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Editorial

The Editor proudly announces the third issue of EQJ/2019. In line with the scope
of EQJ, readers will find a short review dealing with the main radionuclides and metal
complexes currently used as radiopharmaceuticals in nuclear medicine for diagnosis by
imaging. Are mentioned those radiopharmaceuticals produced in Brazil together with the
more important producers in the country. This issue also brings other interesting subjects
as follows: a) characterization of nimesulide raw materials from different manufacturers,
development of immediate release tablets and different specification for quality control
are described; b) chemical investigation of the crude extract obtained from small-scale
and large-scale cultures of the endophytic fungus Schizophyllum commune, that resulted
in the identification of promising antioxidant, antifungal, and acetylcholinesterase
inhibitory activities, being some of compounds identified and isolated by the first time
from endophytic fungus of the Schizophyllum genus; c) liquid-liquid equilibrium of the
extraction process of ethanoic acid in aqueous phase showing good performance of the
solvent ethyl ethanoate for concentrations of solute until 16% of the feed; d) theoretical
investigation of the bound state solutions of the non-relativistic Schrédinger equation
with a mixed potential, using the Wentzel-Kramers-Brillouin quantum theoretical
formalism.

The Editor, convinced of the high quality of the articles published so far in EQJ,
kindly invite you to submit your manuscript to Eclética Quimica Journal and thanks all
authors for their valuable contributions.

Assis Vicente Benedetti
Editor-in-Chief of EQJ
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Preparation of manuscripts

» Only manuscripts in English will be accepted. British or American usage is acceptable, but they should
not be mixed.

* The corresponding author should submit the manuscript
online: http://revista.ig.unesp.br/ojs/index.php/ecletica/author

» Manuscripts must be sent in editable files as *.doc, *.docx or *.odt. The text must be typed using font style
Times New Roman and size 11. Space between lines should be 1.5 mm and paper size A4.

» The manuscript should be organized in sections as follows: Introduction, Experimental, Results and
Discussion, Conclusions, and References. Sections titles must be written in bold and numbered sequentially;
only the first letter should be in uppercase letter. Subsections should be written in normal and italic lowercase
letters. For example: 1. Introduction; 1.1 History; 2. Experimental; 2.1 Surface characterization; 2.1.1
Morphological analysis.

» The cover letter should include: the authors’ full names, e-mail addresses, ORCID code and affiliations,
and remarks about the novelty and relevance of the work. The cover letter should also contain a declaration of
the corresponding author, on behalf of the other authors, that the article being submitted is original and its
content has not been published previously and is not under consideration for publication elsewhere, that no
conflict of interest exists and if accepted, the article will not be published elsewhere in the same form, in any
language, without the written consent of the publisher. Finally, the cover letter should also contain the
suggestion of 3 (three) suitable reviewers (please, provide full name, affiliation, and e-mail).

« The first page of the manuscript should contain the title, abstract and keywords. Please, do not give authors
names and affiliation, and acknowledgements since a double-blind reviewer system is used.
Acknowledgements should be added to the proof only.

« All contributions should include an Abstract (200 words maximum), three to five Keywords and a
Graphical Abstract (8 cm wide and 4 cm high) with an explicative text (2 lines maximum).

* References should be numbered sequentially in superscript throughout the text and compiled in brackets at
the end of the manuscript as follows:

Journal:

[1] Adorno, A. T. V., Benedetti, A. V., Silva, R. A. G. da, Blanco, M., Influence of the Al content on the phase
transformations in Cu-Al-Ag Alloys, Eclet. Quim. 28 (1) (2003) 33-38. https://doi.org/10.1590/S0100-
46702003000100004.

Book:

[2] Wendlant, W. W., Thermal Analysis, Wiley-Interscience, New York, 3rd ed., 1986, chl.
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Santos, G., Fugivara, C. S., Benedetti, A. V., Yamanaka, H., Amperometric Biosensor for Diagnosis of
Disease, In: State of the Art in Biosensors - Environmental and Medical Applications, Rinken, T., ed., InTech:
Rijeka, Croatia, 2013, Ch. 12.

Material in process of publication:

[4] Valente Jr., M. A. G., Teixeira, D. A., Lima Azevedo, D., Feliciano, G. T., Benedetti, A. V., Fugivara, C.
S., Caprylate Salts Based on Amines as Volatile Corrosion Inhibitors for Metallic Zinc: Theoretical and
Experimental Studies, Frontiers in Chemistry. https://doi.org/10.3389/fchem.2017.00032.

* Figures, Schemes, and Tables should be numbered sequentially and presented at the end of the manuscript.
» Nomenclature, abbreviations, and symbols should follow IUPAC recommendations.

* Figures, schemes, and photos already published by the same or different authors in other publications may
be reproduced in manuscripts of Eclet. Quim. J. only with permission from the editor house that holds the
copyright.

* Graphical Abstract (GA) should be a high-resolution figure (900 dpi) summarizing the manuscript in an
interesting way to catch the attention of the readers and accompanied by a short explicative text (2 lines
maximum). GA must be submitted as *.jpg, *.jpeg or *.tif.

» Communications should cover relevant scientific results and are limited to 1,500 words or three pages of
the Journal, not including the title, authors’ names, figures, tables and references. However, Communications
suggesting fragmentation of complete contributions are strongly discouraged by Editors.

* Review articles should be original and present state-of-the-art overviews in a coherent and concise form
covering the most relevant aspects of the topic that is being revised and indicate the likely future directions of
the field. Therefore, before beginning the preparation of a Review manuscript, send a letter (1page maximum)
to the Editor with the subject of interest and the main topics that would be covered in Review manuscript. The
Editor will communicate his decision in two weeks. Receiving this type of manuscript does not imply
acceptance to be published in Eclet. Quim. J. It will be peer-reviewed.

« Short reviews should present an overview of the state-of-the-art in a specific topic within the scope of the
Journal and limited to 5,000 words. Consider a table or image as corresponding to 100 words. Before beginning
the preparation of a Short Review manuscript, send a letter (1page maximum) to the Editor with the subject of
interest and the main topics that would be covered in the Short Review manuscript.

» Technical Notes: descriptions of methods, techniques, equipment or accessories developed in the authors’
laboratory, as long as they present chemical content of interest. They should follow the usual form of
presentation, according to the peculiarities of each work. They should have a maximum of 15 pages, including
figures, tables, diagrams, etc.

« Articles in Education in Chemistry and chemistry-correlated areas: research manuscript related to
undergraduate teaching in Chemistry and innovative experiences in undergraduate and graduate education.
They should have a maximum of 15 pages, including figures, tables, diagrams, and other elements.

« Special issues with complete articles dedicated to Symposia and Congresses can be published by Eclet.
Quim. J. under the condition that a previous agreement with Editors is established. All the guides of the journal
must be followed by the authors.
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ABSTRACT: Radiopharmaceuticals are radioactive compounds
which have a bound radionuclide in their structure, whose
purpose is directing the radionuclide to a location to be treated or
to obtain images. Nuclear medicine is the medical specialty that
employs radiopharmaceuticals, which has presented itself as a
tremendously useful ally for medicine assisting in various
diagnoses and treatments, especially for cancer. The general
objective of this work is to identify the main radionuclides and
metal complexes currently used as radiopharmaceuticals. The
main metal complexes used as radiopharmaceuticals are
compounds of technetium (**™Tc) like sodium pertechnetate and
methylenediphosphonate MDP-**"Tc and other compounds of
indium (*:*In), thallium (2°*TI), gallium (¥Ga, %8Ga), iodine (**°I
and 3), chromium (3!Cr), sulphur (®S), phosphorus (%P),
fluorine (as fluorodeoxyglucose, ®F-FDG and sodium fluorine,
Na®F), which are widely used in the nuclear medicine for
diagnosis by imaging. They have been of great importance for the

RADIOPHARMACEUTICAL - BRAIN

"1C, N, 0 - physiology and pathology
'*F-FDG - glucose metabolism

" bicisate (ECD) - perfusion scintigraphy
""'In - brain studies

"2 - blood flow
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early diagnosis of numerous diseases, mainly cancer.Currently, technetium compounds are the majority of radiopharmaceuticals used in
all countries. In Brazil, Institute of Energy and Nuclear Research (IPEN) is one of the most important distributors of
radiopharmaceuticals, producing, importing and distributing them to clinics and hospitals over the country.

CONTENTS
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1. Introduction

In nuclear medicine, radiopharmaceuticals are
used in diagnostic imaging and radiotherapy, being
of utmost importance for medicine in general to
assist in diagnoses of organs and treatments of
pathological conditions, especially cancer. In the
imaging modality, radiopharmaceuticals are
administered via oral, intravenous, or by inhalation
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to enable visualization with their radioactive
tracers of various organs, such as kidneys, lungs,
thyroid and heart functions, bone metabolism and
blood circulation. In therapeutic modality, aiming
to treat cancer or over functioning thyroid gland, a
high dose of radiation is delivered through specific
radiopharmaceuticals targeting the diseased
organ’.

Radiopharmaceuticals generally consist of two
components, a radioactive element (radionuclide),
that permits external scan, linked to a non-
radioactive element, a biologically active
molecule, drug or cell (red and white blood cells
labeled with a radionuclide, for example) that acts
as a carrier or ligand, responsible for conducting
the radionuclide to a specific organ®.

Some characteristics are necessary for
considering radiopharmaceuticals clinically useful
for imaging: the decay of the radionuclide should
be in specific ranges of energy emissions (511 keV
for positron emission tomography — PET and 100-
200 keV for gamma cameras) and in sufficient
quantity for tomography detection; 2) it should not
contain particulate radiation (beta emissions, for
example), because it increases the radiation dose in
patients; 3) the half-life should be for a few hours
only; 4) the radionuclides should not be
contaminated by other radionuclides of the same
element nor even its stable radionuclides (carrier-
free); 5) they should have specific activity, and the
highest specific activity comes from carrier-free
radionuclides; 6) the radiopharmaceutical should
not have toxicity and does not manifest
physiological effects; 7) the radiopharmaceutical
should be available for instant usage and easy to
compound; 8) the radiopharmaceutical should
reach the target organ quickly and accurately,
according to its intended application®.

Diagnostic radiopharmaceuticals have no
pharmacological effects and their administration is
not associated with relevant clinical side effects. Its
clinical use, however, carries the inherent risk of
exposure to radiation and possible contamination
during radiopharmaceutical formulation, since
most radiopharmaceuticals are administered
intravenously?.

The most notable difference between normal
medicines and radiopharmaceuticals is that the
former has therapeutic effect while the latter does
not. Besides that, radiopharmaceuticals have a
short half-life, because of their rapid decay. For this
reason, radiopharmaceuticals must be prepared
immediately before their administration. The

12

preparation and use of radiopharmaceuticals with
safety and expertise are therefore vital for operator
and patient protection®.

Understanding the mechanism of interaction
between the radioactive elements and the different
molecules, drugs, cells and organs it is necessary
for the development of more efficient imaging or
therapeutic radiopharmaceuticals’.

2. Historical Bases of Nuclear Medicine and
Radioactivity

Wilhelm Roentgen’s work on X-ray studies has
stimulated researchers such as Henri Poincaré
whose studies are related to the hypothesis of X-ray
emission and fluorescence. The first scientist to
carry out the hypotheses proposed by Poincaré was
Charles Henry, using zinc sulfide as an X-ray
intensifier, concluding that in the presence of light,
when the radiographs became sharper because of
the substance”.

In 1896, Henri Becquerel used uranium salts on
photographic plates, which resulted in marked
radiographs without the presence of light. In 1905,
Marie and Pierre Curie were the first to suggest
radium for treatment of cancer. The Curies’ work
may be considered the beginning of modern
nuclear medicine. In 1931, Ernest Lawrence built
the first cyclotron, equipment that accelerated
alpha particles, such as protons, deuterons, or
helium ions, with the aim of penetrating the
nucleus to produce stable and radioactive isotopes.
A decade later, Lawrence’s cyclotron had produced
223 radioactive isotopes, many of which are now
of great value for medicinal uses and studies in the
biological sciences®.

In 1930, Ernest Lawrence and Milton
Livingstone, with their invention of the cyclotron,
allowed the artificial production of new radioactive
elements, but the gquantities were very small. The
medical use of radionuclides began during World
War Il with the Oak Ridge reactor in the United
States, initiating the production of radionuclides in
global scale. Hal Anger, in 1958, developed the
image-scintillation chamber, which did not require
the movement of the detector. It had a higher
geometric resolution, and it was possible to obtain
different projections of the same distribution of the
radiopharmaceutical. However, computers were
not yet capable of acquiring the information and
transforming it into images. So, the information
was sent to the cathode ray tube for it to be recorded
on photographic plates or films. The modern

Eclética Quimica Journal, vol. 44, n. 3,2019, 11-19
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scintillation cameras used nowadays are the Anger
camera type’.

Nuclear Medicine only had a diagnostic power
when Paul Harper and his group introduced the
%™Tc radionuclide as a marker. This radionuclide
decays by isometric transition emitting photon with
energy of 140 keV, gamma-type radiation and
physical half-life of about 6 hours, which allows
studies with reasonable intervals. In addition, it is
obtained by the decay of the parent element **Mo,
produced in ®Mo/**™Tc generators’.

The  first  radiopharmaceuticals  were
commercialized in 1950. **lodine was the first
commercially available isotope, with Abbott
Laboratories being the first company to produce
radiopharmaceuticals for medical uses®.

The radioactive elements, thus classified, may
have highly energetic unstable nuclides due to the
excess of energy, which stabilizes by the emission
of particles or electromagnetic radiation or charged
particles during radioactive decay. In this context,
there are three types of radiation: alpha, beta minus
and gamma'?. Radiation propagates at a certain
speed and contains energy with electric and
magnetic charges that can be generated by natural
sources or by artificial devices, such as a cyclotron.
lonizing radiation is generated from the energy
emitted by an unstable nucleus in artificial form or
by a cyclotron®.

3. Nuclear Medicine and Radiopharmaceuticals

Radiopharmaceuticals may be divided in two
distinct groups: one that includes radionuclides
with radioactive decay period (half life) less than 2
h, and other that includes radionuclides with half
life higher than 2 h’.

Nuclear medicine cameras are proper for
identifying radioactive particles. The type of
radiation emitted defines the type of camera:
SPECT cameras are used to detect nuclides that
decay through direct emission of single gamma
rays, and PET cameras are able to detect the pair of
gamma rays emitted after a decay of positron®®.

3.1 Nuclear medicine techniques

Diagnostic techniques in nuclear medicine use
radioactive tracers that emit gamma radiation from
within the body. The camera constructs an image
from the points where the radiation is emitted. This
image is magnified on a computer and it can be
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observed on a monitor that indicates the
anomalies™.

The nuclear medicine techniques include Single
Photon Emission Computerized Tomography
(SPECT), Positron Emission Tomography (PET),
and computed tomography-PET (PET-CT) (for
better anatomical visualization), micro-PET (with
ultra-high resolution) and microcomputerized axial
tomography micro-CAT. These techniques are
used to analyze biochemical dysfunctions as early
signs of the disease, its mechanisms and
association with disease states from cancer to
cardiovascular diseases and mental disorders®*?,

A SPECT exam is used primarily to visualize
the blood flow through veins and arteries, and to
perform pre-surgical evaluation of seizures.
SPECT is also useful in the diagnosis of blood
deprived areas of brain (ischemic), spinal stress
fractures (spondylolysis) and tumors™.

The PET imaging detects the pair of gamma
rays produced by the interaction between a positron
and an electron in the tissues of the body. The
electron and the positron neutralize each other
producing two gamma rays in opposite directions.
PET detects the electronic signal converting with
scintillation crystals the energy released by gamma
rays'’.

%mTechnetium is the radionuclide that has the
best characteristics to combine with gamma
cameras and ®fluorine has the most desirable
characteristics for PET".

Although the SPECT and PET techniques
capture images with high intensity, they have low
spatial resolution because they are directed to the
surface of the body they are accurately visualized.
On the other hand, computerized tomography (CT)
and magnetic resonance have greater spatial
resolution, but with less sensitivity. To obtain such
restrictions, the techniques are merged for images
with excellent spatial resolution combined with
high sensitivity’.

X-ray CT has a computational process that
makes a three-dimensional image, resulting in
images with much greater resolution and quantity
of details of internal structures and organs of the
body®. There are other non-nuclear techniques,
which are not described in this review, but could be
accessed in this reference”.

3.2. Radionuclides in medicine

Radionuclides have many applications in
several areas that use nuclear technology. The use
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of radiation and radionuclides in medicine is
continuously increasing both for diagnosis and
therapy worldwide.

In developed countries (1/4 of the world’s
population), one person in 50 is subject to nuclear
medicine and the frequency of radionuclide therapy
is about 10% of that number, according to the
World Nuclear Association,

Radiation is used in nuclear medicine to obtain
information about the organs of a person for
treatment of a disease. In many cases, information
is used for a quick diagnosis. Thyroid, bones, heart,
liver, kidney and many other organs can be easily
observed in the generated image and the anomalies
of its functions are revealed. About 10,000
hospitals worldwide use radionuclides and about
90% of the procedures are for diagnosis. The
radionuclide most used in diagnostics is *™Tc. It
has been used in about 40 million exams per year,
which means 80% of all exams in nuclear medicine
worldwide'".

Radionuclides are essential components of
diagnostic exams. In combination with the
equipment recording the images from the emitted
gamma rays, the processes that occur in various
parts of the body can be studied. For diagnosis, a
dose of the radioactive material is given to the
patient and the localization in the organ can be
studied as a two-dimensional image or, using
tomography, as a three-dimensional image. These
gamma or positron tracers have short-lived
isotopes and are linked to chemical compounds that
allow specific physiological processes to be
evaluated'®**,

In the USA, more than 20 million medical
applications per year are performed using
radionuclides and in Europe about 10 million per
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year’, In Brazil, the Nuclear and Energy Research
Institute (IPEN) reported that, in 2017, there were
360 diagnostic clinics and nuclear medicine
hospitals, 70% in the South and Southeast regions
of Brazil, 72 PETs installed, others to be licensed,
33 hospitals with rooms for therapy and
approximately 1.8 million patients per year',

3.3 Radiopharmaceuticals for diagnosis in human
body

Medical doctors and chemists have identified a
large number of chemicals that are absorbed by
specific organs. Thyroid, for example, absorbs
iodine while the brain absorbs glucose. Diagnostic
radiopharmaceuticals can be used to monitor blood
flow to the brain, liver, lung, heart, and kidney™.

Particulate radiation can be useful for
destroying or  weakening  cancer  cells
(radiotherapy). The radionuclide that generates the
radiation can be located in a certain organ in the
same way used for diagnostics. In many cases, beta
radiation causes the destruction of cancer cells.
Y7_utetium (*"’Lu), for example, is prepared from
Yytterbium  (*°Yb) which is irradiated to
transform it into Y"Yb, which rapidly returns to
YLu, yttrium (*Y) is used to treat cancer,
especially non-Hodgkin’s lymphoma and liver
cancer. *lodine (**1), **samarium (***sSm) and
%2phosphorus (*P) are also used in radiotherapy.
BlCesium  (B'Cs), *palladium (**Pd) and
Zradium (**Ra) are used in special cases™'.

Figure 1 lists the radionuclides most commonly
used for diagnosis and treatment of different organs
of the human body.
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lacrimal glands
9mTc - DTPA - inflammation

salivary glands
9MTc - pertechnetate

heart ~

42K - coronary blood flow
9mTc - sestamibi (Cardiolite)
and tetrofosmin (Myoview) -
myocardial perfusion

"93Ru - myocardial blood flow
191m|r - cardiovascular ‘
angiography ?7

liver

9MmTc - MAA - intraarterial
perfusion

9mTc - colloidal sulfur -
scintigraphy

9MTc - phytate

9MTc - para-methyl
iminodiacetate

99mTc - red blood cells -
hetapic hemangioma
kidneys

9mTc - diethylenetriamine-
pentaacetic acid (DTPA) and
mercaptoacetyltriglycine (MAG;)
renal dynamic scintigraphy

soft tissues
5"Ga - citrate
18F-FDG

brain
C, N, ®0 - physiology and pathology
8F-FDG - glucose metabolism
SSe - tracer
9mTc exametazime (HMPAO) - perfusion scintigraphy
9MTe bicisate (ECD) - perfusion scintigraphy
™|n - brain studies
- 22| - blood flow
thyroid
'8F-FDG - detect cancer
9MTc - pertechnetate
123 - jodide - diagnosis of function
pulmonary perfusion
99MTe - macroaggregated
of serum human albumin (MAA)
133Xe - lung ventilation
stomach
%8Co - gastrointestinal absorption
141Ce - gastrointestinal tract
diagnosis

intestines

$1Cr - human serum albumin

%8Co - gastrointestinal absorption
41Ce - gastrointestinal tract diagnosis
9MTe - pertechnetate - diverticulum
detection

skeleton

47Ca - bone metabolism

9MTe - colloidal sulfur - bone marrow scintigraphy
"5Eu - osteoporosis detection

Figure 1. Different radiopharmaceuticals and target organs for imaging*'>'4. Image
released into the public domain, changed for the review purposes*®.

4. Production of radionuclides

Radionuclides found in nature, such as uranium
and radium, are heavy elements with high toxicity
and long half-life (over 1,000 years), so they are
not used clinically. Radionuclides used in nuclear
medicine are artificially produced by neutron
bombardment or nuclear fission”.

Many radionuclides are produced in nuclear
reactors and cyclotrons. Generally, neutron-rich
radioisotopes and those resulting from nuclear
fission are produced in reactors (Table 1) and the
neutron-poor radioisotopes are produced in
cyclotrons (Table 2). There are about 30

radioisotopes produced by activation and 5 are
reactor melt products. A list with 70 elements, their
isotopes, half-lives, decay, main energy and
applications can be found in the reference™.
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Table 1. 30 selected radionuclides produced by
nuclear fission™.

“Bpismuth *iron 3samarium
Blcaesium 2)ead "selenium
B37caesium T utetium 24sodium
*tchromium “molybdenum | *¥strontium
0cobalt-60 %palladium | **Mtechnetium
%5gysprosium | *phosphorus | #*’thorium
%%rbium *potassium 133xenon
%8holmium “Bradium 8%y tterbium
Bliodine rhenium Yytterbium
2jridium 88 henium SOyttrium

Table 2. 18 selected radionuclides produced by
cyclotrons™.

225ctinium %"copper
Hastatine %“gallium
2Bpismuth 127xenon
Ycarbon Windium
Bnitrogen Zjodine
Boxygen 24odine
Bfluorine 1My rypton
Scobalt &rubidium
%4copper %thallium
In  Brazil, the main producer of

radiopharmaceuticals is IPEN, located in the city of
S&o Paulo, state of Sdo Paulo. IPEN is the only
producer in the country of the **™technetium
generator, which is used in 80% of the nuclear
medicine procedures in Brazil. IPEN is also
responsible  for the production of 38
radiopharmaceuticals with distribution for all the
Brazilian states™. According to data from the
National Commission for Nuclear Energy (CNEN)
Management Report for 2017, published in August
2018, about the radiopharmaceutical industry in
Brazil, the main producers of radiopharmaceuticals
are: Nuclear and Energy Research Institute (IPEN
— Sdo Paulo), Nuclear Technology Development
Center (CDTN - Belo Horizonte), Northeast
Regional Center for Nuclear Sciences (CRCN-NE
— Recife), Nuclear Engineering Institute (IEN —Rio
de Janeiro) operating nuclear reactors and particle
accelerators, producing and commercializing
supplies for the medical area. The Institute of
Radiation Protection and Dosimetry (IRD — Rio de
Janeiro) and the Laboratory of Pocos de Caldas
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(LAPOC - Pocos de Caldas) are research
laboratories that provide services to other
laboratories, industries and companies and do not
produce radiopharmaceuticals™.

The constitutional amendment 49 published in
February 9, 2006 defines that production,
commercialization and use of radionuclides with a
half-life less than or equal to two hours are
authorized and commercialization and use of
radionuclides for research and medical, agricultural
and industrial uses™.

Table 3 shows the radiopharmaceuticals
produced in Brazil and places where they are
manufactured.

Table 3. Radiopharmaceuticals produced in
Brazil®.

Product Place of
production
sodium iodide (**I1) IEN
sodium iodide (**1) IPEN
gallium citrate (°'Ga) IPEN
thallium chloride (*TI) IPEN
sodium chromate (*'Cr) IPEN
generator **Mo — *™T¢ IPEN
sodium sulfate (*S) IPEN
phosphoric acid (*P) IPEN
sodium phosphate (*2P) IPEN
¥fluorodeoxyglucose IPEN, IEN,
(*®F-FDG) CDTN,
CRCN-NE
EDTMP (***Sm) IPEN
sodium fluoride (Na*®F) | IPEN, CDTN
Windium (***In) IPEN
dotatate (*'’Lu) IPEN

In addition to these radiopharmaceuticals,
CNEN supplies sealed sources (**Ba, *'Cs and
57Co), %Ir and **I seeds, both used in oncological
treatments, using brachytherapy procedures™.

Production of technetium in Brazil still depends
on raw material from foreign origin
(*®*molybdenum), and on the costs of importation.
However, within the next few years, the CNEN
aims at implementing the Brazilian Multipurpose
Reactor (RMB) in the city of Iperd, state of S&o
Paulo. Also, the Federal Government plans to
initiate  RMB’s usage in 2024, becoming
independent and guaranteeing the nationalization
of the *molybdenum radionuclide for the country’s
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demand*®*’. This reactor must produce circa 1,000
Ci of ®Mo per week (Ci (curie) is a unit of
radionuclide activity, defined as: 1 Ci = 3,7 x 10"
disintegrations per second®’). As a comparison, in
2014, national demand was 450 Ci **Mo/week*"*¢;

A
—™ / __ i
e k“/ /—/_\jJ \ ) Villas Boas Radiofarmacos Brasil S/A
7
\_ —

\ j
Villas Boas Radiofarmacos Brasil S/A
Brasilia - DF r

CDTN - Research and
Radiopharmaceuticals
Production Unit

Belo Horizonte - MG

UBEA - Hospital Sao Lucas,

\X Cyclobras Servigos Ltda.
Instituto do Cérebro // X/ Campinas - SP
4

the worldwide demand, in 2018, was 9 400 Ci
Mo/week.

Figure 2 shows all cyclotrons installed and in
operation in Brazil in 2019.

Eusébio - CE

Delfin Farmacos e Derivados Ltda.
Lauro de Freitas - BA

IBF - Industria Brasileira de
Farmoquimicos S.A
Sao José do Rio Preto - SP

Nuclear Medicine Center -
University of Sao Paulo (USP)
Séao Paulo - SP

\\\’\’3
R2 Solugoes em Radiofarmacia Rk 7

Porto Alegre - RS ) J

Cyclopet Radiofarmacos Ltda.
Curitiba - PR

Figure 2. Cyclotron installations in Brazil?*. Image released into the public domain, changed for the review
purposes?.

The main difficulties for production of new
radiopharmaceuticals in Brazil are the lack of a
70 MeV high energy cyclotron accelerator in the
country and the adequacy of the facilities to follow
the Brazilian National Sanitary Surveillance
Agency (Anvisa) Resolution n° 63,

5. Conclusions

Radionuclides have many applications in
several areas which use nuclear energy. The
importance and uses of radionuclides in medicine
is continuously increasing for diagnosis and
therapy worldwide. In 2018, about 10,000 hospitals
used radionuclides and about 90% of the
procedures were for diagnosis. In Brazil, the
Institute of Energy and Nuclear Research (IPEN)
reported that in 2017 there were more than 440
diagnostic clinics and nuclear medicine hospitals,
55% in the Southeast region of Brazil, 19% in
Northeast and 15% in South region; 72 PETSs
installed, with about 1.8 million people supported.

There are about 40 radionuclides produced in
nuclear reactors and about 20 radionuclides
produced in cyclotrons.

%MTechnetium is the most used radionuclide for
diagnosis, accounting for 67.3% of total CNEN
revenue in 2017. Besides *™Tc, 1 (13.7%), *'Ga
(2.9%), Y"Lu Dotatate (2.9%) and **F-FDG (1.1%)
were more frequently used in Brazil in 2017.

SPECT and PET are the two most used
techniques in nuclear medicine during a large
period, but nowadays other techniques with more
accurate results are emerging, among them X-ray
computed tomography e with three-dimension
images.
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ABSTRACT: This paper aims to characterize nimesulide
raw materials from different manufacturers and to develop
immediate release tablets, in order to register a generic
product. Also, raw material characteristics and the tablets
final properties were investigated in order to establish a
different specification for quality control. Two micronized
and one non-micronized nimesulide samples were obtained
from different manufacturers and were characterized by
thermal analysis, spectroscopic techniques, morphological
analysis, flowability and biopharmaceutical evaluation. The
samples belong to the same polymorph. The formulations
design and the choice of the production process were carried
out based on the results obtained in the characterization
assessments. The proposed formulations showed different
dissolution behavior. One formulation was selected and then
the dissolution was evaluated in different dissolution media
containing varying concentrations of surfactant, in order to verify if the concentration of 2% (v/v) of polysorbate 80, recommended by
the Brazilian Pharmacopoeia, would be overestimating the bioavailability of the drug. The results showed that the percentage of
surfactant present in the dissolution medium directly impacts the amount of dissolved drug. The selected formulation demonstrated
promising results to proceed with the bio batches manufacture and the pharmaceutical equivalence study.
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1. Introduction to 6.5), attributed to the presence of a sulfonamide
group™?. It is practically insoluble in water (about

Nimesulide is a nonsteroidal sulfonamide and 10 pg/mL) and soluble in methanol and ethanol at

belongs to the class of anti-inflammatory drugs
(NSAIDs) that demonstrates a selectivity for
COX-2 (cyclo-oxygenase-2) and, therefore, has
anti-inflammatory, analgesic and antipyretic
activities"?. When administered in recommended
dosage demonstrates low incidence of side effects
and is better tolerated than other NSAIDs, such as
diclofenac, ketoprofen, naproxen and piroxicam®.
Nimesulide is a sulfonanilide derivative, with a
melting point around 143 °C?®. According to the
literature, it is a weakly acidic (pKa approximately

20

room temperature’. Based on Biopharmaceutics
Classification System (BCS), nimesulide is
considered a class 2 drug, characterized by low
solubility and high permeability. Thus, its
dissolution may represent a limiting step in drug
absorption process®.

According to one study reported in the
literature, crystallization of nimesulide in different
organic solvents affects some physicochemical
properties such as melting point, solubility and
dissolution profile, indicating the existence of
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polymorphs®. Other studies describe the existence
of two polymorphs of nimesulide: form | (usually
usée7d in the pharmaceutical industry) and form
1>,

Some studies discuss the characterization of
nimesulide and demonstrated that DSC and X-ray
diffraction techniques are promising in identifying
polymorphs of nimesulide’. Additionally, the
literature  contains  several studies using
spectroscopy in  the form of infrared
complementary to other analytical techniques’*

In terms of biopharmaceutical evaluation, a
study obtained different values of intrinsic
dissolution rate of nimesulide polymorphs | and
1. However, the analysis of the graph in this study
demonstrates that there was no linearity, affecting
the results obtained in IDR’. Other studies using
the intrinsic dissolution with this drug were not
found, as well as studies using the wettability test.
Allied to such trials, the powder dissolution has
been used in biopharmaceutical evaluation™*?,
because there are some important factors that can
impact on the assay results, for example,
wettability, crystallinity, particle size and surface
area™,

The formulation studies evaluated the
nimesulide tablets dissolution profile and found
that drug release is not achieved even by testing
the presence of surfactant at different
concentrations in the dissolution medium***°,

Reducing the particle size of the drug to
microparticles has been shown to significantly
increase the dissolution and bioavailability of
drugs. This is achieved by increasing the contact
surface, which has a positive impact on the
dissolution rate and possibly absorption'®. One
method to reduce particle size is by
micronization*” however, although there are
advantages regarding the optimization of the
dissolution of drugs with low solubility,
micronizing should be carefully considered,
because this can result in low density problems
and inadequate flow. Accordingly, with respect to
flowability, the literature reports a previous study
evaluating the fluidity, in which it was
demonstrated that nimesulide has no good flow
properties®.

The objective of this study was the
characterization of nimesulide samples from
different manufacturers and the development of
immediate release tablets, in order to register a
generic product. It was also tried to make some
correlation between raw material characteristics

and the final properties of the tablets in order to
establish a different specification for quality
control.

2. Materials and methods
2.1. Materials

Samples of nimesulide from three different
manufacturers were coded as NM1 (sample non-
micronized), NM2 and NM3 (micronized). The
excipients  microcrystalline  cellulose 101
(Mingtai), lactose monohydrate 80 (DFE Pharma),
sodium lauryl sulfate (Nuclear), docusate sodium
(Shin-Etsu Chemical), sodium starch glycolate
(Ecadil), low substituted hydroxypropyl cellulose
(Shin-Etsu Chemical), polyvinylpyrrolidone K-30
(Boai Niki) and magnesium stearate (Magnesia),
previously tested and approved according to the
USP*®, were used. Standard sample of nimesulide
was supplied by National Institute for Quality
Control in Health, with purity of 99.80% and
Nisulid®, Aché Laboratory, as the reference
medicine.

2.2. Evaluation of the active pharmaceutical
ingredient according to pharmacopoeia criteria

Samples NM1, NM2 and NM3, were analyzed
according to the methodologies described in the
Brazilian Pharmacopoeia’. The tests included
identification, which used the method of infrared
spectroscopy  (spectrometer infrared model
Nicolet 6700 FT-IR, Thermo Scientific), heavy
metals, loss on drying, sulfated ash and dosing.
This last one, followed the recommendations
established in the method B of the Brazilian
Pharmacopeia, which uses spectrophotometry
absorption in the ultraviolet (LAMBDA 25,
PerkinElmer) and the absorbance readings were
performed at 392 nm.

2.3. Differential scanning calorimetry (DSC)

The DSC analysis was performed with a
differential exploratory calorimeter instrument
model 60, Shimadzu. The samples were weighed
(about 3 mg) and encapsulated in aluminum
crucibles with lid closed. The DSC curves were
obtained under heating rates of 5, 10, 20 and
40 °C/min over a temperature from 25 to 200 °C,
a flow rate of 50 mL min™ of argon gas. Assays

21 Eclética Quimica Journal, vol. 44, n. 3, 2019, 20-35

ISSN: 1678-4618
DOI: 10.26850/1678-4618eqj.v44.3.2019.p20-35


https://doi.org/10.26850/1678-4618eqj.v44.3.2019.p20-35

Original article

were performed in triplicate. Different heating
rates were used.

2.4. Fourier transform Infrared spectroscopy

The FTIR spectra were record using a Thermo
Scientific, model Nicolet 6700 FT-IR, over a
range from 4000 to 400 cm™ at a resolution of
4 cm™. IR samples were analyzed directly without
sample preparation.

2.5. X-Ray Powder Diffraction

The XRPD patterns of the samples were record
on an X-ray D8 diffractometer (Bruker) equipped
with Lynxeye XE detector and with Cu as tube
anode (Ko radiation with A = 1.5418 A). The
diffraction patterns were record under the
following conditions: voltage 40 kV, 40 mA and
fixed divergence slit using configuration of 20
range from 4 to 50°, with a step size of 0.02° and
a step time of 0.1 s. The identification of the
crystal structure was performed using the database
Cambridge Structural Database (CSD)™ and
calculated XRD pattern was prepared using the
program Mercury 3.7%.

2.6. Determination of particle size distribution
using laser diffraction analysis

Particle size distribution was obtained by the
laser diffraction method with a Malvern
equipment, Model 2000E Mastersizer, using the
liquid mode, a measurement range of 0.1-500 pm
and obscuration between 17 and 23%. The
suspension of 500 mg of nimesulide was prepared
with an agueous solution containing 0.5%
polysorbate 80, in a total of around 30 mL. It was
necessary to use ultrasound (USC 2800A, Unique)
with speed 10.

2.7. Scanning Electron Microscopy (SEM)

To study the morphology of NM samples,
SEM was performed on a Quanta 400 microscope
(FEI), at a voltage 10 kV, using 500 and 16000x
magnification. Small amounts of sample were
adhered on a metal stub using double-sided
adhesive carbon tape, which were then vacuum-
coated (0.6 mbar) with a thin layer of gold in a
BAL-TEC SCD 005 sputter coater at room
temperature.

2.8. Wettability

The analysis was conducted with a tensiometer
Kriss, DSA 100 at room temperature by sessile
drop method. Approximately 300 mg were
compressed in the form of discs using 800 psi for
1 min with the aid of a hydraulic press. The liquid
drop (water saturated with nimesulide) was
dispensed onto the surface of the sample and the
images were captured immediately. The
instrument calculated the contact angle by fitting
mathematical expression to the shape of the drop.

2.9. Powder dissolution

Powder dissolution was performed with a
dissolutor Distek, model 6100, and the conditions
were as follows: 900 mL of potassium phosphate
buffer solution adjusted to pH 7.4, with 2.0%
polysorbate 80 (w/w) at 37 £ 0.5 °C and stirred
with apparatus Il (paddle) at 75 rpm rotating
speed. Approximately 100.0 mg of nimesulide
were added directly to the vessels and aliquots of
10 mL were collected after 5, 10, 15, 20, 30, 45,
60 and 90 min, without replacing the medium.
Aliquots were filtered through 45 pum
polytetrafluoroethylene filter, diluted and the
absorbance measured in a spectrophotometer
(LAMBDA 25, PerkinElmer) at a wavelength of
392 nm. The tests were performed in triplicate. A
comparison of the dissolution profiles dispersion
was made by calculating the difference factor
(F1), the similarity factor (F2) and the dissolution
efficiency (DE). The DE values were submitted to
statistical analysis of variance (one-way ANOVA)
followed by Tukey test and considered significant
p <0.05.

2.10. Determination of flowability

The evaluation of the flowability was carried
out by the bulk and tapped density, Carr index,
Hausner ratio, repose angle and flow through an
orifice determination. The densities were
determined according method | of USP*®, using
the equipment Tap Density Tester (Nova Etica).
The values were used to calculate the Carr’s index
and Hausner ratio. For the determination of repose
angle and flow through an orifice was used
Granulate GTB Tester Equipment (Erweka) with
different diameter orifices and rotation speed to
determine the optimal test conditions and
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discriminate the flowability profiles of the
samples.

2.11. Formulation design

The galenic batches were prepared in amounts
about 600 to 800 g. The wet granulation was
conducted with a high shear granulator capacity
4L (TMG 1/6, Glatt), for the initial powder
mixture and the wetting with the binder solution.
After the granulation, the wet mass was passed
through a mesh of 4 mm using the oscillating
granulator (K-70, Lawes). The drying of the
granulate was performed in a fluidized bed (midi
Glatt, Glatt), at a temperature of 45 °C under a
controlled flow. The end point was determined by
drying the residual humidity using an infrared
balance (IV2500, Gehaka) and was established a
range between 2 and 3%. After drying, the
granulate was normalized with a mesh of 1.5 mm
in the oscillating granulator. Then, this granulate
was transferred to a V-blender, capacity 2 L
(66/10, Lawes), to perform the mixing of the
excipients that were added in the extra granular
phase. Finally, the compression was performed on
a rotating compressor (2000 10PSC, Lawes),
fitted with punches of 10 mm flat. The process
control was carried out by checking the weight,
hardness, friability and disintegration of the
tablets. For such determinations was used the
following equipments: semi-analytical balance,
capacity 200 g (Sartorius), portable durometer
(TBH100, Erweka), friability tester (TALO,
Erweka) and disintegrator (301-1, Nova Etica).

2.12. Evaluation of galenic batches

The tablets were analyzed by the average
weight, hardness, friability and disintegration,
conducted as  described in Brazilian
Pharmacopoeia®, and the comparative dissolution
profile, was carried out with the Nisulid®
reference drug.

2.13. Dosing

The analysis was performed according to the
Brazilian Pharmacopoeia’, which quantifies the

nimesulide content in tablets by ultraviolet
absorption spectrophotometry at a wavelength of
392 nm. The assay was performed in triplicate
with the standard solution and the sample
solution.

2.14. Dissolution profile

Initially, the dissolution profiles were
performed using the conditions recommended by
the Brazilian Pharmacopoeia®, with the reference
product and the galenic batches who presented the
results of physical tests (hardness, disintegration
and friability) most promising. The analytical
conditions were: 900 mL of potassium phosphate
buffer, pH 7.4, containing 2.0% (v/v) polysorbate
80 and stirred with paddle at a rotation speed of
75 rpm. Aliquots of 10 mL were removed after 5,
10, 15, 20, 30 and 45 min, without replacing the
medium, maintaining sink conditions throughout
the test. The amount of drug dissolved was
determined by reading on a spectrophotometer
(UV-1800, Shimadzu) in the ultraviolet region at a
wavelength of 392 nm. Then, one of the galenic
formulations, which showed the same type of
dissolution to the reference product has been
selected to perform additional dissolution profiles
studies. For this, was used the dissolution medium
potassium phosphate buffer, pH 7.4, containing
polysorbate 80 in concentrations of 1.0% and
0.5%. The others analytical conditions were
maintained. The dissolution profiles were
compared using dissolution efficiency (DE) and
their values were submitted to statistical analysis
of variance (one-way ANOVA) followed by
Tukey test and considered significant p < 0.05.

3. Results

3.1. Evaluation of the active pharmaceutical
ingredient according to pharmacopoeia criteria

The results of heavy metals, loss on drying,
sulfated ash and dosing match the specifications
of the Brazilian Pharmacopoeia® and are presented
in Table 1.
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Table 1. Results of heavy metals, loss on drying, sulfated ash, dosing, contact

angle of NM1, NM2 and NM3 samples.

Sample
NM1 NM2 NM3
Heavy metals (ppm) <20 ppm <20 ppm <20 ppm
Loss on drying (%) 0.19 0.21 0.34
Sulfated ash (%) 0.04 0.03 0.03
Dosing (%) 99.5 99.2 99.6
Contact angle (°) 80.7+1.7 79.1+£3.0 78.8£3.3

(average + SD)

3.2. Differential scanning calorimetry (DSC)

The DSC curves obtained for NM1, NM2 and
NM3 samples, measured at a heating rate of
5 °C/min showed a single sharp endothermic peak
at approximately 149 °C in accordance with the
melting point measurements (Figure 1). The same
results were obtained in the DSC curves for NM1
sample under other conditions as 10, 20 and
40 °C min™. In addition, NM2 and NM3 showed
identical results. For NM1, NM2 and NM3
samples, the baseline of DSC curves was similar
and display that the thermal capacity was not
changed by micronization process.

0 50 100 150 200
Temperature (°C)

Figure 1. DSC curves from bottom to top NM1, NM2
and NM3 samples at a heating rate of 5 °C/min.

Heat flow (mW)
«— endo

3.3. Infrared Spectroscopy

The FTIR spectra of all samples were
equivalent (data not shown). The IR spectrum
showed the vny at 3278 cm™, a band at 1149 cm™*
assigned to the symmetric deformation of SO,
group, vnoz stretching frequencies at 1330 cm™
and 1588 cm™ and a band at 1246 cm™ assigned
to the vcoc. Except for the vnu and wnoz (at

1588 cm™), that presented weak intensity peaks,
all the others functional groups of nimesulide
demonstrated medium intensity peaks.

3.4. X-Ray Diffraction

The X-ray diffraction patterns of NM1, NM2
and NM3 samples (Figure 2) presented
characteristic peaks at approximately 26 = 17.07,
18.14, 19.35 and 21.60°. The samples comparison
data clearly showed that the micronization process
did not change the NM structure. The results were
compared with the data of NM polymorphs | and
Il calculated from CSD and are also shown in
Figure 2.

| NM3

. I | NM2
NM1

L ll -

l | i Form 1

i ' I Form I1

3 8 13 is 28 33 38
28 (°) Cuka

(u.2.)

Figure 2. X-Ray diffraction patterns of the samples
NM1, NM2 and NM3 and calculated patterns of the
polymorphs | and Il of nimesulide obtained from the
CDCC (The Cambridge Crystallographic Data Centre).
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3.5. Particle
diffraction

size distribution using laser

The average size of particles results, the values
of particles smaller than 10% (d10), 50% (d50),
and 90% (d90) and the results of dispersibility
indices (span) was obtained with the samples from
different manufacturers of nimesulide. The NM3
sample showed the smallest particle size (d10 =
1.28; d50 = 6.57 and d90 = 20.61), followed very
closely by the NM2 sample (d10 = 2.09; d50 =
8.46 and d90 = 20.89) and, finally, the non-
micronized sample (NM1) showed the largest
particle size (d10 = 10.34; d50 = 33.85 and d90 =
76.52). Comparison of dispersibility indices
indicate that NM3 sample has the greater
nonuniformity of particle size distribution (DI =
2.94), followed by NM2 sample (DI = 2.22) and,
finally, NM1 sample (DI = 1.96). The particle size
distribution graphs are shown in Figure 3.
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Figure 3. Particle size measurements obtained by
LASER diffraction from bottom to top NM1, NM2 and
NM3 samples.

3.6. Scanning electron microscopy (SEM)

The images of the samples under study,
obtained by SEM at 500x magnification for NM1
and 16.000x for NM2 and NM3 samples, are
shown in Figure 4. The NM1 sample presented
the highest particle sizes between 25.2 and
103.5 um, which was previously expected because
is the IFA non-micronized, while the micronized
NM2 and NM3 samples showed particles in the
range of 364.8 nm to 3.5 um (Figure 4 B, C). The
micronization process led to the formation of
aggregates.

3.7. Wettability

Table 1 presents the results for all samples,
being observed that, using the method of the
sessile drop and water as wetting agent, they were
all near 80°.

3.8. Powder dissolution

Comparison of dissolution dispersion profiles
of NM1, NM2 and NM3 samples is shown in
Figure 5 and the values of F1, F2 and DE were
established. The F1 and F2 values (15.26 and
46.23, respectively) confirm that the NM1 and
NM3 samples showed the greatest differences
between the profiles. The result of F1 for the
micronized samples (NM2 and NM3) also showed
a high value (12.36) and a considerably borderline
result for the F2 parameter (50.55). Less expected,
the F1 and F2 values that showed the greatest
similarity was when the dissolution profiles of
NM1 (non-micronized) and NM2 (micronized)
were compared (3.33; 69.29). The DE values were
statistically analyzed by ANOVA and significant
differences were detected (p < 0.05). However,
when using the Tukey test, it was found that there
were no significant differences between the DE
values of NM1 and NM2 profiles (DE = 71 £ 2
and 74 % 5, respectively), while the significant
differences were encountered between the profiles
NM1 and NM3, NM2 and NM3 (DE =83 £ 1).
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Figure 4. Scanning electron microscopy of the samples NM1, NM2 and NM3 from top to down, with measurements with increase of
500, 20Kv for NM1 and 16.000 X for NM2 and NM3.

100 - 3.9. Determination of flowability
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Figure 5. Powder dissolution profiles of NM1, NM2
and NM3 samples in 900 ml of potassium phosphate
butter, pH 7.4, containing 2.0% polysorbate 80 (V/V),
using paddle apparatus at 75 RPM.

although slightly larger, still represent lower
density values. The lower values for the densities
of NM2 and NM3 samples are consistent with
their smaller size particles.

Table 2. Data obtained from the DSC curves Tonset, Tpeak and enthalpy (AH) for the samples
NM1, NM2 and NM3 in different heating rates.

Properties Sample Heating rate (°C/min)
5 10 20 40

Tonset £ SD (°C) NM1  148.3+0.3 1485+0.3 149.0 £ 0.6 150.8 £0.7
NM2  147.9+0.3 148.2+0.4 148.8 +0.5 149.8+0.4
NM3  147.6 +0.2 147.8 +0.3 148.6 + 0.4 149.8 +0.3

Tpeac £ SD (°C) NM1  149.8+0.3 150.8 +0.3 1525+0.5 157.0+0.6
NM2  149.2+0.3 150.1+0.3 1514 +05 153.5+0.5
NM3  149.1+0.2 149.4+0.3 151.2+04 154.0+0.3

AH+SD (J/g) NM1 121.6+0.3 111.8+0.4 112.2+0.6 120.1+0.7
NM2 111804 110.7+0.8 111.7+05 116.7 £ 0.6
NM3  109.7+0.3 109.7+0.4 107.6 £0.5 113.0+0.4
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3.9.2. Determination of repose angle and flow
through orifice

The repose angle could not be determined due
to the poor flowability of the samples. The graphs
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obtained by the flow through orifice are shown in
Figure 6 and the results are featured in Table 2.

NM2
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Figure 6. Graphs oof low through orifice of NM1, NM2 and NM3 samples.

3.10. Development and evaluation of nimesulide
tablets obtained in galenic batches

The design of the galenic formulations batches
was conducted with the excipients commonly
used in the pharmaceutical industry, besides the
excipients present in the reference product
formulation. The excipients lactose monohydrate,
microcrystalline cellulose,
hydroxypropylcellulose, sodium starch glycollate,
docusate sodium, hydrogenated vegetable oil and
magnesium stearate are present in the formulation
of Nisulid®. The galenic batches used the same
excipients except by the hydrogenated vegetable
oil and formulations with polyvinylpyrrolidone K-
30 and pregelatinized starch as a binder in place
of hydroxypropylcellulose, and sodium lauryl
sulfate, as the surfactant, instead of sodium
docusate were also tested. The galenic batches

(Table 3) used only the micronized samples, NM2
and NM3, due to the better results in powder
dissolution than the APl non-micronized
(Figure 5).

3.10.1. Physical parameters of the tablets and
dosing

The results of weight, hardness, friability and
dosing were all satisfactory. The disintegration
test showed some unsatisfactory results,
represented by L5 batch with a relatively high
disintegration time (L5 = 9* 30”), especially when
compared to the reference product, (1’ 157)
besides L6 that was out of specification (L6 =
greater than 30”). Therefore, it was decided not to
perform the dissolution profiles of these batches.
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Table 3. Flowability measurements of NM1, NM2 and NM3 samples (n=3).

Properties Sample

NM1 NM2 NM3
Bulk density + SD (g/mL) 0.45+0.01 0.20 £0.02 0.19 £0.02
Tapped density + SD (g/mL) 0.69 £0.01 0.28 £0.02 0.26 £0.02
Compressibility index (rating)  34.78 (very poor) 26.53 (poor) 27.69 (poor)
Hausner ratio (rating) 1.53 (very poor) 1.36 (poor) 1.38 (poor)
Repose angle ND ND ND
Flow through orifice (s/100 g* 18.8 (17.0-21.3)+  61.0 (32.7-112.0) + 189.6 (52.7-323.1)

— RSD %) 11.78%

72.69% +71.34%

ND not determined

* The results expressed are the average obtained regarding the determination in triplicate samples. The values in
brackets refer to the range found in the analysis, with minimum and maximum values.

3.10.2. Dissolution profile

3.10.2.1.  Dissolution  profiles  conducted
according to the criteria of the Brazilian
Pharmacopoeia

Initially, the dissolution profiles were
performed with the galenic batches L1, L2, L3,
L4, L7 and the reference product using the
conditions recommended by the Brazilian
Pharmacopoeia® and are shown in Figure 7. In
these tests, the reference product showed values
greater than 85% of dissolution in 15 minutes,
while only L2 and L3 batches showed a very fast
dissolution profile, same behavior of the reference
product. The statistical analysis has shown that
DE values of L2 and L3 dissolution profiles (DE
= 84.95 and 84.02, respectively) are not
significantly different (p > 0.05). However, it was
decided to select the L2 batch for the evaluation
of the influence of the surfactant in the medium
dissolution recommended by the Brazilian
Pharmacopoeia (polysorbate 80 2.0%) in different
concentrations.

100 -

8

Drug dissolved (%)

N
o

0

0 5 10 15 20 25 30 35 40 45 50
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Figure 7. Overlap of L1, L2, L3, L4, L7 dissolution

profiles and the reference product (R) using the

pharmacopoeic parameters (BF 5, 2010).

3.10.2.2. Dissolution profile in potassium
phosphate buffer, pH 7.4, containing different
concentrations of polysorbate 80

The curves of dissolution profiles containing
different concentrations of polysorbate 80
obtained with the tablets of L2 batch and Nisulid®
is illustrated in Figure 8. The presented results
show a reduction in drug release as the
concentration of polysorbate 80 has been reduced.
In all assessed surfactant concentrations, the test
product and the reference product remained values
above 85% over 15 minutes maintaining the very
rapid dissolution classification and making it
unnecessary the determination of F2. The
dissolution efficiency was calculated to compare
dissolution profiles. There was a reduction in DE
when the concentration of the surfactant was
gradually removed from the dissolution medium.
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This occurred for both the L2 batch (DE = 84.95;
82.21 and 80. 41, respectively with 2.0%
polysorbate, 1.0% and 0.5%) as for the reference
product (DE = 90. 83; 90. 53 and 87.05, in the
same conditions). Statistical analysis by ANOVA
revealed that the dissolution profiles are
statistically different (p < 0.05) and the Tukey’s
test identified that in each condition evaluated
(polysorbate 80 2.0%, 1.0% and 0.5%), the
dissolution profile of L2 batch was statistically
different from the reference product. The sodium
lauryl sulfate present in the formulation would
enhance the percentage of this surfactant in the
dissolution medium at a maximum of 0,1%.

100
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5
2 60 -
a2 ——2-2%
£ 40 1 ceBeaR-2%
= —a—12-1%
G 5 | — = -R-1%
— & —12-05%
0 ceesMees R-0,5%
0 5 10 15 20 25 30 35 40 45 50

Time (min)
Figure 8. Overlap of dissolution profiles of L2 batch
and the reference product (R) in potassium phosphate
buffer, pH 7.4, containing different concetrations of
poysorbate 80 (2.0%, 1.0% and 0.5%).

4. Discussion

The pharmacopoeia tests related to the heavy
metals determination, loss on drying, sulfated ash
and dosing, performed with NM1, NM2 and NM3
samples were approved by the specifications of
the Brazilian Pharmacopoeia 2010 (Table 1). The
differences between the dosing of galenic batches
(approximately 95%) and the reference product
(100.16%) are assigned to the manual transfers of
high shear for oscillating granulator, and hence to
the fluidized bed, procedures that, in industrial
scale, occur in an automatic way.

The DSC curves of NM1, NM2 and NM3
showed a single endothermic event close to
149 °C (Figure 1). The evaluation of the Tonset,
Tpeak and AH values obtained in different heating
rate showed slightly lower values to the
micronized samples (NM2 and NM3, around 110-
120 J/g). This phenomenon is widely described in
the literature regarding DSC?.

Previous studies reported the melting point of
NM form | over the range of 148.9 to 151.0 °C
and enthalpy (AH) of 102.97 J/g and 127.4 J g*
92223 These studies used different analysis
conditions of each other and from this work,
especially regarding the purge gas, heating rate
and the types of crucible. Thus, although the
results are very close to the literature data, such
differences limit a more reliable correlation.

A study reported that NM form | is the most
thermodynamically stable and has a transition
temperature over the range of 144-147 °C (AH =
107.63 J/g)’. Otherwise, polymorph Il has an
endotermic event at 140 °C and suffers a
transition to polymorph I (melting point at 144 °C
and AH = 105.97 J/g)®’. The DSC curves
(Figure 1) of all NM samples showed similar
thermal behavior to that of polymorph I.

There are not major differences between the
FTIR spectra of NM1, NM2 and NM3 samples
that could be wused to distinguish among
polymorph I and Il. Only the characteristic bands
of nimesulide were identified, so although this
technique is often used to discriminate between
polymorphs in this case it was inconclusive’ .

The X-ray powder diffraction is the standard
method to  distinguish  between  different
polymorphs. In the case of nimesulide, there are
noticeable differences in the peak position of form
I (26 = 17.15, 18.13, 19.34 and 21.66°) and form
II (20 = 18.91, 22.15 and 26.14°)°. In addition,
diffraction patterns in the CSD revealed peaks at
20 =17.38, 18.38, 19.62 and 22.00° for form I and
20 = 19.10, 22.44 and 25.84° for form Il. The
XRPD patterns of nimesulide samples analyzed
correspond to the form 1, although the NM1 (non-
micronized sample) have shown differences in
peak intensities (Figure 2). Besides, the literature
mentions the occurrence of preferred orientation
in X-ray diffraction of nimesulide samples,
resulting in peaks of different intensities, but
always in the same position, which characterizes
the same crystalline arrangement.

A review of the particle size distribution
graphs (Figure 3) allows to observe the presence
of more than one population of particle sizes,
primarily evidenced in micronized samples (NM2
and NM3) below 1 pM, which represents a
bimodal distribution curve. Often, micronization
causes difficulties in a good dispersion, assigned
to cohesive interparticle  properties and
electrostatic forces provided by the particles that
are subjected to this process. The sample NM1
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non-micronized has a particle size population
below 5 pum, but less significant compared with
the population of particle sizes below 1 pM
detected in micronized samples.

During the development of a solid dosage
formulation, the knowledge of the size and
distribution of particle size can be used to guide
the selection of a process by direct compression or
wet granulation. The results obtained from laser
diffraction were used together with the results of
the flowability evaluation in order to complement
the choice of manufacturing process of nimesulide
tablets.

The data obtained by SEM confirmed the
results of particle size distribution by laser
diffraction, in which NM1 sample also showed
much higher particle sizes compared to the NM2
and NM3 samples (Figure 4). Additionally, the
presence of a population of particles with sizes
close to 1 pM in NM2 and NM3 samples and
5 um in NM1 sample, observed in the particle size
distribution by laser diffraction, were also
observed in the SEM. The image of NML,
although demonstrating a certain variability in
their morphology, shows elongated particles. The
images of NM2 and NM3 micronized samples
showed greatest similarity regarding the particle
sizes and can also be observed the formation of
aggregates (Figure 4B and C).

The results of the wettability test were all close
to 80° (Table 1) and, in accordance with literature,
the values close to 90° predict a poor wettability®*.
Although the literature does not present studies
applying wettability test with nimesulide, some
works with other drugs were conducted, in which
the results of the contact angles were correlated
with water solubility®%#,

When the aim is the development of a tablet
formulation, the low solubility of the drug is an
aspect that reflects negatively on its
bioavailability. The powder dissolution tests
served as an important tool to complement the
biopharmaceutical evaluation of nimesulide
samples. The literature revealed some studies
using powder dissolution tests with nimesulide
samples and the results have a certain proximity to
that found in this study®>?®. However, the studies
referenced used different analytical conditions,
especially with regard to the dissolution medium
and the rotation apparatus, which compromise the
correlation results.

Differently from the laser diffraction results,
which showed a very small difference between

NM2 and NM3, in the powder dissolution, these
samples did not demonstrate similar behavior,
which can be verified by NMS3 superior
performance relatively to NM2 (Figure 5). The
non-micronized sample (NM1) presented larger
particle sizes when compared to micronized
samples and, however, in the powder dissolution,
NM1 showed values near NM2. Thus, other
factors that impact the powder dissolution results
should be considered as the presence of
electrostatic charge and the trend to agglomerate,
which could undertake the performance of NM2
sample.

It was also not possible to establish a direct
relationship of the results obtained in the
wettability with the results of powder dissolution
because, as mentioned above, the values of
contact angles provided by the samples of
nimesulide were very close (Table 1).

The evaluation of flowability brought together
the results of different methods in order to make
more complete the understanding of the flow
properties of the samples under study. The
densities obtained for the NM1 are low (Table 2),
showed values slightly higher the other samples.
The literature shows results of bulk and tapped
density for nimesulide samples near to that of the
non-micronized NM1. However, for the tapped
density, the referenced study used a different
method, making questionable the correlation to
the results presented here'®. The lower values for
the densities of NM2 and NM3 can be explained
by the effect of the micronization process, which
results in powders having greater adhesion
between the particles and therefore a greater
tendency to agglomerate. The result is a poor flow
material with low apparent density.

The determination of the compressibility index
and Hausner ratio showed that all samples did not
have good flow properties (Table 2). Considering
that the higher values for compressibility index
and Hausner ratio indicate stronger interparticle
interactions and undesirable flow characteristics®,
it would be expected that micronized samples,
NM2 and NM3, would demonstrate the worst
results of flow. However, they presented better
flowability rating than that exhibited by the
sample NM1 (non-micronized).

One possible explanation for the discrepancies
between the results found in the various
flowability assessments lies in the qualitative
scale of classification for flow properties adopted
by official compendia, for example, the US
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Pharmacopeia. Thus, the Cl and HR parameters
have low discriminatory power, especially for the
poor flow samples.

The repose angle and the flow through orifice
tests were carried out in the same equipment. The
tests with NM1, NM2 and NM3 samples were
conducted using the following funnel openings
10, 15 and 25 mm. However, no flow was
detectable. Then there was used the opening of
15 mm and tested four (4) speeds available on the
machine (1, 2, 3 and 4). The NM1 sample showed
flowability with speed 1 (one), but for the NM2
and NM3 samples, it was necessary to use the
speed 4, maximum permitted by the equipment.
The different experimental conditions undertake,
somehow, the discussion of results. Still, it is
possible establish some considerations concerning
the flow properties of the samples under study.

The results confirmed the estimation of poor
flow for this API, previously provided by other
tests. Plus, it is also possible verify that no
reproducibility was observed in the tests
performed in triplicate. The NMZ1, non-
micronized, revealed superior flow properties
compared to the other samples. It is also possible
assign a worse flow for NM3 sample, which also
showed less uniform behavior (Figure 6).

In general, all samples showed erratic flow
behavior, which indicates that an unstable
formation and destruction process of the arc
dominates the flow process. This process is also
evidenced by the standard in “steps” where the
powder flow rate accelerates periodically,
probably due to the destruction of the formed ar.

It is known that the micronization process
promotes a tendency to increased electrostatic
charge. Thus, NM2 and NM3 samples have two
important properties that contribute to a poor
flow: low-density particles and, supposedly, high
electrostatic charge. Unfortunately, for this work,
it was not possible to assess electrostatic density.

The results obtained in flow assessment tests
allow identify a discrepancy between the
determinations of the Cl and HR and flow through
orifice. The flow through orifice provided more
realistic results, demonstrating, numerically, the
characteristic of poor flow for nimesulide. As
mentioned above, HR and CI values may not be
discriminatory and may cause unreal results flow
to powders that are particularly characterized by
poor flow. Furthermore, the samples NM1, NM2
and NM3 have particle sizes that are considered
small (< 80 pM) besides low density values,

which are factors related to the high cohesion of
its particles. In this way, it is understandable that
the flow evaluation methods may have discordant
results.

Based on the results presented in flowability
assessments, particle size distribution and SEM
and considering the aim of the development of a
solid dosage formulation, the direct compression
process becomes less suitable than the wet
granulation, due to the high possibility of
problems related to the flow in the hopper and
inadequate die filling that promotes, consequently,
nonuniformity of mass and content.

The average weight values found for galenic
batches are close to the average weight displayed
for the reference product (about 400 mg) and the
results were all satisfactory. The tablet hardness
results obtained with the galenic batches showed
correlation with those of friability, in which the
L2, L3, L5, L6 and L7 batches showed the lowest
hardness values (close to 5.0 kgf) and the higher
friability values (near 0.42%) and the tablets
obtained with the L1 and L4 galenic batches
demonstrated higher strength, both to rupture
(hardness assay about 7.0 kgf) and abrasion
(friability percentage about 0.35%).

L2 and L3 batches have the same formulation
and the same process by only changing the
manufacturer of API (Table 3). The differences in
results of particle size and hardness were not
significant, preventing a direct correlation
between these tests.

The L4 batch has the same qualitative and
guantitative excipients that can influence the
compressibility from the L2 and L3 batches but
showed higher hardness (mean = 7.1 kgf). The
difference was in the granulation process
(Table 3) including a higher time to addition the
granulating solution and a longer mixture for the
L4 batch. Possibly, these process variations allow
adequate wetting of the powders, resulting in
stronger granules and, consequently, in longer
disintegration time and slower dissolution
compared to the values shown by L2 and L3
batches.

Regarding disintegration test, L1 batch has the
same qualitative composition of L2 and L3, but
the surfactant (sodium lauryl sulfate) was used in
different ways. L1 showed the highest values in
hardness assay (7.5 kgf). These differences had a
negative impact on the disintegration of the tablets
obtained with this batch (L1 = 6’ 40”), which had
twice the disintegration time of L2 and L3 batches
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(L2=3"18"and L3 =3’ 10”). The L4 batch used
another surfactant (sodium docusate) and its
disintegration time (4’ 10”) was higher than the
L2 and L3 batches. L5 and L6 formulations are
closest qualitatively of the reference product, but
showed more extensive disintegration times and
L6, in this assay, was disapproved (L5 = 9’ 307
and L6 = greater than 30”). Obviously, this cannot
attribute similarity or difference by not being
aware of the percentages of each agent in the
reference product formulation. The L7 galenic
batch used different binder and surfactant and had
the shortest disintegration time (17 23”).
Regarding Nisulid®, the tablet format is convex
which facilitates the maintenance of abrasion
resistance, observed by the low value friability
(0.27%), although its hardness is lower (4.9 kgf)
as compared to galenic batch. The disintegration
time of the reference product was 1° 15”.

Accordingly, it can be concluded that the step
in which the surfactant is added to the
formulation, as well as tablet hardness, directly
alter the disintegration time and, therefore, can be
used as auxiliary tools to discriminate between
nimesulide formulations.

In the dosing assay, all galenic batches showed
results close to 95% of the labeled value, and for
Nisulid® tablets there was obtained 100.2%. All
results meet the specification preconized in the
Brazilian Pharmacopoeia.

The dissolution  profiles achieved in
pharmacopoeia conditions demonstrated that the
formulations of the L2 and L3 batches and the
reference product exhibited very rapid dissolution
with results of the amount of dissolved drug above
85% in 15 minutes and thus the value of F2 loses
its discriminative relevance.

Whereas L2 and L3 batches are formulations
that differ only in the APl manufacturer, it is
interesting correlate the results obtained in the
dissolution profile and the data obtained in API
characterization, particularly in particle size,
wettability and powder dissolution assessments.
The results of particle size analysis by laser
diffraction and wettability were quite close.
However, in the powder dissolution, NM3 showed
dissolution of approximately 10% higher than
NM2 and further such profiles showed statistically
significant differences (p < 0.05). Although NM3
biopharmaceutical properties were higher than
observed with NM2, the L2 and L3 formulated
product showed near dissolution results and

statistical analysis of ED values showed similarity
between these profiles (p > 0.05).

The dissolution efficiency values were
calculated and L2 batch had the highest result (DE
= 84.95), although quite near the value presented
by L3 (DE = 84.02). L4 and L7 shown next values
(L4 = 80.92 and L7 = 79.67) and the L1 batch
showed the lowest DE value (76.61). The DE
values were subjected to statistical analysis by
ANOVA and Tukey test, and it was found that all
galenic batches formulations and Nisulid® differ
significantly (p < 0.05) and the L2 and L3 batches
do not present significant differences between the
DE values (p > 0.05). The L4 batch showed a
dissolution profile similar to those of L2 and L3,
but with lower dissolution mean values and,
particularly at 15 minutes, there was not reached
85% (although it was close), which results in the
classification as a rapid dissolving formulation,
distinct from that presented by Nisulid® and by
the L2 and L3 batches. As occurred with L4, L7
not reached 85% drug release within 15 minutes,
despite having very close behavior (Figure 7) and
it is also classified as a rapid dissolving
formulation.

An interesting feature of the L7 dissolution
profile lies in the result obtained in the first
sampling time, which was superior in almost 10%
when compared with the result obtained with L3.
One possible explanation is the dual nature of the
pregelatinized starch, that acts not only as a binder
but also as a disintegrate, which may be
maximizing the release of the API in this initial
time. The result of the disintegration assay (83 s)
confirms this hypothesis, considering the smallest
time shown.

Although the statistical analysis has shown that
DE values of L2, L3 and L4 batches are not
significantly different (p > 0.05), it was decided to
select the L2 batch for complementary tests. Even
if the L2 has showed the greatest dissolution of
values, there is a considerable difference between
L2 and the reference product in the first sampling
times (t =5 min and t = 10 min).

In terms of bioequivalence, the literature
reports that nimesulide has rapid oral absorption®.
A Brazilian study evaluated the bioequivalence of
nimesulide tablets and Nisulid® and there were
found for Cmax values equivalent to 5.30 and 4.52
ng mL™ and Tma Of 2.23 and 3.32 h, respectively,
for the reference and test products®.

Analyzing such data from the literature and
based on the dissolution assessments designed to
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simulate physiological conditions and provided
tools for the in vitro evaluation of bioavailability,
the evaluation of Cmax and Tmax would not
represent bioequivalence problems. This s
because, after 45 min (lower time to reach Cmax
than those presented by the literature) L2 batch
and the reference product already reach the same
percentage of dissolution; so, it is expected the
same release between the drug (test and reference)
in vivo assays.

The AUC parameter requires a more careful
analysis. Another study, mentioned a nimesulide
bioequivalence study that showed disapproved
results, having been previously approved in the
pharmaceutical equivalence, which reinforces the
alert for the interpretation of the results of this
drug dissolution profiles®. Whereas nimesulide is
a class Il drug in the BCS, which the dissolution is
the limiting step for the absorption, it becomes
mandatory a careful design of the dissolution test.

Thus, even if the medium is preconized by the
Brazilian  Pharmacopoeia  containing  2.0%
polysorbate 80, it was considered important
evaluate the behavior of the L2 batch using the
same potassium phosphate buffer established for
Brazilian Pharmacopoeia but containing different
concentrations of surfactant.

The presented results show a reduction in drug
release amounts as the concentration of
polysorbate 80 has been reduced. Still, in all
assessed surfactant concentrations, the test and the
reference product values remained above 85%
over 15 minutes, maintaining the very rapid
dissolution  classification and making it
unnecessary the F2 calculation. However, the
dissolution efficiency was calculated as a tool to
compare dissolution profiles. Again, there was
observed a reduction of the obtained values of DE
as the concentration of the surfactant was
gradually reduced in the dissolution medium. This
occurred for both the L2 batch as for the reference
product. Statistical analysis by ANOVA revealed
that the dissolution profiles are statistically
different (p < 0.05) and Tukey’s test identified
that in each condition evaluated (2.0%, 1.0% and
0.5% polysorbate 80), the dissolution profile of
L2 batch is statistically different from the
reference product.

The literature reports a study evaluating the
dissolution profile of nimesulide tablets in a
medium of phosphate buffer pH 7.4 containing
different concentrations of polysorbate 80. The
highest release value was in the presence of 2.5%

surfactant, obtaining around 90% of dissolution in
60 min®'. Another study evaluating the dissolution
of commercial nimesulide tablets in sodium
phosphate buffer pH 7.4 supplemented with 1.0%
polysorbate 80 did not obtain values above 90% in
60 min®°,

Since both studies do not provide information
about the composition of the test product,
outcome differences found comparing with those
showed here can be attributed to probable
differences in formulations, given that the
excipients can act in direct mode in the dissolution
process. In addition to the important contribution
of excipients in the rate and extent of dissolution,
aspects such as, for example, the API particle size
are striking features in the dissolution of solid
dosage forms. These physicochemical properties
were not available in the referenced work, limiting
further discussion.

The in vitro dissolution tests are used in quality
control of medicines and the development of new
formulations. Depending on the drug class, such
as nimesulide (Class Il in the BCS), the results of
a dissolution study can be closely related with in
vivo performance. For these drugs, difficulties in
selecting the dissolution medium are constantly
found, which must reproduce the physiological
conditions to ensure an in vitro-in vivo correlation
and to discriminate different formulations®.

5. Conclusions

Differential scanning calorimetry and X-ray
diffraction showed that all samples tested (NM1,
NM2 and NM3) presented polymorph 1. The
characterization of particle size showed good
correlation with the density results and flow
through orifice in which the micronized samples
showed worse flow behavior when compared with
the non-micronized sample. The scanning electron
microscopy confirmed the results of size and
particle size distribution carried out by laser
diffraction.

Although the wettability results were very
close, the powder dissolution identified small
differences between the samples, demonstrating
that the dissolution of the NM3 sample
(micronized) was superior to the others. The
micronized samples exhibited higher IDR than the
non-micronized one (NM1) and, in this case,
surface properties such as roughness and
microstructural factors may be involved.
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Although the results have shown a reduction in
drug release as the surfactant concentration has
been reduced in the dissolution medium of both
products (test and reference), the classification as
a very rapid dissolution formulation was
maintained. Batch L2 was selected for further
work toward product registration.
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ABSTRACT: Chemical investigation of the crude PDB extract
obtained from the endophytic fungus Schizophyllum commune afforded
the pure substances, cyclo(L-Pro-L-Val) (1), uracil (2), cyclo(Pro-Tyr)
(3), p-hydroxybenzoic acid (4) and a mixture of Rel.cyclo(Pro-Phe) (5)
and Rel.cyclo(Pro-1le) (6). When cultured in corn, the extract of this
fungus vyielded N-(2-phenylethyl) acetamide (7) and N-(4-
hydroxyphenylethyl) acetamide (8). The structures of all compounds
were determined based on the analyses of their MS, 1D and 2D-NMR
spectroscopic data. Analysis of the crude extracts obtained from small-
scale cultures (in PBD, YM, Nutrient, Czapek, Malt Extract, Corn and
Rice) and a large-scale culture (in PDB) by mass spectrometry showed
the presence of diketopiperazines 1, 3, 5 and 6. The crude extracts
showed promising antioxidant, antifungal and acetylcholinesterase
(AChE) inhibitory activities. The metabolites 7 and 8 showed
antifungal and AChE inhibitory activities in vitro. This is the first report
of the identification and isolation of diketopiperazines,
arylethylamides, p-hydroxybenzoic acid in endophytic fungus of the
Schizophyllum genus.

1. Introduction

Microorganisms as the endophytic fungi (endon
= inside; phyton = plant) living asymptomatically
in the intercellular space of host plants and
establish a mutualistic relationship with its host
during a part or all their life. These endophytes are
found in parts of plants such as leaves, stems, fruits,
seeds, and roots, and reside inside the plant all its
life, being transmitted in some cases to future
generations through seeds of the host'™*. The
interactions established by endophytes may
diversify from mutualism (endophyte and host
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First report of the identification and isolation of
diketopiperazines, arylethylamides and p-hydroxybenzoic
acid in endophytic fungus of the Schizophyllum genus.

plant obtain advantages) to parasitism (only the
endophyte is benefited)>°. Most natural products
isolated from endophytes showed antimicrobial
activity, and in many cases, these have been
implicated in protecting the host plant against
phytopathogenic microorganisms.>”® Studies in
2012 showed trichodermin and cercosporamide
with strong antifungal and antitumor activities,
which were isolated from endophyte belonging to
the genus Phoma associated with Arisaema
erubescens.’

Alchornea glandulosa (Euphorbiaceae) belongs
to Brazilian Cerrado, which is well-known as
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sources of bioactive secondary metabolites™™",

Several chemical and pharmacological studies
were performed with extracts and pure substances
from this plant and presented promising results***°.
Several endophytic fungi were isolated from this
plant, including S. commune, which were
chemically and biologically investigated. S.
commune is a filamentous fungus belonging to the
class of Basiodiomicetos, known as a producer of
pigments, antiviral, anticancer and
immunomodulatory compounds'’.  From this
endophyte were isolated phenolic compounds as
gallic acid and L-ascorbic acid, both with
antioxidant activity'®. Diketopiperazines present
biological activities such as antiviral, antifungal,
antibacterial,  insecticidal, antihyperglycemic
agents, receptor affinities of calcium channels and
serotonergic'®**. Recent studies have demonstrated
that diketopiperazine trans-cyclo(D-tryptophanyl-
L-tyrosyl) presented low antiproliferative and
cytotoxic effect with L-929 mouse fibroblast cells,
K-562 leukemia cells and human HelLa Human
cervix carcinoma®. Several arylethylamides
present phytotoxic potential®®. Thus, this work
reports isolation, structural elucidation and
biological activities of these compounds.

2. Materials and methods
2.1 General

NMR spectra were carried out one-dimensional
'H Varian INOVA-300 spectrometer operating at
300 MHz for *H nucleus and TMS as internal
reference. *H NMR spectra and *C 1D and 2D and
NOESY 1D were performed on Varian INOVA-
500 spectrometer operating at 500 MHz for 'H
nucleus and the nucleus 125 MHz for *C and TMS
as internal reference. Mass spectra of high and low
resolution were obtained on a spectrometer of
UItrOTOFQ - ESI-TOF Mass Spectrometer
(Bruker Daltonics, Billerica, MA, USA). Analyses
were performed on a mass spectrometer with
Varian 1200L LC autosampler, and triple-
guadrupole electrospray ionization source (ESI).
The mass spectra of low resolution were obtained
on a LCQ Fleet spectrometer (Thermo Scientific)
with electrospray ionization source (ESI). TLC was
performed using Merck silica gel 60 G Fzs4. Spots
on TLC plates were visualized under UV light and
by spraying with anisaldehyde-H,SO, reagent
followed by heating at 120 °C. Analytical HPLC
was performed on a Shimadzu (Shimadzu SPD-

M20A) with diode array ultraviolet (DAD)
detector, using a Phenomenex Gemini analytical
column (C-18) (250 x 4.60 mm, 5 um). Preparative
HPLC was performed on Varian ProStar device
coupled to the ProStar UV-Vis detector, using
Phenomenex Luna C-18 silica semi-preparative
column (150 x 21.20 mm; 5 pum). Optical rotation
values were obtained at JASCO P-1020
polarimeter with sodium lamp, and 1.0 mL of cell
Jasco Spectra Manager software.

2.2 Fungal isolation and identification

The traditional methodology** was used for the
isolation of the endophytic fungus S. commune
from healthy leaves of Alchornea glandulosa. S.
commune was identified by sequencing and
phylogenetic analysis of ribosomal operon gene
fragments (CPQBA-UNICAMP-Multidisciplinary
Center for Agricultural and Biological Chemistry
Research, Campinas, Brazil). DNA sequence of the
ITS region was analyzed using the GenBank
BLAST routine and the CBS database
(Centraalbureau voor Schimmelcultures, Fungal
Biodiversity Centre).

The phylogenetic tree constructed from the
sequences retrieved in GenBank and analyzes
based on molecular data allowed the identification
of this fungus as Schizophyllum commune (Filo
Basidiomycota, order Agaricales and family
Schizophyllaceae). The sequence of the isolate
showed 99-98% similarity to sequences from
different S. commune isolates, including S.
commune BCC22128 and DSM 1025. In addition,
in the phylogenetic tree, the isolate formed a cluster
with the S. commune PRJ21 and 1-84 isolates
supported by a bootstrap value of 94%. This
endophytic fungus was stored in the NuBBE fungi
collection in Araraquara, Brazil (kept in sterile
water at 25 °C) encoded as Ag-Sc-02 and in
CPQBA as CPQBA 154-09 DRM.

2.3 Cultivation
2.3.1 Different culture media (small scale)

S. commune was grown in Petri plates
containing PDA (potato starch 4 g, dextrose 20 g,
agar 15 g, H.O 1000 mL) and incubated during ten
days. After this period, this endophyte was
cultivated in small scale in 2 Erlenmeyer flasks
(500 mL) containing 300 mL of each liquid
medium and these were autoclaved at 121 °C for
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20 min. S. commune was cultivated in different
liquid culture media (PBD, YM, Nutrient, Czapek,
Malt Extract) under agitation at 120 rpm, for 28
days at 25 °C. At the end of the incubation period,
the broth was separated from the mycelium by
filtration and the crude extracts were obtained by
extraction with EtOAc (3 x 50% of the broth
volume each) and dried in rotatory evaporator,
affording 49.2, 54.0, 26.7, 26.5 and 38.2 mg,
respectively. The cultivation on solid medium was
performed: rice and corn inoculated in 2
Erlenmeyer flasks (500 mL each), containing each
one: 90 g of rice or corn in 75 mL of Milli-Q H.O.
The culture media were autoclaved three times
(three consecutive days) at 121 °C for 20 min. The
cultures were incubated at 25 + 2 °C for 21 days.
At the end of the growth period, the solid cultures
were ground and extracted with EtOAc (5x200
mL). The EtOAc fraction was subjected to liquid-
liquid partition with H,O. The EtOAc extract
concentrated was dissolved in CHsCN and then
subjected to liquid-liquid partition with C¢H14. The
CHs;CN fractions were evaporated to give CH3CN-
deffated extracts, affording 279.7 (rice) and 335.1
(corn) mg.

2.3.2 PDB (large scale)

S. commune was inoculated in 52 Erlenmeyer
flasks of 500 mL (large scale), containing each one:
1.2 g of potato starch, 6.0 g dextrose (PDB) in
300 mL of Milli-Q H,0, which were autoclaved at
121 °C for 20 min. Approximately 5 small pieces
(1x1 cm) of PDA medium, from the Petri dish
containing biomass of the S. commune isolated
were inoculated into Erlenmeyer flasks, sealed
with cotton, to permit aerobic growth, and
incubated at 25 + 2 °C for 28 days. At the end of
the incubation period, the cultures were combined,
filtered, extracted with EtOAc (3x0.5 I). The
solvent was evaporated, yielding a crude EtOAc
extract (960 mg).

2.4 Purification and identification of chemical
constituents

2.4.1 Ligquid medium (PDB)

The EtOAc extract (960.0 mg) was fractioned
by CC using reversed-phase silica gel (C-18) and
gradient of H,O:CH3OH (15:100% CH3OH (v/v)),
resulting into eight fractions (S.co-F1-S.co-F8).
The fraction S.co-F1 (559.0 mg) was further

fractioned using reversed-phase silica gel (C-18)
and eluted with a H,O:CH3;OH gradient (35:100%
CHsOH (v/v), giving rise to seven subfractions
(S.co-F1.1-S.co-F1.7). The subfraction S.co-F1.1
(470.0 mg) was fractioned by CC using reversed-
phase silica gel (C-18) and gradient of
H,O:CH30H (5:100% CHsOH (v/v)), resulting
into seventeen fractions  (S.co-F1.1.1-S.co-
F1.1.17). Subfraction S.co-F1.1.2 was identified as
cyclo(L-Pro-L-Val) (1) (16.0 mg). The subfraction
S.co-F1.1.9 (2.0 mg) was analyzed by LC-MS
(ACN:H20 (05:95-50:50 v/v, 30’; 50:50-100:0
(v/v), 10’; 100:0-05:95 (v/v), 15°; 1 mL min* e
A=220 nm, C-18 column) and it was identified as
cyclo(L-Pro-L-Val) (1), Rel.cyclo(Pro-Phe) (5) and
Rel.cyclo(Pro-lle) (6) (2.0 mg) in mixture. The
fraction S.co-F1.1.1 (300.0 mg) was fractioned by
CC using normal phase silica gel and gradient of
CHCI3:CH3sOH (2:100% CHsOH (v/v) with 1%
HOAC), resulting into fifty-five fractions (S.co-
F1.1.1.1- S.co-F1.1.1.55). Subfraction S.co-
F1.1.1.46 was isolated as compound uracil (2) (1.5
mg) and S.co-F1.1.1.38 was identified, in mixture,
as cyclo(Pro-Tyr) (3) with p-hydroxybenzoic acid
(4) (2.2 mg).

2.4.2 Solid medium (corn)

The CH3;CN-deffated extract (185.0 mg) was
subjected to chromatography column (CC), normal
phase (silica gel) by gradient elution with
CeHi4:EtOAC (70:30) (1 to 25% CH30H) affording
into sixteen fractions (S.co-Mil-S.co-Mil6). The
subfractions  S.co-Mil0 was identified as
containing compound N-(2-phenylethyl)
acetamide (7) (18.0 mg) and S.co-Mi16 was found
to contain compound N-(4-hydroxyphenylethyl)
acetamide (8) (20.0 mg).

2.5 ldentification of diketopiperazines in different
crude extracts

Analyses were performed on a mass
spectrometer with Varian 1200L LC, direct
insertion (ID) in positive mode. After the
acquisition of information about protonated
molecules by direct insertion, conducted
experiments using MS-MS. Malt extract, Nutrient
and YM (small scale) were subjected to MS-MS
analysis in positive mode with application of 15 V
collision energy.

2.6 Acetylcholinesterase inhibitory activity
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The crude extracts (20 ug uL™) were eluted in
TLC, being CHCI3:CH3;OH (88:12) to the crude
extract in liquid medium, Hexane: EtOAc (70:30)
for the extracts in solid media. Compounds 7 and 8
(5 ng uL™h) were applied on TLC layers, followed
by elution with Hexane:EtOAc (70:30, v/v) and
subsequent drying. The plates were then sprayed
with enzyme solution (6.66 U mL™), thoroughly
dried and incubated at 37 °C for 20 min (in a moist
atmosphere). Enzyme activity was detected by
spraying with a solution consisting of 0.25% 1-
naphthyl acetate in CH3CHOH containing 0.25%
Fast Blue B salt (in aqueous solution). Potential
acetylcholinesterase inhibitors appeared as clear
zones on a purple-colored background. Electric eel
AChE type V (product no. C 2888, 1000 U) and the
other reagents were purchased from Sigma-
Aldrich. The positive standard for comparison was
physostigmine (0,05 ug mL ™),

2.7 DPPH' scavenging capacity assay

Applied in microplates 96-well: 200 pL of
DPPH (4 mg mL™ in CH;OH) and 100 uL of the
samples at 7 different concentrations. Positive
Control: 200 uL of DPPH and 100 pL of the
standard antioxidant (quercetin and rutin).
Negative control: 200 uLL of DPPH and 100 pL of
solvent. The microplate was kept for 30 minutes in
the dark. The evaluation of the reduced form of
DPPH generated by reading the absorbance at A =
517 nm?*.

2.8 Evaluation of antifungal activity

The crude extracts (40 ug uL™) were eluted in
TLC, being CHCI3:CH3;OH (88:12) to the crude
extract in liquid medium, Hexane: EtOAc
(70:30 v/v) for the extracts in solid media.
Compounds 7 and 8 (10 pg uL™*) were applied on
TLC layers, followed by elution with
Hexane:EtOAc (70:30) and subsequent drying. The
TLC layers were nebulized with the phypathogenic
fungus Cladosporium cladosporioides (Fresen) and
C. sphaerospermum  (Perzig) SPC 491
(concentration of 5x10” spores mL™ in glucose
solution and salts). The plates were incubated at
25 °C for 48 hours in absence of light. The positive
standard for comparison was nystatin (1 ug)”’.

3. Results and discussion

The AcOEt extract of S. commune (PDB and
corn) afforded compounds 1-8 (Figure 1) by using
a combination of reversed (C-18) and normal phase
(silica gel) chromatography. *H NMR and LC-MS
analysis allowed to elucidate and identify the pure
substances or in mixtures.

The known compounds cyclo(L-Pro-L-Val) (1),
uracil (2), cyclo(Pro-Tyr) (3), p-hydroxybenzoic
acid (4), Rel.cyclo(Pro-Phe) (5), Rel.cyclo(Pro-lle)
(6), N-(2-phenylethyl) acetamide (7) and N-(4-
hydroxy phenylethyl) acetamide (8) were
identified by comparing its spectroscopic data with
literature values23,28-33. The spectrometric data
'H NMR and MS of the culture medium without S.
commune were compared with the spectra of the
compound and showed no similarity.

The substance 7 showed low potential to inhibit
the enzyme acetylcholinesterase and strong activity
against C. cladosporioides. The substance 8
showed moderate potential to inhibit the enzyme
acetylcholinesterase and weak activity against C.
cladosporioides and C. sphaerospermum.

The crude extracts showed promising results for
biological assays as antioxidant, highlighting the
Malt Extract with a significant DPPH’
sequestration rate of 68.36% and ICso=
28.7 ugmL?, compared to ICs= 7.49 pg L*
standard quercetin. The majority these extracts
exhibited strong antifungal activity against the
phytopathogenic fungi C. cladosporioides and C.
sphaerospermum. The crude extracts displayed
moderate AChE inhibitory activity. Unfortunately,
the substances responsible by these bioactivities
were not isolated.

The diketopiperazines 1, 3, 5 and 6 were
detected in PDB extract (small scale) by MS. The
crude extracts obtained from YM, Nutrient and
Malt were subjected to MS-MS analysis and
indicated the presence of diketopiperazines 1, 5 and
6. Analysis of crude extracts by direct insertion
(ID), showed the protonated diketopiperazines and
their fragments in five crude extracts by MS-MS
experiment, which  corroborate  with  the
fragmentation characteristic of diketopiperazines
isolated or identified in mixture.

In the crude extracts Czapek, rice (CH3CN) and
corn (CHsCN) (small scale) the diketopiperazines
were not identified, suggesting that the enzymes
responsible by the biosynthesis of these
compounds were not expressed by S. commune, in
these media. With these observations was possible
to confirm that the culture media influences the
microorganisms metabolic production.
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cyclo(L-Pro-L-Val) (1)
ESIMS m/z 197.0 [M+H]* and fragments: 169.0
[M+H-28]", 124.5 [M+H-73]", 70.0 [M+H-127]".

cyclo(L-Pro-L-Tyr) (3)

ESIMS m/z 261.3 [M+H]* and fragments: 233.0
[M+H-28]", 121.0 [M+H-140]*, 136.0 [M+H-
125]*, 70.3 [M+H-191]".

Rel.cyclo(Pro-Phe) (5)
ESIMS m/z 245.5 [M+H]* and fragments: 217.0
[M+H-28]*, 154.1 [M+H-90]*, 70.0 [M+H-175]".

Rel.cyclo(Pro-lle) (6)
ESIMS m/z 211.5 [M+H]* and fragments: 183.0

[M+H-28]", 137.8 [M+H-73]", 114.1 [M+H-97]",
69.6 [M+H-141]".

cﬁ Cr c;%@
C*«“&@ c*w

CH3
OH
4 5 6
§ N cH
\n/CHS /@/\/ \n/ 3
Ej/V 0 HO o
7 8

Figure 1. Compounds produced by the endophytic
fungus S. commune.

4. Conclusions

The present study was designed to be the most
comprehensive  investigation of  chemical
constituents in S. commune. This is the first report
of the identification and isolation of
diketopiperazines, arylethylamides, p-
hydroxybenzoic acid in endophytic fungus of the
Schizophyllum genus. Diketopiperazines was
observed by mass spectrometry in the different
crude extracts in small scale and PDB large scale,
indicating this endophyte as a prolific producer of
class of compounds by variation of nutrients of
culture media. The biological activities reported by

the compounds produced by S. commune suggest
an ecological interaction, as well as in the plant
protection as a defense mechanism of other
organisms that inhabit the plant species.

These results reinforce the potential of these
microorganisms as sources of secondary
metabolites and collaborating with understanding
the endophytic interaction and its host plant.

First attempts made to correlate variations in
bands assigned as carbonyl stretching frequencies
in the infrared region for solid metal ion complexes
with the stability constants of these same
complexes in solution date back to early 1950s.
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ABSTRACT: This article describes the liquid-liquid equilibrium of the
extraction process of ethanoic acid (C2H4Oz) in aqueous phase using ethyl
ethanoate as the solvent. The liquid-liquid extraction was modeled by the
construction of a ternary phase diagram for the water/ethanoic acid/ethyl
ethanoate system using the Origin software. The equilibrium data were
experimentally obtained by titration at room temperature (298.15 K) and
atmospheric pressure (101325 Pa) using four mixtures of water, ethanoic
acid, and ethyl ethanoate. The determination of the composition of the
extract and residue portions in the equilibrium of each mixture by of the tie-
lines method allowed to examine the percentages of liquid-liquid extraction
achieved. The distribution coefficients and separation factors calculated,
made it possible an evaluation of the distribution and of the mutual
solubility of the solute in the aqueous and organic phases. The results
showed a good performance of ethyl ethanoate in the extraction of ethanoic
acid for concentrations of solute until 16% of the feed.

0,00

Homogeneous
~ phaseliquid

°

3
Binodal B
curve °

0,75

iphasic liquid
region

Tie-line <

1,00

0,0 03 0,6 09
ethyl ethanoate

0,0

Ternary phase diagram for the water-ethanoic acid-ethyl ethanoate system

1. Introduction

Ethanoic acid (C;H402) is one of the most
widely used and important carboxylic acids in the
world. Its wide range of applications includes its
use as a raw material in the production of polymers
derived from vinyl acetate, purified terephthalic
acid, and esters of acetic anhydride and acetate, and
as a solvent in the production of cellulose acetate
and in the manufacture of pharmaceutical
products™?. Its global market demand was 13
million tons in 2015 and is forecast to reach 18
million tons by 20207,

The separation of the mixture of ethanoic acid
and water is of great economic importance but is
particularly difficult because it forms a pinch
azeotrope. It is not a real azeotropic mixture, but
the equilibrium concentrations of its constituents
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are very close and therefore requires many stages.
For mixtures with concentrations below 40%
ethanoic acid, the liquid-liquid extraction process
is the most appropriate”.

Liquid-liquid extraction (LLE) is an important
unitary operation employed in the chemical
industry due to its high efficiency and low energy
consumption and environmental impact. It is one of
the most important mass transfer processes in
chemical engineering and an alternative method to
distillation®. Its efficiency is based on the physical
and chemical properties of a solvent (organic
phase) used to separate, purify or concentrate a
certain constituent of an aqueous phase™®.

To design and optimize the LLE, liquid-liquid
equilibrium data provided by ternary phase
diagrams involving a solubility curve and tie-lines
are required®. From the industrial point of view,
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knowledge of phase equilibrium is essential in
modern process design and control methods®.
Liquid-liquid equilibrium studies of systems
composed of water, phenolic compounds and
organic solvents are necessary for the evaluation of
industrial units for solvent extraction processes’.

The equilibrium behavior of a three-component
liquid-liquid system is typically described using a
ternary phase diagram where experimental
solubility data are plotted as points, which in turn
lie in the binodal curve. The ternary phase diagram
consists of an equilateral triangle where each side
is divided into equal parts, corresponding to the
mass fractions of each component of the system.
The sides of the triangle represent the binary
mixtures, while the vertices correspond to the pure
components. Within the binodal curve, the biphasic
liquid region is located, as well as the tie-lines that
join the extract and residue streams in equilibrium,
and outside, the homogeneous phase region®™".

The spectrum of potential solvents for
separation  processes involving liquid-liquid
extraction includes ethyl ethanoate, which has
excellent properties for industrial applications, as
well as being environmentally friendly and low
cost, low toxicity and chemical stability**. Ethyl
ethanoate has low toxicity compared to most
organic solvents (benzene, toluene, chloroform)
and its saturation temperature is considerably lower
than other low toxicity solvents®.

In this context, based with the increasing
worldwide demand for ethanoic acid, as well as in
advantages of the use of ethyl ethanoate, the
present article aims at studying the application of
ternary phase diagram to the liquid-liquid
extraction of ethanoic acid from aqueous phase
using ethyl ethanoate as the solvent.

2. Materials and methods
2.1 Binodal curve construction

The liquid-liquid extraction process of ethanoic
acid (CzH40.) realized was modeled by the
construction of a ternary phase diagram for the
water/ethanoic acid/ethyl ethanoate system at room
temperature (298.15 K) and atmospheric pressure
(101325 Pa). Initially, six points of the binodal
curve for the water-rich phase were created by
titration with ethyl ethanoate using 25.00 mL of
water and the volumes of 0.00; 2.00; 4.00; 6.00;
8.00, and 10.00 mL of ethanoic acid in each point.
The volumes of ethyl ethanoate, required for the
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turbidity of the aqueous solution containing
ethanoic acid, were experimentally obtained and
presented in Table 1. Subsequently, more seven
points were created for the ethyl ethanoate-rich
phase. For this, 25.00 mL of ethyl ethanoate and
0.00; 2.00; 4.00; 6.00; 8.00, 10.00 and 12.00 mL of
ethanoic acid were used. The water expenses
volumes were presented in Table 2.

Table 1. Experimental data of water-rich phase at
T =298.15 K under P = 101325 Pa.
Volumes (mL)

Point Ethanoic Ethyl
Water acid ethanoate
1 0.00 2.50
2 2.00 3.50
3 4.00 4.50
a2 2500 400 7.00
5 8.00 10.40
6 10.00 15.90

Table 2. Experimental data of ethyl ethanoate-rich
phase at T =298.15 K under P = 101325 Pa.
Volumes (mL)

Point Ethyl Etha_n0|c Water
ethanoate acid

7 0.00 0.90
8 2.00 2.40
9 4.00 4.00
10 25.00 6.00 7.00
11 8.00 10.60
12 10.00 16.40
13 12.00 23.80

2.2 Tie-lines obtention

Four mixtures (A, B, C, and D) were prepared
using the volumes of water, ethanoic acid, and
ethyl ethanoate described in Table 3. The
preparation of each them was realized with
magnetic agitation for 10 minutes at room
temperature (298.15 K). Then, each mixture was
submitted to one stage of extraction, compound by
contact and separation. The ternary systems were
made in contact by vigorous agitation in a
separation funnel of 60.0 mL and were kept in
repose for 5 minutes. The aqueous and organic
phases were separated for a posterior measure of
mass and volume. Aliquots of 5.00 mL of each
phase were titrated with sodium hydroxide solution
(NaOH) 1 mol L™ using 3,3-bis(4-hydroxyphenyl)-
2-benzofuran-1-one (CxH1404) as the indicator.
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The volumes of NaOH expensed in each titration
were presented in Table 4.

Table 3. Data survey for tie-lines obtention.

Volumes of the mixtures (mL)

Component

A B C D
Ethyl ethanoate 25.00 25.00 25.00 25.00
Ethanoic acid 8.00 5.00 2.00 4.00
Water 17.00 20.00 23.00 21.00

Table 4. Titration data of the mixtures A, B, C, and D at T = 298.15 K under P = 101325 Pa.

Aqgueous phase

Organic phase

. volume mols volume mols
Mixture "8'1:‘86 "23;5 NaOH NaOH/10° V?r::‘f)‘e ”Eg)ss NaOH  NaOH/10?
(mL) (5mL) (mL) (5mL)
A 17.00 15.79 14.30 14.30 33.00 30.47 14.40 14.40
B 21.50 21.02 9.40 9.40 25.00 23.08 9.10 9.10
C 25.00 24.26 3.60 3.60 25.00 23.07 3.30 3.30
D 25.00 22.47 7.73 7.73 26.00 24.05 7.00 7.00

2.3 Plotting the equilibrium data

The ternary phase diagram of water/ethanoic
acid/ethyl ethanoate system was built using the
Origin® software from of equilibrium data obtained
in items 2.1 and 2.2. The volumes were converted
in mass using the densities of each component at
298.15 K (Pethanoic acid = 1.052 g mL_l; Pethy! ethanoate =
0.901 g mLY; and pwaer = 0.997 g mL™). The
diagram was used to study the liquid-liquid
extraction process of ethanoic acid (C2H0.) from
aqueous phase with the use of ethyl ethanoate as
the solvent.

3. Results and discussion

The equilibrium compositions in the binodal
curve (in mass fraction) for each component of the
water/ethanoic acid/ethyl ethanoate system at
298.15 K and 101325 Pa were given in Table 5.
The same results were plotted in Figure 1. The area
of the biphasic liquid region obtained results from
the mutual solubility of the solute (ethanoic acid)
in the aqueous and organic solvent (ethyl
ethanoate).

Table 5. Mass fractions of the compounds of the
ternary system at T = 298.15 K under P = 101325

Pa.
Binodal .
Phase curve  Water Ethyl Etha_n0|c
- ethanoate acid
point
1 0.9171 0.0829 0
2 0.8258 0.1045 0.0697
Water- 3 0.7510 0.1222 0.1268
rich 4 0.6639 0.1680 0.1681
5 0.5836 0.2194 0.1970
6 0.5008 0.2878 0.2114
7 0.4030 0.3826 0.2144
8 0.3310 0.4560 0.2130
Ethyl 9 0.2546 0.5427 0.2028
ethanoate- 10 0.1949 0.6289 0.1762
rich 11 0.1298 0.7332 0.1370
12 0.0886 0.8336 0.0779
13 0.0383 0.9617 0
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The titration reaction involved in the volumetric
analysis of ethanoic acid determination in each of
the phases of the mixtures A, B, C, and D was
presented in Equation 1. Since the reaction is 1:1,
at the point of equivalence, the molar amount of
ethanoic acid was equal to the sodium hydroxide.
The formation of the reaction product, the acetate
conjugate base (CHsCOO"), was easily identified
by the wuse of the indicator 3,3-bis (4-
hydroxyphenyl)-2-benzofuran-1-one  (C20H140s),
which has a transition zone in the alkaline region.

0,75

CH;COOH + OH™ & CHs;C00™ + H,0 (1)

1.00, J . i} 0.0 The mass fractions of ethanoic acid (MW
0.0 06 0.9 60.052 g mol™), calculated from the equivalence of
ethyl ethanoate the number of moles of sodium hydroxide, as well

Figure 1. Ternary phase diagram of water/ethanoic as the mass fractions for the other components of
acid/ethyl ethanoate system with binodal curve at T = the ternary system, found directly in the obtained
298.15 K under P = 101325 Pa. diagram, were given in Table 6. The results

obtained were plotted in Figure 2, where the tie-
lines of each mixture were drawn.

Table 6. Mass fractions of the tie-lines of the ternary system at T = 298.15 K under P = 101325 Pa.

Agueous phase Organic phase
Mixture Ethanoic Ethyl Ethanoic Ethyl
acid Water ethan())/ate acid Water ethan())/ate
A 0.1849 0.6253 0.1905 0.0965 0.0978 0.8055
B 0.1155 0.7652 0.1201 0.1018 0.1026 0.7928
C 0.0446 0.8558 0.0973 0.0430 0.0680 0.8890
D 0.1033 0.7849 0.1126 0.0874 0.0907 0.8225

bs - e - Ve 0,0
0,0 0,3 0,6 0,9
ethyl ethanoate

Figure 2. Ternary phase diagram of water/ethanoic acid/ethyl
ethanoate system with the tie-lines corresponding to mixtures
A, B,C,and Dat T =298.15 K under P = 101325 Pa.
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The results obtained in the study of liquid-liquid
extraction for the water/ethyl ethanoate/ethanoic
acid ternary system were summarized in Figure 3.
The ethyl ethanoate free-base feed composition
was represented by F point (water/ethanoic
acid/ethyl ethanoate = 0.84/0.16/0) and extractor
solvent (pure) was represented by B point
(water/ethanoic acid/ethyl ethanoate = 0/0/1). The
intersection between the FB segment and the tie-
line corresponding to the D mixture was
represented by the M point, which in turn binds the
extract (E) and residue (R) phases in equilibrium in
the binodal curve. The equilibrium composition of
the E and R phases in the mass fraction of ethanoic
acid was of Y. = 0.098 and X, = 0.102,
respectively.

0.0 0.3 06 09 B
ethyl ethanoate
Figure 3. Ternary phase diagram of water/ethanoic
acid/ethyl ethanoate system for mixture D at T =298.15
K under P = 101325 Pa (where F: feed; B: solvent; M: F
+ B mixture; E: extract, and R: residue).

The distribution coefficients (D) and the
separation factors (S) for mixtures A, B, C, and D
were calculated to evaluate the efficacy of
extraction of ethanoic acid by the organic solvent
(ethyl ethanoate) by Equation 2. The separation
factor, which is a measure of the ability of a solvent
to separate a solute from water, was defined as the
ratio between the ethanoic acid (D) and water (D1)
distribution  coefficients, respectively. The
experimental values of the distribution coefficients
and separation factors, for each mixture of the
ternary system, were listed in Table 7.

b XEAEE /x
S — P2 — EAW (2)

XW ,EE
Dl /xW,W
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where:

S = separation factor;

D, = distribution coefficients for water;

D, = distribution coefficient for ethanoic acid,;
Xeaee = mass fraction of ethanoic acid in the ethyl
ethanoate-rich phase;

Xeaw = mass fraction of ethanoic acid in the water-
rich phase;

Xwee = mass fraction of water in the ethyl
ethanoate-rich phase;

Xww = mass fraction of water in the water-rich
phase.

Table 7. Distribution coefficients for water (D)
and ethanoic acid (D) and separation factors (S) at
T =298.15 K under P = 101325 Pa.

System Mixture D, D> S
Water + A 0.16 0.52 3.34
Ethanoic B 0.13 0.88 6.57
acid + C 0.08 0.96 12.13
Ethyl D
ethanoate 0.12 0.85 7.32

The organic solvent chosen was found to have
shown satisfactory separation factors (i.e. > 1),
indicating its ability to extract ethanoic acid from
water. The results demonstrated that the separation
factor decreases in the order of the mixtures C > D
> B > A. For the ternary system, increasing the
ethanoic acid content in the mixtures decreased the
separating ability of ethyl ethanoate. The ethanoic
acid distribution coefficients showed values higher
than the water distribution coefficients, suggesting
a higher preference of the solute to be distributed
in the organic phase than in the aqueous phase.

The percentages liquid-liquid extraction
(%LLE) of ethanoic acid in water were determined
for each mixture by tie-lines method and Equation
3 and can be checked in Table 8. The results
suggested that the percentage extraction decreases
in the order of the mixtures D > B > C > A,
indicating that, for concentrations of ethanoic acid
greater than 16% in F, there was a reduction in the
solvent extraction capacity. In short, ethyl
ethanoate showed good performance in extracting
ethanoic acid from the aqueous phase of the
mixtures.

XFF— XRR

%LLE = ( )x 100 3)

XF
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where:
Xr = feed mass fraction;
Xr = residue mass fraction;

F = feed mass;
R = residue mass.

Table 8. Percentage liguid-liguid extraction (%LLE) of ethanoic acid in the mixtures A, B, C, and D

Mixture XF XM XRr YE F M R E %LLE
A 0.3318 0.1757 0.1849 0.0965 25.3650 47.8900 42.9255 4.9645  5.69
B 0.2087 0.1102 0.1155 0.1018 25.2000 47.7250 29.3135 18.4115 35.63
C 0.0840 0.0442 0.0446 0.0430 25.0350 47.5600 36.8250 10.7350 21.94
D 0.1673 0.0883 0.1033 0.0874 25.1450 47.6700 2.6190 45.0510 93.57
In practice, it is believed that for mixtures with Purification Technology 125 (2014) 256-263.

higher solute contents, the desired extraction
percentage can be achieved by adopting mass
transfer optimization strategies. Among them: an
increase in the number of stages (contact and
separation); an increase in the driving force of the
process; favoring the flow of material of interest;
increase in a concentration gradient etc.

4. Conclusions

The application of construction of a ternary
phase diagram in the study the liquid-liquid
extraction of the water/ethanoic acid/ethyl
ethanoate system was quite satisfactory. The
obtention of the equilibrium data of the ternary
system made it possible an evaluation of the
distribution and of the mutual solubility of the
solute in the aqueous and organic phases. The
determination of the composition of the extract and
residue portions in the equilibrium of each mixture
by of the tie-lines method allowed to examine the
percentages of liquid-liquid extraction achieved by
ethyl ethanoate. The acting of the solvent was
evaluated by calculations of separation factors and
percentage  extraction, showing its good
performance as an extractor solvent of ethanoic
acid in the aqueous phase at room temperature and
atmospheric pressure.
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ABSTRACT: The main objective of this research work is

theoretical investigate the bound state solutions of the non- Bound State Solution of the Schridinger Equation
relativistic Schrédinger equation with a mixed potential composed

of the Inversely Quadratic Yukawa/Attractive Coulomb potential mA+2Dy, —21/05)2/
plus a Modified Kratzer potential (IQYCKFP) by utilizing the E =D s
Wentzel-Kramers-Brillouin (WKB) quantum theoretical formalism. e o

The energy eigenvalues and its associated wave functions have {(,H}/)Jr \/(g+}/) V —Dr? }Z
successfully been obtained in sequel to certain diatomic molecules 2

includes; HCL, HBr, LiH.

1. Introduction

One of the interesting problems in quantum mechanics is to get exact solutions of the Schrodinger equation.
To do this, a real potential is often selected to serve as the driving force of the energy eigenvalues and the
eigenfunctions of the Schrodinger equation™™. These state solutions reveal the particle dynamics in non-
relativistic quantum mechanics®. Numerous researchers have investigated the bound states of the Schradinger
equation using variety of potentials and quantum formalism. Some of these potentials play critical roles in
many fields of Physics such as Molecular Physics, Solid State and Chemical Physics®. The Manning-Rosen
potential has been studied in-depth and have also been utilized in quantum systems and Yukawa potential, and
its classes have been studied in Schrodinger formalism®®

In this work, using the Wentzel, Kramers and Brillouin (WKB) quantum approximation, we shall
investigate the bound state solutions of the Schrodinger equation using a combination of potentials known as
the Inversely Quadratic Yukawa/Attractive Coulomb potential plus a Modified Kratzer potential (IQYCKFP).

2. The WKB Theoretical Approximation

In this section, we consider the quasiclassical solution of the Schrodinger’s equation for the spherically
symmetric potentials. Given the Schrodinger equation for a spherically symmetric potentials V() of Equation
3as

1 92 1

(=i0)? (3 + 750z + 77 397 ) V(. 0,0) = [2m(E =V ()] %6, ) 1)
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The total wave function in Equation 3 can be defined as
¥(1,6,¢) = [rRM][Vsin60()P(¢)] 2)

And by decomposing the spherical wave function in Equation 1 using Equation 2 we obtain the following
equations:

(-2) RG) = [2m(E - V() - 2] R, 3)
(-iv L) o0 = [i12 - 20 o), 4)
(~b2) o(9) = MEe() ©)

where M2, M2 are the constants of separation and, at the same time, integrals of motion. The squared
R 2
angular momentum M? = (l + %) h2.
Considering Equation 6, the leading order WKB quantization condition appropriate to Equation 3 is

[P dr = (n+3),n=0,1, 2 (6)

where r, & r; are the classical turning point known as the roots of the equation

P2(r)=2m(E-V({@)) - (Hé# =0 (7)

Equation 9 is the WKB quantization condition which is subject for discussion in the preceding section.
Consider Equations 5-7 in the framework of the quasi-classical method, the solution of each of these equations
in the leading b approximation can be written in the form

WKB () — __4 i 2
YWEB (1) = o &P [i . [\P2(r) dr] 8)
3. Solutions of the Schrédinger Equation
The Wentzel, Kramers and Brillouin surmise has been of tremendous importance to physicist, chemist,
mathematician as regards quantum mechanics in view of the fact that it gives approximate solutions to linear

differential equations. The inversely quadratic Yukawa/attractive Coulomb plus Kratzer Fues potential can be
expressed thus

V(r)= —r—12 o) + %(2V05 —A)+ (—2V0)52 and v/ (r) = D, (ﬂ)z (9)
r

The sum of these potentials can be written as

NS AV 2Dr. Dr?
e L &
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2 2
2V05_é_2Dere_\Lng Dezre +£(£+1)2h (1)
r r r r r 2mr

Ve ry = De = 2V,0° +

Q(r) = \/Zm(E Vet () (12a)

Equation 12a stands for the classical formula for momentum.

rb

jQ(r)dr=(n+%)nh;n=o, 1,2,3... (12b)
ra

Upon, substituting Equations 11 and 12a into 12b i.e. the (WKB) we have

T\/Zm(E —D, +2V,6” - 2l A DL \i‘Derez_€(£+1)h2jdr=(n+%)nh

A r oy rr r? 2mr?

Factoring out \/2mM (13)
— B 2 b A 2D Vo DY A +1)h B (14)
ij\/(E D+ Vo™ - T TRy 2m _(n+}/)

B

Jam | \/r—l{(E =D, + g8 )1* + (25 + A+ 2D,1,)r (D - %ﬂ r (15)

rA

:n+%7zh

Mi%\/ {(E +/6° =D, )r* +(A+2D,1, - N,d)r —(Derj -V, +%ﬂdr
:(n +%)7zh

~A=E,+2V,6°-D

M =A+2D,r,-2V,0 | where the negative sign on -(A) indicates a bound state.

00+ D)h?
2m

(16)

N =D,r2 -V, +

e'e

Upon substituting the representations made into Equation 16 we have

\/%T%(\/—Aerer—N)dr:(n+%)7rh. (17)
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Factoring out \/ A , we have

A oo

M
X represent X andy as —

\/Zm,&rf%(\/—rz+xr—y)dr:(n+%)7zh. (19)

rb
~c]
\/ZmAj—\/(r—ra)(rb—r)dr=(n+%)7zh. (20)
ra r
Where we obtain the classical turning points I, and I, from the terms inside the square roots as;

_4/2_ X% = r+r =X
X2 4y,rb=X+X2 4y N/N:{a b } 1)

rarb = y
Recall
21 1
IF\/(r—ra)(rb —r)drzﬁ[g(ra +rb)—4/rarb} 22)

J2mA %(x—z\/?)z(m%)nh 23)

2
A 2mM (20)

4[h(n +%)+\/MT

Upon substituting the coefficients of M, N, A into Equation 24 to obtain the energy eigenvalue.

2m(A+2D,r, — 2V,0)* (25a)

{ (n+15)+n \/2mDr —2mVo +£(£+1)}2

Initiating the Langer correction term f f—i—l (€+ }/)

~E,-2V,6°+D, =
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m(A+2D,1, — 2V,5)°
o (25b)

2
2.2m
[(n+%)+\/(€+%) —?(V0 - Derez)}
The above equation results in the bound state energy spectrum with respect to quantum numbers of a

vibrating-rotating diatomic molecule subject to the (IQYCKFP) potential. Thus, its corresponding wave
function is given as

12 2
el e | )
e

E,=D,-2V,5% -

ne

Rne(r) = Nner
| (34 + 220 ) (2020 7| e
4. Discussion

Having obtained the Energy Eigen Value and its corresponding (l//) using the WKB approach for the
Schrodinger equation  with the (IQYCKFP), we understood that if we set up parameters
D, =0, V, =0 and A= Ze?

m(A- 2v05)2/
2
E, =-2V,6% - 2h

n+%+\/(£+%)2—i;nvo

3 (27)

5. Conclusions

It is much easy to show that Equation 19 has resulted to a bound state energy spectrum of a vibrating
rotating diatomic molecule subject to the inversely quadratic Yukawa plus attractive coulomb potential.

Similarly, if D, #0, V, =0 and A= Ze* =0

m(2D,r,)?
-D 2n” (28)

i3 e 2|

Equation 28 results to a bound state energy spectrum subject to Kratzer Fues potential.

ne
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