affects the 
stability and shelf-life of formulations and provides detailed 
information about dispersion, aggregation, and flocculation. 
The zeta potentials of liposomes are suitable (-9 to -13 mV) 
to prevent aggregation.35 The zeta potential of Lipoid S 
PC:PEG2000-PE:Chol:DTPA-PE liposomes was slightly higher 
when compared with DPPC liposomes (p>0.05) due to the 
different nature of the phospholipids. The MB encapsulation 
efficiency of DPPC liposomes was slightly higher than that 
of Lipoid S PC containing ones (p>0.05), due to the gel state 
of DPPC phospholipid providing less leakage of encapsulated 
drug through the vesicles. Although the ability to encapsulate 
hydrophilic drugs within the liposome vesicles was very limited 

(5-10%),36 both formulations exhibited about 10% encapsulation 
efficiency. The phosphate content of all liposomes was very 
high (around 85-90%), which is essential for obtaining intact 
liposome vesicles. The phosphate content loss was smaller 
in DPPC liposomes than in Lipoid S PC liposomes, but this 
difference was statistically insignificant (p>0.05). This may 
have been due to the gel state phospholipid content of DPPC 
liposomes, which is a saturated synthetic lipid and generally 
forms stable and intact vesicles.

Alterations in the characterization parameters of Lipoid S PC 
and DPPC liposomes were evaluated over 6 months during 
storage at both temperatures. Changes in these parameters are 
essential for evaluating the stability of liposomes. Alterations 
in zeta potential are also crucial for physical stability, in which 
any alteration may cause aggregation. Leakage of encapsulated 
drug is essential for physical stability of liposomes during 
storage because vesicles should stay stable during storage. 
Only a slight increase was observed for each measurement in 
mean particle size, zeta potential, and encapsulation efficiency 
of both MB encapsulated liposomes stored at 4°C for 3 months 
(p>0.05). Higher alterations were observed in these parameters 
of both liposomes stored at 25°C when compared with those 
stored at 4°C for 3 months (p<0.05). Lipoid S PC and DPPC 
liposomes were stable when stored at 25°C for 1 month. When 
the effect of phospholipid amount was compared, no significant 
difference was evaluated between Lipoid S PC and DPPC 
containing liposomes stored in the same conditions (p>0.05). 
This may be because of the liquid crystalline state structure of 
Lipoid S PC and its low phase transition temperature.29,36 As a 
result, leakage of MB from Lipoid S PC liposomes was higher 
than that from DPPC liposomes, which is compatible with 
previous studies.28-33  

In vitro release profiles of liposomes are meaningful for 
predicting an efficient therapeutic effect. The release of MB 
is faster from liposomes composed of liquid-crystalline type 
phospholipids, depending on the distance within the polar head 
groups of liquid crystalline-type phospholipids, and is also 
faster than in gel state phospholipids.34,35 Liposomes comprising 
DPPC exhibited slightly better in vitro MB release amounts than 
Lipoid S PC containing liposomes. However, this difference was 
not significant. These results were comparable with previously 
published results.33,36

Study limitations
Further studies are needed in order to reach to a clearer 
decision on this topic.

CONCLUSION
MB encapsulated, nanosized, PEGylated, Tc-99m radiolabeled 
liposomes were designed as potential formulations to 
accumulate in SLNs due to EPR effect by PEGylation for 
prolonged blood circulation time and nanosize for imaging 
and therapy. MB encapsulated, nanosized, PEGylated, Tc-
99m radiolabeled Lipoid S PC:PEG2000-PE:Chol:DTPA-PE 
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and DPPC:PEG2000-PE:Chol:DTPA-PE (60:0.9:39:0.1% molar 
ratio) liposomes were evaluated as potential carriers for SLN 
imaging, mapping by gamma probe, NIR imaging, and therapy 
by PDT, which may help during surgery in terms of vesicular 
characteristics, release profile, and physical stability. Further 
studies should be surely performed to enable certain decisions 
to be made. This study may lead to the design of more specific 
radiocontrast agents for both imaging and therapy of many 
cancers.
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ÖZ

Amaç: Bu araştırmada, biyoadesif bukkal tabletler sürekli salımlı polimer hidroksipropil metilselüloz (HPMC) K100M, biyoadesif polimer neem sakızı 
ve geçirimsiz etil selüloz arka tabaka kullanılarak hazırlanmıştır. Nikorandil ilk geçiş etkisine karşı duyarlıdır. Bu nedenle, bukal adesif dozaj formu 
bu etkiyi önleyebilir.
Gereç ve Yöntemler: Tablet formülasyonu hazırlamak için doğrudan sıkıştırma tekniği kullanılmıştır. HPMCK 100M (X1) ve neem sakızı (X2) miktarları 
bağımsız değişken olarak ve 6. saat (Y1) ilaç salımı yüzdesi ve gram biriminde mukoadhersif güç yüzde bağımlı değişkenler olarak seçilerek 32 tam 
faktöriyel tasarımı oluşturulmuştur. Hazırlanan tabletler için farklı in vitro parametreler (kalınlık, ufalanma, sertlik, ağırlık sapması, yüzeysel pH’sı, 
nem absorpsiyon oranı, çözünme çalışmaları ve ilaç salım kinetikleri) ve ex vivo parametreler (mukoadesif güç ve mukoadesif zaman) belirlenmiştir. 
Optimize etilen seri piyasadaki formülasyon ile karşılaştırılmış ve stabilite çalışmaları yapılmıştır.
Bulgular: 50:50 oranında neem zamkı ve HPMC K100M içeren formülasyon (F5)’in en uygun olduğu kabul edilmiştir. Sıfır derece salım kinetiği 
modeli optimize seri salım profiline en iyi düzeyde uymuştur ve bu sistemin ilacı sabit bir hızda salım sağlayacağını belirtmektedir. 
Sonuç: İlacın optimize edilmiş formülasyonunun biyoadesif özelliğinin yanında sürdürülebilir hızla salımı nikorandilin bukkal yol ile uygulanmasının 
bir seçenek olacağını göstermiştir.
Anahtar kelimeler: Nikorandil, neem sakızı, bukkal tabletler, faktöriyel tasarım

ABSTRACT
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Objectives: In the present investigation, bioadhesive buccal tablets were prepared using the sustained-release polymer hydroxypropyl methylcellulose 
(HPMC) K100M, bioadhesive polymer neem gum, and an impervious backing layer of ethyl cellulose. Nicorandil is sensitive to the first-pass effect; 
therefore, a buccal-adhesive dosage form can avoid this effect.
Materials and Methods: We used the direct compression technique to prepare the tablet formulation. A 32 full factorial design was composed in 
which the amounts of HPMC K100M (X1) and neem gum (X2) were chosen as the independent variables and the dependent variables were the 
percentage drug release at 6 h (Y1) and mucoadhesive strength in grams (Y2). Various in vitro parameters, i.e. thickness, friability, hardness, weight 
variation, surface pH, moisture absorption ratio, dissolution studies, and drug release kinetics, and ex vivo parameters like mucoadhesive strength 
and mucoadhesion time were determined for the prepared tablets. We subjected the optimized batch to a comparison with the marketed formulation 
and stability studies were performed. 
Results: The formulation containing a 50:50 ratio of neem gum and HPMC K100M (F5) was considered optimum. The zero-order release kinetics 
model best fitted the optimized batch release profile, suggesting the system would release the drug at a constant rate. 
Conclusion: The release by the optimized formulation of the drug at a sustained rate along with its bioadhesive nature showed that the buccal route 
can be an option for the administration of nicorandil.
Key words: Nicorandil, neem gum, buccal tablets, factorial design
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INTRODUCTION
Hypertension and angina pectoris are cardiovascular diseases 
for which constant monitoring is crucial. Angina pectoris is a 
medical condition that causes chest pain by reduced blood flow 
to the heart. Potassium channel openers are currently regarded 
as an important drug class for the treatment of such conditions. 
A primary medicinal agent that possesses an ability to tackle 
such a situation is nicorandil, a vasodilatory drug.1-3 It appears 
to be active in all types of angina pectoris and has the twin 
properties of nitrate and K+ adenosine triphosphate  channel 
agonist. The major problem with orally administered nicorandil 
is its first-pass metabolism, which gives about 75% systemic 
bioavailability. Moreover, it has a short elimination half-life 
(1 h), which necessitates frequent administration of the drug 
(10 to 20 mg twice daily).4-6 Thus, higher fluctuation of drug 
concentration may give rise to undesirable side effects. In 
summary, there is a strong requirement for a patient-friendly 
sustained-release formulation of nicorandil to reduce the 
frequency of administration. 

Such a requirement for an oral dosage form can be fulfilled by 
employing a buccal bioadhesive drug delivery system. It is a 
captivating substitute to the oral route of drug administration 
that overcomes the deficiencies associated with the latter mode 
of administration. Precisely it prevents any chance of reductant 
hepatic metabolism, avoiding unneeded drug degradation in 
the upper GIT, and also it increases the contact between drug 
and absorbing surface.7-11 Moreover, such type of delivery is 
considered safer since drug absorption can be concluded any 
time if toxicity occurs due to it by removal of the formulation 
from the site of application.12-14 

Thus, in the present research, buccal bioadhesive tablets of 
nicorandil were prepared using the sustained-release polymer 
hydroxypropyl methylcellulose (HPMC) K100M,10,15 bioadhesive 
polymer neem gum,16 and an impermeable backing layer of 
ethyl cellulose. Buccal bioadhesive tablets were prepared by 
direct compression method employing a 32 factorial design in 
which the amounts of HPMC K100M (X1) and neem gum (X2) 
were selected as independent variables and their effects on 
dependent variables, i.e. percentage drug release at 6 h (Y1) 
and mucoadhesive strength in grams (Y2), were studied.  

MATERIALS AND METHODS

Materials
Nicorandil was a gratis sample from Sun Pharma Laboratories 
Ltd. (East Sikkim). Neem gum was purchased from the local 
market and the remaining materials were purchased from 
Chem Dyes Corporation (Vadodara, Gujarat, India). 

Methods

Drug-excipients compatibility study
Accurately weighed (3 mg) nicorandil was taken and mixed 
thoroughly with 100 mg of potassium bromide (dried at 40-
50°C). The mixture was compressed into pellets (under 10-t 
pressure) using a hydraulic press followed by scanning between 
4000 and 400 cm-1 using an fourier transform-infrared (FT-IR) 

410 PC spectrophotometer. The obtained IR spectra of pure 
drug (Figure 1a) were compared with those of the reference 
standard (Figure 1b) taken from Indian Pharmacopoeia as well 
as with the IR spectra (Figure 1c) of the prepared nicorandil 
tablet formulation to check the drug excipient compatibility.

Preparation of buccal tablets
Initially, the drug was accurately measured and mixed thoroughly 
with mannitol on butter paper using a stainless-steel spatula. 
Except the lubricant, all the additives were blended for 10 min 
by geometric dilution. After uniform blending of the additives, 
lubricant was added followed by mixing for 2 min. Next, 100 mg 
of such blends of each formulation was pre-compressed on a 
10-station rotary tablet punching machine at a low compression 
force, resulting in single-layered core tablets 8 mm in diameter. 
The prepared core tablet was placed in the center of the 12-mm 
lower punch and the backing layer of 100 mg of ethyl cellulose 
was added around and over the core tablet; the two layers 
were then compressed into a mucoadhesive bilayer tablet. A 
tablet (200 mg) was formed whose thickness was 1.6 to 1.8 

Figure 1 a, b, c. FT-IR spectra
FT-IR: Fourier transform-infrared
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mm. Table 1 shows the results of preliminary trials to evaluate 
the bioadhesive polymers and Table 2 depicts formulations 
to evaluate the sustained-release characteristics of various 
compositions.

Factorial batches
Based on the preliminary studies, a 32 full factorial design was 
constructed in which the amounts of HPMC K100M (X1) and 

neem gum (X2) were selected as independent variables and 
their levels were defined. The dependent variables were % drug 
release at 6 h (Y1) and mucoadhesive strength in grams (Y2). 
Table 3 gives details regarding the employed factorial design. 
ANOVA was performed using the software Design Expert 11.0 
demo version (State-ease) and the responses were studied.

Evaluation of buccal tablets

Thickness
A vernier caliper was used to calculate the thickness of tablets 
(n=10) and the mean tablet thickness was calculated. 

Friability and hardness
Friability (n=20) and hardness (n=3) were measured by a Roche 
friabilator and a Monsanto type hardness tester, respectively.17

Weight variation
Tablets (n=20) were weighed individually and their weight 
variation was found by comparing these weights to the label 
claim.17

Drug contents
The prepared tablets (n=10) were powdered and an amount 
corresponding to 10 mg of nicorandil was accurately weighed. 
The powder was extracted with a volume of buffer solution 
(phosphate buffer saline, pH 6.8) and analyzed using a 
spectrophotometer at 262 nm after appropriate dilution.

Surface pH
To evaluate the possibility of the prepared tablets causing 
irritation to the oral mucosa, surface pH studies were 
performed. Tablets were soaked in 12 mL of buffer solution 
(phosphate buffer saline, pH 6.8) and allowed to swell for 2 h 
at room temperature. A pH meter containing a glass electrode 
was utilized to find out the pH of the resultant swelled tablets 

Table 2. Compositions of formulation for optimization of sustained 
release polymer (S1-S3)

Ingredients S1 S2 S3

Core tablet

Nicorandil 10 10 10

Neem gum 30 30 30

HPMC K4 100M 30 - -

HPMC K4 M - 30 -

HPMC K15 LV - - 30

PVP K30 10 10 10

Mannitol 38 38 38

Magnesium stearate 1 1 1

Aspartame 1 1 1

Backing layer

Ethyl cellulose 80 80 80

Total (mg) 200 200 200

HPMC: Hydroxypropyl methylcellulose, PVP: Polyvinylpyrrolidone

Table 3. 32 Experimental design for buccal tablet formulation

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9

Core tablet

Nicorandil 10 10 10 10 10 10 10 10 10

Neem gum 20 20 20 30 30 30 40 40 40

HPMC K4100M 20 30 40 20 30 40 20 30 40

Mannitol 58 48 38 48 38 28 38 28 18

PVP K30 10 10 10 10 10 10 10 10 10

Magnesium 
stearate

1 1 1 1 1 1 1 1 1

Aspartame 1 1 1 1 1 1 1 1 1

Backing layer

Ethyl cellulose 80 80 80 80 80 80 80 80 80

Total weight in mg 200 200 200 200 200 200 200 200 200

HPMC: Hydroxypropyl methylcellulose, PVP: Polyvinylpyrrolidone

Table 1. Preliminary trial for selection of bioadhesive polymer 
(B1-B5)

Ingredients B1 B2 B3 B4 B5

Core tablet

Nicorandil 10 10 10 10 10

Neem gum 30 - - - -

Guar gum - 30 - - -

Na alginate - - 30 - -

Carbopol 934 - - - 30 -

Xanthan gum - - - - 30

PVP K30 10 10 10 10 10

Mannitol 68 68 68 68 68

Magnesium stearate 1 1 1 1 1

Aspartame 1 1 1 1 1

Backing layer

Ethyl cellulose 80 80 80 80 80

Total (mg) 200 200 200 200 200

PVP: Polyvinylpyrrolidone
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by bringing the glass electrode into contact with the surface of 
the tablet and allowing it to equilibrate for 1 min.18

Moisture absorption ratio
Hot water was taken and the required quantity of agar (5% w/v) 
was added to it. The resultant solution was added to petri plates 
and inducted to solidify. Previously, vacuum dried nicorandil 
buccal tablets (n=6) were taken, weighed individually, and one 
was laminated with cellophane tape (impermeable backing 
membrane). The tablets were then placed individually in petri 
plates so that their other side was in contact with the agar 
medium, followed by incubation at 37°C for 1 h. After incubation, 
the buccal tablets were reweighed, and the percentage of 
moisture absorption was calculated using the following formula:

% Moisture absorption=[(Final weight - Initial weight) / Initial 
weight] × 100

Ex vivo mucoadhesive strength
Ex vivo mucoadhesive strength was determined using a modified 
balance method. On the day of the experiment, the authors 
visited a nearby slaughterhouse and collected surgically cut out 
goat buccal mucosa, which can be used within 2 h of slaughter, 
a model substrate used for the present study. To prevent 
it going rotten, a piece of buccal mucosa was kept in Krebs 
buffer and stored at 4°C for 2 h. The goat mucosa reached room 
temperature before further use. This model substrate was then 
tied to a glass slide to provide it with mechanical strength. On 
that membrane a tablet was gently put with manual pressure 
for 5 min after moistening with fluid, which led to bioadhesion. 
To that biologically attached tablet water was added to detach it 
from the model substrate, and the amount of water (in grams) 
needed to detach the tablet from the surface was determined 
as mucoadhesive strength. Such a procedure was repeated 
three times and the average mucoadhesive strengths were 
reported.19,20

Ex vivo mucoadhesion time
Freshly cut goat buccal mucosa was used for the measurement 
of ex vivo mucoadhesion time (n=3) according to the reported 
method. Fresh goat buccal mucosa was collected and 
maintained as described above.  A glass slide was taken and 
excised goat buccal mucosa was tied onto it. Upon this goat 
buccal membrane a bioadhesive side of the tablet, previously 
wetted with fluid, was pasted and light force was applied with 
a fingertip for 30 s. The glass slide along with the pasted tablet 
was placed in a beaker containing 200 mL of phosphate buffer 
(pH 6.8) and it was kept at 37±1°C. The beaker containing the 
entire assembly was slowly stirred similar to the buccal cavity 
and the entire assembly was monitored for 12 h. The ex vivo 
mucoadhesion time was calculated as the time required to 
detach the tablet from the goat membrane that was tied to a 
glass slide.19,20

Drug release studies
A method previously reported by Daravath et al.21 for 
furosemide sustained release bilayered buccal tablets was 
simply followed in the present drug release studies using the 

US Pharmacopeia XXIII rotating paddle apparatus. An instant 
adhesive (cyanoacrylate adhesive) was used for pasting the 
backing layer of the buccal tablet on a glass slide. The slide was 
then placed at the bottom of the dissolution vessel containing 
250 mL of phosphate buffer saline (pH 6.8), which was 
maintained at 37±0.5°C and rotated at 50 rpm throughout the 
experiment. Samples (10 mL) were withdrawn at predetermined 
time intervals in sink condition, followed by filtering through 
Whatman filter (0.45 µm) paper and analysis by ultraviolet (UV) 
spectrophotometer at 262 nm.

Ex vivo permeation of drug from buccal tablets
Ex vivo permeation of drug from buccal tablets was performed 
using a Franz diffusion cell through porcine buccal mucosa at 
37±0.5°C and at 50 rpm. Fresh porcine buccal mucosa was 
obtained from a local slaughterhouse and used within 2 h of 
slaughter. The mucosal membrane was separated by removing 
the underlying fat and loose tissues, and washed with distilled 
water and then with phosphate buffer (pH 6.8) at 37°C. The 
fresh porcine buccal mucosa was cut into pieces and washed 
with phosphate buffer (pH 6.8). The membrane was collected 
and was stored at 4°C in Krebs buffer. This membrane was 
arranged between the two chambers and phosphate buffer 
saline (pH 6.8) was used to fill the receiver chamber. To the 
donor chamber was added 1 mL of phosphate buffer saline and 
a buccal tablet was suspended there. Aliquots of 5 mL samples 
were collected at predefined times. The collected samples were 
filtered, suitably diluted, and the amount of drug permeated 
was determined using a double beam UV spectrophotometer at 
λmax=262 nm. The flux (J) and permeability coefficient (P) were 
calculated using the following formulae:

J=[dQ/dt]÷ ∆CA

P=[dQ/dt]÷A
Here J is flux (mg/h cm2), P is a permeability coefficient (cm/h), 
dQ/dt is the slope of the steady-state portion of the curve, ΔC is 
the difference in concentration across the membrane, and A is 
the area of diffusion (cm2).22

ANOVA studies
To evaluate the effect of independent variables on the 
responses, ANOVA was applied to the nine formulations 
prepared using Design Expert software. The p values for the 
respective responses were also calculated to check whether 
the effect was statistically significant or not.

Drug release kinetics
To define the kinetics of drug release, the dissolution profile of 
the optimized batch (F5) was fitted to various models such as 
zero order, first order, Higuchi, Hixon Crowell, Korsmeyer, and 
Peppas.23

Stability studies
To determine the change in bioadhesive strength and in vitro 
release profile during storage, a 3-month short-term stability 
study for the optimized batch was performed at 40±2°C in a 
stability chamber with 75±5% relative humidity (RH). Tablets 
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were taken out at 1-month intervals and evaluated for any change 
in bioadhesive strength and in vitro drug release pattern. The 
difference factor (f1) and similarity index (f2) were calculated to 
find out the similarity between the dissolution profile of batch 
F5 before and after storage at the level of significant (p<0.05) 
by using the paired t-test.

The formulae to calculate difference factor (f1) and similarity 
index (f2) are as follows:

f1 = {∑ l Rt - Tt l ÷ ∑ Rt}×100

f2=50 log {[1+∑(Rt-Tt)2 ]0.5×100}
n

n=1
Here t is 1 to n, n is the dissolution time, and Rt and Tt are the 
reference and test dissolution value at time t.24,25

RESULTS AND DISCUSSION

Drug excipient compatibility study
FT-IR spectroscopy was employed to study any kind of interaction 
between the drug and additives used in the formulation. As per 
the FT-IR graph, no significant shift in the positions of the wave 
numbers was found for the formulation (F5) when compared 
to that of the pure drug values, which inferred no interaction 
between the drug and the employed additives in the formulation 
(Figure 1).

Preliminary study
Initially, the study was started with the preparation of 
preliminary tablets using various natural polymers to check their 
bioadhesive properties along with tableting properties and the 
same were compared with synthetic polymer (Carbopol 934). 
Table 4 shows the evaluation results for these formulations, 
which indicated that batch B1, which contained neem gum, has 
better bioadhesive strength as well as hardness. Hence, neem 
gum was chosen as a bioadhesive polymer for further study. 
To assess the synergistic sustained-release characteristics 
of neem gum along with different grades of HPMC, tablet 
formulations (S1, S2, and S3) were prepared and checked with 
respect to drug release for 12 h. It was found that formulations 
S2 and S3 (containing HPMC K4M and HPMC K15 LV) were not 
able to sustain drug release for 12 h, whereas S1 (containing 
neem gum and HPMC K4 100M) showed sustained drug release 
for 12 h as depicted in Table 5. Such sustained effect would be 
needed for our study and hence was selected for further study.

Full factorial design 

Physico-chemical parameters
The prepared factorial formulations were evaluated for various 
physicochemical parameters. From the results, it was found 
that the weight variation within 7.5% deviation, hardness (4.33-
5.71 kg/cm2), thickness (1.69-1.86 mm), friability LT 1%, and drug 
contents (98.97-101.21%) were within the specified limits. 

Surface pH of all the formulations was found to be between 5.5 
and 7.5 (Figure 2), which seemed within the acceptable salivary 
pH range (5.5-7.0). It was inferred that the tablets would not 
produce local irritation to the mucosal surface.

Moisture absorption ratio
The moisture absorption ratio was calculated to assess the 
relative moisture absorption potential of polymers as well as 
their strengths to maintain the integrity of the formulation after 
that absorption. The prepared tablets were subjected to such 
studies and the results are shown in Figure 3. Formulation F4 

Table 4. Evaluation of preliminary batches for selection of 
bioadhesive polymer

Batches
Hardness 
(kg/cm2) (n=3)

Mucoadhesive strength 
(gram force) (n=3)

B1 5.74±0.75 19.07±1.12

B2 5.86±0.67 17.45±1.14

B3 5.34±0.47 17.01±1.11

B4 6.47±0.42 21.24±0.99

B5 5.14±0.33 16.67±1.10

Table 5. Evaluation of preliminary batches for optimization of 
sustained release polymer

Time 
(h)

Cumulative percentage drug release

S1 S2 S3

0 0 0 0

1 18.23±0.56 22.14±0.64 30.23±0.54

2 26.60±0.64 39.89±0.84 36.02±0.64

3 35.11±0.68 47.02±0.24 41.05±0.66

4 46.12±0.67 57.64±0.26 56.31±0.52

5 57.46±0.62 63.74±0.34 71.26±0.34

6 64.34±0.54 73.23±0.28 83.27±0.25

7 73.23±0.45 83.37±0.94 98.63±0.47

8 79.26±1.20 90.54±0.34 -

9 86.23±0.87 91.23±0.67 -

10 90.14±0.67 101.2±0.84 -

11 95.46±0.75 - -

12 100.47±0.84 - -

Figure 2. Surface pH of factorial batches
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was found to have the minimum value (28%), whereas F8 had 
the maximum value (51%), which may be attributed to the high 
concentration of hydrophilic neem gum. 

Ex vivo mucoadhesive strengths and time
The ex vivo mucoadhesive strengths and time of the tablets 
were determined for all formulations using goat buccal 
mucosa. The mucoadhesive strengths and time were found to 
be increased with increased concentrations of polymers. The 
best bioadhesive strength was found for F9 (21.28 g) and the 
lowest for F1 (17.25 g). The mucoadhesion was attributed to 
the formation of a hydrogen bond between polymers due to 
swelling and mucin of the mucus membrane. F9 was prepared 
with higher concentrations of neem gum and HPMC, which 
might have resulted in high swelling and ultimately higher 
values of mucoadhesion. Figure 4 shows the results obtained 
from the test. This test indicated the mucoadhesive potential of 
polymers used in formulations. 

In vitro drug release studies
The prepared factorial tablets were subjected to in vitro 
dissolution studies for 12 h to check the effect of the various 
concentrations of neem gum with HPMC K100M and the results 
are given in Figure 5. The dissolution pattern was found to be 
F1<F7<F2<F4<F8<F3<F6<F5<F9. Based on the criteria selected 
according to the theoretical drug release profile of nicorandil 
at 1 h (12%), 5 h (50%), and 8 h (80%), F5 is considered to be 

promising as it had drug release of 11.25% at 1 h, 51.81% at 5 
h, and 79.20% at 8 h. Additionally, it sustained the drug release 
for 12 h, which was attributed to the synergistic effect that 
occurred due to the presence of HPMC K100M as well as neem 
gum. To ensure the drug release kinetics from the optimized 
buccal tablet, the dissolution profile was fitted to different 
release kinetic models: zero-order, first-order, Hixson-Crowell, 
Higuchi, and Weibull’s equations. The regression analysis 
was performed for batch F5 and residual values were used to 
analyze the best fit of the experimental data to the predicted 
models (r2>0.99 and minimum residual mean square and model 
parameters). The results are shown in Figure 6. As can be seen, 
the zero-order model was suited best to the dissolution data for 
F5, which suggested that the rate of drug release was perpetual 
over the course of time independent of the drug concentration. 

Ex vivo permeation studies
Ex vivo permeation studies (n=3) were performed for the 
optimized buccal tablet (F5). The slope, flux, and permeability 
coefficient for various formulations were 0.623, 0.889±0.12, 
and 0.241±0.07, respectively. Cumulative percentage of drug 
permeated from the prepared formulation is shown in Figure 7. 
The results of the permeation study affirmed that the drug was 
liberated controllably from the tablet and impregnated steadily 
through the porcine buccal membrane and could possibly be 
infiltrated through the human buccal membrane as well. 

Statistical analysis

ANOVA studies
A total of nine formulations were advised by the 32 factorial 
design for two independent variables: the amount of neem gum 
(X1, mg) and HPMC K100M (X2, mg). The effect of these factors 
on Y60 (release in 60 min), Y240 (release in 240 min), T50% (time 
in min required for 50% release), and mucoadhesive strength 
in gram force (MS) was examined as response parameters in 
the study. Summaries of the variables and observed responses 
are given in Tables 6 and 7. The software Design Expert 7.0 

Figure 3. Moisture absorption ratio for 8 h of factorial batches

Figure 4. Ex vivo mucoadhesion time of factorial batches Figure 5. Cumulative percentage drug release profiles
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calculated suitable model equations after fitting these data. 
According to the ANOVA results, all the models were significant 
(p<0.05). Model simplification was carried out by eliminating 
nonsignificant terms (p>0.05) in the equations, giving the model 
equation relating 

Y60=20.60-8.95X1+0.6050X2	 Equation no (1)

Y240=56.61-18.74X1-5.88X2		  Equation no (2)

T50%=221.22+88.67X1+14.50X2	 Equation no (3)

MS=18.99+0.8183X1+1.07X2		 Equation no (4)

The data obviously demonstrated that the response values are 
strongly dependent on the independent variables chosen. From 
the equations (1-4), it was established that the independent 

variables (X1 and X2) have significant effects on the chosen 

responses. The effects of factors (X1 and X2) on responses were 

demonstrated by plotting 3D surface plots and contour plots as 

shown in Figure 8. It was found that responses may be changed 

by a convenient choice of the levels of X1 and X2. The results 

of dependent variables were selected to check the suitability 

of the prepared tablets as a mucoadhesive sustained-release 

formulation. Based on the theoretical requirement to prepare 

a sustained-release tablet formulation of nicorandil, Y60 should 

be 11.25%, Y240 should be 35%, and T50% should be 300 min. F5 

was found to have results similar to the theoretically calculated 

requirements. Hence, it is considered to be the optimized 

formulation and can be explored further in future research.

Figure 6. Release kinetics results of the optimized formulation (F5)

Table 6. Response values for buccal tablet formulations as per 
experimental design

Batch code
Y60 
(%)

Y240 
(%)

T50 
(min)

Mucoadhesive strength 
(gram force)

F1 33.42 87.52 120 17.25

F2 22.56 68.24 145 18.12

F3 11.32 47.56 275 18.23

F4 22.31 63.26 162 18.49

F5 12.83 32.3 350 18.42

F6 12.01 42.56 312 20.36

F7 32.38 81.81 110 19.22

F8 27.45 56.24 180 19.52

F9 11.10 30.01 337 21.28
Figure 7. Cumulative percentage drug permeation of F5
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Stability studies
To assess the physicochemical nature of the optimized 
formulation (F5) with respect to dissolution characteristics and 
mucoadhesive strength, it was wrapped in aluminum foil and 
kept in the stability chamber with well-controlled conditions of 
temperature (40±2°C) and humidity (75±5% RH). After storage, 
dissolution parameters and mucoadhesive strength were 
determined and the results are depicted in Table 8. The precise 
way to find similarities between dissolution curves is to find 

out the similarity factor f2 and the difference factor f1. According 
to the food and drug administration, f1 values less than 15 and 
f2 values greater than 50 should establish an agreement between 
the dissolution curves, demonstrating an average disparity 

Table 7. ANOVA for linear model

Y60

Source
Sum of 
squares

df
Mean 
square

F value p value

Model 482.45 2 241.23 7.83 0.0213 Significant

A-HPMC 
K100M

480.26 1 480.26 15.59 0.0076

B-neem 
gum

2.20 1 2.20 0.0713 0.7984

Residual 184.89 6 30.81

Cor total 667.34 8

Y240

Source
Sum of 
squares

df
Mean 
square

F value p value

Model 2315.09 2 1157.54 6.72 0.0294 Significant

A-HPMC 
K100M

2107.88 1 2107.88 12.25 0.0128

B-neem 
gum

207.21 1 207.21 1.20 0.3146

Residual 1032.84 6 172.14

Cor total 3347.93 8

T50%

Source
Sum of 
squares

df
Mean 
square

F value p value

Model 48432.17 2 24216.08 5.52 0.0437 Significant

A-HPMC 
K100M

47170.67 1 47170.67 10.75 0.0168

B-neem 
gum

1261.50 1 1261.50 0.2876 0.6111

Residual 26321.39 6 4386.90

Cor total 74753.56 8

Mucoadhesive strength

Source
Sum of 
squares

df
Mean 
square

F value p value

Model 10.89 2 5.44 21.71 0.0018 Significant

A-HPMC 
K100M

4.02 1 4.02 16.03 0.0071

B-neem 
gum

6.87 1 6.87 27.40 0.0019

Residual 1.50 6 0.2507

Cor total 12.39 8

HPMC: Hydroxypropyl methylcellulose

Figure 8. Surface plots (a, c, e, g) and contour plots (b, d, f, h)
MS: Gram force
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of no more than 10% at the sample time points. According 
to this guideline, the dissolution curves corresponding to F5 
before storage were similar to those obtained with the same 
formulation after storage. No significant changes were found 
according to the results, which indicated that the prepared 
tablet formulation is stable.

CONCLUSION
To prevent the first-pass metabolism and provide sustained drug 
release, buccal drug delivery of nicorandil is considered to be 
one of the best surrogate routes of administration. Additionally, 
it will lead to patient compliance as well by reducing the 
frequency of administration. To attain this, a factorial approach 
was used with a combination of HPMC K100M and neem gum 
to prepare sustained-release buccal tablets of nicorandil that 
resulted in a sustained formulation, which can be used in a 
once a day tablet.
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ÖZ

Amaç: Bu çalışmanın amacı, rifampisinin (RIF) elektrokimyasal davranışını çok duvarlı karbon nanotüp (MWCNT) ile modifiye edilmiş camsı karbon 
elektrotlar kullanarak anodik yönde incelemekti.
Gereç ve Yöntemler: RIF’nın anodik incelemesi dönüşümlü, diferansiyel puls ve kare dalga voltametri teknikleri ile yapılmıştır. Çalışma elektrotu 
olarak MWCNT’nin bir modifikasyonuna sahip camsı bir karbon elektrot, karşı elektrot olarak bir platin tel ve referans olarak bir Ag/AgCl elektrotundan 
oluşan üç elektrotlu sistem, deneyler için kullanılmıştır.
Bulgular: RIFn’ın anodik süreci geri dönüşümsüz ve difüzyon kontrollüydü. Destek elektrolit olarak asetat tamponunda (pH 3,5) her iki teknik 
için de 0,04 ila 10 µM arasında doğrusal cevaplar elde edilmiştir. Tespit limiti değerleri diferansiyel puls ve kare dalga voltametri teknikleri için 
sırasıyla 7,51 ve 11,3 nM olarak bulunmuştur. Önerilen yöntemlerin tekrarlanabilirliği, tekrar üretilebilirliği, kesinliği ve doğruluğu da incelenmiştir. 
RIF’ın tayini, farmasötik dozaj formlarından yapılmıştır ve sonuçlar, literatürdeki diğer elektrokimyasal sensörler ve ayrıca sıvı kromatografik ve 
spektrofotometrik yöntemlerle karşılaştırılmıştır.
Sonuç: Bu valide edilmiş teknikler, terapötik ilaç izlemede sıvı kromatografik ve spektrofotometrik yöntemlere alternatif teknikler olarak rifampisinin 
seçici, hızlı, hassas, kesin ve ucuz bir şekilde tayinini sağlamıştır.
Anahtar kelimeler: Rifampisin, voltametri, çok duvarlı karbon nanotüp, camsı karbon elektrot, farmasötikler

ABSTRACT

Objectives: The aim of the study was to investigate the electrochemical behavior of rifampicin (RIF) in the anodic direction using multi-walled 
carbon nanotube (MWCNT)-modified glassy carbon electrodes.
Materials and Methods: The anodic investigation of RIF was carried out with cyclic, differential pulse, and square wave voltammetry. A three-
electrode system consisting of a glassy carbon electrode with a modification by MWCNTs as the working electrode, a platinum wire as the counter 
electrode, and an Ag/AgCl electrode as reference was used for the experiments.
Results: The anodic process of RIF was irreversible and diffusion controlled. Linear responses were obtained between 0.04 and 10 µM for both 
techniques in acetate buffer (pH 3.5) as supporting electrolyte. The limit of detection values were 7.51 and 11.3 nM for differential pulse and 
square wave voltammetry, respectively. The repeatability, reproducibility, precision, and accuracy of the proposed methods were also investigated. 
Determination of RIF was carried out on its pharmaceutical dosage forms and the results were compared with those from other electrochemical 
sensors and the liquid chromatographic and spectrophotometric methods in the literature.
Conclusion: These validated techniques provided selective, rapid, sensitive, precise, and cheap determination of RIF as alternative techniques to the 
liquid chromatographic and spectrophotometric methods in therapeutic drug monitoring.
Key words: Rifampicin, voltammetry, multi-walled carbon nanotubes, glassy carbon electrode, pharmaceuticals
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INTRODUCTION
Rifampicin (RIF), a semisynthetic derivative of rifamycin, is a 
macrocyclic antibiotic used to treat bacterial infections such 
as tuberculosis, leprosy, and Legionnaire’s disease.1 This drug, 
whose major activity is against mycobacteria, inhibits DNA-
dependent RNA polymerase in susceptible bacteria by forming 
a stable complex with the enzyme. Inhibition of the initiation of 
RNA synthesis by binding to the β-subunit of RNA polymerase 
results in the death of the cell.2 It is generally used with other 
antibiotics to expand the antibacterial effect and thus various 
infections originating from both intracellular and extracellular 
organisms can be treated.3,4 Although RIF is one the most 
potent antibiotics used for the treatment of tuberculosis, the 
bacteria quickly develop resistance to RIF. In order to prevent 
the development of resistance, RIF is used in combination with 
other effective antimycobacterial agents such as isoniazid and 
ethambutol.2 RIF is not used for the treatment of viral infections 
such as colds and flu.

RIF has some adverse effects such as nausea, vomiting, loss 
of appetite, diarrhea, liver problems, and allergic reactions. The 
most serious adverse effect of RIF is hepatotoxicity, causing 
liver damage. In addition, RIF causes orange coloration of body 
fluids such as urine, sweat, and tears. 

RIF has a heterocyclic structure containing naphthoquinone, 
giving it its characteristic orange color. Its chemical name is 
3-(4-methylpiperazinyliminomethyl) rifamycin SV (Figure 1). 
RIF binds the bacterial RNA polymerase with the four hydroxyl 
groups forming hydrogen bonds with amino acid residues on 
the protein.2 

RIF is usually administered orally, rapidly absorbed, and 
distributed to the body. The half-life of RIF is 2-3 h. Taking RIF 
with meals significantly decreases its absorption. RIF is quickly 
hydrolyzed after absorption and completely eliminated from the 
body through urine and mostly feces after about 6 h.5

Some studies are found in the literature for the determination 
of RIF using high performance liquid chromatography (HPLC),6-

10 LC-mass spectrometry,11 Raman spectroscopy,12 Nuclear 
magnetic resonance spectroscopy,13 and ultraviolet-visible 
spectrophotometry.14 Electrochemical studies of RIF have 
also been performed, which studied both in the direction of 
oxidation using some unmodified15,16 and modified electrodes17-21 

and in the direction of reduction.22,23 The older studies on 
RIF were based on its electrochemical reduction using a 
mercury drop electrode by differential pulse polarography22 
and differential pulse adsorptive stripping voltammetry 
(DPAdSV).23 In later years (between 2004 and 2017), RIF was 
studied in the direction of oxidation. In one previous study,15 
a carbon paste electrode was used for the determination of 
RIF and isoniazid by cyclic and square wave voltammetry. 
Adsorptive stripping voltammetry was also used for both RIF 
and rifamycin at renewable pencil graphite electrodes.16 Some 
modifications such as a hollow manganese oxide@mesoporous 
silica oxide core-shell nanohybrid at a disposable carbon 
paste microelectrode,17 nickel hydroxide nanoparticles-reduced 
graphene oxide nanosheets film at a glassy carbon (GC) 
electrode,19 and polyvinyl pyrrolidone capped CoFe2O4@CdSe 
core shell at a GC electrode20 were also used for the sensitive 
determination of RIF. 

Most of the chromatographic and spectrophotometric methods 
in the literature require expensive instrumentation and involve 
high running costs. Electrochemical methods ensure simple, 
sensitive, cheap, and fast analysis and determination of drugs. 
In addition, the electrochemical properties of drugs help us 
to understand their metabolic fate or in vivo redox processes 
and pharmacological activity. Although modified electrodes 
provide highly sensitive determination of drugs, it is important 
that procedures for the modification of electrodes are easy to 
prepare and stable. For this reason, new modification methods 
for electrodes and voltammetric methods are constantly 
investigated to find the best results for the electroactive 
components. 

Carbon nanotubes (CNTs) were discovered in 1991 and have 
fascinating electronic, magnetic, and mechanical properties. 
Their unique structure making them strong and rigid means 
they are suitable for use in the fields of medicine (drug delivery, 
treatments of diseases, monitoring of cells), manufacturing, 
electronics, optics, nanotechnology, and other materials 
science and technology.24 In addition, electrically conductive 
CNTs can also be used as a carrier of some specific drugs by 
attaching to the drugs and targeting certain types of cells such 
as cancer cells.25 CNTs are generally categorized as single-
walled CNTs and multiwalled CNTs (MWCNTs).26 MWCNTs were 
used in the present study since they are well-known materials 
widely used since 1991 due to their superior chemical and 
physical properties mentioned above. In addition, MWCNTs 
have a very strong and elastic structure due to the sp2 bonds 
between carbon atoms. These strong bonds ensure that 
MWCNTs have very high electric conductivity and resistance to 
high temperatures.26

The aim of the present study was to conduct electrochemical 
analysis and sensitive determination of the antibacterial drug 
RIF through its oxidation with a functionalized MWCNT-modified 
GC electrode by using cyclic voltammetry (CV), differential 
pulse voltammetry (DPV), and square wave voltammetry 
(SWV). Developing fully validated and rapid methods using 
a simply modified GC electrode will ensure more sensitive Figure 1. Molecular structure of rifampicin
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determination of RIF based on its oxidation compared to the 
studies in the literature providing the direct determination of 
RIF from pharmaceutical dosage forms without any sample 
pretreatment.

MATERIALS AND METHODS

Materials
RIF and its pharmaceutical dosage form (Rifcap®, including 300 
mg of RIF per capsule) were kindly supplied by Koçak Farma 
(Istanbul, Turkey). COOH functionalized MWCNTs were from 
NanoLab, U.S.A., with >95% purity, 15±5 nm diameter, and 1-5 
µm length. The other chemicals were analytical grade (Merck or 
Sigma) and used without any purification.

Stock solutions of RIF (1.0x10-3 M) were prepared in ultrapure 
water and stored in the dark at +4°C. Voltammetric experiments 
for RIF were performed using working solutions of RIF prepared 
by direct dilution of the stock solution with the selected 
supporting electrolyte. The supporting electrolytes were 
phosphate buffer (PB, 0.1 M NaH2PO4.2 H2O; 0.1 M Na2HPO4; pH 
5.5-8.0), Britton-Robinson buffer [(BRB), 0.04 M H3BO3; 0.04 
M H3PO4; 0.04 M CH3COOH; pH 2.0-8.0)], and acetate buffer 
[(AcB), 0.5 M CH3COOH; pH 3.5-5.5)].

Apparatus
Voltammetric measurements were recorded using a computer-
controlled Autolab type 2 potentiostat/galvanostat with Nova 
1.10 software (Metrohm, the Netherlands) at room temperature. 
The three-electrode system consisted of a GC electrode (BASi, 
f: 3.0 mm diameter) with modification by MWCNTs as the 
working electrode, a platinum wire as the counter electrode 
(BASi), and a Ag/AgCl electrode (BASi, 3.0 M KCl) as reference. 
The bare GC electrode was polished with aqueous slurry of 
alumina powder (f: 0.01 µm) on a damp smooth polishing cloth 
before the modification. 

The operating conditions for DPV were as follows: pulse 
amplitude, 50 mV; pulse width, 50 ms; scan rate, 2 mV s-1; for 
SWV: pulse amplitude, 25 mV; frequency, 10 Hz; step potential, 
1 mV.

The surface morphology of the bare GC and MWCNT-modified 
GC electrodes was determined using scanning electron 
microscopy (SEM) with a LEO 438 VP (LEO Instruments, UK) in 
high vacuum mode at 20 kEV.

The pH measurements were made using a model HI2211 pH-
meter (Hanna, Romania) with a combined electrode (glass/
reference electrodes) with an accuracy of ±0.05 pH at room 
temperature.

Sartorius Arium® ProUV ultrapure water (resistivity ≥18 MΩ 
cm) was used for the preparation of all solutions.

Preparation of MWCNT-modified electrodes
Functionalized MWCNTs were weighed and dispersed in 
dimethyl formamide (DMF) as 0.2% (mg mL-1). The dispersion 
was sonicated for 4 h to ensure a homogeneous mixture. 
Before the coating, the bare GC electrode was polished with 
Al2O3 slurry on a polishing pad and rinsed with nanopure water. 

Then a specified amount of MWCNT/DMF dispersion, 1.5, 2.5, 
3.5, and 5.0 µL, was dropped on the surface of the GC electrode 
and it was left to dry overnight at room temperature to obtain 
the MWCNT-modified GC electrode, labeled as MWCNT/GC 
electrode.

Voltammetric studies
All working solutions of RIF were prepared freshly just before 
the experiments and protected from light. The calibration 
equations were obtained from both DP and SW voltammograms 
by plotting the peak current against RIF concentration. The 
ruggedness, precision, and accuracy of the methods were 
checked by assaying five replicate samples on the same day 
and different days over a week. The ruggedness and the 
precision of the methods were checked with relative standard 
deviations (RSD%). The relative errors (Bias%), which describe 
the deviation from the expected results, were also calculated 
to check the accuracy and the precision of the developed 
methods.27,28

Capsule assay procedure
The contents of ten capsules of Rifcap®, including 300 mg of 
RIF per capsule, were weighed. An appropriate amount of the 
contents was taken and diluted to 25 mL with ultrapure water 
to prepare a stock solution of 1.0x10-3 M RIF. The solution was 
sonicated for 15 min to complete dissolution and then left for 
10 min to allow the insoluble parts to settle to the bottom. The 
working solutions were prepared by taking from the clear 
supernatant liquor and diluting with the selected supporting 
electrolyte.29 The RIF amount per capsule was calculated using 
the corresponding calibration plots of both DPV and SWV. 

The other components of the matrix of the pharmaceutical 
dosage forms can show any interference during the 
determination of RIF. For this purpose, recovery studies were 
carried out to check the accuracy of the developed methods 
using the standard addition method.27 A known amount of 
RIF was added to the preanalyzed RIF capsule and then the 
calculations were conducted using the related regression 
equations of the calibration plots for both techniques.  

Statistical analysis
Validation of the proposed method was carried out by statistical 
analysis of data obtained during the experiments to define 
the performance and limitations of the method. Based on the 
statistical analysis, the analytical limits, precision, and accuracy 
of the proposed methods were determined. 

RESULTS AND DISCUSSION
An easily modified GC was used to ensure more sensitive 
determination of RIF based on its oxidation in comparison to 
the studies in the literature. In the first step, coating of the GC 
electrode was performed using 0.2% (mg mL-1) MWCNT/DMF 
dispersion. For this purpose, an amount of the dispersion was 
dropped using a micropipette on the surface of the GC electrode. 
After the electrode dried, the surface was activated by cycling 
the potential in the region from -0.8 to +1.2 V vs. Ag/AgCl at a 
scan rate of 100 mV s-1 for 15 cycles in BRB solution at pH 5.0. 



401Dilek KUL. Electrochemical Determination of Rifampicin

The electrochemical responses of 20 µM RIF were compared 
for both the bare GC electrode and 2.5 µL of 0.2% MWCNT/
DMF-coated GC electrode using CV and DPV in BRB solution 
at pH 5.0. The peak currents of RIF obtained with the MWCNT/
GC electrode were 1.86 times and 4.52 times higher than those 
bare GC electrodes for CV and DPV (Figure 2), respectively.  

The coating amount of MWCNT/DMF dispersion was selected 
for the best electrochemical analysis of RIF. For this purpose, 
1.5, 2.5, 3.5, and 5.0 µL of the 0.2% MWCNT/DMF dispersion 
were dropped on the surface of the GC electrode and the peak 
currents of RIF were analyzed by CV, DPV, and SWV. The highest 
peak current with the best peak shape was obtained with 1.5 µL 
of 0.2% MWCNT/DMF dispersion; thus, the GC electrode was 
modified with this amount for the further studies of RIF.

Surface characterization
SEM was used to investigate the surface morphology of both 
the bare GC and MWCNT-modified GC electrodes. Figures 3A 
and 3B show SEM images of the bare GC electrode and GC 
electrode coated with 1.5 µL of 0.2% MWCNT/DMF dispersion, 
respectively. As can be seen in Figure 3B, densely packed and 
popcorn-like MWCNTs were used for coating and formed a 
porous structure onto the surface of the GC electrode.

Effect of pH and scan rate 
Electrochemical characterization of RIF was carried out with the 
MWCNT/GC electrode. For this purpose, cyclic voltammograms 
of RIF were obtained at a scan rate of 100 mV s-1 in the potential 

range from -0.6 to +1.1 V in different buffer solutions at pH 
values between 2.0 and 8.0. Buffer solutions with pH values 
higher than 8.0 were not used in order to prevent the loss of 
MWCNT coatings on the surface of the GC electrode. 

According to the cyclic voltammograms (Figure 4A), an anodic 
peak having a high peak current at all pHs was observed at 
around +0.9 V (labeled as Ox1), showing an irreversible 
oxidation process. At around +0.3 V, another anodic peak 
having a relatively high peak current was also seen (labeled 
as Ox2), showing a reversible redox process. With increasing 
pH, additional anodic and cathodic waves appeared at the peak 
potentials between -0.2 and +0.2 V. Differential pulse (Figure 
4B) and square wave (Figure 4C) voltammograms were also 
obtained at all pHs to investigate the anodic peaks of RIF for 
its quantitative determination. The Ox1 peak was not observed 
at around +0.9 V in DP or SW voltammograms. However, the 
Ox2 peak at around +0.3 V was seen as a symmetrical and 
well-defined anodic peak with a high peak current. Another 
anodic peak separated well from the Ox2 peak was observed 
at around -0.1 V at pHs lower than 5.0, whereas this peak was 
intercalated with the Ox2 peak and observed as a shoulder at 
pHs higher than 5.0.  

The reversible redox process including the Ox2 anodic 
peak (Figure 4A) may be due to the hydroquinone-quinone 
redox system of the 6,9-dihydroxynaphtalene moiety to the 
corresponding naphthoquinone of RIF.15 The irreversible 
oxidation peak labeled Ox1 (Figure 4A) may be attributed to the 
irreversible oxidation of the piperazinyl-imino moiety.21

Peak potentials of both Ox1 and Ox2 peaks shifted to less 
positive potentials with increasing pH from 2.0 to 8.0 for all 
voltammetric techniques. The shift values were 0.285 V for the 
Ox1 peak with CV and 0.256 V, 0.266 V, and 0.275 V for the 
Ox2 peak with CV, DPV, and SWV, respectively. These negative 
shifts showed that the decrease in the concentration of H3O

+ in 
the buffer solutions allowed easier oxidation of RIF due to its 
weak acidic nature. 

The relationship between pH and peak potential and peak 
current of 40 μM RIF was studied using CV for the Ox1 peak 
and using CV, DPV, and SWV for the Ox2 peak. Graphs of Ep-Figure 2. (A) Cyclic and (B) differential pulse voltammograms of 20 µM of 

RIF in BRB solution at pH 5.0 obtained at (a) bare GC and (b) 2.5 µL of 0.2% 
MWCNT/DMF-coated GC electrodes

RIF: Rifampicin, BRB: Britton-Robinson buffer, GC: Glassy carbon, MWCNT: Multi-
walled carbon nanotube, DMF: Dimethyl formamide

Figure 3. SEM images of (A) bare GC and (B) 1.5 µL of 0.2% MWCNT/DMF-
coated GC electrodes, scale bar: 1 µm

SEM: Scanning electron microscopy, GC: Glassy carbon, MWCNT: Multi-walled carbon 
nanotube, DMF: Dimethyl formamide

Figure 4. Voltammograms of 40 µM RIF obtained with (A) CV, (B) DPV 
(for Ox2 peak, baseline corrected), and (C) SWV (for Ox2 peak, baseline 
corrected) in (a) BRB at pH 2.0, (b) AcB at pH 3.5, (c) PB at pH 5.5, (d) PB 
at pH 7.0, and (e) BRB at pH 8.0 at the MWCNT/GC electrode. Scan rate: 
100 mV s-1 for CV

RIF: Rifampicin, CV: Cyclic voltammetry, DPV: Differential pulse voltammetry, SWV: 
Square wave voltammetry, BRB: Britton-Robinson buffer, MWCNT: Multi-walled 
carbon nanotube, GC: Glassy carbon
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pH for both Ox1 and Ox2 peaks using CV are given in Figures 
5A and 5B, respectively. The graphs obtained with DPV and 
SWV for the Ox2 peak were similar; thus, their graphs are not 
shown. According to all graphs, linear plots were obtained for 
both Ox1 and Ox2 peaks at pHs between 2.0 and 8.0, expressed 
by equations 1-4.

Ep (V)=1.030-0.048 pH; r=0.990, n=10 (for Ox1, obtained with 
CV)	 (1)

Ep (V)=0.365-0.041 pH; r=0.991, n=10 (for Ox2, obtained with 
CV)	 (2)

Ep (V)=0.335-0.042 pH; r=0.996, n=10 (for Ox2, obtained with 
DPV)	 (3)

Ep (V)=0.345-0.042 pH; r=0.992, n=10 (for Ox2, obtained with 
SWV)	 (4)

The negative slope values of the linear plots of the Ep-pH graphs 
in the pH range between 2.0 and 8.0 were between -41 and -48 
mV pH-1, showing that the numbers of electrons and protons 
might not be equal in the redox process of RIF. The slope of 59 
mV pH-1 is the theoretical value showing that the numbers of 
protons and electrons are equal.29 

The effect of pH on the peak current (Ip) of RIF was also 
investigated using CV, DPV and SWV for the Ox2 peak. Since 
the Ox1 peak was not observed in DP or SW voltammograms, 
quantitative determination of RIF was studied with only the Ox2 
peak. According to the Ip-pH graphs of the Ox2 peak, a single, 
well-defined, sharp, and symmetrical anodic peak (Figures 4B 
and 4C) having the highest peak current was obtained in AcB at 
pH 3.5 for both DPV (Figure 5C) and SWV. For this reason, AcB 
solution at pH 3.5 was selected as the supporting electrolyte 
for further studies. 

The redox process of RIF was determined with scan rate studies 
using CV in the sweep range from 5 to 200 mV s-1 for 40 μM RIF 
in AcB at pH 3.5. The linear relationship between the square 
root of the scan rate (ν1/2, mV s-1) and the peak current (Ip, μA) 
of RIF for the Ox2 peak demonstrated the diffusional behavior 
of RIF on the MWCNT/GC electrode (Equation 5). The graph 
between the logarithm of scan rate (log ν) and the logarithm of 
peak current (log Ip) gave a straight line with a slope of 0.667 
for the Ox2 peak (Equation 6). Theoretical values of 0.5 and 1.0 
for the log ν vs. log Ip graph express diffusion and adsorption 
controlled electrode process, respectively.30 The obtained slope 
of 0.667 showed that the process was diffusion controlled 
under some adsorptive effects. Due to the adsorptive effects, 
DPAdSV and square wave adsorptive stripping voltammetry 
were tested with the parameters of accumulation potential and 
accumulation time for the determination of RIF. However, these 
parameters could not be optimized and linear calibration graphs 
could not be obtained. For this reason, DPV and SWV were used 
for the determination studies of RIF.  

Ip (µA)=0.172 ν1/2 (mV s-1)-0.197; r=0.996, n=8 (for Ox2)  (5) 

log Ip (µA)=0.667 log ν (mV s-1)-1.154; r=0.993, n=8 (for Ox2)  (6) 

Determination of RIF by MWCNT/GC electrode 
Determination of RIF was studied with the MWCNT/GC 

electrode using both DPV and SWV having good selectivity, 
high sensitivity, and low detection limits. All measurements 
were made for the anodic Ox2 peak in AcB at pH 3.5 as the 
supporting electrolyte. Calibration graphs were obtained 
between the concentration of RIF and the peak current of Ox2 
for DPV and SWV. Figure 6 shows DP and SW voltammograms 
obtained with different concentrations of RIF. 

The plots of the calibration graphs were linear in the range 
between 0.04 and 10 μM for both DPV and SWV. At concentrations 
higher than 10 μM, the linearity was lost, probably due to the 
increase in the adsorption effect of RIF on the surface of the 
MWCNT/GC electrode. Besides linearity ranges, the values of 
slope, correlation coefficient, limits of detection (LOD) and 
quantification (LOQ), repeatability (within day), reproducibility 
(between days), and precision were calculated for both 
techniques at MWCNT/GC electrodes.27,28 All values are listed 
in Table 1. Calibration graphs gave a linear plot with a slope of 
0.799 µA µM-1 for DPV and two linear plots with slope values of 
1.503 µA µM-1 and 0.714 µA µM-1 for SWV. 

The LOD and LOQ values were calculated from the peak current 
of RIF using LOD=3 s/m and LOQ=10s/m equations, where s is 
the standard deviation of the peak currents (three runs) and m 
is the slope of the related calibration equation.27,31 The repetitive 
five DPV and SWV experiments in the same day (repeatability) 
and on different days over a week (reproducibility) obtained from 
different solutions containing RIF at the same concentration (4 
μM) gave the precision of the techniques. These within-day and 

Figure 5. Effects of pH on the peak potentials for Ox1 (A) and Ox2 (B) and 
the peak currents for Ox2 (C) of RIF obtained with CV (A and B) and DPV 
(C) at the MWCNT/GC electrode. RIF concentration 40 µM in 0.1 M PB (ο), 
0.5 M AcB (ӿ), and 0.04 M BRB (♦)

RIF: Rifampicin, CV: Cyclic voltammetry, DPV: Differential pulse voltammetry, MWCNT: 
Multi-walled carbon nanotube, GC: Glassy carbon, ο PB: Phosphate buffer, ӿ AcB: 
Acetate buffer, ♦ BRB: Britton-Robinson buffer
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between-day precision, accuracy, and reproducibility values 
are presented as RSD% (Table 1). RSD% values lower than 1.5% 
demonstrated good precision, accuracy, and reproducibility.

Stability of RIF
The stability of RIF solutions was also studied over a month. 
Stock solution of RIF dissolved in ultrapure water was stored 
in the dark at +4°C. DP and SW voltammograms of the prepared 

solutions containing the same RIF concentration in AcB at pH 
3.5 were obtained. According to the voltammograms, decreases 
of 2.68% for DPV and 2.37% for SWV were observed at the peak 
currents of RIF after 4 weeks of storage. These low decrease 
values show that the solutions of RIF prepared by dissolving 
in ultrapure water can be used for up to 4 weeks. However, 
all solutions were freshly prepared every week to ensure the 
stability of RIF in the working solutions. 

Determination of RIF from pharmaceutical dosage forms
The determination of RIF from its pharmaceutical dosage 
forms was studied to investigate the accuracy, selectivity, 
and precision of the developed voltammetric techniques with 
MWCNT/GC electrodes. For this purpose, the proposed DPV 
and SWV techniques were used to determine RIF in its capsules 
(300 mg RIF per capsule) for the prepared MWCNT/GC electrode. 
Pretreatment steps such as extraction and evaporation were 
not used before the voltammetric measurements. Recovery 
studies showed whether the excipients in pharmaceutical 
dosage forms caused any interference in the analysis of RIF. 
These studies were carried out by adding known amounts of 
standard RIF solution to the preanalyzed capsule solutions. 
The results are listed in Table 2. These results showed that the 
proposed methods for the prepared MWCNT/GC electrode could 
be applied for the sensitive anodic determination of RIF from 
pharmaceutical dosage forms without any interference from 
the excipients. 

The bias % values were calculated to see the differences 
between the expected values obtained with DPV and SWV 
measurements and the true value (labeled RIF amount per 
capsule). Positive values of bias% indicated overestimation 
bias, meaning that the true value was slightly lower than the 
calculated values for both DPV and SWV (Table 2).

Table 1. Regression data of the calibration lines for quantitative determination of RIF in pH 3.5 AcB with DPV and SWV at the MWCNT/GC 
electrode

DPV SWV

Measured potential (V) 0.193 0.203

Linearity range (µM) 0.04-10 0.04-1.6 and 1.6-10

Slope of the calibration graph (µA µM-1) 0.799±0.01 1.503±0.04 and 0.714±0.01

Intercept (µA) -0.059±0.04 -0.078±0.02 and 1.169±0.11

Correlation coefficient 0.997 0.994 and 0.998

LOD (µM) 7.51x10-3 1.13x10-2

LOQ (µM) 2.50x10-2 3.78x10-2

4 
μM

  R
IF

Repeatability of peak current (RSD%) 1.01 0.84

Repeatability of peak potential (RSD%) 0.56 0.35

Reproducibility of peak current (RSD%) 1.07 1.42

Reproducibility of peak potential (RSD%) 0.60 0.42

RIF: Rifampicin, AcB: Acetate buffer, SWV: Square wave voltammetry, MWCNT: Multi-walled carbon nanotube, GC: Glassy carbon, LOD: Limits of detection, LOQ: Limit of 
quantitation, RSD: Relative standard deviations, DPV: Differential pulse voltammetry, SWV: Square wave voltammetry

Figure 6. Baseline corrected (A) differential pulse and (C) square wave 
voltammograms obtained for the determination of (a) blank, (b) 0.06 
µM, (c) 0.2 µM, (d) 0.4 µM, (e) 0.8 µM, (f) 2.0 µM, (g) 4.0 µM, (h) 6.0 µM, 
and (i) 8.0 µM of RIF in pH 3.5 AcB. Plots of the peak current (Ip) vs. the 
concentration of RIF with error bars representing standard deviations for 
each concentration, calculated from (B) differential pulse and (D) square 
wave voltammograms

RIF: Rifampicin, AcB: Acetate buffer



404 Dilek KUL. Electrochemical Determination of Rifampicin

Comparison of the proposed methods
The parameters of the validated DPV and SWV techniques for 
the MWCNT/GC electrode were compared with those of other 
sensors in the literature obtained for the determination of RIF 
in both the anodic15-18,21,32-35 and cathodic21,22,36-38 directions (Table 
3). According to the results obtained in the anodic direction, a 
wider linear range was obtained in the present study compared 
to the studies in Table 3. Lower LODs were found only in two 
studies;18,32 however, the linear ranges of those studies were 
narrower. In addition, the electrode preparation procedures 
were long and complicated in some previous studies17,33-35 
compared to the MWCNT/GC electrode used in the present 
study.  

The results for RIF obtained in the direction of reduction in 
Table 3 showed that a wider linear range was found in the 
present study compared to the studies in the literature.21,37,38 
Although a carbon paste electrode gave a wider linear range in 
a previous study,22 the LOD was higher than that in the present 
study. In another previous study,36 there was no information 

Table 3. Compared parameters obtained using different electrochemical sensors for the determination of RIF in the anodic direction

Electrode Method Medium Linear range, µM LOD, µM

A
no

di
c 

di
re

ct
io

n

Carbon paste electrode15 SWV Britton-Robinson buffer, 
pH 4.0

0.5-50 0.235

Renewable pencil graphite electrode16 DPAdSV - - 0.013

Disposable carbon paste microelectrode modified with a hollow 
manganese oxide@mesoporous silica oxide core-shell
nanohybrid17

SWAdSV Citric acid - Na2HPO4 
buffer, pH 6.0

0.03-3.0 10.8x10-3

Lead film-modified glassy carbon electrode18 AdSV Acetate buffer, pH 5.0 2.5x10-4-1.0x10-2 9.0x10-5

Surfactant-modified carbon paste electrode21 DPAdSV 0.1 M KCl, pH 2.0 or 0.2 M 
HCl  

3.5x10-4-5.4x10-3 -

Carbon paste electrode32 AdSV Acetate buffer, pH 4.9 0.1-2 5x10-3

Iron oxide nanoparticles (Fe3O4NPs) and multiwalled carbon 
nanotubes (MWCNTs) composite-modified glassy carbon 
electrode33

DPV Phosphate buffer, pH 7.5 2-20 0.032

Poly-melamine and gold nanoparticles-modified glassy carbon 
electrode34

LSV Phosphate buffer, pH 7.0 0.08-15 0.030

Carbon-dots@CuFe2O4 nanocomposite-modified carbon paste 
electrode35

SWV Britton-Robinson buffer, 
pH 7.0

0.07-8.0 0.022

C
at

ho
di

c 
di

re
ct

io
n

Surfactant-modified carbon paste electrode21 DPAdSV 0.1 M KCl, pH 2.0 or 0.2 M 
HCl  

9.0x10-5-2.9x10-3 -

Carbon paste electrode22 DPP Acetate buffer, pH 4.5 0.1-100 0.010

Hanging mercury drop electrode36 DPAdSV
SWAdSV

- - 6.14x10-3

9.83x10-3

Hanging mercury drop electrode37 DPAdSV Carbonate buffer, pH 9.5 1.99-2.78 0.170

Hanging mercury drop electrode38 DPV McIlvaine buffer, pH 7.0 0.49-2.4 85x10-3

MWCNT/GCE (this work) DPV
SWV

AcB, pH 3.5 0.04-10 7.51x10-3

1.13x10-2

RIF: Rifampicin, AdSV: Adsorptive stripping voltammetry, DPAdSV: Differential pulse adsorptive stripping voltammetry, SWAdSV: Square wave adsorptive stripping voltammetry, 
LSV: Linear sweep voltammetry, DPP: Differential pulse polarography, LOD: Limits of detection, MWCNT: Multi-walled carbon nanotube, AcB: Acetate buffer

Table 2. The results for the determination of RIF from capsule 
form and recovery experiments achieved in pH 3.5 AcB using the 
MWCNT/GC electrode

Parameters DPV SWV

Labeled claim (mg) 300.00 300.00

Amount found* (mg) 300.32 300.36

RSD% 1.11 1.38

Bias% 0.11 0.12

Added (mg) 1.640x10-2 1.640x10-2

Found* (mg) 1.656x10-2 1.660x10-2

Average recovered (%) 100.98 101.22

RSD% of recovery 1.68 2.40

Bias% 0.98 1.22

*Obtained from five experiments, RIF: Rifampicin, AcB: Acetate buffer, MWCNT: 
Multi-walled carbon nanotube, GC: Glassy carbon, DPV: Differential pulse 
voltammetry, SWV: Square wave voltammetry, RSD: Relative standard deviations
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about the linear range and the LOD was at the nM level as in the 
present study. The detection limits of the other studies in Table 
337,38 were higher compared to that of the MWCNT/GC electrode 
in the present study.

The linear range and LOD values obtained in the present study 
were also compared with those of the liquid chromatographic 
and spectrophotometric methods used for the determination of 
RIF (Table 4). According to the results, the linear range was 
wider and LOD values were lower for both DPV and SWV 
compared to the studies in Table 4.39-44 

CONCLUSION
The electrochemical behavior of RIF was studied in the anodic 
direction by using MWCNT-modified GC electrodes. Modification 
was done by coating of 1.5 µL of 0.2% (mg mL-1) MWCNT/
DF dispersion on the surface of a GC electrode. The anodic 
process of RIF was irreversible and diffusion controlled in AcB 
at pH 3.5 as supporting electrolyte. Determination studies were 
carried out with DPV and SWV. These validated techniques 

enabled selective, rapid, sensitive, and cheap determination of 
RIF. RIF was also sensitively determined in its pharmaceutical 
dosage forms without any separation steps. The results 
showed that the inactive excipients caused no interference 
during the voltammetric measurements. The results obtained 
in the present study were compared with those of both other 
electrochemical sensors and the liquid chromatographic and 
spectrophotometric methods proposed for RIF. The proposed 
DPV and SWV techniques using MWCNT-modified GC 
electrodes were more sensitive, cheaper, simpler, and faster 
determination methods for RIF. They might be alternatives to 
the liquid chromatographic and spectrophotometric methods in 
therapeutic drug monitoring.

Table 4. Compared parameters obtained using different analytical methods for the determination of RIF

Method Medium Linear range, µg/mL LOD, µg/mL

RP-HPLC39 Methanol:acetonitrile: water (60:20:20, v/v) 40-100 0.5

HPLC40 20 mM monobasic sodium phosphate buffer with 0.2% triethylamine 
(pH 7.0):acetonitrile (96+4, v/v)

105-195 -

RP-HPLC41 Acetonitrile:methanol:water (30:5:65, v/v, pH 5.2) 60-150 0.13

UV spectrophotometry42 Folin-Ciocalteu reagent (FCR) 1.0-35 0.32

UV spectrophotometry43 Methanol 5-50 2.30

UV spectrophotometry44 Ethyl acetate solution 2.5-35.0 0.83

DPV (this work)
AcB, pH 3.5 0.033-8.23

6.18x10-3

SWV 9.11x10-3

RIF: Rifampicin, RP-HPLC: Reversed phase-high performance liquid chromatography, UV: Ultraviolet, DPV: Differential pulse voltammetry, SWV: Square wave voltammetry,
LOD: Limits of detection, AcB: Acetate buffer
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ÖZ

Amaç: Ağrı sendromlarının tedavisi, ağrı kaynağına maruziyeti, reseptörleri ve periferal lifleri içermektedir. Akut ağrı ve enflamasyonunun tedavisi, 
nonsteroidal anti-enflamatuvar ilaçların ve narkotik olmayan analjeziklerin kullanımını içerir. Eski analjeziklere bir alternatif kombine bileşimlerdir. 
Deneysel sonuçlar kafeinin bir analjezik ilaç ile birleştirildiğinde, peripheral analjezik aktiviteyi etkin bir şekilde artırdığını açıkça göstermektedir. 
Bu çalışmanın amacı, meloksikam, piroksikam ve bunların kafeinle farmakolojik bileşimlerinin periferal analjezik aktivitesini değerlendirmektir.
Gereç ve Yöntemler: Piroksikam, meloksikam ve bunların kafeinle bileşimlerinin periferal analjezik aktivitesi abdominal ağrı testi kullanılarak 
incelenmiştir. Bu yöntem, periferik orijinli ağrının oluşturulmasında %0,6’lık asetik asit çözeltisinin intraperitonel olarak enjekte edilmesiyle ağrının 
indüksiyonunu sağlamak için kullanılmıştır. İncelenen ilaçlar, bunların bileşimleri ve %3 nişasta müsilajı, algojenin verilmesinden 1 saat önce 
uygulanmıştır. Asetik asit tarafından indüklenen kümülatif ağrı cevapları, sonraki 20 dakika boyunca belirlenmiştir.
Bulgular: İncelenen tüm ilaçlar, sıçanlarda ağrı azalması sağlamıştır. Meloksikam ve kafein periferal analjezik aktivitelerini sırasıyla %63,6 ve 
%64,5 olarak göstermiştir (p<0,05). Meloksikam ve kafeinin farmasötik bileşimi %76,4’lük analjezik potansiyel göstermiştir. Bu nedenle kafein, 
meloksikamın analjezik aktivitesini potansiyeize etmektedir. Sonuçlar diklofenak sodyumla elde edilen değerden (%67,3) fazladır.
Sonuç: Deneysel sonuçlar açıkça kafeinin meloksikamla farmasötik bileşiminin meloksikamın periferal analjezik etkisini etkin bir şekilde arttırdığını 
göstermektedir. Bu sonuçlar yeni yerli kombine ilaçların geliştirilmesinde temel oluşturabilir.
Anahtar kelimeler: Meloksikam, piroksikam, kafein, farmasötik bileşim, analjezik aktivite 

ABSTRACT

Objectives: Therapy of pain syndromes involves exposure to its source, receptors, and peripheral fibers. Treatment of acute pain and inflammation 
involves the use of nonsteroidal anti-inflammatory drugs and nonnarcotic analgesics. An alternative to obsolete analgesics is combined compositions. 
Experimental results clearly indicates that caffeine effectively enhances the peripheral analgesic activity when combined in an analgesic. The aim of 
the present study was to evaluate the peripheral analgesic activity of meloxicam, piroxicam, and their pharmacological combinations with caffeine.
Materials and Methods: The peripheral analgesic activity of piroxicam, meloxicam, and their combinations with caffeine was studied using the 
abdominal writhing test. This method was used to induce pain of peripheral origin by intraperitoneal injection of 0.6% acetic acid solution. The 
investigated drugs, their combinations, and 3% starch mucilage were administrated 1 h before the introduction of the algogen. The cumulative 
number of writhing responses induced by acetic acid was determined over the subsequent 20 min.
Results: All investigated drugs supplied a decrease in writhing in rats. Meloxicam and caffeine showed peripheral analgesic activity of 63.6% and 
64.5%, respectively (p<0.05). The pharmaceutical combination of meloxicam and caffeine showed analgesic potential of 76.4%. Thus, caffeine 
potentiates the analgesic activity of meloxicam. The results exceeded the corresponding value of diclofenac sodium (67.3%).
Conclusion: Experimental results clearly indicates that caffeine effectively enhances the peripheral analgesic action of meloxicam when combined 
in a pharmaceutical composition. These results can serve as a basis for the development of new domestic combined drugs.
Key words: Meloxicam, piroxicam, caffeine, pharmaceutical composition, analgesic activity
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INTRODUCTION 
Nonsteroidal anti-inflammatory drugs (NSAIDs) and nonnarcotic 
analgesics (NNAs) are widely used for the treatment of 
inflammation and pain syndromes. Analysis of the scientific 
literature has shown that polycomponent compositions are more 
effective than monopreparations in treating pain. Therefore, the 
development of new effective domestic multicomponent drugs 
with a minimum number of side effects is a very important 
subject.1-4

It is known that caffeine improves the analgesic effect of 
NNAs. The mechanism of potentiation of analgesic effects 
is associated with an improvement in NNA bioavailability in 
combinations with caffeine and with the effect of caffeine on 
adenosine receptors (so-called purine analgesia).5-9 Research 
on the biological effects of caffeine and its pharmacological 
combinations showed a positive effect on the central nervous 
system. Caffeine shows a wide range of action: reduction in 
adenosine transmission, regulation of excitation processes in 
the cerebral cortex, and in corresponding doses it enhances 
positive condition reflexes and increases motor activity.10-13

The aim of our work was the experimental investigation of 
the peripheral analgesic activity of oxicams (meloxicam and 
piroxicam), caffeine, and their pharmacological combinations. 

MATERIALS AND METHODS 
An experimental study of analgesic activity was conducted 
on laboratory animals, namely mature rats. The peripheral 
analgesic activity was studied by the changes in the nociceptive 
reactions of the rats. The comparative characteristic of the 
analgesic activity of meloxicam, piroxicam, caffeine, and their 
pharmacological combinations was studied using an acetic 
acid-induced abdominal writhing test. Writhes were caused by 
a single intraperitoneal injection of 0.6% acetic acid solution (1 
mL per 100 g of animal weight) in rats. The investigated drugs, 
their combination, and 3% starch solution were injected 1 h 
before the algogen was introduced. Then the number of writhes 
was counted for 20 min.14

The animals were divided into 7 groups with 6 animals in each. 
In the first group 3% starch mucus (2 mL per 200 g of the rats 
weight) was injected via a gastric tube into intact animals. The 
experimental drugs and their combinations were administered 
to the animals in groups 2-7 once via a gastric tube: animals in 
the second group received piroxicam (1.3 mg per 1 kg of animal 
weight), the third group meloxicam (0.6 mg per 1 kg of animal 
weight), the fourth group caffeine (0.6 mg per 1 kg of animal 
weight), the fifth group the combination of piroxicam (1.3 mg 
per 1 kg of animal weight) and caffeine (0.6 mg per 1 kg of 
animal weight), the sixth group the combination of meloxicam 
(0.6 mg per 1 kg of animal weight) and caffeine (0.6 mg per 1 
kg of animal weight), and the seventh group a reference drug, 
diclofenac sodium (8 mg per 1 kg of animal weight).

Analgesic activity was estimated by the ability of oxicams 
(meloxicam and piroxicam), caffeine, their pharmacological 
combinations, and sodium diclofenac to reduce the number of 

writhes in the experimental animal groups as compared to the 
control group and expressed as a percentage by the formula

      
AA =

 Cc — Ce  × 100%
	          Cc  ,                                              

where AA: Analgesic activity %;

Cc: The average number of writhes in the control group;

Ce: The average number of writhes in the experimental group 
(9-10).

In addition, the analgesic activity of oxicams and caffeine was 
compared with that of their combinations (meloxicam + caffeine 
and piroxicam + caffeine) and the reference drug.

The study was carried out in accordance with the methodological 
recommendations of the State Pharmacological Center of the 
Ministry of Health of Ukraine14,15 and approved by the Ethics 
Committee of Kharkiv National Medical University (KhNMU). 
An economical approach, bioethical rules, and statistics 
requirements were considered when choosing the number of 
animals and their allocation to the treatment groups.

The study was performed on laboratory animals from the 
experimental biological clinic of KhNMU. The rats were housed 
under the strict norms for storage, care, and feeding according 
to the principles of the “European Convention for the Protection 
of Vertebrate Animals used for Experimental and other 
Scientific Purposes” (Strasbourg, 1986)16,17 and the decision of 
the First National Congress on Bioethics (Kyiv, 2007).18 Room 
temperature was maintained at 23-25°C, room lighting was 100 
lx, and the animal cage lighting was 20-40 lx. The laboratory 
animals were housed for 1.5 months, the acclimatization period 
was 2 weeks, the main diet was vegetables and fodder beet, 
and the source of water was settled tap water. The experiments 
were carried out in the morning, which, according to the 
literature data, corresponds to the dependence of the main 
pharmacological parameters and pharmacological activity of 
investigated drugs on circadian rhythms.19-21

Statistical analysis

Statistical calculations were performed by conventional 
methods using the programs MS Excel and Statgraphics Plus 
2.1.22

RESULTS AND DISCUSSION
A specific pain response was investigated by the method 
of chemical peritoneal irritation. There are several known 
methods of specific pain investigation: acetylcholine writhes 
and acetic acid-induced abdominal writhing tests. “Stretching” 
of animals in the acetylcholine writhing model caused by 
activation of the arachidonic acid metabolism with COX results 
in increased synthesis of prostaglandins under the influence of 
acetylcholine. The mechanism of acetic acid-induced pathology 
activates the kinin-kallikrein system, prostaglandins, biogenic 
amines, and leukotrienes, which are endogenous inflammatory 
mediators and contribute to the development of the abdominal 
muscle spasm, accompanied by the retraction of the hind paws 
and the back flexes. The effect of the investigated substances 
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on the peripheral component of the nociceptive response was 
examined by the acetic acid abdominal writhing test, as the 
most informative method.

In our previous studies, the central analgesic activity of caffeine 
in combination with piroxicam and meloxicam was studied in 
order to create a new medicinal composition. 

The results of experimental studies have shown that 
administration of piroxicam, meloxicam, and caffeine 
monopreparations reduces the number of writhes 2-, 2.6-, 
and 2.8-fold, respectively, compared to the control group and 
produces a result similar to that of the reference drug (Figure 1). 

Such a result for caffeine peripheral analgesic activity may be 
associated with inhibition of prostaglandin synthesis and the 
transient receptor potential channel subfamily A member 1  
channel, which acts as the main receptor of neuropathic pain 
of peripheral origin. Caffeine also helps to eliminate exudate 
from the area of inflammation and, accordingly, reduces the 
compression of peripheral nociceptors. This is confirmed by 
our studies on the anti-exudative effect of the above-mentioned 
compositions with caffeine.13 

The analgesic activity of piroxicam (53.6%) and caffeine 
(64.5%) monopreparations has values similar to that of the 
reference drug, diclofenac sodium (67.3%). The combination 
of piroxicam with caffeine shows a reduction in writhes of 
1.7-fold and has the lowest value of analgesic activity, 40.9%. 
Piroxicam, as a nonselective inhibitor of cyclooxygenase (COX-
1 and COX-2), has a rapid and pronounced analgesic effect. The 
selectivity index (inhibition ratio COX-1/COX-2) is 33, i.e. it has 
the highest potency against COX-1. However, a literature review 
of nonselective NSAIDs’ effects indicates that the concomitant 
use of piroxicam with a preparation having an antiedemic 
action (caffeine) might reduce their effect. This effect could 
be attributed to the NSAID inhibition of renal prostaglandin 
synthesis and increased fluid retention. Coadministration of 
piroxicam with caffeine may show antagonism due to their 
pharmacokinetic properties. Additionally, the high affinity of 
caffeine to blood proteins could be a reason for the antagonistic 
effect of this composition component on the peripheral 
analgesic effect.2 

The addition of caffeine to piroxicam facilitates mitigation of 
analgesic activity and so this combination shows unpromising 
results in relation to analgesic activity of peripheral genesis. 
Contrasting data were obtained by adding caffeine to meloxicam. 
The meloxicam and caffeine composition has the highest value 
of analgesic activity, 76.4%, and reduces the number of writhes 
4.2-fold. 

Meloxicam is a representative of the new generation of NSAIDs, 
i.e. selective COX-2 inhibitors. The selectivity index (inhibition 
ratio of COX-1/COX-2) is 0.33; it selectively inhibits the formation 
of prostaglandins involved in the formation of inflammation and 
has a much lower effect on the synthesis of prostaglandins that 
regulate renal blood flow, production of protective mucus in 
the stomach, and platelet aggregation. It is known that selective 
COX-2 inhibitors doses in which selectivity is observed do not 
show a sufficient clinical effect. Increasing the dose leads to a 
loss of selectivity and the appearance of gastrotoxicity.3 

Our research shows that meloxicam and its combination with 
caffeine in a lower dose (0.6 mg) than piroxicam (1.3 mg) 
and even the reference drug (8 mg) exhibit higher analgesic 
activity. The increased analgesic effect of meloxicam combined 
with caffeine could be explained by the effect of caffeine on the 
bioavailability of meloxicam and the synergetic effect of these 
two components. The results indicate potentiation of analgesic 
activity of the last one; therefore, this composition is considered 
promising for further study (Table 1).

CONCLUSION
1. Meloxicam (dose: 0.6 mg/kg) shows peripheral analgesic 
activity (63.6%) at the level of the reference drug (diclofenac 
sodium) (67.3%).

Table 1. The investigated peripheral analgesic activity of oxicams 
(meloxicam and piroxicam), caffeine and their pharmaceutical 
compositions with caffeine

No Groups of animals Number of writhes
Analgesic 
activity, %

1 Control 22.00±0.856 -

2 Piroxicam 10.20±0.1671/3/4/5/6/7 53.6

3 Meloxicam 8.30±0.2111/2/5/6/7 63.6

4 Caffeine 7.80±0.4771/2/5/6 64.5

5 Piroxicam + caffeine 13.00±0.3651/2/3/4/6/7 40.9

6 Meloxicam + caffeine 5.20±0.1671/2/3/4/5/7 76.4

7 Diclofenac sodium 7.20±0.1671/2/3/5/6 67.3

Note: Investigation of peripheral analgesic activity of oxicams and its combination 
with caffeine shows that the difference is statistically significant: 
1Reliability of results in relation to the control group, p<0.05; 
2Reliability of results with respect to the monopreparation of piroxicam, p<0.05; 
3Reliability of results with respect to the monopreparation of meloxicam, p<0.05; 
4Reliability of results with respect to the monopreparation of caffeine, p<0.05; 
5Reliability of results with respect to the combination of piroxicam with caffeine, 
p<0.05; 
6Reliability of results with respect to the combination of meloxicam with caffeine, 
p<0.05; 
7Reliability of results with respect to the monopreparation of diclofenac sodium, 
p<0.05

Figure 1. Analgesic activity of oxicams
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2. Meloxicam in a lower dose (0.6 mg/kg) than piroxicam (1.3 
mg/kg) demonstrates higher peripheral analgesic activity, 
63.6% and 53.6%, respectively. 

3. The peripheral analgesic activities of piroxicam (53.6%) and 
caffeine (64.5%) monopreparations have higher values than 
their pharmaceutical combination (40.9%). Hence, further study 
of the analgesic activity of piroxicam combined with caffeine is 
considered inexpedient. 

4. The pharmacological combination of meloxicam with caffeine 
demonstrated pain inhibition of 76.4%, which significantly 
exceeded the peripheral analgesic activity of the reference drug, 
diclofenac sodium, 67.3%, i.e. caffeine effectively potentiates 
the analgesic activity of meloxicam. Thus, the combination of 
meloxicam with caffeine as a commercial source of a domestic 
analgesic drug could be subjected to further study.
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ÖZ

Amaç: Bu çalışma Capparis spinosa L. meyvesinin sulu ekstresinden elde edilen bakır nanopartiküllerinin (CuNP) yeşil sentezi üzerindedir. Bunların 
karaciğer işlevleri ve hematolojik parametreler üzerine etkileri farelerde değerlendirilmiştir. 
Gereç ve Yöntemler: CuNP’lerin C. spinosa ekstresinden eldesi sağlanmıştır. Fourier dönüşümlü kızılötesi (FTIR) spektroskopisi, taramalı elektron 
mikroskobu (SEM) ve enerji dağıtıcı X-ışını spektroskopisi ile sentez edilen nanopartiküller belirlenmiştir. BALB/c farelere oral olarak 2 hafta 
boyunca 1000, 2000 ve 5000 µg/kg dozlarda CuNP uygulanmıştır. Sonrasında, uygulama yapılan farelerde CuNP’lerin karaciğer işlevleri üzerine 
etkisi alanin aminotransferaz, aspartat aminotransferaz, alkalin fosfataz ve bilirubin ölçülerek karaciğer işlevleri ve hemoglobin, hematokrit, beyaz 
kan hücreleri, kırmızı kan hücreleri ve trombosit sayıları belirlenerek hematolojik parametreleri ölçülmüştür.
Bulgular: 414 nm’deki maksimum pik CuNP’lerin biyosentezini göstermiştir. FTIR spectrum analizi faktör gruplarının nanopartiküllerin yüzeyinde 
bir kaplama ekstresine şekil verdiğini göstermiştir. SEM resimleri partikül boyutlarının 17 ve 41 nm arasında olduğunu göstermiştir. Her ne kadar 
karaciğer enzimleri ve hematolojik parametreler artan ekstre dozuyla artsa da, CuNP’lerin 1000, 2000 ve 5000 µg/kg dozlarda oral uygulaması ve 
kontrol grubu arasında belirgin bir değişiklik görülmemiştir (p>0,05).

ABSTRACT

Objectives: The present investigation is based on the green synthesis of copper nanoparticles (CuNPs) from aqueous extract of Capparis spinosa L. 
fruit. Their effects on liver function and hematological parameters in mice were evaluated. 
Materials and Methods: The green synthesis of CuNPs by means of C. spinosa extract was achieved. Ultraviolet-visible spectroscopy, fourier 
transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), and energy dispersive X-ray spectroscopy were used to identify the 
synthesized nanoparticles. BALB/c mice were orally administrated CuNPs at doses of 1000, 2000, and 5000 µg/kg for 2 weeks. Later, the effects of 
CuNPs on liver function in the treated mice were evaluated by measuring the serum levels of enzymes such as alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase, and bilirubin as well as hematological parameters including hemoglobin, hematocrit, white blood cell, red 
blood cell, and platelet counts.
Results: A maximum peak at wavelength 414 nm confirmed the biosynthesis of CuNPs. FTIR spectrum analysis revealed that the factor groups 
shaped a coating extract on the surface of the nanoparticles. SEM images demonstrated a particle size between 17 and 41 nm. Although some 
liver enzymes and hematological parameters increased with increasing dose of extract, there was no significant difference (p>0.05) between oral 
administrations of CuNPs at doses of 1000, 2000, and 5000 µg/kg and the control group.
Conclusion: The findings revealed that CuNPs biosynthesized from aqueous extract of C. spinosa fruit have no toxic effects on the liver functions 
and hematological parameters of mice. However, more studies are needed for evaluation of the hepatoprotective effects of CuNPs.
Key words: Nanoparticles, copper, liver, hematology, Capparis spinosa, BALB/c mice

1Student Research Committee, Bam University of Medical Sciences, Bam, Iran
2Department of Biology, Payame Noor University, Tehran, Iran
3Social Determinants of Health Research Center, Lorestan University of Medical Sciences, Khorramabad, Iran
4Razi Herbal Medicines Research Center, Lorestan University of Medical Sciences, Khorramabad, Iran
5Department of Internal Medicine, Lorestan University of Medical Sciences, Khorramabad, Iran

 Mehrdad KHATAMI1,  Katrin EBRAHIMI2,  Nasrin GALEHDAR3,  Mohammad Nabi MORADI4,  Alireza MOAYYEDKAZEMI5*

Bakır Nanopartiküllerinin Yeşil Sentezi, Karakterizasyonu, Farelerde 
Karaciğer İşlevi ve Hematolojik Parametreler Üzerine Etkileri

Green Synthesis and Characterization of Copper 
Nanoparticles and Their Effects on Liver Function 
and Hematological Parameters in Mice 

Turk J Pharm Sci 2020;17(4):412-416
DOI: 10.4274/tjps.galenos.2019.28000

https://orcid.org/0000-0002-8522-1093
https://orcid.org/0000-0002-7380-083X
https://orcid.org/0000-0002-7519-6998


413KHATAMI et al. Toxicity Effects of Copper Nanoparticles 

INTRODUCTION
Nanotechnology is one of the most useful technologies and 
it can be applied in many areas including food and nutrition, 
biomedical science, gene transmission, energy science, 
electronics, and the space industry. In particular, this 
technology is implemented in the treatment of cancer, allergies, 
inflammation, diabetes, and other diseases.1 

There are various physical and chemical methods for the 
production of nanoparticles, and they are still being investigated 
for the purpose of obtaining particles with a certain size and 
lower toxicity.2 Green synthesis is considered a new approach 
to prevent the production of undesired or unsafe by products 
via reliable, maintainable, and eco-favorable synthesis 
techniques. Between the current green procedures of synthesis 
of nanoparticles, use of plant extracts is an appropriate and 
easy method to harvest nanoparticles on a large scale relative 
to bacteria and/or fungi mediated synthesis.2,3 Recent studies 
have also shown that the synthesis of metal nanoparticles using 
plant extracts, i.e. green synthesis, has some benefits such as 
low cost and low toxic effects for  large-scale production.2-4

Copper (Cu) is one of the most useful elements in medical 
science because of its numerous anti-inflammatory, anticancer, 
analgesic, and antimicrobial effects.5 In recent years, it has 
been proven that, because of their high surface-to-volume 
ratio, Cu nanoparticles (CuNPs) are extremely reactive and 
simply interact with other particles, leading to a wide range of 
biological activities.5-7 

Previous reviews on laboratory animals have demonstrated 
that the liver is considered the key target tissue of drug toxicity. 
Hence, assessing the function of this organ is a very important 
method to determine drug toxicity.8 Nowadays, one of the main 
criteria to determine liver damage is measuring serum levels 
of enzymes such as alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), and 
bilirubin.9-11 It has been reported that oral consumption of some 
medicinal agents may affect the hematological parameters and 
result in anemia, neutropenia, and thrombocytopenia; therefore, 
it is necessary to evaluate the effects of novel medicinal drugs 
by measuring hematological parameters.10 Accordingly, the 
present study examined the green synthesis of CuNPs from 
Capparis spinosa fruit extract and evaluated their effects on 
liver function and hematological parameters in mice.

MATERIALS AND METHODS

Green synthesis of copper nanoparticles
Fruits of C. spinosa were collected from rural areas in western 
Iran and then were extracted by percolation procedure by 
means of methanol (80%) for 3 days at room temperature.12 In 
the next step, the green synthesis of CuNPs was performed 

according to a method described elsewhere. Briefly, 75 mL of 
the obtained extract was added to 100 mL of 0.01 M Cu sulfate 
solution. After stirring, it was kept at 60°C for 1 day. In the 
next step, to remove all impurities, it was centrifuged twice at 
12.000 rpm for 20 min. Nanoparticles started to deposit when 
the color of the solution changed from green to amber yellow. 
The synthesized nanoparticles were heat treated in an oven at 
60°C for further analyses. 

Ultraviolet-visible (UV-Vis) spectroscopy analysis 
Transformation of the Cu ions to CuNPs was shown by the 
surface plasmon resonance (SPR) of the CuNPs. For this 
purpose, 0.3 mL of the specimens was diluted with 3 mL of 
normal saline and studied via UV-Vis spectrum analysis by 
means of a spectrophotometer (JENWAY 6405) in the range of 
300-700 nm.13

Fourier transform infrared (FTIR) spectroscopy 
After pouring and mixing the obtained samples and potassium 
bromide granules together in a ratio of 1 to 100 (1/100 ratio) and 
compacting them into tablets, FTIR (model Nicolet 32) analysis 
was carried out in the range of 400-4000 cm-1 and with the 
resolution of 1-4 cm-1.14

Scanning electron microscope (SEM) 
To obtain the characteristics of the synthesized nanoparticles, 
electron microscopy (Mira3, Czech Republic) with 15 kV, 
magnification of 10x, and resolution of 1 nm was performed. 

Animals and study design 
A total of 32 male BALB/c mice weighing 25-30 g were 
provided by the Tehran Pasteur Institute and kept in light/
dark cycles of 12:12 h. The room temperature was 22±2°C and 
the mice had ad libitum access to water and food. They were 
placed in laboratory conditions 30 min before the start of the 
experiment. The ethical approval required for this study (IR.
LUMS.REC.1398.247) was issued by the Ethics Committee of 
Lorestan University of Medical Sciences, Lorestan, Iran. The 
mice tested were assigned to the following four groups:

Group i: Received normal saline orally for 14 days;

Group ii: Received CuNPs at a concentration of 1000 µg/kg 
orally for 14 days;

Group iii: Received CuNPs at a concentration of 2000 µg/kg 
orally for 14 days;

Group iv: Received CuNPs at a concentration of 5000 µg/kg 
orally for 14 days.

Sample collection
On day 15 of the experiments, the mice were anesthetized by 
ketamine-xylazine followed by collection of blood samples from 
each mouse after the heart was opened. The collected blood 
samples were put into tubes with or without anticoagulant 

Sonuç: Bu bulgular C. spinosa meyvesinin sulu ekstresinden elde edilen CuNP’lerin farelerde karaciğer işlevleri ve hematolojik parametreler üzerinde 
toksik etkilerinin olmadığını göstermiştir. Ancak, CuNP’lerin hepatoprotektif etkilerinin değerlendirilmesi için daha çok çalışmaya ihtiyaç vardır. 
Anahtar kelimeler: Nanopartiküller, bakır, karaciğer, hematoloji, Capparis spinosa, BALB/c fare
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to process their clots and then their sera were separated by 
centrifugation at 5000x g for 10 min.  

Evaluation of the serum liver enzymes  
To determine the hepatoprotective effects of CuNPs, different 
clinical chemistry parameters related to liver function such as 
AST, ALT, ALP, and bilirubin (direct and total) were assayed by 
commercial diagnostics kits (Roche, Germany).10,15

Hematological parameters
To assess the effects of CuNPs on hematological studies, 
total collected blood was put into tubes containing 
ethylenediaminetetraacetic acid. Next, hematological 
parameters including hemoglobin, hematocrit, white blood cell, 
red blood cell, and platelet (PLT) counts were measured by 
Sysmex (KX-21, Japan). 

Statistical analysis
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used to 
analyze the obtained data. One-Way ANOVA and Tukey’s post-
hoc test were performed to assess the difference between the 
experimental groups and p<0.05 was considered statistically 
significant.

RESULTS

Ultraviolet-visible spectrum analysis 
The results obtained showed that the highest peak of the 
synthesized CuNPs was found at a wavelength of 414 nm. The 
characteristic of the resonance band of the SP happened for 
CuNPs at 414 nm wavelength (Figure 1).

Fourier transform infrared analysis
The FTIR findings revealed that the biomolecules in the extract 
decreased the Cu sulfate solution. The bands at 3380, 2928, 
1741, 1604, 1400, 1050, and 1271 were indexed to the O-H 
stretching of alcohol and phenol, C-H stretching of the aliphatic 
group, C=O stretching of ester carbonyl, C=C stretching of the 
aromatic ring, and C-O stretching of ester, respectively (Figure 
2).

Scanning electron microscope analysis
Following the confirmation of the synthesized nanoparticles 
through color modification and Vis-UV and FTIR, the 

characterization of nanoparticles was determined with SEM. As 
shown in Figure 1, the synthesized CuNPs represent spherical 
morphology, whereas the size of the particles was between 17 
and 41 nm (Figure 3).

Hepatoprotective effects of CuNPs
Table 1 shows the results of hepatoprotective effects on serum 
biochemical parameters in mice receiving CuNPs at doses 
of 1000, 2000, and 5000 µg/kg for 14 days. As can be seen, 
although these parameters increased with increasing doses of 
extract, there was no statistically significant difference (p>0.05) 
between oral administrations of CuNPs at doses of 1000, 2000, 
and 5000 µg/kg and the control group.

Figure 1. The absorption spectrum of synthesized copper nanoparticles

Figure 2. The FTIR spectrum of synthesized copper nanoparticles
FTIR: Fourier transform infrared

Figure 3. Scanning electron microscope images of copper nanoparticles 
synthesized using aqueous extract of Capparis spinosa fruit x10000
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Effect on hematological parameters
As shown in Table 2, following the oral administrations of 
CuNPs at the employed doses of 1000, 2000, and 5000 µg/
kg for 14 days, there was no significant difference (p<0.05) 
between hematological parameters compared with the control 
group.

DISCUSSION
In recent years, studies in the field of nanotechnology have 
demonstrated that physical and chemical procedures to create 
nanoparticles, despite having exceptional biological activities, 
due to having some restrictions like toxicity, are replaced by 
a number of new methods such as green synthesis.1 Today, 
considering that nanoparticles are broadly used by a large 
proportion of the world’s population to treat some diseases, it is 
necessary to measure the toxicity of these products by different 
methods. Since recent studies have shown that CuNPs possess 
a wide range of biological activities,16 we decided to evaluate 
their toxicity and hepatoprotective effects in mice. 

Recent studies have shown that liver enzyme measurement is 
one of the key diagnostic tests to evaluate the liver function and 
also inflammations and damage such as hepatitis and cirrhosis.8,10 
CuNPs, because of their high surface-to-volume ratio, are 
extremely reactive and simply interact with other particles. 

Therefore, they have numerous biological activities.17,18 It has been 
proven that some medications can cause irreparable complications 
through reducing white and red blood cells and the number of 
blood PLTs; thus, it is necessary to evaluate the effects of novel 
medicinal drugs by measuring hematological parameters.19

Based on the results of the present study, after oral administration 
of mice with CuNPs at doses of 1000, 2000, and 5000 µg/kg for 
14 days, although some parameters increased with increasing 
dose of extract, there was no statistically significant difference 
(p>0.05) between oral administrations of CuNPs at these doses 
and the control group. Moreover, no statistically significant 
difference (p<0.05) was observed in hematological parameters 
between mice treated with CuNPs and the control group.

Considering the study of the hepatoprotective effects of 
nanoparticles and similar to our findings, Zhang et al.20 
demonstrated that silver nanoparticles synthesized using 
Rhizophora apiculata were effective in protecting the liver from 
harm induced by carbon tetrachloride. 

Bhuvaneswari et al.21 reported that increased enzymatic levels 
of AST, ALT, ALP, and bilirubin by CCl4 returned to normal 
when treated with silver nanoparticles synthesized using fruit 
extract of Embilica officinalis, indicating potent hepatoprotective 
effects of these nanoparticles. In the study conducted by 
Eftekhari et al.22, quercetin nanoparticles showed remarkable 
hepatoprotective activity via decreasing levels of AST, ALT, 
and ALP. Ghosh and Gomes23 also recently showed that gold 
nanoparticles synthesized by Trigonella foenum-graecum extract 
significantly normalized the increased enzymatic levels of AST, 
ALT, ALP, and bilirubin induced by CCl4, which indicated the 
hepatoprotective potential of these nanoparticles.

In the present study, we applied C. spinosa to facilitate the 
synthesis of CuNPs. Next, we synthesized CuNPs that were 
spherical and ranging from 17 and 41 nm in size. To date, a wide 
range of plants such as Syzygium aromaticum, Nerium oleander, 
Citrus medica Linn., Capparis zeylanica, Gloriosa superba L., and 
Vitis vinifera have been applied in the biosynthesis of CuNPs. 
However, identifying the plant’s capacity as biological material 
for the synthesis of nanoparticles in full detail requires more 
investigations.5,6,17,24-27 

CONCLUSION 
The findings revealed that CuNPs biosynthesized from aqueous 
extract of C. spinosa fruit have no toxic effect on the liver of the 
studied mice, and no significant toxicity was observed in their 
hematological parameters. However, more studies need to be 
done for evaluation of the hepatoprotective effect of CuNPs.
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Table 2. Hematology parameters in whole blood of mice following 
oral administration of CuNPs for 2 weeks. The results are given as 
mean ± standard deviation

Parameters Curcuma longa essential (µg/kg) Control

1000 2000 5000

RBC (x106/μL) 3.7±0.13 3.2±0.25 2.9±0.41 3.4±0.3

HGB (g/dL) 11.2±0.6 10.5±1.15 10.1±0.6 11.3±0.45

Hct (%) 33.7±3.1 32.12±2.15 30.4±2.51 32.6±2.18

WBC (x103/μL) 3.3±0.45 2.7±0.26 3.1±0.25 2.8±0.2

PLT (x103/μL) 187±15 193±13 175±11 184±17

CuNPs: Copper nanoparticles, RBC: Red blood cell, HGB: Hemoglobin, Hct: 
Hematocrit, WBC: White blood cell, PLT: Platelet

Table 1. Effects of CuNPs on serum liver enzymes after 2 weeks 
administration in mice. The results are given as mean ± standard 
deviation

Clinical 
biochemistry 
parameters

AST (U/L) ALT (U/L) ALP (U/L) TB

Control 130.6±8.15 38.3±4.31 132.3±8.15 0.12±0.03

CuNPs 
(1000 µg/kg)

142.4±6.15 40.3±3.15 139.6±6.5 0.15±0.05

CuNPs 
(2000 µg/kg)

138.8±5.51 39.3±2.51 142.3±5.01 0.14±0.04

CuNPs 
(5000 µg/kg)

144.3±8.15 42.7±4.36 144.6±6.15 0.17±0.05

CuNPs: Copper nanoparticles, ALT: Alanine aminotransferase, ALP: Alkaline 
phosphatase, AST: Aspartate aminotransferase, TB: Total bilirubin
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ÖZ

Amaç: Siklin bağımlı kinaz 2 (CDK2) hücre siklusunun regülasyonunda rol alan bir proteindir ve yüksek derecede ekspresyonu kontrol edilemeyen 
hücre proliferasyonuna yardımcı olur. CDK2’nin inhibisyonu birçok anti-kanser ilacının etki mekanizmasıdır. Kurkumin Curcuma longa’nın aktif 
bileşenidir ve siklin D, siklin E, CDK4 ve CDK6’yı inhibe ettiği rapor edilmiştir. Bu çalışmanın amacı bir moleküler modelleme yaklaşımı ile CDK2’yi 
hedefleyerek daha aktif kurkumin türevlerinin tasarlanmasıdır. 
Gereç ve Yöntemler: Moleküler modelleme yaklaşımı bir reseptör ve ligand hazırlanması, yöntem validasyonu, farmakofor modellemesi ve kenetleme 
simülasyonu içermektedir. 
Bulgular: Moleküler kenetleme simülasyonunun sonucu kurkumin, kurkumod 23 ve 24’ün serbest bağlanma enerjilerinin (∆G) sırasıyla -7,80, -9,15 
ve -9,36 kcal/mol olduğunu göstermiştir. Kurkumod 23 ve 24’ün CDK ile hidrojen etkileşimi Lys33 kalıntısı üzerinde olmaktadır ki bu CDK2’yi inhibe 
eden bileşiklerin potansiyel etkileşim bölgesi kabul edilmektedir. Farmakofor modelleme, kurkumod 23 ve 24’ün farmakofor-uyma değerlerini 
sırasıyla %45,20 ve %47,26 olarak göstermiştir.
Sonuç: Bu çalışmanın sonuçları CDK2 reseptöründeki amino asit kalıntılarıyla bu iki türevin etkileşimine dayanarak kurkumod 23 ve 24’ün kurkuminin 
CDK2 antagonisti olan en iyi ve en potent modifikasyonları olduğunu işaret etmektedir. 
Anahtar kelimeler: CDK2, kurkumin, moleküler kenetlenme, farmakofor modelleme

Objectives: Cyclin-dependent kinase 2 (CDK2) is a protein that plays a role in regulating the cell cycle and its overexpression contributes to 
uncontrolled cell proliferation. Inhibition of CDK2 is known to be a mechanism of action of various anti-cancer drugs. Curcumin is an active 
compound of Curcuma longa and it has been reported to inhibit the activity of cyclin D, cyclin E, CDK2, CDK4, and CDK6. This study aimed to design 
more active curcumin derivatives as anticancer drugs by targeting CDK2 through a molecular modeling approach.
Materials and Methods: The molecular modeling approach consists of receptor and ligand preparation, method validation, pharmacophore modeling, 
and docking simulation. 
Results: The results of the molecular docking simulation show that the free bonding energy (∆G) of curcumin and kurkumod 23 and 24 (the best 
modification of curcumin) are -7.80, -9.15, and -9.36 kcal/mol, respectively. The hydrogen interaction between kurkumod 23 and 24 with CDK 
occurred on Lys33 residue, which is considered a potential interaction site for CDK2 inhibitor compounds. Pharmacophore modeling showed that 
kurkumod 23 and 24 have pharmacophore-fit values of 45.20% and 47.26%, respectively.
Conclusion: The results of this study indicate that kurkumod 23 and 24 are the best and most potent modifications of curcumin as CDK2 antagonist, 
based on the interactions that occur between these two derivatives with amino acid residues from the CDK2 receptor.
Key words: CDK2, curcumin, molecular docking, pharmacophore modeling
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INTRODUCTION
Cancer is a condition of uncontrolled cell growth that can affect 
the growth of cells and/or other tissues around them through 
the circulatory system and lymphatic system. Generally, various 
types of cancer occur due to the overexpression of proteins 
that play a role in the cell cycle, i.e. cyclin dependent kinase 2 
(CDK2). The cell cycle is controlled by several proteins that act 
as positive and negative regulators. In mammals’ cyclin protein 
groups, especially cyclin D, E, A, and B, expression fluctuates 
during the cell cycle process. Cyclin proteins together with the 
protein kinase (CDK) group, specifically CDK 4, 6, and 2, act as 
positive regulators that spur the occurrence of cell cycles. If 
a positive regulator experiences overexpression it can trigger 
acceleration of the cell cycle, thus triggering cell proliferation 
making the cell cycle difficult to control.1 Furthermore, cancer 
is known to be one of the biggest causes of death in most 
developing countries (https://www.cancer.gov/about-cancer/
understanding/what-is-cancer). Therefore, research on new 
therapeutic agents for cancer treatment has always been a 
critical issue. The aim is to immediately address excessive cell 
proliferation and immediately prevent the metastatic process. At 
present, the molecular modeling approach, driven by the rapid 
development of computational chemistry, plays an important 
role in drug design and the discovery of new mechanisms from 
structure-based medicine. This method has been successfully 
used in many studies to discover new drugs.2

Some natural compounds are known to have the potential to 
become lead compounds in terms of inhibiting the growth of 
cancer cells, one of which is curcumin. Curcumin is a hydrophobic 
polyphenol obtained from turmeric rhizome (Curcuma longa 
L.) and is considered an active anticancer substance.3-5 Both 
preclinical and clinical studies have been carried out to learn 
the anticancer effects of curcumin compounds, including its 
role in proliferation arrest of MCF7 breast cancer cells, which 
is associated with their ability to inhibit cyclin D, cyclin E, CDK2, 
CDK4, and CDK6 activities and its ability to induce apoptosis 
through the caspase-9 mechanism.6 Therefore, the study of 
curcumin activity and the search for their active derivatives 
as new anticancer agents targeting CDK2 protein through the 
molecular modeling approach is thought to be one of the best 
ways to provide new cancer treatments alternative to the one 
that is currently available.

MATERIALS AND METHODS
Materials
The hardware used in the present study was a personal 
computer with the following specifications: Intel® Core™ i5-
6600 CPU@3.90 GHz (4CPUs), Nvidia Geforce GTX 970 GPU 
4 Gigabyte OC Edition, and 8 Gigabyte DDR4 RAM. The in silico 
testing used the following software:

1. ChemOffice 2010 and ChemDraw Ultra 12.0 to create 2D 
structures and convert them to 3D structures. 

2. LigandScout 4.0 (Wolber and Inte: Ligand GmbH) to conduct 
pharmacophore modeling.

3. AutoDock 4.2.6 and AutoDockTools 1.5.6 (The Scripps 
Research Institute, downloaded from http://www.autodock.
scripps.edu/) to conduct molecular docking simulation.

4. BIOVIA Discovery Studio 2017 for visualizing Protein Data 
Bank (PDB) complexes, bonds between ligands and cyclic 
dependent kinase 2, geometry optimization, and overlaying on 
the validation process.

The three-dimensional structure of the CDK2 protein was 
downloaded from the PDB (GDP) (http://www.rscb.org/) (ID: 
1KE6) as well as the three-dimensional structure of curcumin 
and its derivatives’ structure, which was illustrated using 
ChemOffice 2010 software.

Receptor and ligand preparation
The CDK2 structure used was downloaded from the PDB 
website. It was then separated from the ligands and water 
molecules and added with charges. The standard ligand was 
obtained from the results of the separation process, while the 
curcumin and its derivatives were designed by software and 
then optimized. The curcumin’s derivatives’ design is based on 
Lipinski’s rule of five (RO5).

Method validation
Validation of the computational methods including validation 
of the molecular docking process was based on the root 
mean square deviation (RMSD) values of the standard ligand 
redocking process, while validation of the pharmacophore 
modeling process was based on the area under curve 100% 
(AUC100%) value of the receiver operating characteristic 
(ROC) curve, which screened 778 active compounds and 2015 
inactive compounds obtained from Directory of Useful Decoys, 
Enhanced (DUDe) from https://dude.docking.org.

Pharmacophore modeling 
This process was carried out to see the level of similarity 
between curcumin and its modification with standard ligands 
where virtual screening was done using a validated structure-
based 3D pharmacophore model and utilizing software 
assistance. The level of similarity of each structure was shown 
through the value of pharmacophore fit.

Docking simulation
Docking was simulated at the center of the active side of the 
receptor with the grid coordinates x=27.440, y=10.959, z=11.192 
and the dimensions were 40x40x40 points. The docking 
parameters were based on the Lamarckian genetic algorithm 
with 10 runs, 150 population size, 250,000 evaluation energy, 
gene mutation rate of 0.02, and crossover rate of 0.8. The 
conformation of the results of molecular docking simulation 
was clustered using RMSD 1.0 Å tolerance. Ligand conformation 
with the lowest free bond energy (∆G) of the best cluster was 
used for the next analysis phase. The ligand-receptor complex 
formed was visualized with the help of software.
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RESULTS AND DISCUSSION

CDK2 receptor preparations
CDK2, downloaded from the PDB website with the code ID 
GDP 1KE6, was used. The CDK2 receptor was complexed 
with the antagonist ligand N-methyl-{4-[2-(7-oxo-6,7-dihydro-
8h-[1,3] thiazolo [5,4-e]indol-8-ylidene)hydrazino]phenyl} 
methanesulfonamide, which was obtained from X-ray diffraction 
with a resolution of 2.0 Å. Resolution describes the detailed 
structure of a complex and it illustrates the interaction between 
the ligand and active site.7 A smaller value of resolution will 
give more accurate results of constituent atom mapping. The 
ligand receptor complex was separated with the assistance of 
BIOVIA Discovery Studio software. The water molecules around 
the structure of receptors resulting from separation were then 
removed again with the aim of simplifying the docking process 
later. At the receptor, Kollman charges were added to suit the 
docking environment and hydrogen was added to polar atoms.

Ligand preparation
The ligand that was determined as the standard was obtained 
through a separation process with CDK2 receptors with 
the help of software. Furthermore, the test ligands, namely 
curcumin and its derivatives (kurkumod), were designed and 
optimized with the software described above. Table 1 shows the 
structure and properties of each proposed curcumin derivative. 
The curcumin derivative design is based on keeping the original 
pharmacophore that was found in the curcumin compound. 
Optimization of the ligand includes energy minimization and the 
addition of the Gasteiger charge and then the hydrogen atom 
in the polar site of the molecule. The design of the curcumin 
modification is also based on Lipinski’s RO5, which predicts the 
ability of a compound to penetrate the membrane if given orally. 
This rule includes a molecular weight of ≤500 Da, hydrogen 
bond donors ≤5, hydrogen bond acceptors ≤10, LogP value ≤5, 
and molar reactivity in the range between 40 and 130.8

Method validation results
Validation of computational methods is performed to prove and 
ensure that the method used meets the validity requirements 
and can be used for testing other molecules and thus minimizing 
errors.

Validation of the docking simulation method
The docking simulation process was validated by using 
AutoDock 4.1 and AutoDockTools software through the 
redocking procedure of ligands that have been previously 
separated from the receptor. Redocking results are said to 
be valid if in 10 numbers of a run a minimum of 75%  RMSD 
value ≤2 Å. RMSD is the ratio between the distance change and 
the best ligand conformation from the simulation results with 
distance and initial ligand conformation. 

The results of ligand redocking to CDK 2 receptors produced 
free energy (∆G) of -10.53 kcal/mol with an RMSD value of 0.85 
Å and all of 10 runs resulted in an RMSD value ≤2 Å, as depicted 
in Figure 1. The redocking results also show that ligands form 
hydrogen bonds with Leu83, Asp86, and Asp145, in accordance 

Table 1. Standard ligand, curcumin, kurkumod structure, and its 
physicochemical properties

No
Molecule 
name

Structure Physicochemical 
properties

1.
Standard 
ligand 
(1ke6)

MW=401.467
LogP=2.349
NHD=3
NHA=5

2. Curcumin

MW=368.385
LogP=3.62
NHD=2
NHA=6

2.
Kurkumod 
11

MW=353.547
LogP=2.763
NHD=4
NHA=3

3.
Kurkumod 
17

MW=289.375
LogP=1.994
NHD=3
NHA=0

4.
Kurkumod 
18

MW=369.484
LogP=-2.214
NHD=2
NHA=1

5.
Kurkumod 
19

MW=348.445
LogP=0.418
NHD=1
NHA=1

6.
Kurkumod 
20

MW=360.456
LogP=0.898
NHD=0
NHA=2

7.
Kurkumod 
21

MW=348.445
LogP=0.680
NHD=2
NHA=1

8.
Kurkumod 
23

MW=348.445
LogP=0.680
NHD=1
NHA=2

9.
Kurkumod 
24

MW=348.445
LogP=0.740
NHD=1
NHA=2

MW: Molecular weight, NHD: Number of hydrogen bond donor, NHA: Number of 
hydrogen bond acceptors
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with the ligand initial bond conditions with the receptors. Figure 
2 exhibits superimposition between native and redocked ligand 
and CDK2 receptor. The validation parameters were fulfilled 
and so the computational method used is said to be valid and 
can be used for further testing.

Pharmacophore modeling validation result
This validation aims to see the accuracy of the program in 
detecting active sets and decoy sets. Validation was carried 
out through screening 778 active compounds and 2015 inactive 
compounds obtained from DUDe (https://dude.docking.org). 
The active set is a set of compounds or ligands that are known 
to be active at certain receptors with known IC50 values ​​ 
from the results of previous studies. Decoy sets are sets of 
ligands that have a structure similar to that of active sets but 
are not active against receptors. The screening results show 
an enrichment factor 100% (EF100%) and AUC100% of 1.825 
and 0.67, respectively, on the ROC curve. The greater the AUC 
value, the better the classification will be. The best results from 
virtual screening are indicated by the maximum AUC value, 
i.e. the value equals 1.9 The ROC curve is the most common 
quality validation parameter used for pharmacophore modeling, 
where this curve consists of the X axis as the rate of inactive 
compounds on the pharmacophore model and the Y axis as the 
rate of the active compound on the pharmacophore model.

Pharmacophore modeling result
The results of the pharmacophore modeling will show the level 
of similarity between the modification of curcumin (kurkumod) 
and the standard CDK2 ligand (protein 1KE6 ligand). Values of 
pharmacophore similarity between these two compounds will 
be shown as pharmacophore-fit values. The test results show 
that the best modified compounds, namely kurkumod 23 and 
24, each have a similarity level of 45.2% and 47.26% to CDK2 
standard ligands, as described in Table 2.

Docking simulation results
The molecular docking method aims to see the interaction 
between ligands, i.e. curcumin and its derivatives with the 
target receptor, CDK2. The results of this process were the 
Gibbs free energy ∆G, inhibition constant, number of clusters, 
and types of bonds to amino acid residues. The results of the 
curcumin docking and its derivative along with the standard 
CDK2 ligand against the CDK2 receptor itself can be seen in 
Table 3. Based on the results, modification of kurkumod 23 
and 24 shows that the value of ∆G tends to be lower than the 
modification of kurkumod 11, 17, and 20 although it has not been 
able to compensate for the free energy values ​​of standard CDK2 
ligands (ΔG -10.53) and modification 18, 21, and 19. Lower bond 
energy indicates that the interaction that occurs has a higher 
affinity because it tends to be easier (less energy) to interact. 
The cluster number of derivatives kurkumod 23 and 24 is also 
at the level where the first ranking cluster has more members 
than other clusters. More cluster numbers indicate that the 
poses of the conformation produced are more stable.

The consideration that kurkumod 23 and 24 are the best 
modifications of curcumin is based on the interactions 
that occur between these two derivatives with amino acid 
residues from the CDK2 receptor, as illustrated in Figure 3. 
Activation of CDK2 through complexation with cyclin A will 
induce conformational changes on the ATP binding site. The 
most significant effect is the rotation of helix C, which causes 
changes in the geometry of the active site in the area of ​​
three active site catalyst residues, namely Lys33, Glu51, and 
Asp145. The Lys33 amino acid residue is considered a potential 
interaction site for inhibitor compounds. The carboxylic acid 
molecule, which has been reported as an active CDK2 inhibitor, 
is known to form hydrogen bonds with Lys-33 on CDK2 receptor 
residues. Therefore, kurkumod 23 and 24, which both form 
hydrogen interactions with Lys33, are considered potential 
CDK2 inhibitors.10

On the other hand, kurkumod 23 also shows hydrogen bonds 
with amino acid residues Glu81 and Leu83 on CDK2. The NH 

Figure 1. Redocking result of 10 runs of standard ligand to CDK2 receptor
CDK2: Cyclin-dependent kinase 2, RMSD: Root mean square deviation

Figure 2. Superimposition illustration of native ligand and redocked ligand 
to CDK2 receptor (Native ligand shown green with thin line and redocked 
ligand shown purple with thick line)
CDK2: Cyclin-dependent kinase 2
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hydrogen amide bond with Glu81 and the hydrogen bond from 
the oxygen carbonyl group with Leu83 are analogous interactions 
that occur between ATP and CDK2. Hydrophobic interactions also 
occur between benzene rings from kurkumod 23 and 24 with the 
hydrophobic environment of CDK2 receptors (Val18 and Leu134).10

Figure 3. Interaction of kurkumod 23 and 24 with CDK2 active site
CDK2: Cyclin-dependent kinase 2

Table 2. Pharmacophore-fit score of curcumin derivatives against 
CDK2

Name of 
derivatives

Pharmacophore-fit 
value

Pharmacophore model

Kurkumod 
17

37.90%

Kurkumod 
18

35.27%

Kurkumod 
19

36.29%

Kurkumod 
20

35.01%

Kurkumod 
21

45.06%

Kurkumod 
23

45.20%

Kurkumod 
24

47.26%

CDK2: Cyclin-dependent kinase 2



422 SUMIRTANURDIN et al. Docking Simulation of CDK2 Inhibitors 

Study Limitation
This was a preliminary study related to the design of derivatives 
of natural compounds that have potential as anticancer agents. 
The synthesis of the proposed compound and then in silico in 
vitro correlation analysis are expected in the future. 

CONCLUSION
Kurkumod 23 and 24 are the best and most potent modifications 
of curcumin as CDK2 antagonist, based on the interactions that 
occur between these two derivatives with amino acid residues 
from the CDK2 receptor.
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ÖZ

Amaç: Bu çalışma ferulik asidin (FA)’nın koriyoallantoik membran (CAM) modelinde antianjiyojenik aktivitesini ve siklooksijenaz-2 (COX-2) ve 
vasküler endotel büyüme faktörünü (VEGF) inhibe etme potensinin doğrulamak üzere tasarlanmıştır.
Gereç ve Yöntemler: FA’nın antianjiyojenik testi dokuz günlük olan ve 3 ng bazik fibroblast faktörü ile stimüle edilen tavuk yumurtalarının CAM’ına 
30, 60 ve 90 µg uygulanarak gerçekleştirilmiştir. Referans ilaç olarak selekoksib (60 µg) kullanılmıştır. VEGF ve COX-2 üzerindeki inhibitor aktivitesi 
immünohistokimya yöntemi ile gerçekleştirilmiştir. FA’nın moleküler kenetlenmesi Molegro Virtual Docker program ver. 5,5 ile COX-2 enzimi (PDB 
ID 1CX2), tirozin kinaz reseptörü (PDB ID 1XKK) ve VEGF-2 reseptörü (PDB ID 4ASD) üzerinde gerçekleştirilmiştir. 

ABSTRACT

Objectives: This study was designed to verify the antiangiogenic activity of ferulic acid (FA) and its potency to inhibit cyclooxygenase-2 (COX-2) 
and vascular endothelial growth factor (VEGF) expression in the chorioallantoic membrane (CAM) model. Moreover, we verified its mechanism of 
action by docking the molecule on COX-2, tyrosine kinase, and VEGF-2 proteins in silico.
Materials and Methods: An antiangiogenesis assay of FA at doses of 30, 60, and 90 µg was performed using the CAM of chicken eggs that were 
9 days old and stimulated by 60 ng of basic fibroblast growth factor. Celecoxib (60 µg) was used as the reference drug. The inhibitory activity 
on VEGF and COX-2 expression was determined by immunohistochemistry assay. Molecular docking of FA was accomplished by Molegro Virtual 
Docker program ver. 5.5 on COX-2 enzyme (PDB ID 1CX2), tyrosine kinase receptor (PDB ID 1XKK), and VEGF-2 receptor (PDB ID 4ASD).
Results: FA at doses of 30, 60, and 90 µg significantly prevented angiogenesis in the CAM model, which was represented as inhibitory activity 
against endothelial cells of blood vessels (42.6-70.7%) and neovascularization (43.0-86.6%). The inhibitory activity of FA against VEGF expression 
was stronger than its action on COX-2 expression. Molecular docking on VEGF-2 receptor resulted in an RS value of FA of -73.844 kcal/mol and for 
celecoxib it was -94.557 kcal/mol. The RS value on tyrosine kinase of FA was -84.954 kcal/mol, while on celecoxib it was -93.163 kcal/mol. Docking 
on COX-2 receptor gave an RS value of FA of -73.416 kcal/mol, while for celecoxib it was -118.107 kcal/mol. 
Conclusion: Reductions in VEGF-2 and COX-2 expression due to treatment with FA at the dose range 30-90 μg appeared to be related to angiogenesis 
inhibition, which was shown by two parameters, namely inhibition of neovascularization and endothelial cell growth in blood vessels. It was 
concluded that FA is a promising antiangiogenic therapeutic agent especially at the early stage, and this activity can arise from inhibitory action on 
COX-2 and VEGF-2 proteins.
Key words: Ferulic acid, COX-2, VEGF, tyrosine kinase, angiogenesis, chorioallantoic membrane
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INTRODUCTION
The progression of cancer cells depends heavily on 
angiogenesis, the formation of new blood vessels that supply 
oxygen and food required for the tumor’s cell proliferation 
and metastasis progression.1,2 The development of cancer 
cells is induced by angiogenesis, which is activated by some 
growth factors such as vascular endothelial growth factor 
receptor (VEGFR). Two important growth factor receptors that 
influence angiogenesis are tyrosine kinase receptor (TKR) and 
VEGFR-2.1,3 

The VEGF signaling pathway is a strategic target for 
angiogenesis inhibitors.4,5 However, there are some clinical 
problems involving angiogenesis inhibitors in patients (i.e. 
thromboembolic disorders, intracranial hemorrhage, and 
bowel perforation).6 Other problems are the occurrence 
of toxicities such as bleeding, fatigue, hypertension, and 
perforation of the gastrointestinal tract.7,8 Therefore, the study 
of a new antiangiogenic substance that is relatively safe in its 
pharmaceutical dosage form is an important step in cancer 
treatment.

Ferulic acid (FA) [3-(4-hydroxy-3-methoxyphenyl)-2-
propenoic acid] (Figure 1) is a phenolic acid compound that 
shows antioxidant9,10 and cytotoxic activities in many cancer 
cell lines.11,12 Wang et al.13 reported that FA could inhibit the 
proliferation and induced apoptosis of osteosarcoma cells via 
the PI3K/Akt pathway. FA also had anti-inflammatory activity 
and inhibited cyclooxygenase-2 (COX-2) enzyme,14 which were 
related to angiogenesis.2,15 Koki and Masferrer16 reported that 
COX-2 expression increased during the tumorigenesis process 
and the intensity of its expression was in line with the degree 
of carcinogenesis. Wu et al.17 reported that the biosynthesis of 
PG catalyzed by COX-2 could stimulate the VEGF expression 
in tumor cells and acted as a positive feedback loop between 
tumor cells and endothelial cells.

In an effort to improve FA as a drug candidate for cancer 
chemoprevention, we studied its antiangiogenic activity and 
inhibitory activity against COX-2 and VEGF expression in the 
chicken egg chorioallantoic membrane (CAM) model. The CAM 
assay is a robust and applicable technique to assess a potential 
drug candidate. The assay has been commonly used to study 
angiogenesis and tumor invasion in various types of cancer.18,19 
To verify FA’s mechanism in the inhibition of angiogenesis, 
we conducted molecular docking on COX-2 enzyme, tyrosine 
kinase, and VEGF-2 receptors. 

MATERIALS AND METHODS 

Materials
Commercially available materials were used as obtained. FA, 
Tris-HCl, and basic fibroblast growth factor (bFGF) were 
purchased from Sigma-Aldrich (St Louis, MO, USA). The 
chicken eggs were collected from PUSVETMA Surabaya, 
Indonesia.

Chorioallantoic membrane assay
Twenty-five 9-day-old chicken eggs were incubated at 37°C (60-
70% humidity) for 1 day. All of the treatment groups of CAMs 
were induced by bFGF at a concentration of 1 ng/μL in Tris-HCl 
solution of pH 7.5. The eggs were divided into five groups; each 
group consisted of six eggs. Three groups were treated with 
FA at doses of 30, 60, and 90 µg; the positive control group 
was treated with celecoxib (60 µg) and one group received no 
treatment, which was set as the negative control. The egg was 
perforated to make a hole 1 cm2 in diameter to remove the air. 
Sterile Whatman filter-paper disks 5 mm in diameter with tested 
compound and bFGF or bFGF alone were dropped into the hole 
and then were impregnated into the CAM of each embryo. The 
hole was covered and the egg returned to incubation at 37°C 
(60% humidity) for 72 h. After incubation, the upper eggshell 
was opened and the presence of neovascularization from the 
main blood vessels onto the paper disks was recorded. In 
addition, we also collected the blood vessels of the CAM in 
formalin buffer and carried out microscopic observations of the 
histopathologic slide of the CAM using hematoxylin and eosin 
staining. To confirm the antiangiogenic activity, this CAM assay 
was achieved with certain alteration as explained before.18,20 The 
growth of the endothelial cells in the neovascular capillaries was 
exposed in CAM cross-sections by an inverted phase contrast 
microscope, a Nikon H600L. The number of endothelial cells in 
five graphical fields were calculated, whereas each slide was 
observed at 400x amplification and compared with the positive 
or negative control groups for the following analysis. 

Antibodies
Rabbit polyclonal anti-human COX-2 and VEGF antibodies were 
obtained from Thermo ScientificTM Lab VisionTM (St Louis, MO, 
USA).  

Immunohistochemical assay
The slides for the immunohistochemical assay were prepared 
at the Laboratory of Anatomical Pathology, Dr. Sardjito 
Hospital, Yogyakarta, Indonesia. Paraffin blocks of the CAM 

Bulgular: FA 30, 60 ve 90 µg dozlarsa CAM modelinde belirgin bir şekilde anjiyojenezi önlemiştir ve kan damarlarının endotel hücrelerine karşı 
inhibitor aktivite (%42,6-%70,7) ve neovaskülarizayon (%43,0-%86,6) göstermiştir. FA’nın VEGF eksptresyonuna karşı inhibitor aktivitesi COX-2 
ekspresyonuna karşı olan etkisinden daha güçlü bulunmuştur. FA için VEGF-2 reseptörüne moleküler kenetlenme RS değeri -73,844 kcal/mol ve 
selekoksib için -94,557 kcal/mol’dür. FA’nın tirozin kinaz üzerine RS değeri -84,954 kcal/mol iken selekoksib üzerine -93,163 kcal/mol’dür. FA’nın 
COX-2 reseptörü üzerine kenetlenmesinde RS değeri -73,416 kcal/mol iken, selekoksib üzerine kenetlenme değeri -118,107 kcal/mol’dür.
Sonuç: 30-90 μg aralığında FA uygulaması ile VEGF-2 ve COX-2 ekspresyonlarında görülen azalmalar anjiyojenez inhibisyonuna ilişkili olarak 
görülmektedir ve bu 2 parametre (neovaskülarizasyon ve kan damarlarında endotel hücre büyümesinin inhibisyonu) ile gösterilmiştir. Sonuç olarak 
FA’nın özellikle erken evrede ümit vaat eden antianjiyojenik terapötik bir ajan olduğu söylenebilir ve bu aktivite COX-2 ve VEGF-2 proteinleri 
üzerindeki inhibitör etkisinden kaynaklanıyor olabilir.
Anahtar kelimeler: Ferulik asit, COX-2, VEGF, tirozin kinaz, anjiyojenez, koryoallantoik membran
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containing blood vessels were cut 3-4 µm thick and placed on 
the poly-lysine slide, and then they were incubated overnight 
at 45°C. The next step of VEGF or COX-2 staining for the 
immunohistochemical assay was carried out as reported in 
previous research.18,19 In the present study, we used Mayer’s 
hematoxylin for counterstaining. Tris-EDTA solution at pH 9 
was used in the retrieval step of VEGF staining for 15-20 min, 
whereas pH 6 citrate buffer was used for retrieval of COX-2 
staining for 15-20 min. The slides were divided into six groups. 
One group consisted of slides of CAM expressing COX-2 protein, 
which was used as the positive control; three groups contained 
slides of FA at doses of 30, 60, and 90 µg, one group contained 
slides of celecoxib at a dose of 60 µg, which was used as the 
reference drug; and one group was used as a negative control 
group. The microscopic observation of VEGF expression and 
COX-2 expression was continued by counting the visible brown 
cells in five fields for a minimum of 100 cells. This assay was 
approved by the Ethical Commission of Airlangga University, 
but it did not involve human participants.

Statistical analysis
The data obtained were subjected to ANOVA and a One-
Way Fisher exact test at 95% level of confidence. If there 
was significant variance among each group, the analysis 
was continued with Duncan’s multiple range test. Statistical 
significant was set at p<0.05. All statistical analyses were 
presented using IBM SPSS 21.

Molecular docking equipment
Hardware: Laptop ASUS AMD A8 Vision with CPU @1.9 GHz, 4 
GB of RAM. 

Software: CS ChemDraw Ultra version 12.00 (Cambridge Soft) 
was utilized to create the three-dimensional structure (3D) 
of FA, which was then subjected to energy minimization by 
MMFF94 method and the 3D structure was saved in SYBYLMol2 
format (*.Mol2). Molegro Virtual Docker (MVD) version 5.5 
(CLC Bio) was employed as a docking program in this research. 
The 3D structures of COX-2, TKR, and VEGF-2 proteins were 
downloaded from the Internet (http://www.rcsb.org/pdb/home/
home.do)

In silico assay
The 3D structures of the three proteins, which were obtained 
from a protein data bank (PDB), were: 1) 1XKK, which was 
TKR containing N-(3-chloro-4-[(3-fluorobenzyl)oxy]phenyl}-
6-[4-quinazo-linamine) (code FMM-901) as reference ligand, 
2) 4ASD, which was VEGFR-2 containing sorafenib (BAX 
43-9006) as reference ligand, and (3) 1CX2, which was COX-
2 containing [4-(5-(4-bromophenyl)-3-(trifluoro-methyl)-1H-
pyrazole-1yl)benzenesulfonamide) (SC58)] as reference ligand. 
Ligand-protein interactions were prepared by FA molecule MVD 
version software 5.5. Docking of the FA molecule into each of 
the 3D structures of proteins was performed as described in 
our previous study.20 The best docking results can be observed 
by relating the structure of the docked FA molecule to the 
crystal structure of the reference ligand at the binding site. The 
docking results were presented as a rerank score (RS), which 

was the total free energy of the ligand-protein interaction. 
The lowest energy indicated the best pose of binding between 
the functional group of ligand and amino acid residues of the 
proteins. The ligand-protein complexes of the lowest score 
(RS) were used for further visual inspection. The validation of 
the docking result was performed by redocking the reference 
ligand into the same cavity in each protein. The redocking result 
was accepted if the root mean square deviation <2.0 Å.

RESULTS AND DISCUSSION

Antiangiogenic activity of ferulic acid 
The antiangiogenesis assay is performed on the CAM of the 
embryonated chicken egg because the membrane is the site of 
very high vascularization and is easily observable in line with 
the process of chicken embryo growth.18,21 The CAM is a fusion 
of chorion and allantois of chicken egg membrane formed after 
4 days of incubation.18 The formation of new blood vessels is 
derived from the capillaries that arise from the blood vessels. 

Angiogenesis in the CAM model through macroscopic 
observations of new blood vessels induced by bFGF was 
significantly inhibited (p<0.05) by FA at doses of 30, 60, 
and 90 µg. The results are represented by inhibition of 
neovascularization (Figure 2).  

Neovascularization is inseparable from the preceding 
mechanism of growth and the formation of new endothelial 
cells, whereas one of the angiogenesis stages is endothelial 
cell migration.22 At this stage, the capillary walls of the blood 
vessels continue their growth into the lumen of other blood 
vessels. There are four phases of migration: the growth of two 
opposite capillary walls, the joining of regulated endothelial 
cells and bending of the bilayer facilitate growth factors so 
the cells enter the lumen, and the center of angiogenesis is 

Figure 1. Ferulic acid

Figure 2. A) Capillary of neovascularization of CAM induced by 60 µg of bFGF 
(blue arrow) in control positive group, B) capillary of neovascularization of 
CAM induced by 60 ng of bFGF  and treated with 60 µg of celecoxib  (black 
arrow), C) capillary of neovascularization of CAM induced by 60 µg of bFGF 
and treated with 60 µg of FA (black arrow) 
CAM: Chorioallantoic membrane, bFGF: Basic fibroblast growth factor, FA: Ferulic 
acid
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formed between the new blood vessels filled by pericytes and 
myofibroblasts. The center of angiogenesis is the appearance 
of smooth muscle fibers that complement the formation of new 
blood vessels with the development of hematopoiesis as early 
vascularization.

Figure 2 shows several capillary blood vessels progressing 
into the impregnated disk of the group without treatment. After 
treatment with FA and celecoxib, there was a decrease in the 
number of new blood vessels around the disk on the CAM and 
endothelial cells of blood vessels. The percentages of inhibition 
of neovascularization and endothelial cell growth of blood 
vessels are shown in Table 1.  

Based on the statistical analysis by one-way ANOVA, followed 
by Duncan’s multiple range test, it is known that there is 
no significant difference in potency of the inhibition of 
neovascularization between celecoxib at 60 µg dose and FA 
at 60-90 µg dose (p<0.05). However, the potency of FA at 30 
µg is smaller than that of FA at 60-90 µg, whereas the potency 
of FA at 90 µg dose to inhibit endothelial cells of blood vessels 
is stronger than that of FA at 30-60 µg dose. No significant 
differences were seen in the potency of inhibition of endothelial 
cells of blood vessels between FA at 90 µg dose and celecoxib 
at 60 µg dose (p<0.05). As a reference drug, celecoxib (60 µg) 
provided 83% new blood vessel growth inhibition in the CAM 
model. 

Ferulic acid  inhibited VEGF and COX-2 expression
The microscopic image of VEGF expression in the endothelial 
cells of the new blood vessels belonging to the positive 
control group is dominated by the presence of a brown color. 
It is in sharp contrast to an image from the negative control 
group, which displays a dominant blue color in the endothelial 
cell cytoplasm. The brown color in the cytoplasm indicates 
that VEGF expression of the endothelial cells treated by FA 
decreases with increasing dose of the substance from 30 µg to 
90 µg. The microscopic observation results of VEGF expression 
in each treatment group are presented in Figure 3. 

The microscopic observation results of COX-2 expression in 
each treatment group are presented in Figure 4. All data of the 
treatment group are presented in Table 2 and analyzed by SPSS 
version 21.0 for Windows. 

Analysis of percentage inhibition of VEGF expression by FA 
using the one-sample Kolmogorov-Smirnov test for normality 
showed probability of p=0.398, whereas percentage inhibition 

of COX-2 expression with the one-sample Kolmogorov-Smirnov 

test showed probability of p=0.458. This means the data are 

normally distributed because p is greater than 0.05 (p>0.05). 

Based on statistical analysis by One-Way ANOVA, continued 

Table 1. Antiangiogenesis activity in the CAM model in each group

Treatment % inhibition of neovascularization % inhibition of endothelial cells

Celecoxib 60 µg 83.3b±5.2 79.3c±2.3

FA 30 µg 43.0a±4.6 42.6a±5.9

FA 60 µg 83.4b±7.4 57.3b±4.3

FA 90 µg 86.6b±6.2 70.7c±3.9

All values are represented as the mean ± SE (n=6) and different superscripts in the same column 
indicate that there were significant different in each group (p<0.05)
FA: Ferulic acid, CAM: Chorioallantoic membrane, SE: Standard error

Figure 3. VEGF expression within endothelial cells of blood vessels of  the 
CAM, 400 times magnification: A) positive control group (blank treatment 
with 60 µg of bFGF), B) group of 60 µg celecoxib treatment, C) group of  60 
µg FA treatment, D) group of  90 µg FA treatment. Arrows indicate there is 
VEGF expression
VEGF: Vascular endothelial growth factor, CAM: Chorioallantoic membrane, bFGF: 
Basic fibroblast growth factor, FA: Ferulic acid

Figure 4. COX-2 expression within endothelial cells of blood vessels of the 
CAM, 400 times magnification: A) positive control group (blank treatment 
with 60 µg of bFGF), B) group of 60 µg celecoxib treatment, C) group of 60 
µg FA treatment, D) group of 90 µg FA treatment. Arrows indicate there is 
COX-2 expression
COX-2: Cyclooxygenase-2, CAM: Chorioallantoic membrane, bFGF: Basic fibroblast 
growth factor, FA: Ferulic acid
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with LSD and Duncan’s multiple range tests, it is known that 
there is no significant difference in the potency of inhibition 
of VEGF expression between celecoxib at 60 µg dose and FA 
at 60-90 µg dose (p<0.05). The potency of FA inhibiting VEGF 
expression at 30 µg to 90 µg was dose-dependent. Increasing 
dose of FA resulted in decreasing VEGF expression of CAM 
significantly. 

Based on the data in Table 2, it is known that giving 30-90 µg of FA 
decreases VEGF expression in CAM significantly. Reduced VEGF 
expression due to treatment with FA at 30-90 µg doses is in line 
with angiogenesis inhibition, which is shown by two parameters, 
namely neovascularization and resistance to endothelial cell 
growth of blood vessels in the chick embryo CAM. 

The main VEGF receptor in endothelial cells is VEGFR-2, which 
influences developing and adult cells. VEGFR-2 signaling is 
better recognized than the other VEGF receptors’ signaling. 
Vascular permeability is an essential in vivo consequence of 
VEGFR-2 activation. Several small-molecular-weight inhibitors 
of VEGFR-2 kinase activity are employed clinically to block 
pathological angiogenesis in cancer.13 

In vitro experiments on capillary endothelial cells showed 
that VEGF is a powerful stimulator against the occurrence of 
angiogenesis. This is due to its presence as a growth factor 
triggering the proliferation and migration of endothelial cells, 
even the formation of tube formation in a series of capillary 
vessels.23 Inhibition of VEGF can occur in several ways; the 
first is inhibition at the VEGF receptor through kinase activity 
that contributes to the delivery of growth signals. The second 
possibility is inhibition through endothelial cell apoptosis 
induction, whereas the third may involve the incorporation of 
hematopoiesis and endothelial progenitor cells, and so VEGF 
is not capable of triggering vasculogenesis.24 

According to Di Marco et al.25, binding of VEGFR and VEGF-
specific ligand occurs in the transmembrane and cytoplasmic 
domains. VEGF is known as a promoter of angiogenesis and 
an endogenous regulator of endothelial integrity. Some anti-
VEGF compounds can cause endothelial dysfunction and 
decreased angiogenesis.

The COX-2 expression in the CAM also presented a brown color 
in the cell cytoplasm, which is a ligand-receptor complex of 
COX-2 detected by anti-COX-2 antibodies that are specifically 
bound to COX-2 ligand. Based on the data in Table 2, it is known 
that treatment with 30-90 µg of FA can significantly decrease 
COX-2 expression in the CAM. The inhibitory activity of FA 
against COX-2 expression is dose-dependent. The inhibitory 
potency of FA at dose range 30-90 µg is significantly different 
from that of celecoxib at the 60 µg dose. In our study, the 
administration of FA appeared to play an important role in 
angiogenesis inhibition through decreasing COX-2 expression.

The reduction in COX-2 expression due to treatment with FA 
at the dose range 30-90 µg seems to have been related to 
angiogenesis inhibition, which is shown by two parameters, 
namely inhibition of neovascularization and inhibition of 
endothelial cell growth in blood vessels of chick embryo CAM. 
Hsu et al.26 reported that prostaglandin-E2 (PGE2) stimulates 
COX-2 expression in LoVo colon cancer cells. The COX2 
expression was interrelated with the elevation in the migration 
ability of those cancer cells. The experimental data suggested 
that PGE2 can be a potential therapeutic target in colon cancer 
metastasis. Yao et al.27 stated that downregulation of COX-2 
could significantly diminish the progression of gastric cancer 
cells and block the replacement and tube formation of human 
umbilical vein endothelial cells. The results also indicated that 
downregulation of COX-2 might inhibit VEGF.

Table 2. Inhibition of VEGF and COX-2 expression in the CAM model in each group

Treatment % inhibition of VEGF expression % inhibition of COX-2 expression

Celecoxib 60 µg 72.9 ±6.8b 84.1±4.2c

FA 30 µg 46.7±8.0a 49.9±6.3a

FA 60 µg 63.7±4.9b 55.0±4.6a

FA 90 µg 73.6±5.3b 66.8±2.8b

All values are represented as the mean ± SE (n=6) and different superscripts in the same column 
indicate that there were significant differences in each treatment (p<0.05)
VEGF: Vascular endothelial growth factor, COX-2: Cyclooxygenase-2, CAM: Chorioallantoic membrane, FA: Ferulic acid

Table 3. The rerank score, type of bonding interactions, and amino acids involved in the interaction of ligands with VEGFR-2 (PDB ID 4ASD)

Compound Rerank score (kcal/
mol)

Number of 
H-bonds

Amino acid residue Number of 
steric interactions

Amino acid residue

FA -73.844 1 Glu885 6 Ala1050, Glu885, 
Leu 889, Val 848

Celecoxib -94.557 2 Gln847  
Lys868

24 Asn1033,Cys1045, 
Gln847, Glu885, 
Lys868, Phe1047,
Val848, Val867, Val914

VEGFR-2: Vascular endothelial growth factor receptor-2, FA: Ferulic acid, FA: Ferulic acid, Lys: Lysine, Met: Methionine, Asp: Aspartic Ala: Alanine, Gly: Glutamine, Ser: Serine, 
Leu: Leucine, Tyr: Tyrosine, Val: Valine, Phe: Phenylalanine
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The COX-2 inhibitor celecoxib28 has been reported to inhibit 
the growth of prostate, gastric, lung, and breast cancer.29,30 The 
induction of bFGF as pro-angiogenic compounds will lead to 
inflammation associated with the COX-2 activity.31,32 As well as 
celecoxib, FA also inhibited COX-2 enzyme14,30 and so it could 
obstruct bFGF activity as a pro-angiogenic compound.

Based on the inhibitory mechanism of angiogenesis through the 
inhibition of VEGF expression examined by other researchers 
in several studies, it is possible that FA inhibits VEGFR-2 
through its inhibitory activity on tyrosine kinase and COX-2. 
This assumption is studied and proven through in silico docking 
on COX-2, TKR, and VEGFR-2.

Docking study
The best-docked pose of FA, celecoxib, and BAX ligands in 
the binding site of VEGFR-2 and the interactions between 
functional groups of FA and celecoxib with amino acid residues 
in two-dimensional (2D) structures are shown in Figure 5. The 
docking scores (RS value), the type of bonding interactions 
with VEGFR-2, and amino acids involved in their interactions 
are listed in Table 3.

The best-docked pose of FA, celecoxib, and native ligand in the 
binding site of tyrosine kinase and their interactions with amino 
acid residues in 2D structures are shown in Figure 6. The RS 
value, the type of interactions, and amino acids involved in the 
interaction between ligand and TKR are listed in Table 4. 

The ligand of PDB ID 1XKK contains a benzylic group (Ar-
C-), which acts as a pharmacophore in the ligand-receptor 
interaction complex. The FA compound contains a similar group, 
which is also expected to be a pharmacophore. Celecoxib, 
which produces a lower RS value than FA (Table 3), displays 
more H-bonds and steric interactions with TKR than FA.  

The best-docked pose of FA, celecoxib, native ligand in the 
binding site of COX-2 and their interactions with amino acid 
residues of each protein in 2D structures are shown in Figures 
5-7. The RS value, the type of bonding interactions with COX-
2, and amino acids involved in their interactions are listed in 
Table 5. 

Based on the molecular docking study, the possible 
interactions can be explained between each compound, i.e. 
FA and celecoxib, with amino acid residues in each protein 
enzyme/receptor. The FA-TKR interaction is stronger than FA-
VEGFR-2, indicating the possibility that FA worked on growth 
factor receptors,1,31 and it is apparent that FA inhibited VEGF 
expression in the CAM model.

The ligand binding of VEGFR stimulated strong tyrosine 
phosphorylation and results in an intense angiogenesis 
response.31 Replacement of the native ligand of VEGFR-2 
with FA through the interactions of functional groups of FA 
with the amino acid residue of VEGFR-2 prevented tyrosine 
phosphorylation and so decreased angiogenesis.32

Table 4. The rerank score, type of bonding interactions, and amino acids involved in the interaction of ligands with TKR (PDB 1XKK)

Compound Rerank score (kcal/
mol)

Number of  
H-bonds

Amino acid 
residue

Number of 
steric 
interactions

Amino acid residue

FA -84.954 1 Lys745 9 Ala743, Gly796, Leu792, Leu844, Lys745,  
Met793, Val726

Celecoxib -93.163 2 Met793 24 Ala743, Asp855, Gln791, Leu792, Leu844, 
Lys745, Met793

TKR: Tyrosine kinase receptor, FA: Ferulic acid, Lys: Lysine, Met: Methionine, Asp: Aspartic Ala: Alanine, Gly: Glutamine, Ser: Serine, Leu: Leucine, Tyr: Tyrosine, Val: Valine

Figure 5. The best  docking of FA (yellow)-celecoxib (blue)-BAX (green) 
ligands A); the three ligands positioned at the active site (cavity-2) of 
VEGFR-2 B), interaction of celecoxib with amino acids in cavity-2 of 
VEGFR-2 C); interaction of FA with amino acids in cavity-2 of VEGFR-2 D)  
FA: Ferulic acid, VEGFR-2: Vascular endothelial growth factor receptor-2

Figure 6. The best docking of FA (yellow)-celecoxib (blue)-FMM (green) 
A); the three ligands positioned at the active site (cavity-1) of TKR; B), 
interaction of celecoxib with amino acids of TKR C); interaction of FA with 
amino acids of TKR D), PDB 1XKK
FA: Ferulic acid, TKR: Tyrosine kinase receptor
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There are several phases of angiogenesis inhibition, i.e. 
prevention of endogenous angiogenic factors such as bFGF and 
VEGF; inhibition of the degradation matrix metalloproteinase 
(MMP), reducing endothelial cell proliferation; and prevention of 
endothelial cell movement, inhibiting endothelial cell activation 
and differentiation.33 

Based on the data and description above, the mechanisms by 
which FA prevents angiogenesis are by blocking COX-2 activity 
so that MMP activity, which plays a role in the early formation 
of branching of blood vessels, will stop, and by obstructing 
endogenous angiogenic factors, i.e. VEGF and bFGF, in the 
initial stage of   angiogenesis.

Study limitations 
In our study, FA inhibits angiogenesis in the CAM model in the 
earliest process, i.e. endogenous angiogenic factors and kinase 
activity promoting release of growth signals. Thus, the potency 
of FA to inhibit angiogenesis at other stages needs further 
research. 

CONCLUSION
FA (at a dose of 30-90 µg) is a promising antiangiogenic 
therapeutic agent, especially in an early stage of angiogenesis. 
It prevents proangiogenic growth factor, which leads to 

inflammation (i.e. bFGF), activity of MMP, and development of 
branching of blood vessels. This activity results from inhibitory 
action on COX-2 and VEGF-2 proteins.
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ÖZ

Amaç: Vanilik asit (VA) fenolik asit yapsında tat verici bir ajandır ve ferulik asidin vanilin dönüşümü sırasında oluşan bir ara yan üründür. Çeşitli 
farmakolojik etkiler için araştırılmış ve yıllardan beri Çin tıbbında kullanılmaktadır. Ancak, uzun süreli kullanımı için toksisite mekanizması veya 
güvenliliği ile ilgili bilgi literatürde mevcut değildir. Bu çalışma sadece farmakolojik profile hakkında bilgi sağlamakla kalmayacak, aynı zamanda 
kanıta dayalı farmakoterapötik kullanımı hakkında da bilgi verecektir. Bu nedenle, subakut bir toksisite çalışması yapılmıştır.
Gereç ve Yöntemler: Ekonomik Kalkınma ve İşbirliği Örgütü Test Kılavuzu 407 (2008)’e göre, 12 sıçan (6 erkek ve 6 dişi) rastgele bir şekilde 3 gruba 
ayrılmıştır. Subakut toksisite için sınır testi yapıldıktan sonra doza karar verilmiştir. VA (1000 mg/kg/gün) uygulama grubuna 2 hafta boyunca oral 
yoldan uygulanırken kontrol grubuna eşdeğer hacimde taşıyıcı verilmiştir. Tersinirliği değerlendirmek için, uydu grubuna 2 hafta boyunca VA (1000 
mg/kg/gün, p.o) uygulanmış ve hayvanlar tedaviden sonra 2 hafta daha gözlenmiştir. Advers belirtiler, vücut ağırlığındaki değişiklik ve mortalite 
çalışma süresi boyunca değerlenmiştir. On beşinci ve 29. günlerde, gerekli biyokimyasal ve hematolojik parametreleri değerlendirmek için kan 
alınmıştır. Takiben hayvanlar tartılmış ve öldürülmüştür. İç organ ağırlıkları kaydedilmiş, gros nekropsi ve histopatolojik çalışmalar yapılmıştır.
Bulgular: Uydu grubunda hematolojik parametreleri artmış ve serum sodyum düzeyi uygulamadan sonra azalmıştır. Uydu gruplarında kontrol 
grubuna kıyasla biyokimyasal parametrelerde başka bir önemli değişiklik görülmemiştir. Ayrıca, rölatif organ ağırlığı, gros nekropsi incelemeleri ve 
iç organların histopatolojik yapısı önemli bir değişiklik göstermemiştir. 

ABSTRACT

Objectives: Vanillic acid (VA) is a flavoring agent, a phenolic acid, and an intermediary by-product formed during transformation of ferulic acid to 
vanillin. It has been investigated for diverse pharmacological actions and used in Chinese medicine for decades. However, there is no information in 
the literature about its mechanism of toxicity or safety with long-term use. The present study will not only supply information on its pharmacological 
profile but also encourage evidence-based pharmacotherapeutic use. Hence, we performed a subacute toxicity study. 
Materials and Methods: According to the Organisation for Economic Co-operation and Development Test Guideline 407 (2008), 3 groups of rats 
were formed consisting of 12 rats (6 male and 6 female) in each group. For the subacute toxicity, the dose was chosen after a limit test was 
conducted. VA (1000 mg/kg/day) was orally administered for 2 weeks to the treatment group, whereas the control group received an equivalent 
volume of the vehicle. To assess reversibility, VA (1000 mg/kg/day, p.o.) was administered to the satellite group for 2 weeks and animals were 
observed for an additional 2 weeks after treatment. The adverse signs, variation in body weight, and mortality were evaluated throughout the study 
period. On days 15 and 29, blood was collected to evaluate essential biochemical and hematological parameters. The animals were subsequently 
weighed and sacrificed. The weights of internal organs were recorded; gross necroscopy and histopathological studies were performed.
Results: The hematological parameters of the satellite group increased and the serum sodium level decreased after the treatment. Satellite groups 
showed no other major change in biochemical parameters when compared to the control group. In addition, relative organ weights, gross necropsy 
examinations and histopathological structure of the internal organs showed no major alterations. 
Conclusion: VA showed no adverse effect on the process of leukopoiesis, erythropoiesis or on internal organs, as verified by hematological and 
biochemical evaluations, gross necropsy, and histopathological studies. The decrease in serum sodium is not considered as a major toxic effect.
Key words: Subacute toxicity, vanillic acid, polyphenol, safety 
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INTRODUCTION
Vanillic acid (VA) (4-hydroxy-3-methoxybenzoic acid) is a 
frequently utilized flavoring agent and an oxidized form of vanillin. 
It is an intermediary by-product formed during transformation 
of ferulic acid to vanillin.1,2 It is present in large amounts in 
the roots of Angelica sinensis,3 fruits of Euterpe oleracea,4 
wine, and vinegar5 and has been used in Chinese medicine 
for decades.6 It was investigated for diverse pharmacological 
actions in experimental animals and proved to have antidiabetic 
activity,7,8 an anti-inflammatory effect,9,10 a strong antioxidant 
effect,11,12 cardioprotectivity,13-15 thermal tolerance,16 and 
inhibitory effects on Neuro-2A cells.17 In addition, it ameliorates 
glomerulonephritis,18 has a cognitive effect in diabetic mice,19 
and its presence was reported in cerebrospinal fluid.20 It was 
reported to inhibit carbonic anhydrase isozyme III21 and snake 
venom 5’-nucleotides.22 It controls transgene expression in 
mammalian cells and mice.23 It showed a protective effect on 
ulcerative colitis24 and liver toxicity25 and has a proved analeptic 
effect.26 Furthermore, it acts as an antifilarial agent27 and 
respiratory stimulant.28

In the mid 20th century, clinical studies were conducted on 
excretion of VA in urine. In one study, VA was reported as a 
metabolic product of 4-hydroxy-3-methoxyphenylglycol and 
4-hydroxy-3-methoxymandelic acid.29 It was reported as a 
metabolite of protocatechuic acid, which is stable at alkaline 
pH of urine.30 In addition, excretory studies were reported in 
healthy volunteers, patients with circulatory and liver disorders, 
and smokers and nonsmokers and during stress.31-33

VA is supposed to be administered for long durations to treat 
chronic disorders; therefore, assessment of its safety or the 
risk of occurrence of toxic effects becomes crucial. Current 
scientific research studies revealed undesirable effects of 
various plant extracts and phytochemicals in rodents at 
higher dosages, for instance neurotoxicity (Cannabis sativa, 
Papaver somniferum, and Erythroxylum spp.), hepatotoxicity 
(Cimicifuga racemosa, etc.), genotoxicity (thymol and carvacrol), 
carcinogenicity (capsaicin, chili powder, safrole), cytotoxicity 
(Withania somnifera, safrole-2’, 3’-oxide, etc.), nephrotoxicity 
(aristolochic acid, turmeric, etc.), teratogenicity (pyrrolizidine 
alkaloid monster, heliotrine), and gastrointestinal effects (red 
pepper, fennel, etc.).34 Brown35 discussed case studies of 12 
dietary supplements and 21 herbs that give rise to a possible 
risk of hepatic injuries in certain individuals. These reports 
are alarming and compelling researchers to assess the safety 
of phytochemicals in long-term use. Toxicological studies on 
phytochemicals not only enrich the ethnopharmacology but 
also augment the careful utilization of phytochemicals and 
prevent undesirable effects, which seem to be a prime hurdle 
for the long-term use of modern medications.36 As per the 
Organisation for Economic Co-operation and Development 

(OECD) TG 407 (2008),37 subacute toxicity studies are usually 
planned and performed after getting early details in acute toxicity 
studies. It improves understanding of the probable untoward 
effect on health likely to occur from continuous utilization of 
medicines over a short period and is considered a foundation 
for conducting subchronic and chronic toxicological studies.38 
Additionally, subacute toxicology studies in experimental 
animals are thought to be a mandatory stage to start with for 
clinical trials and thereafter marketing of drug molecules.39

Acute toxicity studies on VA are reported in the literature and 
the LD50 value was reported as 5020 mg/kg i.p. in rats and 
2691 mg/kg i.p. in mice.40-42 However, the currently available 
scientific literature does not contain enough data on subacute 
toxicity studies of VA. Hence, it was decided to perform  a 
subacute toxicity study to determine the toxic effect (if any) 
of VA on physiological processes (such as erythropoiesis and 
leukopoiesis) and vital internal organs in rodents.

MATERIALS AND METHODS

Chemicals 
VA (HSN-29189900) was procured from Sigma (St. Louis, MO, 
USA). Biochemical kits were purchased from Transasia Bio-
Medicals Ltd. and Lab-Care Diagnostics (India) Pvt Ltd. All 
chemicals and biochemical kits were of analytical grade.

Experimental animals
Wistar albino rats of both sexes were procured from the National 
Institute of Bioscience, Pune. They were kept in propylene 
cages and room temperature of 22±1°C was maintained with 
alternate light and dark cycles. All the rats were allowed to 
eat high quality pelleted food and drink water ad libitum. The 
Institutional Animal Ethics Committee of AIKTC’s, School of 
Pharmacy, Navi Mumbai, India approved all the experimental 
protocols.

Limit test
As per the OECD TG 407 (2008),37 this test was carried out 
by administrating  one  dose of VA (2000 mg/kg) to Wistar 
rats  to make a decision  about the dose of the subacute 
toxicity study. The animals were critically examined for any 
morbidity as well as mortality.

Subacute toxicity
As per the OECD TG 407 (2008),37 3 groups of rats were 
prepared consisting of 12 rats (6 female and 6 male) in each. 
The VA (1000 mg/kg/day) was orally administered for 2 
weeks to the treatment group, whereas an identical volume of 
vehicle was given to the control group. To check reversibility, 
the satellite group was orally administered VA (1000 mg/
kg/day)  for 2  weeks and then kept for  a further  2 weeks 
after treatment for observation. The toxic signs, body weight 

Sonuç: Hematolojik ve biyokimyasal değerlendirmeler, gros nekropsi ve histopatolojik çalışmalardan da görüldüğü üzere, VA lökopoez, eritropoez 
ve iç vücut organları üzerinde olumsuz bir etki göstermemiştir. Serum sodyum düzeyindeki düşüş majör bir toksik etki olarak değerlendirilmemiştir
Anahtar kelimeler: Subakut toksisite, vanilik asit, polifenol, güvenlik
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changes, water consumption, food intake, and mortality were 
recorded on a weekly basis. On day 15 the rats in the control and 
treatment groups were exposed to isoflurane for producing an 
anesthetic effect and blood samples were collected in tubes 
coated with ethylenediaminetetraacetic acid to determine the 
complete blood count, which includes hemoglobin (HGB) count, 
white blood cell (WBC) and red blood cell (RBC) count, etc. 
For the other biochemical estimations nonheparinized blood 
samples were collected. Thereafter, all rats were sacrificed 
and their internal vital organs were dissected for measuring 
organ weight and to carry out gross anatomical studies. All 
isolated organs were stored in 10% buffered formaldehyde to 
carry out histopathological examinations.

Statistical analysis
GraphPad InStat version 3.0 (GraphPad, San Diego, CA, USA) 
was used to analyze the data. One-Way ANOVA was applied 
followed by Dunnett’s multiple range test. The results were 
expressed as mean ± standard deviation and p<0.05 was 
considered statistically significant. 

RESULTS

Limit test
No mortality or signs of toxic effects were observed; hence as 
per the guideline of OECD 407 (2008), 1000 mg/kg dose was 
selected for the subacute toxicity study. 

Clinical examination, food and water consumption, and body 
weight
The treatment and satellite groups did not show any signs of 
toxicity or mortality within the study period. Usual increases 
in body weights and food and water consumption were observed 
in the treatment and satellite groups in comparison with the 
rats in the control group. 

Hematological evaluations
Tables 1 and 2 contain the findings of the hematological 
evaluations. The treatment group showed normal rises in RBC 
count, HGB, platelet (PLT) count, mean cell hemoglobin (MCH), 
MCH concentration (MCHC), packed cell volume (PCV), and 
mean corpuscular cell volume (MCV) in both sexes of Wistar 
rats but significant increases in all hematological parameters 
were recorded in the satellite group rats. In addition, the WBC 
counts of rats in the treatment and satellite groups were within 
the reference range and were insignificantly different compared 
to those of the normal control group although the neutrophil 
count was slightly increased in male rats in the treatment 
group, which was reversed after 2 weeks in the satellite group 
(Table 2). The eosinophil, monocyte, and lymphocyte counts in 
the treated and satellite groups showed no remarkable change 
in comparison with the rats in the normal control group.

Blood biochemistry
The findings of the clinical biochemistry analysis are shown 
in Table 3. It involves estimation of lactate dehydrogenase 
(LDH), total protein (TP), creatinine (CR), total bilirubin (TB), 
direct bilirubin (DB), blood glucose (BG), serum glutamic-

oxaloacetic transaminase (SGOT), serum glutamine-pyruvic 
transaminase (SGPT), albumin (ALB), electrolytes [potassium 
(K), calcium (Ca), chloride (Cl), and phosphate (P)], blood urea 
nitrogen (BUN), alkaline phosphatase (ALP), and lipid profile 
[triglycerides (TGs), total cholesterol (TC), and high density 
lipoprotein (HDL)]. Application of VA to the treatment group 
rats caused no shift in biochemical parameters in comparison 
with the normal control rats except for statistically significant 
decreased sodium levels in the male treatment group, which did 
not recover in the satellite group to normal levels. 

Relative organ weight, gross necropsy, and histopathological 
findings
Table 4 shows the effect of VA on relative internal organ weight. 
No significant variation was observed in relative organ weights 
of the treatment and satellite groups in comparison with the 
normal control group, although the liver weight  of treated 
rats (male) was high in comparison to that of  normal control 
rats, but it was reversed in the respective satellite group. Gross 
anatomical examination of vital organs and/or systems of rats 

Table 1. Effect of vanillic acid on hematological evaluations at the 
end of the study

Gender & parameters Groups

Male Control VAt VAs 

Hb (g %) 13.00±0.44 12.42±0.63 14.53±0.58*

RBC (x106/mm3) 7.34±0.23 6.82±0.12 8.62±0.43*

WBC (x103/mm3) 11.88±3.74 11.30±1.61 11.30±3.89

PLT (x105/mm3) 9.48±1.20 7.37±1.15 9.50±0.96

PCV (%) 33.86±1.29 29.40±5.06 46.71±2.31*

MCV(fL) 46.06±0.56 50.50±1.17* 54.20±0.91*

MCH (pg) 17.61±0.23 18.93±0.79 16.80±0.38*

MCHC (g/dL) 38.33±0.42 37.93±1.97 31.08±0.65*

Female

HGB (g %) 12.35±0.80 12.46±0.58 14.25±0.52*

RBC (x106/mm3) 6.89±0.40 6.79±0.27 7.90±0.38*

WBC (x103/mm3) 10.13±2.91 10.45±2.77 11.78±3.60

PLT (x105/mm3) 8.87±1.79 7.94±0.59 9.38±1.81

PCV (%) 32.73±1.90 33.61±1.61 45.31±2.03*

MCV(fL) 47.58±0.75 49.58±1.23* 57.38±1.17*

MCH (pg) 17.88±0.33 18.30±0.37 18.01±0.41

MCHC (g/dL) 37.66±0.75 37.05±0.95 31.4±0.42*

Values are presented as mean ± SD, * significantly different from control, p<0.05
VAt is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks 
and were then sacrificed
VAs is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks, 
kept under observation for an additional 2 weeks without treatment, and then 
sacrificed
VA: Vanillic acid, HGB: Hemoglobin, RBC: Red blood cell, WBC: White blood cell, 
PLT: Platelet, PCV: Packed cell volume, MCV: Mean corpuscular cell volume, MCH: 
Mean cell hemoglobin, MCHC: Mean cell haemoglobin concentration, SD: Standard 
deviation
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in the treatment and satellite groups did not show any major 
irregularities in comparison to normal control group rats. 

Microscopically, normal histomorphological structures with 
intact length of nerve fibers and normal cellular details were 
observed in tissue sections of the sciatic nerve. Sections 
of the brain showed intact supporting matrix and normal 
histomorphological structures of neurons. Heart sections of 
the treatment group revealed no changes in the structures 
of cardiac muscle fiber, and cardiac fibers were found to be 
organized in a compact and dense manner, having normal nuclei 
and cell striation with intact length. Renal tissue slices revealed 
no major structural alteration in renal tubules and glomeruli. 
Liver tissue showed normal structures of hepatocytes, 
central veins, and portal triads in intact hepatic parenchyma. 
Hepatocytes had normal intact nuclei and cellular borders and 
were arranged as cords. Histopathological sections did not 
show any inflammatory or metabolic changes. Representative 
sections of the histological studies are shown in Figure 1.

DISCUSSION
VA is a flavoring agent and found to have diverse pharmacological 
actions.7-28 The safety of VA in  future  use  may be a  major 
concern specifically to make a decision about the optimum 
dose and to avoid untoward effects, but such information 
is lacking  in the  present scientific literature. A subacute 
toxicity study is preliminary to a chronic study.37,43 In addition, 
the results of the present study will not only enrich the 
pharmacological profile of VA but also encourage evidence-
based pharmacotherapeutic use. In the light of these facts, 
we conducted a subacute toxicity study. Initially, a limit test 
was carried out, which helped us to make a decision about 

the dose of VA for the subacute toxicity study by oral 
administration of one dose of 2000 mg/kg. Rats showed no 
signs of toxicity or mortality. Hence, it can be concluded that VA 
(1000 mg/kg b.w.) could be safe for use in a subacute toxicity 
study.

The study was designed by referring to OECD TG 407 (2008).37 
All essential examinations were included in the study, such as 
daily observation for toxic signs, mortality, measurement of 
weights, water intake, food consumption, all hematological and 
biochemical estimations within the blood, gross necropsy, and 
histopathological studies of the vital internal organs. However, 
we would like to declare that not all examination mentioned in 
OECD TG 407 were included in the study (such as urine analysis, 
estimation of T3, T4, TSH hormone, and cholinesterase). 

Clinical observation for toxic signs, food and water consumption, 
and body weight measurements helped us to monitor 
progression from covert toxicity to overt signs. If the rat  is 
not in a state of well-being it will not consume enough food 
or drink the necessary quantity of water. Therefore, clinical 
observation, food and water intake, and body weights are the 
indicators of general health and relative organ weight indicates 
organ toxicity, which may be revealed by hypertrophy and/or 
hyperplasia. Hence, these evaluations are pivotal in subacute 
toxicity studies.43-45 Rats in the treatment and satellite groups 
received VA (1000 mg/kg/day) orally for 2 weeks and they were 
monitored daily during the dosing period for any mortality or 
signs of toxicity like physiological activities (e.g., pilomotor 
reflex, abnormal breathing pattern, pupil size, lacrimation), 
abnormalities of the skin, mucous membranes, fur, and eyes, 
and occurrence of secretions. Postural changes and reactions 
to gait and handling were monitored along with the presence of 

Table 2. Effect of vanillic acid on differential leukocyte count at the end of the study

Gender & parameters
Group

Control VAt VAs

Male

WBC (x103/mm3) 11.88±3.74 11.30±1.61 11.30±1.61

Neutrophil % 44.66±8.80 45.83±10.34 59.12±7.88*

Eosinophil % 2.83±2.85 6.00±7.45 1.00±0.89

Lymphocyte % 51.00±9.71 47.50±15.78 39.00±6.95

Monocyte % 1.50±1.76 0.66±0.51 0.83±0.75

Female

WBC (x103/mm3) 10.13±2.91 10.45±2.77 11.78±1.47

Neutrophil % 44.00±17.29 47.33±11.72 60.00±5.93

Eosinophil % 6.00±4.60 4.00±4.33 0.66±0.81

Lymphocyte % 49.33±21.22 48.00±14.79 38.66±5.35

Monocyte % 0.66±0.51 0.66±0.51 0.66±0.51

Values are presented as mean ± SD, *significantly different from control, p<0.05
VAt is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks and were then sacrificed
VAs is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks, kept under observation for an additional 2 weeks without treatment, and then sacrificedVA: 
Vanillic acid,
VA: Vanillic acid, SD: Standard deviation, WBC: White blood cell
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activities (e.g., immoderate grooming, continuous circling) or 
strange actions and clonic/tonic movements.37 The treatment 
and satellite groups did not show any signs of toxicity or 
mortality within the course of the study period in comparison 
with the normal control group. In addition, the treatment and 
satellite groups showed a normal increment in body weight, 
water consumption, and food intake. Table 4 shows the effect of 
VA on relative internal organ weight. The liver weight of treated 
rats (male) was high in comparison to the normal control rats, 
but  it was reversed in  the respective satellite group. Increase 
in liver weight was considered an adaptive and nonadverse 
reaction.46 Other internal organs in the treatment group did not 
manifest any remarkable impact on internal organ weight. 

Biochemical estimations in the blood and hematological 
evaluations are important indicators in finding out the 
mechanism of toxic effects47-49 and the parameters were 
selected not only to detect target organ toxicity but also 
to detect pretoxic changes that might predict impending 
toxicity.38,43 The results are shown in Tables 1-3. The RBC, PCV, 
HGB, MCH, MCV, MCHC, and PLT counts of male and female rats 
in the treatment group did not reveal any remarkable increase 
when compared with the normal control group. Significant 
increases in all the hematological parameters were observed 
in rats in the satellite group, which were within the reference 
range, and this cannot be regarded as an undesirable effect 
of VA.50 This can be justified by considering the contrasting 
situation of the decline in the RBC and HGB counts and other 
hematological evaluations, which confirmed anemic condition 
and untoward impact on functioning of erythropoietic stem 
cells. In addition, the WBC counts of rats in the treatment and 
satellite groups were within the reference range and had no 
remarkable difference when compared with the normal control 
group, although the neutrophil count was slightly increased 
in the satellite group in both sexes. This, however, cannot be 
considered a consequence of infection and inflammation. The 
eosinophil, monocyte, and lymphocyte counts in the treatment 
and satellite groups showed no remarkable changes when 
compared with the normal control group. Therefore, it might be 
concluded that VA is nontoxic and did not alter the function or 
efficacy of myeloid tissue.

Table 3: Effect of vanillic acid on biochemical evaluations in wistar 
rats

Gender & 
parameters

Group

Control VAt VAs

Male

BG (mg/dL) 89.26+10.42 97.22+9.83 91.58+7.18

BUN (mg/dL) 20.24+1.94 21.44+ 2.12 20.82+ 1.72

CR (mg/dL) 0.51+0.04 0.52+0.02 0.50+0.09

TP (g/dL) 6.48+0.76 7.21+0.42 7.18+0.41

ALB (g/dL) 4.97+0.23 5.17+0.22 5.02+0.21

TB (mg/dL) 0.21+0.03 0.23 +0.03 0.22+0.04

DB (mg/dL) 0.062+0.01 0.093+0.07 0.086+0.04

SGOT (U/L) 84.32+7.32 83.62+3.63 81.17+7.23

SGPT (U/L) 32.81+3.73 34.33+3.05 32.58+2.11

ALP (U/L) 262.48+6.69 256.58+31.28 250.24+33.79

Ca (mg/dL) 11.21+0.78 11.19+0.63 10.74+1.09

K (mEq/L) 7.54+1.89 7.41+0.46 8.08+1.18

Cl (mEq/L) 103.76+5.69 110.53+14.61 106.79+7.19

Na (mEq/L) 86.03+4.90 63.66+7.46* 58.33+10.24*

P (mg/dL) 5.93+1.87 5.38+0.69 5.19+0.62

LDH (U/L) 361.44+82.50 408.53+78.92 384.54+34.89

HDL (mg/dL) 20+3.53 20.41+3.68 21.25+4.67

CHL (mg/dL) 81.44+7.92 79.23+6.26 82.27+7.61

TG (mg/dL) 110.66+6.22 113.39+7.29 112.88+5.45

Gender & 
Parameters

Group

Control VAt VAs

Female

BG (mg/dL) 98.23+13.75 96.35+ 8.04 97.52+11.86

BUN (mg/dL) 22.07+11.67 20.16+4.61 21.96 +2.28

CR (mg/dL) 0.49+0.10 0.50+0.07 0.52+0.05

TP (g/dL) 7.37+0.48 7.24+0.19 7.19+0.35

ALB (g/dL) 4.99+0.39 5.05+0.36 5.12+0.26

TB (mg/dL) 0.24+0.04 0.22+0.04 0.25+0.04

DB (mg/dL) 0.081+0.05 0.11+0.05 0.09+0.04

SGOT (U/L) 73.08+9.29 77.67+4.96 80.121+7.20

SGPT (U/L) 28.80+3.94 30.26+3.77 32.58+3.05

ALP (U/L) 152.77+12.80 156.4+10.98 150.50+18.81

Ca (mg/dL) 11.38+1.02 11.15+1.06 10.99+1.01

K (mEq/L) 8.75+0.85 7.95+0.78 7.62+1.64

Cl (mEq/L) 106.77+7.27 107.5+6.62 110.60+9.49

Na (mEq/L) 82.33+15.46 71.79+9.86 70.17+5.85

P (mg/dL) 6.11+0.73 6.28+0.95 6.27+1.19

LDH (U/L) 473.90+117.43 424.96+11.68 397.71+29.38

HDL (mg/dL) 21.66+4.37 20+3.53 21.25+4.67

CHL (mg/dL) 87.96+4.14 85.83+6.58 86.73+5.66

TG (mg/dL) 108.37+8.08 106.12+5.54 105.27+4.53

Values are presented as mean + SD. *significantly different from control, p<0.05
VAt is a group of rats which received treatment of VA (1000 mg/kg p.o) for 2 weeks 
and then sacrificed, VAs is a group of rats which received treatment of VA (1000 
mg/kg p.o) for 2 weeks; kept under observation for an additional 2 weeks without 
treatment and then sacrificed

BG: Blood glucose, BUN: Blood urea nitrogen, CR: Creatinine,TP: Total protein, 
ALB: Albumin, TB: Total bilirubin, DB: Direct bilirubin, SGOT: Serum glutamic-
oxaloacetic transaminase, SGPT: Serum glutamine-pyruvic transaminase, ALP: 
Alkaline phosphatase, Ca: Calcium, K: Potassium, Cl: Chloride, Na: Sodium, P: 
Phosphate, LDH: Lactate dehydrogenase, HDL: High density lipoprotein, TG: 
Triglycerides
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Table 3 shows the effect of VA on biochemical evaluations. The 
plasma levels of TP, CR, TB, BG, ALB, electrolytes (K, Ca, Cl, P), 
BUN, ALP, and lipid profile (TG, TC, and HDL) were unaltered. 
However, some of the biochemical parameters showed 
nonsignificant alterations in male and female rats, which 
included DB, SGOT, SGPT, and Na levels. DB, SGOT, SGPT, and 
ALB levels are important indicators of liver function.51 In male 
treated and satellite group rats, an insignificant high level of 
DB was observed in comparison with the respective control 
group; even so no major alteration was reported in other liver 
function tests (SGOT and SGPT). In female rats, DB level 
was nonsignificantly increased among the treated rats, but 
reversed  within the  satellite group with slightly increased 
SGPT and SGOT levels in the treatment and satellite groups. 
All the alterations were nonsignificant and not in coordination 
with the macroscopic and histopathological findings in the liver 
(Figure 1), conducted to correlate the biochemical findings of 
the liver.39,43 Furthermore, albumin levels were not significantly 
altered in female and male rats. On the basis of these findings, 
it can be concluded that VA does not have any subacute toxic 
effect on the liver.

The effect of VA on renal function was assessed by estimation 
of BUN, CR, TP, and LDH levels.52,53 No statistically remarkable 

change was recorded in the renal functional parameters of male 
and female rats in the treatment and satellite groups. The above 
evaluations showed that oral administration of VA may not alter 
the renal function, which is in concurrence with normal renal 
macroscopic and histopathological findings (Figure 1) of female 
and male rats in the satellite and treatment groups.

Electrolytes (K, Na, P, and Ca) in serum were evaluated during 
subacute toxicity studies.54,55 In our study, P, K, and Ca evaluation 
did not show any statistically remarkable change within the 
treatment and satellite groups in comparison with the normal 
control group. Although a significant decline in Na level was 
observed in male rats in the treatment and satellite groups, a 
statistically insignificant high level was reported in female rats 
in the treatment group in comparison with the normal control 
group. Based on the available knowledge of electrolyte balance, 
we can propose the probable mechanism behind reduced 
serum Na level. Firstly, it could be increased urinary loss and 
high cellular uptake.56 Secondly, the process may be mediated 
by antidiuretic hormone and atrial natriuretic peptide.56 
However,  this might  not be viewed as a serious unsafe 
effect because a Na level below 20 mEq/L can only indicate Na 
leakage from damaged renal tubules or hypovolemia57 or this 
effect can be recognized as a side effect as in the case of all 
classes of antidepressant drugs.58 Repeated administration of Table 4. Effect of vanillic acid on relative organ weights of Wistar 

rats

Organ weight (g % body weight)

Treatment group

Organs Control VAt VAs

Male

Lung 0.47±0.01 0.46±0.01 0.48±0.01

Heart 0.37±0.01 0.39±0.05 0.38±0.01

Liver 3.71±0.04 3.76±0.05* 3.69±0.01

Spleen 0.37±0.01 0.37±0.01 0.38±0.01

Kidney 0.47±0.001 0.45±0.02 0.48±0.001

Testis 0.63±0.02 0.61±0.03 0.60±0.03

Adrenal 0.017±0.001 0.016±0.001 0.016±0.001

Female

Lung 0.49±0.001 0.48±0.004 0.49±0.01

Heart 0.31±0.02 0.26±0.05 0.28±0.01

Liver 2.92±0.11 2.78±0.23 2.82±0.17

Spleen 0.25±0.01 0.23±0.02 0.22±0.02

Kidney 0.46±0.07 0.39±0.03 0.39±0.06

Ovary 0.11±0.01 0.09±0.005 0.091±0.01

Adrenal 0.016±0.001 0.014±0.001 0.016±0.001

Values are presented as mean ± SD. *significantly different from control, p<0.05
VAt is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks 
and were then sacrificed, VAs is a group of rats that received treatment of VA (1000 
mg/kg p.o.) for 2 weeks, kept under observation for an additional 2 weeks without 
treatment, and then sacrificed
SD: Standard deviation, VA: Vanillic acid

Figure 1. Effect of vanillic acid on the histomorphology of the vital organs 
of the rat
VA: Vanillic acid
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VA does not affect the lipid profile of male and  female rats. 
Thus, it is apparent that oral dosing of VA does not influence the 
electrolyte balance or the process of lipid metabolism.

Gross necropsy and histopathological studies represent the 
cornerstone within the process of safety evaluation before 
trials in human patients, essential to find out any relationship 
and relevance of treatment-related findings.39,43 In our study, 
the toxic effect on internal vital organs (i.e. brain, heart, liver, 
kidney, and sciatic nerve) was evaluated by gross necropsy 
and histopathological studies (Figure 1), which revealed no 
abnormality in any vital major organs. Thus, the result indicates 
that the VA is reasonably safe at the selected subacute dose.

CONCLUSION
VA is a polyphenol with diverse pharmacological actions, but 
no information on subacute toxicity studies is available in the 
current literature. To enrich its pharmacological profile and 
encourage its evidence-based pharmacotherapeutic use, a 
subacute toxicity study was conducted using experimental rats. 
To summarize, no mortality or clinical toxic signs were recorded 
during the study period; normal rises in body and internal 
organ weight were observed. The processes of leukopoiesis, 
erythropoiesis, and physiology of internal organs were not 
changed and no structural deformities were detected in the 
gross necropsy or histopathological studies of vital internal 
organs. The serum Na level was decreased in male Wistar rats 
with no major changes in levels of the other electrolytes, and 
this cannot be categorized as a major toxic effect. Hence, it can 
be concluded that the VA is safe in experimental rats during 
subacute toxicity studies. Further subchronic and chronic 
toxicological research is needed to investigate the safety 
characteristics of VA.
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ÖZ

Amaç: Osteoporoz artmış kemik kırılmalarıyla sonuçlanan kemik dokusundaki iskelet degredasyonu ile karakterize bir durumdur. Geleneksel olarak, 
Doğu Kalimantan’dan Rusa unicolor boynuzu kemik dönüşümü dahil, birçok hastalığın tedavisinde kullanılır. Bu çalışmanın amacı Doğu Kalimantan 
R. unicolor geyiği boynuzunun %70’lik etanol ve sulu ekstrelerinin nitrik oksit inhibisyonu, osteoblast farklılaşması ve kemik dönüşümüyle ilişkili 
minerilizasyon üzerine etkilerinin araştırılmasıdır. 
Gereç ve Yöntemler: Ekstratların lipopolisakkarit ile stimüle edilen RAW 264,7 makrofajlarında nitrik oksit inhibisyonu Griess belirteciyle 
değerlendirilirken, ekstrelerin osteoblast farklılaşması üzerine etkileri p-nitrofenil fosfatta alkalin fosfataz ölçülerek belirlenmiştir. Mineralizasyon 
üzerine etkileri ise, alizarin kırmızısı kullanılarak belirlenmiştir. 
Bulgular: %70’lik etanol ve sulu ekstrelerinin hücre enflamasyonunu inhibe ettiği (sırasıyla %40 ve %80) ve osteoblast farklılaşmasını stimüle ettiği 
(sırasıyla %65 ve %52) belirlenmiştir. Minerilazasyon testinde, sulu ekstre etanol ekstresine göre iki kat daha yüksek etki göstermiştir.
Sonuç: Ekstrelerin etkin bir şekilde enflamasyon belirteci ekspresyonun degrede etmiş ve osteoblast işlevlerini korumaktadır. 
Anahtar kelimeler: Rusa unicolor, geyik, alkalin fosfataz, minerilizasyon, nitrik oksit inhibisyonu
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Objectives: Osteoporosis is a condition characterized by skeletal degradation of osseous tissue resulting in an escalated chance of broken bones. 
Traditionally, Rusa unicolor horn from East Kalimantan is used to treat many diseases, including conditions associated with bone turnover. The aim 
of the present research was to analyze the effects of 70% ethanol and aqueous extracts of R. unicolor antler’s horn from East Kalimantan on nitric 
oxide inhibition, osteoblast differentiation, and mineralization related to bone turnover. 
Materials and Methods: Nitric oxide inhibition of the extracts in lipopolysaccharide-stimulated RAW 264.7 macrophages was evaluated by Griess 
reagent, while the effects of extracts on osteoblast differentiations were measured by alkaline phosphatase in p-nitrophenyl phosphate. Their 
effects on mineralization was determined using alizarin red staining.
Results: The 70% ethanol and aqueous extracts inhibited cell inflammation (40% and 80%, respectively) and stimulated osteoblast differentiation 
(65% and 52%, respectively). In the mineralization test, the aqueous extract showed an effect two times higher than that of 70% ethanol extract.
Conclusion: The extracts can effectively degrade inflammatory marker expression and preserve osteoblast functions.
Key words: Rusa unicolor, antler, alkaline phosphatase, mineralization, nitric oxide inhibition 
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INTRODUCTION
Osteoporosis is a bone condition characterized by skeletal 
degradation of osseous tissue leading to an increased chance 
of broken bones.1 It is a condition of old age and supposed to 
increase with rising age and lifespan. At present, more than 
200 million people worldwide are estimated to suffer from 
osteoporosis.2 The latest statistical data from the International 
Osteoporosis Foundation showed that one in three women 
above 50 years old and one in five men shall suffer osteoporosis 
for the rest of their lives.3 Indonesia also has the same problem, 
whereas the number of osteoporosis sufferers is higher than 
the latest data (>19.7%). In Indonesia, the number of old people 
is supposed to increase by 14% in 1990-2025, while menopausal 
women in 2000 contributed to an increase of 15.5 million to 24 
million in 2015.4 

For thousands of years, natural plants and animal resources 
have played a vital role in the development of pharmaceutical 
drugs and food supplements for the treatment and prevention 
of diseases.5 One of such resources with great medicinal 
value is the antler of the deer belonging to the family Cervidae. 
It is an efficient traditional medicine for strengthening 
bones and tendons. Researchers assume that the lack of 
glycosaminoglycans caused disproportion between cartilage 
erosion and regeneration in osteoarthritis sufferers. These 
substances have an essential role in cartilage’s structural 
integrity. Glycosaminoglycan is isolated from four parts of the 
antler of deer (Cervus elaphus), namely the tip, upper part, middle, 
and base, through cellulose acetate electrophoresis, enzymatic 
digestion, and chromatography. Chondroitin sulfate, which 
contains 88% uronic acid, is the principal glycosaminoglycan. 
Apart from chondroitin sulfate, deer antler also contains 
hyaluronic acid, dermatan sulfate, and keratan sulfate in small 
quantities.6 Several researches also report that deer antler can 
reduce or even eradicate symptoms related to osteoarthritis.

For decades, Chinese people have traditionally used deer 
antler extract to strengthen bones, enhance virility, feed blood, 
supplement vitality, and enhance male and female sexual 
organs.7 A good number of products analogous to deer antler 
show great potency on illnesses related to aging, infection, 
and immune dysfunction. However, the active constituents 
responsible for this mechanism are unclear.8-13 According to 
some preclinical studies, deer antler products are able to reduce 
animals osteoporosis.14-16 Lee et al.17 showed that facilitation 
of osteoblast proliferation and mineralization are some of the 
principal mechanisms of the effects of deer antler products. 
Furthermore, Choi et al.18 reported inhibition of osteoclast 
differentiation by deer antlers. Protein, calcium, lipids, ash, 
collagen, proteoglycan,  testosterone, cholesterol, estradiol, 
glutamic acid, insulin-like growth factor 1, iron, aspartic acid, 
and glycine are some of the constituents contained in antler.19,20 

In the present study, we evaluated 70% ethanol and aqueous 
extract of Rusa unicolor antler from East Kalimantan Indonesia 
toward the effect of osteoblast differentiation, mineralization, 
and expression of inflammatory markers by measuring alkaline 
phosphatase (ALP), alizarin red staining (ARS), and nitric oxide 
(NO) inhibition values, respectively.

MATERIALS AND METHODS

Cell culture and reagents
Chemicals such as an acid phosphatase leukocyte kit and ALP 
colorimetric assay kit were obtained from Sigma-Aldrich Co. 
(St Louis, MO, USA). Cell culture substances and solvents were 
bought from Thermo Fisher Scientific (Waltham, MA, USA) and 
were analytical grade (J.T. Baker, USA). Macrophages (RAW 
264.7) and osteoblast cells (7F2) were obtained from the Food 
Industry Research and Development Institute, Taiwan, and 
refined in Dulbecco’s Modified Eagle’s Medium (DMEM). They 
were further strengthened with 10% v/v fetal bovine serum 
(FBS), 100 units/mL penicillin, and 100 µg/mL streptomycin. 
Cells were refined in an incubator with 5% CO2 at 37°C. 

Antler materials
Deer antler of R. unicolor was collected in the middle of March 
2017 in UPTD (Technical Implementation Service Unit) of East 
Kalimantan, Indonesia, and voucher specimens were deposited 
at the UPTD of East Kalimantan, Indonesia.

R. unicolor antler extraction
R. unicolor antler was obtained from UPTD of East Kalimantan, 
Indonesia. It was powdered (991 g) and extracted with 70% 
ethanol-aqueous (2.0 Lx3) using maceration. The 70% ethanol 
solution was concentrated using a rotary evaporator to obtain 
70% ethanol extract (Et-TL, 35.0 g). In addition, the deer antler 
(430 g) was extracted with 100% water (1.0 Lx3) by applying 
continuous percolation. The aqueous solution was freeze dried 
to obtain aqueous extract (A-TL, 6.1 g). 

Cell viability assay
The RAW 264.7 macrophages were cultured at a density of 5x104 
macrophages/well in 96-well plates using DMEM consisting of 
10% FBS, 100 units/mL penicillin, and 100 µg/mL streptomycin 
for macrophage growth studies. After 24 h, the samples (Et-
TL and A-TL extracts of R. unicolor antler) were incubated 
at 10, 50, and 100 µg/mL for another 24 h. Afterwards, the 
medium was discarded and the macrophages were incubated 
with 200 µL of 3-(4,5-dimethylthiazol-2-yl)- and 100 µL of 
2,5-diphenyltetrazolium bromide (MTT) reagents (100 µg/mL) for 
4 h. Then 100 µL of dimethyl sulfoxide was added to disperse the 
formazan crystals. The absorbance was determined at 570 nm 
using an enzyme-linked immunosorbent assay (ELISA) reader. 
All treatments were carried out in triplicate and expressed in 
% macrophage viability of unprocessed control macrophages. 
A similar method was carried out on 7F2 osteoblast-like cells 
at 104 cells/well in DMEM containing 10% FBS, 100 units/mL 
penicillin, and 100 µg/mL streptomycin.21

Nitrite measurement 
The 5x105 cells/well of RAW 264.7 macrophages were seed 
in 24-well plates and incubated with DMEM containing 10% 
FBS, 100 unit/mL penicillin, and 100 µg/mL streptomycin 
for 24 h. The macrophages were activated with 500 ng/mL 
lipopolysaccharide (LPS) and evaluated with samples (Et-TL 
and A-TL extracts) at 10-100 µg/mL for 1 day. The emitted NO 
was estimated by weighing the nitrite concentration. Then 100 
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µL of samples were added with 100 µL of Griess reagent to 96-
well plates for 15 min at room temperature. An ELISA reader 
was used to measure the absorbance at 550 nm. Furthermore, 
curves of standard calibration were processed using NaNO2 to 
evaluate nitrite expression of macrophages with sensitivity and 
linear range values of 2.5 µM and 20-100 µM, respectively.21

Differentiation of alkaline phosphatase activity
The 104 cells/well of 7F2 osteoblast cells were plated in 24-well 
plates using DMEM containing 10% FBS, 50 µg/mL ascorbic 
acid, and 5 mM β-glycerol phosphate (β-GP) with or without 
10-100 µg/mL Et-TL and A-TL extracts for 4 days of incubation 
(37°C in a 5% CO2 atmosphere). Phosphate buffer saline 
(PBS) was used to wash the extracted supernatants. After 
that, a percentage of v/v triton solution was added, followed 
by incubation for 10 min at 37°C. For the ALP assay, the cell 
lysates were added with 200 µL of p-nitrophenyl phosphate 
and di-ethanolamine buffer to each well for 30 min at room 
temperature. Then 50 µL/well NaOH solution was added to end 
the reaction, while an ELISA reader at 405 nm was used to 
evaluate the absorbance.21

Mineralization of the extracellular matrix 
One milliliter of DMEM comprising 5 mM β-GP, 50 µg/mL 
ascorbic acid (2GF medium), and 10% FBS was used to seed 
104 cells/well of 7F2 osteoblast cells for 7 days in an incubator; 
10-100 µg/mL of Et-TL and A-TL extracts were also added to 
the growth medium. After 7 days, PBS and 75% v/v ethanol 
were used to wash the samples and they were dried at room 
temperature. The cells were dyed with 200 µL of 1% ARS for 1 
h. A Nikon TI-E microscope and SPOT RT3 camera were used 
to record images of the cell morphology. Each well received 
10% w/v cetylpyridinium chloride (400 µL) and was rocked for 
10 min in order to disperse the calcium. The absorbance was 
finally evaluated at 560 nm using an ELISA reader.21

Statistical analysis
The experiments were carried out for three more consecutive 
times with similar sample. They are presented as mean ± 
standard deviations. The paired t-test was used for the data 
analysis. The differences were significant at p<0.05.

RESULTS 

The effect of antler extract on cell viability and nitric oxide 
production
In the present research, the effects of Et-TL and A-TL extracts 
against inflammation associated with bone turnover were 
analyzed. Several researchers have reported the bioactivity 
impacts of deer bones and antlers from various nations, but 
there is no information on the pharmacological activity of deer 
antlers originating from Indonesia (R. unicolor).7,22-24

Cytotoxic test samples (Et-TL and A-TL extracts) at different 
concentrations were incubated with RAW 264.7 macrophages 
for 1 day and were evaluated using the MTT method. Then 
the data were represented as the average cell viability. The 
A-TL extract did not show cytotoxicity compared to Et-TL 

extracts (Figure 1), while the macrophage viability in Et-TL 
extracts (50 and 100 µg/mL) decreased significantly. Thus, the 
aqueous extract was not toxic toward the macrophages at the 
concentration series of 10-100 µg/mL and was able to increase 
the cellular permeation of constituents therein.

The anti-inflammatory test of samples in RAW 264.7 
macrophages stimulated by LPS was conducted by monitoring 
the NO inhibition. The Griess reagent was used to evaluate the 
nitrite value directly related to the amount of NO production 
in RAW 264.7 macrophages. These macrophages were treated 
with samples, after which the NO produced in the LPS-
stimulated RAW 264.7 macrophages deteriorated significantly 
(Figure 2). The Et-TL extract prevented NO production up to 
40% in 10 µg/mL. Similarly, A-TL extract reduced it up to 80% 
in the same concentration. LPS (500 ng/mL) in macrophages 
was not used as a control group because it had a total nitrite 
value of 100%.

The effect on ALP stimulation of 7F2 osteoblasts of 70% ethanol 
and aqueous extracts of deer antler
The effect of samples (Et-TL and A-TL extracts) on 7F2 
osteoblastic cell line proliferation was determined by MTT test. 
The viability of cells in Et-TL extract decreased significantly (50 

Figure 1. The effects of samples at 10, 50, and 100 µg/mL on RAW 264.7 
macrophage viability; C was the control medium without samples, Et-TL 
was 70% ethanol extract, A-TL was aqueous extract. Data are shown as the 
average of % cell viability to control for 24 h ± standard deviation

Figure 2. The effects of samples at 10 µg/mL on NO production in LPS (500 
ng/mL)-induced RAW 264.7 macrophages for 24 h; C-LPS was control of 
LPS, C was cells of the control group were not induced with LPS, Et-TL was 
70% ethanol extract, A-TL was aqueous extract. The total nitrite produced 
by the cells of the LPS group is revealed as 100%. Results are shown as % 
of average ± standard deviation. *p<0.05 with respect to control
NO: Nitric oxide LPS: Lipopolysaccharide
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and 100 µg/mL), but the value was more than 100%. It showed 
that a high concentration of Et-TL extract was not toxic even 
though the cell proliferation value decreased. On the other hand, 
cell viability of A-TL extract increased significantly (Figure 
3). As a result, all deer antler extracts decreased cytotoxicity 
and raised cellular uptake. Then the ALP and mineralization 
experiments continued.

The ALP stimulated 7F2 osteoblast cells using Et-TL and A-TL 
extracts of deer antler were incubated for 4 days. The effects of 
test samples on the ALP assay increased in the 7F2 osteoblasts 
as opposed to the 2GF group. After 4 days, the A-TL and Et-TL 
extracts stimulated ALP activity to 65% and 52%, respectively 
(Figure 4).

The effect on mineralization of 7F2 osteoblasts of 70% ethanol 
and aqueous extracts of deer antler 
The 7F2 osteoblast cells were cultured in 2GF medium to prompt 
osteoblast differentiation and mineralization. After 7 days of 
incubation, the effects of Et-TL and A-TL extracts of deer antler 
on osteoblast mineralization were examined using ARS, which 
determined the calcium content in the bone matrix. The Et-TL 
extract displayed stimulation of cell differentiation (Figure 4) 
and after 7 days this extract stimulated mineralization. The 
A-TL extract displayed better stimulation mineralization than 
70% ethanol extract of deer antler (Figure 5).

The stains on ARS represented mineral deposits and were 
quantified by cetylpyridinium chloride extraction. The treated 
7F2 osteoblast cells increased the ARS accumulation compared 
to the 2GF group. Photographs were used to represent the 

mineralization process of osteoblast cells under a bright field. 
Mineralized nodule formation (red) was high in 7F2 osteoblast 
cells treated with Et-TL and A-TL extracts on day 7 under 
microscope observation (Figure 6). Identical patterns were also 
observed in ALP activity.

DISCUSSION
Bone metabolism is a lifelong process that occurs because mature 
bone tissue is lost (osteoclast activity) and new bone tissue 
is formed (osteoblast activity). Osteoclasts are multinucleated 
cells and involve nuclear factor kappa-B ligand (RANKL) as a 
stimulus of receptors and generated by macrophage precursor 
cells. The RAW 264.7 macrophages have a necessary role in 
the process of osteoclast formation and function.25 Osteoclast 
function can be impaired due to degeneration of articular 
cartilage and synovial inflammation involving tumor necrosis 
factor-α, chemokines, and a number of inflammatory cytokines 
and interleukins (IL) such as IL-1β, IL-6, IL-11, and IL-17. They 
cause bone loss by reducing osteoprotegerin (OPG) production 
and stimulating RANKL expression in osteoblasts and stromal 
cells. The NO inhibition of RAW 264.7 macrophages showed a 

Figure 3. The effects of samples at 10, 50, and 100 µg/mL on 7F2 cell 
viability; C was medium without sample, Et-TL was 70% ethanol extract, 
A-TL was aqueous extract. Data are shown as the average of % cell viability 
compared to control for 24 h ± standard deviation

Figure 4. The effects of samples at 10, 50, and 100 µg/mL on osteoblast 
differentiation (ALP) during 4 days of incubation; Et-TL was 70% ethanol 
extract, A-TL was aqueous extract. The 7F2 osteoblast cells were cultured 
in 2GF medium to produce osteoblast differentiation. Results are shown as 
% with average ± standard deviation. *p<0.05 with respect to 2GF
ALP: Alkaline phosphatase

Figure 5. The effects of samples at 10, 50, and 100 µg/mL on quantification 
mineralization assay during 7 days of incubation; Et-TL was 70% 
ethanol extract, A-TL was aqueous extract. ARS dye was measured by 
cetylpyridinium chloride extraction. The results are shown as % with 
average ± standard deviation. *p<0.05 with respect to 2GF
ARS: Alizarin red staining

Figure 6. Histochemical staining of mineral deposition of samples at 10, 
50, and 100 µg/mL; Et-TL was 70% ethanol extract, A-TL was aqueous 
extract. They were visualized using ARS staining (100x magnification). Red 
staining represents mineral deposition
ARS: Alizarin red staining
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decrease in cytokine inflammation, thus preventing bone loss 
by escalating RANKL and OPG levels.21

NO inhibition through the p38, JNK, and NF-κB signaling 
pathways’ retardation is associated with inflammatory 
response inhibition and osteoclastogenesis suppression. 
Yeh et al.21 showed that Cur liposomes, as samples, inhibited 
NO production in RAW 264.7 macrophages and prevented 
osteoclast differentiation by increasing the OPG/RANKL ratio 
and decreasing cathepsin K regulation and tartrate-resistant 
acid phosphatase expression. The high NO inhibition and 
OPG/RANKL ratio lead to a reduction in osteoclast activation 
and a rise in the number of osteoblasts, so that the effect of 
osteoporosis can be reduced.

In the present study, we evaluated the NO production of 70% 
ethanol and aqueous extracts in LPS-stimulated RAW 264.7 
macrophages. LPS markedly stimulated NO production in these 
macrophages compared to in the control group. The 70% ethanol 
extract of deer antler showed a higher reaction rate in lowering 
LPS-stimulated RAW 264.7 than that of aqueous extract (Figure 
2). Neither of them had any cytotoxic effect on RAW 264.7 
macrophages (Figure 1). According to Choi et al.26 the ability of 
the methanol fraction from deer bone in reducing NO production 
was the result of decreased regulation and expression of 
mRNA from pro-inflammatory agents, such as IL-1β, IL-12β, 
and cyclooxygenase. The methanol fraction containing sugar 
played an essential part in lowering reactions of inflammatory 
by managing agents and pro-inflammatory cytokines. Pro-
inflammatory cytokine production in large quantities can 
be found in several conditions, such as arthritis, rheumatoid 
arthritis, osteoarthritis, osteoporosis, and cancer.27,28

The osteoblast phenotype for bone mineralization is obtained 
in two phases. In the first phase the mature contents and 
characteristic protein related to the bone cell phenotype such 
as ALP are detected and in the second phase the contents are 
mineralized by calcium deposition. A spongy bone layer is 
formed around the original cartilage and the space between the 
spongy bones is loaded with bone content and becomes solid 
bone.

Deer antler is able to stimulate osteoblast proliferation 
and protein contents in bone such as collagen type 1 and 
bone sialoprotein and so the antler can trigger osteoblast 
differentiation through mineralized nodule formation. As 
expected, the 70% ethanol and aqueous extracts of deer antler 
increased ALP activity constantly (Figure 4). The result is 
similar to that in the research reported by Lee et al.17 in which 
cells plated in media with aqueous extract had more ALP 
activity than the 70% ethanol extract. Deer antler significantly 
increased osteoblast proliferation until 119% of the basic value, 
stimulated expression of mRNA and ALP activity in the range of 
50-100 µg/mL, and increased type 1 collagen mRNA expression 
and mineralization to be more than 183%.17

Interestingly, ALP has been proven to be an enzyme that plays 
an essential role in the mineralization process. Human bone 
abnormalities and hypophosphatasia can occur due to the 
absence of expression of ALP bone form29,30 and described by a 

lack of bone mineral deposition (rickets). ALP is important for 
mineralization but its purpose has not yet been fully clarified. 
We continued to evaluate the effect of 70% ethanol and aqueous 
extracts of deer antler on mineralization activity (Figure 5).

The new bone tissue formed will be implicated in the mechanism 
of osteoblast proliferation, osteoblast differentiation, and 
mineralization. The 7F2 osteoblast cells started differentiating 
on day 4. The ALP assay is displayed as an initial term marker 
of differentiated cells. Then the mineralization of 7F2 osteoblast 
cells produced by ARS was monitored. Figure 6 shows that the 
extracts stimulated the mineralization of 7F2 osteoblast cells. 
The stimulation of aqueous extract at 100 µg/mL was two times 
higher than that of 70% ethanol extract. This difference may 
be as a result of a reduction in deer antler extract toxicity or 
chemical constituents in both extracts. 

CONCLUSION
The 70% ethanol and aqueous extracts of R. unicolor antler from 
Kalimantan had a role in bone remodeling. The aqueous extract 
stimulated higher bone differentiation and mineralization than 
the 70% ethanol extract with an ALP value of 65% and twice the 
ARS value. However, the 70% ethanol extract displayed higher 
NO inhibition activity than aqueous extract with an inhibition 
value of 40%. Therefore, the extracts can be considered 
to effectively degrade inflammatory marker expression in 
osteoblasts and preserve osteoblast functions. 
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ÖZ

Amaç: Nikel oksit-nanopartikülleri (NiO-NP), üstün özellikleri nedeniyle farklı alanlarda geniş kullanıma sahiptir. Ancak, özellikle oral maruziyete 
NiO-NP’nin toksisiteleri hakkındaki yeterli bilgi bulunmamaktadır. NiO-NP’nin intestinal sistem üzerine toksik etkisi ile ilgili herhangi bir çalışma 
bulunmadığından, bu çalışmada NiO-NP’nin (ortalama boyut 15,0 nm) Caco-2 (insan intestinal epiteli) hücreleri üzerine toksisitesi araştırılmıştır. 
Gereç ve Yöntemler: Partikül boyutu dağılımı ve hücresel alım potansiyelleri belirlendikten sonar, NiO-NP’ne maruziyerin riski hücresel morfolojik 
değişiklikler, sito- ve genotoksik etkiler, oksidatif hasar ve apoptoz indüksiyonu ile değerlendirilmiştir. 
Bulgular: NiO-NP 351,6 µg/mL konsantrasyonda hücre canlılığında %50 azalmaya ve 30-150 µg/mL’de DNA hasarı ve oksidatif hasarın indüksiyonuna 
neden olmuştur. NiO-NP’ye maruz bırakılan intestinal hücrelerde ana hücre ölüm mekanizması apoptoz olabilir.  
Sonuç: NiO-NP gastrointestinal sisteme tehlikeli olabilir. Elde edilen sonuçlar, gıdayla temas eden cihazların yapımında NiO-NP’nin kullanımı ve 
NiO-NP içeren atıklar nedeniyle endişeler olabileceğini göstermektedir. NiO-NP’in spesifik toksisite mekanizmalarını aydınlatmak ve insan sağlığı 
üzerine risklerini azaltmak için daha ileri in vivo ve in vitro araştırmaların yapılması gerekmektedir. 
Anahtar kelimeler: Nikel oksit nanopartikülleri, intestinal hücreler, genotoksisite, oksidatif stres, apoptoz

ABSTRACT

Objectives: The superior properties of nickel oxide-nanoparticles (NiO-NPs) have led to their wide use in various fields. However, there is little 
comprehensive knowledge about their toxicity, especially after oral exposure. The toxic effect of NiO-NPs of mean size 15.0 nm was investigated in 
Caco-2 (human intestinal epithelial) cells as no study has been performed on their intestinal toxicity.
Materials and Methods: Following identification of their particle size distribution and cellular uptake potential, the risk of exposure to NiO-NPs was 
evaluated by cellular morphologic changes, cyto- and genotoxic potentials, oxidative damage, and apoptotic induction. 
Results: NiO-NPs induced a 50% reduction in cell viability at 351.6 µg/mL and caused DNA damage and oxidative damage at 30-150 µg/mL. It 
appears that apoptosis might be a main cell death mechanism in NiO-NP-exposed intestinal cells.
Conclusion: NiO-NPs might be hazardous to the gastrointestinal system. The results should raise concerns about using NiO-NPs in food-contact 
appliances and about NiO-NP-containing wastes. Further in vivo and in vitro research should be conducted to explain the specific toxicity mechanism 
of these particles and reduce their risk to humans.  
Key words: Nickel oxide nanoparticles, intestinal cells, genotoxicity, oxidative stress, apoptosis
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INTRODUCTION
Nickel oxide-nanoparticles (NiO-NPs) are widely used as 
catalysts, pigments, and sensors in different medical and 
industrial applications because of their physicochemical 
features.1,2 NiO and other Ni compounds are regarded as 
carcinogenic to humans (Group 1).3 Additionally, NiO-NPs 
are thought to be more toxic than fine particles are because 
they have high solubility and release higher amounts of ions 
in medium.4 Research has mainly focused on their pulmonary 
toxicity and reported that the particles induced oxidative stress 
and inflammatory responses in the airway system.5-10 NiO-NPs 
were detected in intestinal tissue after pulmonary exposure.11 
Although it is well known that NiO-NPs could be absorbed 
through the intestinal tract, there are very few data about 
the intestinal toxicity of NiO-NPs. NiO-NPs might be harmful 
to the cells of mucosa.12,13 On the other hand, the unabsorbed 
portion is still considered a risk for intestinal cells following 
oral exposure. 

Therefore, in the present study, the toxicity of NiO-NPs was 
assessed using various endpoints in the Caco-2 human intestine 
cell line, a highly differentiated human cell line and extensively 
used to study apical uptake and absorption of nutrients and 
chemicals as an in vitro model for toxicological studies.14,15 
Several studies have also reported the chemical permeability 
to Caco-2 cells to be correlated well with that of the intestinal 
membrane in vivo.16 

MATERIALS AND METHODS 
NiO-NPs were obtained from Sigma (St. Louis, MO, USA) and 
recharacterized using transmission electron microscopy (TEM) 
(JEM-2100 HR, JEOL, USA) and dynamic light scattering (DLS) 
(ZetaSizer Nano-ZS, Malvern Instruments, Malvern, UK) in 
distilled water and cell culture medium.17,18 

Human intestinal epithelial cells (Caco-2, HTB-37) were obtained 
from the American Type Culture Collection (Gaithersburg, MD, 
USA). The cells were incubated according to the manufacturer’s 
instructions. Cells at a density of 105-106 cells/mL were treated 
with freshly prepared NiO-NPs for 24 h. 

To evaluate the cellular uptake potentials of NiO-NPs, 
inductively coupled plasma-mass spectrometry [(ICP-MS); 
Thermo Elemental X series 2, USA] was used, while TEM 
(Jeol-1011, Tokyo, Japan) with an accelerating voltage of 80 kV 
and an attached digital camera (Olympus-Veleta TEM Camera, 
Tokyo, Japan) was used to evaluate both cellular uptake and 
morphology changes at 50 and 100 µg/mL.17,18 

The cytotoxic activity of NiO-NPs (50-500 µg/mL) was 
determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) and neutral red uptake (NRU) 
assays.19,20 The optical densities were measured by an enzyme 
linked immunosorbent assay (ELISA) reader system (Epoch, 
Germany) at 590 and 540 nm for MTT and NRU, respectively. 
The enzyme activity inhibition and the accumulation of NR 
dye in the cells were regarded as cytotoxicity endpoints. 
The cytotoxicity was calculated compared to that of negative 
control cells. The median inhibitory concentration (IC50) values 

were expressed as the concentration of NiO-NPs that induced 
inhibition of 50% in enzyme activities in cells. 

The genotoxic effects of NiO-NPs were determined at 
concentrations of 15-120 µg/mL by comet assay.21 Hydrogen 
peroxide (H2O2) (100 µM) was the positive control. Caco-2 cells 
were mixed with premelted low-melting point agarose, layered 
on slides previously coated with agarose, covered with a cover 
slip, and allow to solidify at 4°C. Then a lysis solution was used 
to lyse the cells on the slides (for 1-12 h at 4°C). Electrophoresis 
was performed for 20 min and the slides were rinsed with 
neutralization buffer and fixed using 99% ethanol. To score the 
DNA breaks, ethidium bromide was used to stain the DNA before 
the examination using a fluorescent microscope supplied with 
an automated image analysis system (Olympus BX53, Olympus, 
Tokyo, Japan). The percentage of DNA in the comet tail (tail 
intensity %) was used to express the DNA damage to individual 
cells. 

Glutathione (GSH), malondialdehyde (MDA), 8-hydroxy-2’-
deoxyguanosine (8-OHdG), and protein carbonyl (PC) ELISA 
oxidative stress determination kits were obtained from Yehua 
Biological Technology (Shanghai, China), while the dye reagent 
for the protein assay was purchased from Bio-Rad (Munich, 
Germany). The oxidative stress parameters in the cells treated 
with 50-150 µg/mL NiO-NPs were determined according to the 
manufacturer’s instructions and Abudayyak et al.17 The results 
were calculated and expressed per gram of protein.

The Annexin V-FITC/propidium iodide (PI) apoptosis/necrosis 
detection kit was from BioLegend (San Diego, CA, USA). 
NiO-NP concentrations were 400-700 µg/mL. Based on the 
manufacturer’s instructions, the trypsinized cells were adjusted 
to be 1x106 cells/mL. Next, 100 µL of cell suspension were mixed 
with 5 µL of Annexin V-FITC and 10 µL of PI and the resulting 
mixture was incubated in the dark for 15 min. A phase-contrast 
fluorescent microscope (Olympus BX53, Olympus, Tokyo, 
Japan) was used to count the apoptotic and necrotic cells. The 
percentages of the cells to the total cell amount were expressed 
as the results of this parameter.17,18

Statistical analysis
The cytotoxicity tests were performed in triplicate on four 
different days (n=12). The other tests were done in triplicate on 
three different days (n=9). The data were expressed as mean 
± standard deviation. The statistical analysis was conducted 
using One-Way ANOVA Dunnett t-test by SPSS version 23 for 
Windows (SPSS Inc., Chicago, IL, USA) and p less than 0.05 
was selected as the level of significance.

RESULTS AND DISCUSSION
The results of TEM and DLS evaluations obtained from our 
previous study indicated that the average sizes of NiO-NPs 
were 15.0 nm (4.2-38.1 nm) in water and 21.4 nm (7.2-60.5 nm) 
in the cell culture medium. The increase in the medium group 
might be due the adsorption of medium proteins in the surface 
of the particles.17,18 
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The results of the cellular uptake by ICP-MS indicate that Caco-
2 cells took up NiO-NPs after exposure to 50 and 100 µg/mL 
for 24 h (Table 1). The agglomeration of NiO-NPs at the high 
concentration could explain the decreases in their cellular 
uptake at the high exposure concentration in comparison with 
the lower exposure concentration.

The NiO-NPs were obtained within the cytoplasmic vacuoles at 
50 and 150 µg/mL (NPs shown with red arrows). The particle 
sizes were larger in the exposed cells at 150 µg/mL compared to 
those at 50 µg/mL. Moreover, the number of particle-containing 
vacuoles in the exposed cells decreased when the concentration 
of NiO-NPs was increased. Cytoplasmic organelles appeared 
normal and nuclear and plasma membranes were intact in 
the exposed cells, as in the negative control cells. Electron-
dense bodies were visible in the cytoplasm of some cells in 
both treatment groups. The most notable change in the cells 
included the presence of electron-lucent large vacuoles filled 
with NPs. In a few cells at 50 µg/mL, the cytoplasmic vacuoles 
were so large that they induced disruption of the cytoplasm. In 
addition, abnormal nuclei with indentations in the membrane 
and chromatin condensation were seen in some cells in both 
treatment groups (Figures 1A-1C). 

In all the cells, lipid droplets were observed to increase with 
increasing NP concentrations, which could be an indicator or 
feature of the oxidative stress process.22,23 According to TEM 
pictures and ICP-MS analysis, the NiO-NPs toxicity could be 
related to the uptake and accumulation of NiO-NPs in the cells. 

The results of the cytotoxicity evaluation showed a decrease in 
cell viability depending on concentration manner. The median 
IC50 values were 479.15 and 351.6 µg/mL by NRU and MTT tests, 
respectively (Figure 2). According to previous studies, NiO-

NPs induced cellular death in different human cell lines such 
as neuron, liver, lung, airway epithelial, and breast cells and 
rat kidney epithelial cells.4,7,23-27 Our results could indicate that 
the Caco-2 cell line was more vulnerable than other previously 
studied cell lines to NiO-NP-induced cytotoxic effects. 

The genotoxicity of NiO-NPs was estimated using the comet 
assay (Figure 3). NiO-NPs caused DNA damage (1.2-1.5-fold; 
p≤0.05). At 120 µg/mL NiO-NPs, the tail intensity was 8.0%, 
while it was 13.3% (1.85-fold) in the positive control (100 µM 
H2O2). Previously, researchers showed that NiO-NPs could 
induce DNA damage in different cells.28-32 Dumala et al.12 
indicated that NiO-NPs could induce significant DNA damage 
in the liver, lungs, and kidneys of rats exposed orally to 500 
mg/kg bw. Moreover, NiO-NPs caused cell cycle alteration as 
a consequence of genotoxicity via the nuclear translocation of 
phosho-ATM and phosphor-ATR in human pulmonary epithelial 
cell lines.12 NiO-NPs induced the DNA-damage signaling 
cascade at 20-100 µg/mL.18 Li et al.33 reported DNA damage 
in pulmonary cells after intratracheal instillation similar to the 
present results.

Table 1. Nickel oxide-nanoparticles taken up by Caco-2 cells

Exposure concentration (µg/mL/105 cells) Ni amount (mg/105 cells)

Negative control 0.19±0.05

50 3.29±0.38

100 1.31±0.22

The assay was performed four times. The results are presented as mean ± SD
Ni: Nickel, SD: Standard deviation

Figure 1. The TEM observations of NiO-NPs uptake by Caco-2 cells 

A) Caco-2 cells exposed to NiO-NPs at 50 µg/mL, B) Caco-2 cells exposed to NiO-NPs at 100 µg/mL, C) Caco-2 unexposed cells (negative control)
TEM: Transmission electron microscopy, NiO-NPs: Nickel oxide-nanoparticles

Figure 2. The cytotoxic potential of NiO-NPs 

All experiments were done in triplicate and each assay was performed four 
times. Data are expressed as mean ± SD. The IC50 values were 251.6 µg/mL 
and 479.2 µg/mL in MTT and NRU, respectively
NiO-NPs: Nickel oxide-nanoparticles, SD: Standard deviation, IC50: Inhibitory 
concentration, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 
NRU: Neutral red uptake
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NiO-NP-induced oxidative stress was evaluated with the levels 
of GSH, MDA, 8-OHdG, and PC (Table 2). NiO-NPs induced 
oxidative stress as a significant increase in the levels of PC 
(≤1.5-fold) and a significant decrease in GSH levels (33.1-37.5%) 
were observed. However, 8-OHdG and MDA levels did not 
change significantly. In general, the oxidative stress potential of 
NiO-NPs in Caco-2 cells was statistically significant (p≤0.05).

The previous data showed that NiO-NPs caused damage in the 
lung and liver and induce pulmonary inflammation via reactive 
oxygen species (ROS).7,8,11,12 In vitro research confirmed with 
in vivo studies that NiO-NPs induced an increase in ROS and 
caused oxidative damage in different human cell lines such as 
liver, lung, airway epithelial, and breast cells.24,26,31,34 Previous 
data confirmed our results; oxidative stress could be the 
mechanism underlying the cyto- and genotoxicity induced by 
NiO-NPs. 

The Annexin V-FITC/PI assay results demonstrate that NiO-
NPs led to induction of apoptosis (Figure 4). The rates of 
apoptotic cells were 84.6-99.6% of the dead cells, while the 
rates of necrotic cells were 0.4-15.4% of the dead cells (Figure 
4). The results indicated that apoptosis might be the main cell 
death pathway of NiO-NPs. Di Bucchianico et al.24 and Saquib 
et al.34 observed an increase in the apoptotic cells rate with 

an increase in NiO-NPs.24,34 Similarly, Chang et al.6 indicated 
endoplasmic reticulum stress-related apoptosis in rats exposed 
to NiO-NPs by intratracheal instillation. 

NiO-NPs (25-100 µg/mL) induced apoptosis by functional 
alterations in mitochondria and lysosomes30 similar to our 
results. Previously, changes in mRNA levels in the genes 
related to the apoptosis pathway were reported.27,29,34 Duan et 
al.35 studied the role of apoptosis in NiO-NP-induced toxicity 
in human bronchial epithelial cells (BEAS-2B) by investigating 
the impacts of NiO-NPs on sirtuin 1, a NAD-dependent 
deacetylase. NiO-NPs (5-20 µg/cm2) caused cytotoxicity by 
an apoptotic process, and showed a suppression effect on 
sirtuin 1, which could underlie the NiO-NP-induced apoptosis 
via tumor protein p53 and bcl-2-associated X protein. Similar 
to previous researchers, we observed that NiO-NPs caused 
dose-dependent apoptosis. The degree of apoptosis/necrosis 
corresponded with the severity of cytotoxicity (Figures 2 and 
4). 

CONCLUSION
The toxic effects of NiO-NPs (15.0 nm) were evaluated in the 
Caco-2 cell line. Our results indicate cellular uptake of NiO-NPs 
and show cytotoxic potential by disrupting the mitochondrial 
and lysosomal functions. The median IC50 values were 251.6 
µg/mL and 479.2 µg/mL by MTT and NRU, respectively. Our 
results also indicate that apoptosis might be the main cell 

Table 2. Nickel oxide-nanoparticle induced oxidative damage to Caco-2 cells

Exposure concentration (µg/mL) 8-OHdG (µg/g protein) MDA (µmol/g protein) GSH (µmol/g protein) PC (µg/g protein)

0 0.917±0.132 0.350±0.059 41.142±2.009 5.160±0.108

50 0.964±0.205 0.375±0.108 25.744±3.891* 5.435±0.814

75 0.990±0.242 0.481±0.090 27.500±6.082* 6.667±1.078*

100 1.111±0.310 0.408±0.158 38.092±3.782 7.115±0.877*

150 0.985±0.164 0.442±0.098 39.099±2.82 7.907±1.007*

All experiments were done in triplicate and each assay was performed twice. The results were presented as mean ± SD. 
*p≤0.05 was selected as the level of significance compared to the negative controls by One-Way ANOVA Dunnett t-test, MDA: Malondialdehyde, GSH: Glutathione, PC: Protein 
carbonyl

Figure 3. The genotoxic potential of NiO-NPs

All experiments were done in triplicate and each assay was performed 
three times. The results are presented as mean tail intensity (%) with ± SD. 
*p≤0.05 was selected as the level of significance by One-Way ANOVA Dunnett t-test
NiO-NPs: Nickel oxide-nanoparticles, PC: Protein carbonyl, SD: Standard deviation

Figure 4. The apoptotic/necrotic potential of NiO-NPs 

All experiments were done in triplicate and each assay was performed 
twice. The results are expressed as the percent of the total cell amount with 
± SD, p≤0.05 was selected as the level of significance by One-Way ANOVA 
Dunnett t-test. Apoptotic ratio was significant at all exposure samples
NiO-NPs: Nickel oxide-nanoparticles, SD: Standard deviation
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death pathway after treatment with NiO-NPs for 24 h. Oxidative 
stress could be the reason for DNA damage induced by NiO-
NPs at 15-120 µg/mL concentrations. These results should raise 
concern about the safety of products that contain NiO-NPs. 
Further studies should be conducted to elucidate the probable 
toxicity in the gastrointestinal tract and clarify the pathways of 
apoptosis and DNA damage. 
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ÖZ

Amaç: MikroRNA’lar (miRNA) kısa, endojen ve kodlamayan RNA molekülleri olup hedef mRNA’ların belirli bölgelerine bağlanarak gen ekspresyonunu 
düzenlerler. Çalışmalar, farklı alerjik deri hastalıklarında miRNA’ların arttığını ya da azaldığını göstermiştir; fakat hala daha ileri çalışmalara ihtiyaç 
vardır. Bu çalışmada, p-fenilendiamine reaksiyon veren hastalarda sıklıkla rastlana bir temas alerjeni madde olan Bandrowski bazına (BB) yanıt olan 
miRNA’ların ekspresyon profillerinin incelenmesi amaçlanmıştır. 
Gereç ve Yöntemler: İnsan promiyelositik hücreleri (THP-1) BB’ye 1 µg/mL kosantrasyonda 24, 48 ve 72 saat maruz bırakılmıştır. Bu doz sitotoksisite 
deneylerinin sonuçlarına göre seçilmiştir. RNA saflaştırılmış ve miRNA ekspresyon profili ve gerçek zamanlı polimeraz zincir reaksiyonu (RT-PCR) 
ile artan veya azalan miRNA’ları belirlemek için kullanılmıştır ve sonrasında modülasyonları doğrulanmıştır.
Bulgular: Farklı modüle edilen miRNA’lar arasında, immün sistem ile ilişkili oldukları için, miRNA-155’in düzeyinin artması ve miRNA-21’in ise 
düzeyinin azalması önemli bulunmuştur. Bu miRNA’ların ekspresyon profilleri aynı zamanda RT-PCR ile doğrulanmıştır.
Sonuç: Bu ön sonuçlar, miR-155 ve miR-21’in alerjik kontakt dermatit patogenezinde rolü olabileceğini göstermiştir. Ancak, kesin rollerinin 
açıklanabilmesi için ileri çalışmalara ihtiyaç vardır.
Anahtar kelimeler: MikroRNA, miRNA, immün sistem, alerjik kontakt dermatit, deri
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Objectives: MicroRNAs (miRNAs) are short, endogenous noncoding RNA molecules that can bind to certain parts of target mRNAs, thereby 
regulating gene expression. Studies showed that miRNAs could be up- or downregulated in different allergic skin conditions but there is still need 
for further studies. The aim of this study was to investigate the expression of miRNAs in response to the common contact allergen Bandrowski’s 
base (BB), the principal allergen in patients reacting to p-phenylenediamine (PPD). 
Materials and Methods: The human promyelocytic cell line THP-1 was exposed to BB at a concentration of 1 µg/mL for 24, 48, and 72 h. The dose 
was selected from the results of cytotoxicity assays. RNA was purified and miRNA expression profile and real-time polymerase chain reaction (RT-
PCR) were performed to identify up- or downregulated miRNAs and confirm their modulations.  
Results: Among the different modulated miRNAs, the upregulation of miRNA-155 and the downregulation of miRNA-21 were found to be important 
because these are related to immune system. This expression profile of miRNAs was also confirmed by RT-PCR.
Conclusion: These preliminary results showed that miR-155 and miR-21 may play a role in the pathogenesis of allergic contact dermatitis, but 
further studies are needed to clarify their definite roles.
Key words: MicroRNA, miRNA, immune system, allergic contact dermatitis, skin 
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INTRODUCTION
Immunotoxic agents are xenobiotics that can initiate or 
exacerbate the adverse immune responses in genetically 
susceptible persons. Drugs and various chemicals can be 
classified as immunotoxic compounds.1 When low molecular 
weight chemicals come into contact with the skin it can lead 
to contact allergy and can cause allergic contact dermatitis 
(ACD) if exposure exceeds the personal threshold. ACD is a 
more common form of immunotoxic reaction in industrialized 
countries.2 There are more than 4000 chemicals linked to 
contact allergy and ACD in humans. ACD can be prevented by 
proper hazard identification and labeling, by characterization 
of potency, by investigation of human skin exposure, and by 
the implementation of proper risk assessment and management 
strategies.3

P-phenylenediamine (PPD) is used commonly in dyeing hair but 
it is a potential skin allergen. It is found that the mechanism 
of reaction to PPD is linked to its oxidation products 
and/or metabolites. Bandrowski’s base (BB) (Figure 1), 
1,4-benzoquinone, is  a trimer that forms quickly upon storage 
of PPD and it has been suggested as the principal allergen in 
patients reacting to PPD.4 

THP-1 is a human leukemia promyelocytic cell line and it has 
been widely used in immunotoxicology studies that investigated 
monocyte/macrophage functions, mechanisms, and signaling 
pathways. This cell line has become a suitable model to estimate 
the modulation of monocyte and macrophage activities and it is 
very well suited for in vitro studies of chemical allergens.5-7

miRNAs are a class of evolutionarily conserved, single-stranded, 
noncoding RNA molecules including 19-24 nucleotides that play 
an important role in various biological processes via regulating 
gene expression through affecting the transcriptional and 
translation processes.8 miRNAs have also been implicated in 
several inflammatory and immunological disorders as well as 
cancer.9 It was demonstrated that miR-21 and miR-155 play 
a significant role in the development of the immune system. 
miR-21 controls the apoptosis of immune cells and miR-155 is 
an important factor controlling lymphocyte differentiation and 
functions.10,11 Analysis of microRNAs (miRNAs) has powerful 
potential for the identification of novel prognostic or predictive 
biomarkers. Although several studies have evaluated the 
impact of miRNAs on immunotoxic processes and allergic skin 

conditions, these studies are not sufficient to allow a conclusion 
to be drawn.12 Therefore, the aim of the present study was to 
evaluate miRNA profiles that might play a role in chemical 
allergen potency.  

MATERIALS AND METHODS

Cell culture and treatment
The THP-1 cell line was obtained from Istituto Zooprofilattico 
(Brescia, Italy). The cell culture medium (RPMI-1640) was from 
Euroclone Diagnostica SpA (Pero, Milano, Italy) and the other 
substances were from Sigma-Aldrich Co. (St. Louis, MO, USA). 
First of all, THP-1 cells were diluted to 106 cells/mL in RPMI 
1640 containing 2 mM L-glutamine, 50 μM 2-mercaptoethanol, 
0.1 mg/mL streptomycin, 100 IU/mL penicillin, and 10% heated-
inactivated fetal calf serum. The cells were cultured at 37°C in 
a 5% CO2 incubator. The medium was changed every 2-3 days. 
The cells were treated with BB (Santa Cruz Biotechnology Inc., 
Dallas, TX, USA; CAS N° 20048-27-5) at a concentration of 1 
µg/mL in dimethyl sulfoxide (DMSO) for 24, 48, and 72 h. The 
dose was selected from the results of cytotoxicity assays. Cells 
treated with only DMSO were used as a control (0.2% final 
concentration).

Total RNA extraction and complementary DNA (cDNA) 
synthesis 
For total RNA extraction, after the treatment, the cells were 
centrifuged for 5 min at 1200 rpm at room temperature. Then the 
culture medium was discarded and cell pellets lysed with 700 
µL of TRI Reagent (Sigma-Aldrich, St. Louis, MO, USA). Next, a 
Quiagen miRNeasy mini kit was used to extract total RNA from 
the cells following the manufacturer’s procedure. The purity 
and quantity of the total RNA were analyzed with a NanoDrop 
instrument (NanoVue Plus). After the RNA concentrations were 
determined, cDNA was synthesized by using a Qiagen script 
miRNA polymerase chain reaction (PCR) array kit according to 
the manufacturer’s protocol. Then 0.25 μg and 2.0 μg of total 
RNA were retrotranscribed for miRNA expression profile and 
real-time (RT) PCR analysis, respectively. 

miRNA expression profiling
After retrotranscription, miRNA expression profiling (including 
86 miRNAs) was determined with Qiagen miScript miRNA 
PCR Arrays following the manufacturer’s procedure with an 
ABI Prism® 7000 Sequence Detection System. The miRNA 
expression profiling was done in cells treated with BB (1 
µg/mL) or DMSO as the control for 24 h. The amplification 
conditions consisted of an initial activation at 95°C for 15 min, 
then 40 cycles of denaturation at 94°C for 15 s, annealing at 
55°C for 30 s, and the extension step for 30 s at 70°C. The 
data were analyzed with miScript miRNA PCR Arrays (http://
pcrdataanalysis.sabiosciences.com/mirna)

Real-time PCR for detection of mature miRNA or noncoding 
RNA
To confirm the expression profile of miRNA, miR-155 and 
miR-21 were selected as immune system-associated miRNAs, Figure 1. Chemical structure of Bandrowski’s base
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and their expression was evaluated by RT-PCR using an ABI 
Prism® 7000 Sequence Detection System with the same 
amplification conditions as miRNA expression profiling using 
the miScript SYBR Green PCR Kit (provided by Qiagen). Small 
nucleolar RNA61 (SNORD61), SNORD68, SNORD72, SNORD95, 
SNORD96A, and RNA, U6 small nuclear 6, pseudogene (RNU 6P) 
were used as endogenous miRNA controls in every reaction. All 
PCR reactions were performed in duplicate in a total of 25 μL of 
reaction volume. In the RT-PCR assay, the evaluation was done 
by calculation of the fluorescent signal. The cycle threshold 
(Ct) was the required number of cycles for the fluorescent 
signal to overshoot the threshold, which means to exceed the 
background level. Ct levels are conversely proportional to the 
quantity of target nucleic acid in the sample. When normalized 
gene expression in the test sample is divided by normalized 
gene expression in the control, fold-change (2-ΔΔCT) values 
are obtained, with values bigger than one indicating a positive 
or an upregulation and less than one indicating a negative or 
downregulation.13

Statistical analysis 
The data were analyzed by SPSS version 23.0 (SPSS, Chicago, 
IL, USA). Normal distribution and homogeneity of the variances 
were evaluated by Shapiro-Wilk and Levene’s tests, respectively. 
Student’s t-test was used for the comparisons and p values less 
than 0.05 were considered statistically significant.  

RESULTS

miRNA expression profiling
The expression profile of miRNA was evaluated in THP-1 
cells treated for 24 h with BB (1 µg/mL) or DMSO as control. 
As shown in Figures 2 and 3, the expression of 32 miRNAs 
was upregulated and the expression of 31 miRNAs was 
downregulated in the cells after treatment with BB.

Real-time PCR for the detection of miRNAs 
Following a search of the literature, we focused on miR-21 and 
miR-155 because these are thought to be involved in immune 
responses. THP-1 cells were exposed to BB (1 µg/mL) or DMSO 
as a control for 24, 48, and 72 h. After miRNA extraction, miR-

21 and miR-155 levels were evaluated by RT-PCR. As shown in 
Figures 4 and 5, the expression of miR-21 was downregulated 
and the expression of miR-155 was upregulated, confirming the 
miRNA expression profile data. 

DISCUSSION
ACD is a significant disease that occurs after topical exposure 
to low molecular weight chemicals.14,15 It is a delayed-type 
hypersensitivity reaction that needs previous sensitization by 
the same chemical.16 It is crucial to identify potential sensitizing 
agents because ACD is a common and serious health problem 
worldwide.17

It has been shown that miRNAs are involved in the processes 
of innate and adaptive immune systems. Among all the miRNAs, 
miR-21, miR-146a, and miR-155 are focused on by scientists. 
Signal transducer and activator of transcription-3 and nuclear 
factor kappa-B (NF-κB) regulate the expression of miR-21.18 
miR-155 is involved especially in proinflammatory processes. It 
has been observed that the expression of miR-21 is increased by 

Figure 2. 3D profile of miRNA expression 

miRNA: MicroRNA
Figure 3. Upregulated and downregulated miRNAs
miRNAs: MicroRNAs



455ANLAR et al. The Roles of miRNAs in Allergy 

vesicular stomatitis virus infection in macrophages.19 Moreover, 
miR-155 can suppress the SH2 domain-containing inositol-
5-phosphatase that can lead to activation of Akt kinase and 
upregulation of interferon response genes during the cellular 
response to lipopolysaccharide.20 In an animal study, it was 
demonstrated that miR-155 stimulated atherosclerosis in mice 
via directly suppressing  B-cell lymphoma 6 protein, which is a 
transcription factor that attenuates NF-κB signaling.21 miR-155 
is also involved in the development and activation of adaptive 
immune cells such as effector T-cell subsets.22

In the present study, we observed upregulation and 
downregulation in the expression of miR-155 and miR-21 in 
THP-1 cells after exposure to BB, respectively. The up- and 
downregulation of the miRNAs were validated by RT-PCR. 
Similarly, in a study by Sonkoly et al.23  the expression of 
miR-155 was found to be highest in the skin samples from 
patients with atopic dermatitis compared to healthy controls. 
It was also observed that after the topical exposure of relevant 
allergens to nonlesional skin of atopic dermatitis patients, 
miR-155 expression was induced. Cytotoxic T-lymphocyte-

associated antigen-4 (CTLA-4), a negative regulator of T-cell 
function, has been repressed by miR-155 and in animal models 
blocking of CTLA-4 stimulated a much severe allergic reaction 
and inflammation by increasing the number of eosinophils and 
immunoglobulin-E, while increases in the expression of CTLA-
4 ameliorated the symptoms of allergic pulmonary inflammation 
in humans.24,25 Furthermore, in patients with atopic dermatitis 
miR-155 has significantly higher expression compared to in 
healthy subjects and the levels of expression correlated with 
the severity of atopic dermatitis.26 In contrast to these studies, 
miR-155 levels were lower in sputum from allergic asthmatics 
than in healthy subjects.27

miR-21 levels were evaluated in a number of studies. In line 
with the results obtained from the present study, it was shown 
that miR-21 was lower in monocytes from children with allergic 
rhinitis and in patients with metabolic syndrome.28,29 In contrast, 
in an animal study, miR-21 levels were higher in the skin of 
mice with contact dermatitis and in esophageal tissue in mice 
with eosinophilic esophagitis, which can reflect interspecies 
differences between mice and humans in miRNA expression.30,31

In addition to their involvement in various biological processes, 
miRNAs have potential in disease diagnostics and therapies. 
Due to their stability, miRNAs could be used as biomarkers. 
Currently, miRNA panels are used by clinicians in order to 
determine the origins of cancer cells. The development of 
miRNA therapeutics has proved more challenging because 
of delivery problems. In addition, relations between gene 
expression and miRNAs are complex. As a result, administration 
or silencing of one miRNA could modify the expression of 
numerous genes with unknown consequences. In multifactorial 
diseases, successful silencing of a single gene may not be 
efficient in clinical practice. Therefore, there is only one miRNA 
drug in clinical trials (SPC3649: inhibitor/antagomir of miR-122, 
Santaris Pharma, Denmark) and several more are waiting to 
enter the clinical phase.32 From this point of view, our study has 
some limitations. We evaluated only the gene expression profile 
but protein products made from genes and other immune 
systems biomarkers such as interleukins and interferons 
should also be analyzed. These are our aims for future projects. 

CONCLUSION
Our results showed that miR-155 expression was upregulated 
and miR-21 expression was downregulated in THP-1 cells 
treated with BB. It has been demonstrated that miRNAs are 
involved in many biological processes and they are important in 
the pathogenesis of allergic inflammation. However, relations 
between gene expression and miRNAs are complex and so 
further investigation of these preliminary results is needed to 
explain the precise functional roles of these two miRNAs in the 
regulation of chemical allergen potency and also their potential 
to serve as novel therapeutic targets. 

Conflict of interest: The authors declare that they have no conflicts 
of interest.

Figure 4. Expression of miR-21 in THP-1 cells following exposure to BB 
(1 µg/mL) or DMSO for 24, 48, and 72 h. Fold changes in miR-21 were 
calculated for each sample for each time point and expressed as mean ± 
standard deviation, *p<0.05 vs. control at the different time points of three 
independent experiments
BB: Bandrowski’s base, DMSO: Dimethyl sulfoxide

Figure 5. Expression of miR-155 in THP-1 cells following exposure to BB 
(1 µg/mL) or DMSO for 24, 48, and 72 h. Fold changes in miR-21 were 
calculated for each sample for each time point and expressed as mean ± 
standard deviation, *p<0.05 vs. control at the different time points of three 
independent experiments
BB: Bandrowski’s base, DMSO: Dimethyl sulfoxide
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ÖZ

Bisfenol A (BPA) endokrin aktiviteye sahip bilinen en eski bileşiklerden biridir. BPA epoksi reçineler, polikarbonatlar, diş dolguları, yemek 
saklama kapları, bebek biberonları ve su bidonlarının üretiminde yaygın olarak kullanılmaktadır. BPA obezite, diyabet, kronik solunum hastalıkları, 
kardiyovasküler hastalıklar, renal hastalıklar, davranış bozuklukları, meme kanseri, diş gelişimi bozuklukları ve üreme bozuklukları gibi çeşitli sağlık 
sorunlarıyla ilişkilendirilmiştir. Artan sağlık endişeleri endüstriyi BPA alternatifleri aramaya yönlendirmiştir. Günümüzde BPA tüketici ürünlerinden 
çıkarılmaya başlandığı için, alternatif bileşiklerin kullanımı artmaktadır. Ancak, BPA yerine kullanılan kimyasallar da BP analoglarıdır ve organizmalar 
üzerinde benzer toksikolojik etkileri olabilir. Bu derlemenin amacı günümüzde BPA’ya artan miktarlarda alternatif olarak kullanılan BP analoglarının 
(BPS ve BPF) toksikolojik profillerine odaklanmaktadır. 
Anahtar kelimeler: Bisfenoller, bisfenol A, endokrin bozucu, bisfenol S, bisfenol F

Bisphenol A (BPA) is known as one of the oldest synthetic compounds with endocrine disrupting activity. It is commonly used in the production 
of epoxy resins, polycarbonates, dental fillings, food storage containers, baby bottles, and water containers. BPA is associated with various health 
problems such as obesity, diabetes, chronic respiratory diseases, cardiovascular diseases, renal diseases, behavior disorders, breast cancer, tooth 
development disorders, and reproductive disorders. Increasing health concerns have led the industry to seek alternatives to BPA. As BPA is now 
being excluded from several consumer products, the use of alternative compounds is increasing. However, the chemicals used to replace BPA are 
also BP analogues and may have similar or higher toxicological effects on organisms. The aim of this review is to focus on the toxicological profiles 
of different BP analogues (i.e. BPS and BPF) which are increasingly used today as alternative to BPA.
Key words: Bisphenols, bisphenol A, endocrine disruptor, bisphenol S, bisphenol F

ABSTRACT

INTRODUCTION
Endocrine disruptors, such as pesticides and bisphenol A (BPA), 
can be defined as exogenous substances that cause different 
levels of changes in the evolution and function of the endocrine 
system.1 

BPs are a class of chemicals known as diphenylmethanes. BPs 
contain two benzene rings separated by a central carbon atom. 
They mostly have 4-OH substitutes on both benzene rings. 
Some BPs may have a sulfone group or a sulfide instead of a 
central carbon atom.2 

Regulations and increasing concerns among the public have 
led the industry to seek alternatives for BPA, and as BPA has 
begun to be excluded from products due to consumer concern 
the use of alternative BPs has increased and BPA has begun to 
be replaced by its chemical analogues.3-6 

The chemicals used to replace BPA also have BP structures and 
may have similar effects on organisms.5 According to research, 
BPA analogues may result in toxic effects similar to or greater 
than those of BPA.4 

Bisphenol
The chemical nomenclature of BPA is 2,2-bis (4-hydroxyphenyl) 
propane and it has a molecular weight of 228.29 g/mol.4,7,8 If 
its physical properties are examined it is seen that it has water 
solubility of approximately 120-130 ppm, low volatility, low air 
emission, and a short photooxidation half-life (<7 h).1,8 

BPA is known as one of the oldest synthetic compounds with 
endocrine activity and was first discovered by Dianin in 1891.1,9 It 
is one of the chemicals produced in the largest quantities in the 
world, with an estimated 5-6.8 million tons produced per year, 
and it is used in a wide range of areas.1,4,10 While 70% of the BPA 
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produced is used in the production of polycarbonate plastics, 
25% is used in the production of epoxy resins.10 

BPA is commonly used in the production of epoxy resins, 
polycarbonates, baby bottles, food storage containers, 
dental fillings, and water containers.2,8 BPA is also seen in 
thermographic and pressure-sensitive paper, bank notes, 
receipts, and toys.3,6,8 In addition, it is used in medical devices 
and health care services such as eye lenses, newborn 
incubators, and nebulizers.1 

BPA exposure mainly occurs through food.4 BPA contamination 
in foods usually happens as a result of migration from 
containers including it.10 Exposure is caused by consuming food 
and beverages in recycled bottles, cans covered with epoxy 
resins, and polycarbonate containers that BPA has leaked 
into.1 Environmental factors such as temperature, heat, and 
acidity increase the hydrolysis of ester bonds that bond BPA 
molecules to epoxy resins and polycarbonates. BPA leakage in 
polycarbonates happens more often to solutions with low pH 
values, whereas in epoxy resins higher temperature increases 
BPA leakage.1 When exposure concentrations are examined it is 
seen that in solid canned food mean concentrations of exposure 
vary from 10 µg kg-1 to 70 µg kg-1, whereas in liquid canned 
food they range from 1 µg L-1 to 23 µg L-1.2 Fish, dairy products, 
meat, canned vegetables, and baby food are examples of goods 
that may contain BPA.10 The specific migration limit of BPA 
is determined as 0.6 mg/kg in the 2002/72/EC Commission 
Directive and in the Turkish Food Codex.10 

In addition to the sources of exposure mentioned above, dust 
may also cause significant exposure by inhalation of indoor 
dust and thermal paper may cause transdermal exposure from 
the skin.4,9,11,12 Dental composite resins may also cause BPA 
to leak into saliva.1 Other than these, sources such as water 
sources in nature, tap water, air, and medical devices are 
examples of sources of exposure.1,11 BPA used in epoxy-based 
floor materials, adhesives, paints, and electronic devices is 
another source of exposure.1 BPA is detected in blood, urine, 
and sweat in humans.11

Generally it is suggested that BPA is bioactivated by oxidation 
reactions catalyzed by cytochrome P450 and detoxified by 
glucuronidation reactions and sulfation reactions. It is shown 
that the toxic effects of BPA decrease in the presence of ADH, 
ALDH2, and SULT1E1 and increase in the presence of CYP2E1.13 

The main mechanism of the toxic effects induced by BPA 
is endocrine disruption. This property may cause both 
developmental and reproductive disorders.2 BPA is associated 
with obesity, diabetes, breast cancer, cardiovascular diseases, 
renal diseases, chronic respiratory diseases, tooth development 
disorders, behavior disorders, and reproductive disorders.9,14 

It is shown in the literature that a low dose of BPA has a negative 
impact on the endocrine system and may lead to primary 
endocrine disorders.1,10 It affects the cell signaling pathways.13 
It is reported to have effects on the central nervous system, 
cardiovascular system, immune system, respiratory system, 
and renal system.1,10 It may be associated with thyroid hormone 
function disorders.10 After exposure birth defects may be seen.1 

Pregnant women and fetuses are very sensitive to pathologies 
induced by BPA due to its penetration of the placenta barrier.13 
In other research it was shown that BPA can pass to the 
fetus from the mother and can cause behavior changes and 
anomalies in the reproductive organs of the fetus.10 In addition 
to the effects mentioned above, it is suggested that BPA has 
mutagenic and genotoxic potential.3 

BPA can both bind to Erα and Erβ receptors and affect them by 
either activating or suppressing their expression.1,7 Its relative 
binding affinity is predicted to be 1000-10,000 times lower than 
that of estradiol and it is classified as a weak environmental 
estrogen.7 

BPA can act as a potential antagonist of endocrine receptors 
in some cases.8 Infertility in men and women, early puberty, 
and Polycystic Ovary syndrome can be given as examples of 
endocrine disorders in which BPA plays a pathogenic role.8 In 
addition, it is reported to be associated with low sperm count 
and motility, spontaneous abortion, and metabolic changes.13 
When its effects on the reproduction system are examined it 
is seen that the main target is ovarian granulosa cells. The 
disruption of these cells by BPA can play an important role in 
fertility.12 Based on its effect on the androgen receptor, BPA is 
a known antagonist.15 

The chemical structures of BPA and thyroid hormone have 
similarities. BPA has a property of binding to thyroid receptors 
competitively with thyroid hormone. It is seen to disrupt gene 
expression by thyroid receptors in vivo and in vitro.14 

In addition to the mentioned effects, it is observed that BPA 
activates PXR from nuclear receptors and induces CYP3A4, 
environmental exposure to BPA can change 25-hydroxy vitamin 
D level in circulation in adults, and there is a negative correlation 
between BPA and 25 (OH) D.16 

In other research, it was shown that BPA induces DNA 
damage in ER-positive MCF-7 cells and its genotoxicity is 
ER-dependent. It is observed that it induces micronucleus 
frequencies and chromosomal aberrations in rat bone marrow 
and causes DNA damage in lymphocytes. In a different study 
it was suggested that oxidative stress occurs by an increase 
in 8-hydroxyguanosine plasma levels and in LPO, and reduced 
glutathione activity in the liver.2 

There are controversial results regarding the genotoxicity of 
BPA. Even though it is found to be negative according to basic 
genotoxicity tests, research shows that it induces chromosomal 
aberrations and morphological changes in Syrian hamster 
embryo (SHE) cells, achromatic lesions and c-mitotic effects in 
mice bone marrow, its metabolites bind to DNA in SHE cells and 
rodent liver, and it causes DNA damage in ER-positive MCF-7.2 
Another study revealed that BPA causes ER-dependent DNA 
damage by inducing strand breaks in ER-positive MCF-7 cells.4 

Vahdati Hassani et al.7 showed that protein and phosphoprotein 
levels involved in biological processes related to fatty liver, 
hepatotoxicity, and carcinoma are affected by BPA exposure. It 
is also found that BPA induces oxidative stress, an increase in 
malondialdehyde, and a decrease in glutathione (GSH).7 
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In 2008 concerns about the effects of current BPA exposure in 
fetuses, adults, and children on brain, behavior, and reproduction 
were declared in the report by the National Toxicology Program 
and in 2010 the FDA reported that they shared the same 
concerns.1 

BPA is banned in Japan, Canada, and most of US. In 2011 the EU 
forbade the production, marketing, and import of baby bottles 
containing BPA.2 In Turkey baby bottles and other food containers 
with BPA were collected by the Ministry of Agriculture in 2011.1 

Bisphenol S 
BPS is an important analogue of BPA in industrial applications 
and an increasingly used alternative.6 The chemical 
nomenclature of BPS is bis (4-hydroxyphenyl) sulfone and it has 
a molecular weight of 250.27 g/mol.3,16 BPS is a heat-resistant 
structural analogue of BPA.16 It has high thermal stability and is 
resistant to sunlight.16,17

BPS is mostly used in several consumer products as a 
replacement for BPA. As the most commonly used alternative 
to BPA, BPS is commonly used in the production of thermal 
paper and plastics.3,17 

BPS is used as an improver in thermal paper and a stabilizer 
in canned soft drinks and canned food.6,16 In addition, it is used 
as an electroplating solvent, a fastening agent in cleaning 
products, and a constituent of epoxy resins in various industrial 
applications.5 As a commonly used analogue of BPA in production, 
the presence of BPS in nature and food is demonstrated in 
numerous studies.4 It was shown by the National Health and 
Nutrition Examination Survey that significant concentrations 
of BPS were detected in canned food, especially in canned 
vegetables and mushrooms.4 In addition, literature findings 
have shown that significant exposure occurs through dust.4 
Moreover, the presence of BPS is detected in mud, water, tap 
water, and sewage.5,6,11 In a previous study, BPS was detected 
in dust samples from various microenvironments and many 
products produced from thermal paper.11 BPS was detected 
in human tissues as well.6 BPS was found in human urine in 
concentrations and frequencies comparable to those of BPA.5 
Especially after its detection in human urine, concerns about 
its safety were expressed.16 

In addition to the types of exposure mentioned above, BPS 
was detected in many daily products. These products include 
personal care products, paper products, and food, with 
examples such as hair products, toothpaste, currency, mailing 
envelopes, dairy products, canned food, and cereals.5

Skledar et al.17 showed that glucuronidation is the main pathway 
in the metabolism and detoxification of BPS and UGT1A9 plays 
an important role in this process.17

Cumulative evidence suggests that BPS is toxic to organisms 
because its chemical structure is similar to that of BPA. 
Recently it was reported that, similar to BPA, BPS promotes 
estrogenic activity, proarrhythmic effects, and hypothalamic 
neurogenesis in vitro in cell cultures and in animals in vivo. 
When the estrogenic effects of BPA and BPS were compared in 
a study it was shown that the genomic estrogenic activity of 40 

µM BPS is 15 times lower than that of BPA. It has toxic effects in 
the rat’s endocrine system, adult zebra fish, breast cancer cells, 
and ovariectomized mice.6 

BPS is stated to have toxic effects on the endocrine system 
similar to BPA in the literature.4 In other research it was 
reported that isopropylation of the 4-hydroxy group decreases 
BPS’s estrogenic activity.17 BPS is also defined as a weak 
antiandrogenic compound.16 

BPS exposure in zebra fish larvae suggests that oxidative stress 
parameters and interference of immune response is induced.6 
In other research it was demonstrated that BPS inhibits pepsin 
activity, increases reactive oxygen species (ROS) levels in rats, 
induces lipid peroxidation (LPO), and decreases antioxidant 
enzyme activity.11

Furthermore, a recent study suggested a link between BPS 
exposure and obesity and steatosis. It was shown in an in vivo 
study that BPS may alter brain functions in mammals.17

In addition to the effects mentioned above when its genotoxic 
potential is examined, a study showed results on BPS exposure 
and genotoxicity including double strand breaks; however, it 
is seen that BPS has weaker genotoxic potential compared to 
BPA.3,4 In a study in HepG2 cells it was seen that BPA and BPS 
cause a significant increase in DNA damage.2 Moreover, BPS 
had effects on hepatic cells, bound to serum albumins, and 
caused DNA damage.5

When the association between BPS and thyroid hormone 
receptors is examined, it is seen that, similarly to BPA, it binds 
to thyroid hormone receptors. BPS can bind to both TRα and 
TRβ but its affinity to TRβ is higher.14 In other research, in zebra 
fish embryos exposed to BPS at concentrations of 10 and 100 
µg/L for 75 days, triiodothyronine and thyroxine plasma levels 
were decreased.16 

BPS exposure caused acute toxicity in Daphnia magna, induced 
uterine growth in rats, and in zebra fish it decreased the weight 
of gonads, altered plasma estrogen and testosterone, and 
caused reproductive disorders; it also increased the female ratio 
over males, decreased the body length, and caused changes 
in testosterone, estradiol, and vitellogenin concentrations and 
reproductive disorders.5 In nongenomic signal research BPS 
has a similar potency to BPA. From femtomolar to picomolar 
concentrations, BPS induced Erα modulated pathways and 
activities such as membrane MAPK signaling, cell proliferation, 
and caspase 8 activation. These fast, nongenomic pathways 
have an important role in optimal cell function, and modulation of 
proliferation and apoptosis, beside activities such as pancreatic 
cell function and estrogen-modulated brain function.5

Bisphenol F
As an important and increasingly used analogue of BPA, the 
chemical nomenclature of BPF is 1,1-bis (4-hydroxyphenyl) 
methane and its molecular weight is 200.23 g/mol.3,4,6 BPF is 
used in the production of polycarbonate resin.2 In addition, BPF 
is used especially in systems that require increasing thickness 
and durability such as epoxy resins and coatings.6 
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Storage and pipe coatings, industrial floors, structural 
adhesives, bridge and road deck toppings, electrical varnishes, 
grouts, and coatings are examples of these systems. In addition, 
for different consumer products such as water pipes, plastics, 
food packaging, dental sealants, lacquers, adhesives, varnishes, 
and liners BPF epoxy resins are used.5 

Even though it is more biodegradable under aerobic and 
anaerobic conditions compared to BPA, BPF has become 
an ubiquitous environmental contaminant.2,4 BPF has been 
detected in nature and food.4 The presence of BPF is reported 
in mud, tap water, indoor dust, water, sewage, and human 
tissues.6,11 In a recent study it was found in dust samples from 
various microenvironments and many products from thermal 
paper.11

A recent study showed that this compound accumulates in 
human urine.4 BPF is also detected in personal care products 
such as lotions and toothpaste, paper products such as tickets 
and envelopes, and foods such as canned food and cereals.5 
Active BPF is distributed in many tissues including the placenta, 
uterus, fetus, and amniotic fluid. The primary elimination form 
of BPF is seen to be sulfate conjugate.5 

So far evidence has suggested that, just like BPS, because of its 
similar chemical structure, BPF is toxic to organisms as BPA 
is. In studies BPF is reported to cause mild to moderate acute 
toxicity and weak estrogenic activity.6 In in vivo studies it is 
demonstrated to be estrogenic, androgenic, and thyroidogenic, 
while in vitro studies show that it is estrogenic, androgenic, and 
has other physiological/biochemical effects. There are studies 
showing that BPF exposure induces uterine growth in rats, 
which points to estrogenic activity.5 Studies show that BPF 
causes more potent estrogenicity compared to BPA.4

BPF exposure causes an increase in thyroid weight and changes 
in thyroid hormone concentrations.5 According to another study 
BPF can bind to both TRα and TRβ, but its affinity to TRβ is 
higher.14 

Furthermore, it causes changes in hematological parameters 
and enzyme expression. BPF has also shown other in vitro 
effects such as chromosomal aberrations, cytotoxic effects, 
DNA damage, and cellular dysfunction and decreased in vitro 
adiponectin production and release.5

BPF is reported to promote estrogenic activity comparable to 
BPA, proarrhythmic effects, and hypothalamic neurogenesis 
in vitro in cell lines and in vivo in animals. In addition, as a 
result of BPF exposure concentration-dependent increases in 
ROS content, nitric oxide and inducible nitric oxide synthase 
production, superoxide dismutase levels, T-AOC activity, LPO 
levels, and cytokine and chemokine expression in zebra fish 
larvae suggest that immune response and oxidative stress in 
fish are induced.6 

BPF is reported to result in genotoxic damage that might 
interfere with DNA replication. In another study it was seen 
that BPF has weaker genotoxic potential compared to BPA.3 
When the genotoxic effects of BPF are examined it is reported 
that BPF induces DNA damage but does not induce micronuclei 
frequencies in HepG2 cells. A recent study suggested that the 

genotoxic effect of BPF depends on the metabolic capacity of 
the cell.2 

Bisphenol AF 
The chemical nomenclature of BPAF is 2,2-bis (4-hidroxyphenyl) 
hexafluoropropane and its molecular weight is 336.23 g/
mol.3,4 It is used in the production of polycarbonate resin, is a 
component of certain plasters, and is used as a rubber bridging 
material.2

BPAF is detected in the environment, tap water, bottled water, 
and canned food.4,11 In a recent study it was shown that it 
accumulates in human urine.4 

When the effects of BPAF are examined, it is seen that BPAF 
causes more potent toxicity in cells including blood cells. In 
addition, in the literature it is demonstrated that BPAF binds 
more strongly to estrogen receptors and has more effects on 
gene expression compared to BPA. It is also demonstrated that 
BPAF presents genotoxic and neurotoxic potential.4 

In their study Mokra et al.4 stated that BPA and BPAF have 
the highest genotoxic potential in incubated cells and they 
previously reported that BPA and BPAF induced the formation 
of ROS in peripheral mononuclear blood cells more potently 
and only BPAF caused a significant increase in OH levels in 
these cells.4 In other studies it was demonstrated that BPAF in 
high concentrations causes more potent DNA damage in MCF-7 
cells compared to BPA. It is also reported to form micronuclei in 
V79 cells and induce aneuploidy in SHE cells.2,4 While causing 
metaphase arrest in V79 cells, it also causes morphological 
changes in SHE cells along with aneuploidy.2 

In mammalian cells BPAF did not induce chromosomal 
aberration or gene mutation. Since toxicity data are insufficient 
and it has a similar structure to BPA, BPAF has been nominated 
for toxicological characterization by the US NIEHS.2

Bisphenol Z
The chemical nomenclature of BPZ is 1,1-bis (4-hydroxyphenyl) 
cyclohexane. BP compounds including BPZ have been found 
in different environmental and human samples. It is reported 
in different studies that concentrations of BPs in municipal 
waste water influents and effluents, sewage sludge, water, and 
sediments are elevated.18

BPZ may be used in the synthesis of an anesthetic compound.19 
Another area of use of BPZ is to cure highly heat resistant 
plastic materials and in electrical insulation. Several analogues 
of BPA, including BPF, BPS, and BPZ, are used in personal care 
products, food packaging materials, and paper products.20

Schmidt et al.19 showed that BPZ was biotransformed in highest 
level of mobility (HLM) in a manner similar to the case of 
BPAF. According to their research based on the peak areas, 
hydroxylated BPZ was the main in vitro metabolite in HLM in 
the presence of nicotinamide adenine dinucleotide phosphate 
and GSH.19 

In their study, Lee et al.21 reported that BPZ exposure caused 
a decrease with varying changes in T3 and T4 levels. Kovačič 
et al.18 stated that UV exposure is an effective way of removing 
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BPF, BPS, and BPZ from water, showing the fastest degradation 
rate in the case of the photo-Fenton reaction.18

OTHER BISPHENOLS
The chemical nomenclature of BPC is 2,2-bis (4-hydroxy-
3-methylphenyl) propane, of BPM is 4,4’-(1,3-phenylenedii 
sopropilidene) BP, of BPAP is 4,4’-(1-phenylethylidene) BP, 
of BPP is 4,4’-(1,4-phenylenedii sopropilidene) bisphenol, 
and of bisphenol 1 is [sulfonylbis(4,1-phenylene)] bis (oxy) 
dimethanol.2,3 The molecular weight of BPAP is 290.36 g/mol, 
of BPC is 256.34 g/mol, of BPM is 346.46 g/mol, and of BPP is 
346.46 g/mol.3 

According to the study by Lee et al.3 some BPs including BPAP, 
BPM, and BPP showed greater genotoxic potential compared to 
BPA. BPP is reported to have the greatest genotoxic potency 
and is suggested to have an association with double strand 
breaks.3 

BP-1 is reported to be a component of polymer bottles. 
Polybutylene terephthalate modified by BP-1 is seen to improve 
glass transmission temperature and thermal stability.2

In their research Fic et al.2 demonstrated that BPA, BPAF, BPF, 
BPS, BPZ, BP-1, BP-2, DMBPA, and DMBPS are not mutagenic 
in the Ames test; however, DMBPA, BP-2, BPZ, and BPAF have 
toxic effects on Salmonella typhimurium.2

Risk Assessment
The current lowest-observable-adverse-effect level of BPA is 
determined as 50 mg/kg bodyweight per day by the US EPA.22 In 
hazard assessment protocol by the EFSA it is indicated that the 
current temporary tolerable daily intake (t-TDI) for BPA is 4 µg/
kg bw per day.23 Mikołajewska et al.24 reported that dietary BPA 
exposure in children is 1.088-4.492 µg/day, exposure to BPA 
in 3-month-old infants fed from polycarbonate bottles is 4-11 
µg/kg b.w./day, dietary exposure (canned food and beverages) 
in adults is 1.56-10.453 µg/day, daily exposure to BPA through 
inhalation is 0.008-0.014 µg/person/day, exposure to BPA 
from thermal paper is 71 µg/day (exposure by 10 h/day), and 
exposure from paper currency is 0.0001-1.41 ng/day.24 These 
data suggest that both children and adults may be exposed to 
BPA higher than the t-TDI mainly by dietary exposure and might 
result in toxic health outcomes. Although a t-TDI was not found 
for BP analogues, Wu et al.25 reported the following values for 
BP analogues in foodstuffs: BPS <0.01 ng/g, BPA 0.125 ng/g, 
BPF <0.05 ng/g, BPP <0.025 ng/g, and BPAF <0.01 ng/g in the 
US between 2008 and 2012, which shows the other analogues 
to be lower than BPA.25

CONCLUSION
BPA is a widely produced and commonly used chemical. Due 
to its endocrine disrupting nature, it is associated with many 
diseases and disorders such as diabetes, breast cancer, obesity, 
cardiovascular diseases, renal diseases, chronic respiratory 
diseases, behavior disorders, thyroid hormone function 
disorders, tooth development disorders, and reproductive 
disorders. The respiratory system, central nervous system, 

cardiovascular system, immune system, and renal system 
are shown to be affected by BPA. It is also suggested that 
BPA has genotoxic and mutagenic potentials. Due to its toxic 
health effects, the use of alternative BPs has increased and 
BPA has been replaced by its chemical analogues such as BPS, 
BPF, BPAF, and BPZ. However, these replacing analogues 
are also BPs and it is suggested that they may pose similar 
or higher health risks for living organisms. In research BPS is 
reported to promote estrogenic activity, antiandrogenic activity, 
proarrhythmic effects, and hypothalamic neurogenesis in cell 
lines and to possess a potential of endocrine disruption similar 
to BPA. BPF is demonstrated to be estrogenic, androgenic, and 
thyroidogenic. BPAF is reported to cause more potent toxicity 
in cells, binding more strongly to estrogen receptors, and have 
more effect on gene expression compared to BPA, in addition 
to its neurotoxic and genotoxic potential. BPZ and other BPs 
also have structures similar to BPA and may show similar toxic 
effects. Therefore, it is important to examine the toxicological 
profile of these compounds and focus on risk assessment of 
BPA analogues to estimate the relationship between exposure 
and toxic outcomes. Further studies especially in humans are 
needed to shed light on the risk from BPA analogues.
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