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Abstract: The stem cells thanks to their ability of unlimited division number or transformation into different
cell types creating organs, are responsible for regeneration processes. Depending on the organism in which the
stem cells exists, they divide to the plant or animal ones. The later group includes the stem cells existing in both
embryo’s and adult human’s organs. It includes, among others, epidermal stem cells, located in the hair folli-
cle relieves and also in its basal layers, and responsible for permanent regeneration of the epidermis. Temporary
science looks for method suitable for stimulation of the epidermis stem cells, amongst the other by delivery of
e.g., growth factors for proliferation that decrease with the age. One of the methods is the use of the plant cell
culture technology, including a number of methods that should ensure growth of plant cells, issues or organs in
the environment with the microorganism-free medium. It uses abilities of the different plant cells to dediffer-
entiation into stem cells and coming back to the pluripotent status. The extracts obtained this way from the plant
stem cells are currently used for production of both common or professional care cosmetics. This work
describes exactly impact of the plant stem cell extract, coming from one type of the common apple tree
(Uttwiler Spdtlauber) to human skin as one of the first plant sorts, which are used in cosmetology and esthetic
dermatology.

Keywords: stem cells, plant stem cells, pluripotency, Malus domestica, Uttwiler Spdtlauber; plant tissue culture

At the turn of XX and XXI centuries, one of
the promising research directions in natural sciences
became a regenerative medicine. Researches relat-
ing to the different multi-cell organisms abilities in
regeneration of damaged organs or even body frag-
ments are carried for years. In some animals, the
regeneration processes are intensive and large body
fragments may be regenerated (coelenterates, pla-
narians, amphibia), while in others the regeneration
processes may be limited only to regeneration of
damaged tissue or organs (e.g., human being). In
human being, together with the ageing process,
which starts about the age of 25 years (chrono-age-
ing), increases the number of cells in tissues and
organs that are subject to a degeneration, and their
regeneration processes together with the age subject
to slow-down. The stem cells are responsible for
regeneration of damaged or wearing-out tissues or
organs in human being and in other multi-cell ani-
mals (1, 2).

The organ, in which the ageing changes are
best visible, is the skin inside which, together with
the age the numerous superficial and then deep
mimic wrinkles as well as teleangiectasies and
melanosis appear. These changes occur both on the
epidermal, dermal and subcutaneous tissue levels.
Therefore, also the human skin must contain cells
responsible for its regeneration (3).

Characteristics of stem cells

The stem cells are the ones able to potential-
ly unlimited number of mitotic divisions and also
differentiation to a specific cells. The stem cell
division results in appearance the so called pro-
genitor cells, i.e., the partially differentiated cells,
which after sequent division shall become the dif-
ferentiated cells only or they may be subjected to
direct differentiation without any further cell divi-
sion. Depending on what cells appear in result of
the stem cell division, and namely if the division is
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symmetric or asymmetric, the role of the given
division is defined. If the stem cell is divided sym-
metrically, and two descendant stem cells appear,
then such division is aimed for enlarging the stem
cells pool. If the asymmetric division results in
appearance of two descendant stem cells that dif-
fer: the stem cell and the progenitor cell, then such
division is aimed for creation of the line of cells
that differ, with simultaneous maintenance of the
stem cell line. It’s also possible a symmetric stem
cell division that however leads to appearing of
two progenitor cells. Thus, such division shall
result in increasing of the differentiating cells
pool, without simultaneous reproduction of the

stem line (1).

As mentioned above, the stem or progenitor
cells may differentiate into specific cells that form a
given tissue or organ. There are also different abili-
ties of the stem cells differentiation (so called poten-
tial): from unlimited to limited. Therefore, the stem
cells may be divided to (1):

a. Totipotential cells that may differentiate into any
organ cell, and also in case of human being into
the extra-embryonic structure cells such as fetal
membranes. In human being, the totipotential
character have the early embryo cells only, where
there’s no separated embryoblast and trophoblast
yet.

b. Pluripotential cells are able to differentiate into
the body building structures only, and they can
create no extra-embryonic structures such as fetal
membranes. In human being, the pluripotential
character have, among others, the embryonic
cells on the blastocyst stage, and exactly the
embryoblast cell in the blastocyst. Thus, the
pluripotential cells may differentiate into cells
from all the three embryo germ layers: ecto-,
endo- or mesoderm.

c. Multipotential cells may differentiate into cells
coming, within the embryonic growth, from one
germ layer only, thus, from the ecto-, endo- or
mesoderm only.

d. Unipotential cells, in turn, are the ones with
strongly limited differentiation abilities, thus,
differentiating into one particular cell type. The
unipotential cells exist in the adult human organs,
e.g., in liver, where they are responsible for the
given organ regeneration processes.

The other division criterion is the organism
type, from which the cell originates. Thus, we can
discern the plant or animal stem cells. The latter
include the stem cells existing both in the adult
human or embryo organisms.

Stem cells of epidermis

The epidermis, being the external body coat-
ing, is directly exposed to numerous external envi-
ronment factors (e.g., mechanical traumas, tempera-
ture, pathogenic microorganisms, xenobiotics, UV
radiation) that affect the homeostasis disorder not
only of the skin, but also the entire organism.
Therefore, mechanisms must be created enabling
creation of the barrier against factors the action of
which shall also speed-up the ageing process. One of
such mechanisms is the keratinization process, i.e.,
keratosis of the epidermis external layers. The epi-
dermis keratinocytes come from its basal layer
through the prickle and granular layer (possibly also
through the light layer) to the horny layer, inside
which due to numerous changes they start to per-
form into korneocytes. Thus, keratinization means a
series of biochemical and morphological changes,
being the programmable processes that lead among
others, to the cell proliferation ability loss, degener-
ation of the cell organelle parts (e.g., cell nucleus
fragmentation and breakdown, partial breakdown of
the endoplasmic reticulum cisterns) and appearing
of the new ones (e.g., lamellar bodies, keratohyaline
granules), changes in the cell membrane chemical
compositions and also appearing of numerous pro-
teins (e.g., involucrine, filagrine binding proteins)
and lipids (sterols or phospholipids being the
ceramides precursors) (4-6). Researches show that
the epidermis granular layer keratinocytes degener-
ate by apoptosis (3, 7), while the corneocytes locat-
ed on the horny layer, are subjected to peeling under
action of proteolytic enzymes that degrade the cor-
neodesmosomes, i.e., specialized inter-cellular links
present in the epidermis horny layer. The ceramides,
being the main inter-cellular cement component, are
also subjected to changes: degradation to sphingo-
sine and fat acids, which results in the intercellular
cement liquefaction (4). Consequently, the corneo-
cytes are mechanically removed from the epidermis
surface.

The epidermis regeneration process is possible
thanks to the presence of his stem cells in it. Their
larger conglomeration is the hair follicle bulge,
called the bulge area (3, 8). In this place, such cells
intensively divide enlarging its pool, and then they
migrate. Part of them migrates to the hair germinal
matrix (where they participate in the hair appearing
and growth), while the others go to the apical hair
part, in order to home the epidermis basal layer.
During the migration to the epidermis, the stem cells
meet the area located just over the sebaceous gland,
where there are concentrated stem cells responsible
for production of sebum (8).
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However, in order to enable the keratinization
and epidermis regeneration process creating the
protective layer for the entire organism, many fac-
tors must be controlled. Besides the many vitamins,
calcium ions, or water level, attention should be
paid to a keratinization control process by the ker-
atinocytes themselves. They synthesize and emit
many factors that control their process of prolifera-
tion and differentiation. They include, among oth-
ers, EGF (epidermal growth factor), KGF (ker-
atinocyte growth factor), TGF-o (transforming
growth factor o), TGF-B (transforming growth fac-
tor ) and interleukin 1 (IL-1) (2, 8). These factors,
after their release from the cell to inter-cellular
space, join the proper receptors on a neighbor (tar-
get) cell’s membranes and stimulate their prolifera-
tion or differentiation (3, 8).

Plant stem cells

The plant stem cells are grouped into niches,
called meristems. There are the primary and second-
ary meristems. The first ones are: apical meristem
(stem and root growth cone), intercalary (insert)
meristem and germ meristem. The secondary meris-
tems are: lateral ones — cambium (smear) and phel-
logen and the traumatic (callus) one.

In the sprout top meristem the plant stem cells
proliferation and differentiation are controlled by
many factors, including the negative reversible loop
process between the genes expression products, i.e.,
WUSCHEL (WUS) and CLAVATA3 (CLV3) pro-
teins. The WUS protein is produced by the organi-
zation centre cells and it’s a signal for the stem cells
proliferation, while the CLV3 protein is secreted by
stem cells and it limits the WUS expression area.
Excess of the stem cells leads to excess of the
CLV3, which causes reduction of secretion of the
WUS and it consequently reduces the stem cell pro-
liferation signal. On the other hand, if the stem cell
number is too low, then the CLV3 deficit leads to an
increase of the WUS protein synthesis, which in
turn affects an increase of the stem cell number
(9-13).

The root growth cone, on the example of
Arabidopsis sp., consists of quiescent centre, the
cells of which aren’t mitotically active. The centre is
surrounded with the stem cells producing the distal
(cap), lateral (lateral cap cells, epidermis) and prox-
imal (endoderm, primary cortex, axis cylinder) root
cells. After a division, one of the cells, directly
adjoining the immobile centre, remains the stem
cell, while to other loses its connection with the cen-
tre and it starts to differentiate. In the roof top meris-
tem, the stem cells proliferation and differentiation

are controlled by plant hormones — auxins and prob-
ably by some transcription factors, however, these
processes aren’t fully recognized yet. In the immo-
bile centre, the WOX35 protein (homologous to WUS
in the stem growth cone organization centre) is pro-
duced, responsible for proper differentiation of the
cap cells (9-15).

The traumatic meristem — callus appears in the
plant hurting place, it differentiates most frequently
with a cambium, however, other tissues are also able
to produce it. The phenomenon of callus creation
from the differentiated adult plant cells was for first
time described in 1902, by the Austrian botanist,
Gottlieb Heberlandt. He suggested that the individ-
ual plant cell is able to regenerate the entire plant.
This experiment was demonstrated in 1958 by
cloning of a carrot from the in vitro cultivated carrot
cells. From this time, many articles appeared dedi-
cated to regeneration of the entire plant from the cul-
tivated cells and/or tissues. The callus creation
process is one stage of the somatic embryogenesis
(no-fertilization formation of a zygote) — the plant
cells are subjected to dedifferentiation and become
again the stem cells able to produce a new tissue or
even entire organ. The WUS protein is responsible
for turning back the somatic cells into the stem cells.
The researches show that the cytokines are responsi-
ble for production of stems from a callus, while aux-
ins are responsible for production of roots (11, 12,
14, 15).

Ability of the differentiated plant stem cells for
dedifferentiation back to the pluripotential status are
currently used, among others, in elimination of the
human skin ageing symptoms, i.e., in production of
care preparations or cosmetic procedures.

Plant cell culture technology

The plant cell culture technology consists of
many and complicated methods that should ensure
growth of plant cells, tissues or organs in the envi-
ronment with a microbe-free nutrient. The plant cell
culture allows synthesis of the biologically active
substances that exist in plants, but aren’t common-
ly available in natural environment or are difficult
to obtain by chemical synthesis. Such cultures
allow access to plant material free from environ-
mental pollutions, microorganisms or toxins, avail-
able in every season, with uniform composition,
and, first of all, with almost identical content of the
active substances in each batch. These aspects were
exposed by FAO (United Nation’s Food &
Agriculture Organization), which as early as in
1994 did propose the plant cell or tissue culture
technology as the biotechnological process for pro-
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duction of diet supplements. Despite that fact, this
technology is still not popular yet and there are few
compounds used in cosmetic or pharmaceutical
industries, produced using this method, e.g., arbutin
obtained from the rose periwinkle (Catharanthus
roseus L.) used as a whitening agent, safflower and
saflorin obtained from coloring safflower
(Carthamus tinctorius L.) used as a pigment or taxol
(paclitaxel) obtained from the western yew (Taxus
brevifolia Nutt.) being the antitumor medicine
(16-19).

The biological bases inside all the above plants
are the reservoir of pluripotential stem cells, and
also ability of the differentiated cells for dedifferen-
tiation back to the pluripotential status. Any
mechanical damage in a plant shall induce appearing
of a callus, which consists of the grouped non-dif-
ferentiated stem cells. In the presence of a proper
nutrient the callus may grow in a culture, and using
a proper hormonal stimulation it may be stimulated
for regeneration of adult plants (so called micro-
reproduction technique) (17, 18).

First step in generating of a new plant cell line
is to select proper plant material. Next, very impor-
tant step is sterilization of a tissue, because all the
microbes (bacteria, fungi and molds), which may
hold or slow-down the culture development, must be
eliminated causing no irreversible damage in the
meristem cells, necessary for creation of the new
cell line. The sterilized plant tissue is reduced to
microscopic fragments (called ,explants”) and
placed on the Petrie scale pans including a solid
nutrient.

The produced callus is regularly transferred
to a proper nutrient including all the substrates
necessary for cell metabolism. The culture occurs
at dark and therefore the culture looses its photo-
synthesis ability and it becomes behaving as a het-
erotrophic organism. At this stage, the culture is
supplied with a substance being a source of organ-
ic carbon and energy (most frequently a saccha-
rose) and plant hormones (auxin and cytokine),
vitamins and also micro- and macroelements.
Thanks to the nutrient composition variations we
can obtain the cell lines with different properties,
from which later on the cell line is selected with
the best biochemical and metabolic characteristics
(most productive cells with shortest division
time). Repeated transfers are made till the moment
of obtaining the cell line with the stable and uni-
form characteristics. It’s worthy to point out that
the obtained cell line isn’t genetically modified,
and its selection bases totally on morphological,
biochemical characteristics and on the callus tis-

sue growth ability. Fermentation is controlled by a
routine measurement of a.o. sugar contents, pH
level, cell viability and volume of the produced
biomass (16-18).

The essential element of the production
process transferred to the industrial scale is adapta-
tion of the selected cell lines for growth in a liquid
nutrient that allows significant enlargement of a
biomass volume. The suspension cultures require
gradual adaptation for growth inside a cone flask
(volume ca. 200 mL) and then to growth inside
bioreactors that ensure more possibilities (volume
up to 100 L). This process is called “scaling”.
Cultures carried in bioreactors must have ensured a
constant temperature and they must be mixed in
order to ensure proper gas exchange level required
for cell metabolism. The increasing biomass is
monitored by measurement of: sugar contents, con-
ductance, pH level, optical density, cell vitality and
contents of secondary metabolites such as e.g.,
ursolic acid (16—18).

Final stage of the fermentation cycle is a bio-
mass processing dependend on the product type and
target designation. The first method means a mixing
of the culture content in a suspension including
liposomes, phenoxyethanol (preservative) and anti-
oxidant (ascorbic acid or tocopherols). Next, the
mixture is subjected to a high-pressure homoge-
nization, during which the stem cell walls are
demolished, the included components are released
and simultaneously the lipophilic components are
closed inside liposomes, while the hydrophilic com-
ponents are dissolved in a water phase. The
obtained product is a yellowish and amber color lig-
uid (16). This solution was elaborated and
described by a Swiss company Mibelle AG
Biochemistry, which did name their technology
PhytoCellTec™ (PCT), and the products made by it
— PCT™ Malus Domestica, PCT™ Solar Vitis or
PCT™ Alp Rose. The other way is a biomass
homogenization allowing release of the cell-encap-
sulated secondary metabolites, and then their
extraction and densification. The final product is a
powder colored from yellowish to amber and char-
acterizing with a defined active substances quanti-
ty. The last way is spreading of the whole stem cells
(together with the produced secondary metabolites,
polysaccharides complex, phytosteroles and amino
acids) in a solid glycerin. The obtained preparation
is a liquid with characteristic smell and amber color
(16, 19-21). The two solutions are used by an
Italian  company Instituto di  Ricerche
Biotecnologiche (IRB) in the technology called
High Tech Nature™ (HTN). The preparations with
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the exactly defined active substance contents are
Teoside™ 10, Dermasyr™, Echigena PluS™ &
Echigena 25™. The whole stem cell extracts in a
glycerin are named: Echinacea angustifolia stems
G™, Leontopodium alpinum stems G™ or Buddleja
davidii stems G™.

Uttwiler Spatlauber stem cells

The beneficial apple properties are known for
centuries. Apples are cultivated today only for their
taste, but earlier the main criterion of the type selec-
tion was first of all fruits viability after their picking.
One of such apple-tree types is Uttwiler Spdtlauber
growing in Switzerland till today. This is a type cul-
tivated solely due to a possible long-time storage of
fruits, which remain fresh even for several months.
Some trees come from the quicksets planted in the
middle of XVIII century.

Swiss company Mibelle Biochemistry did
create  the innovative  product named
PhytoCellTec™ Malus Domestica including the
stem cells from the Uttwiler Spdtlauber apple tree.
The tissue, from which the stem cell culture was
initiated in external environment, was taken from
their fruits (apples). The extract, obtained in a bio-
technological process described above, passed a
series of tests and researches within the range of
anti-ageing action to a human skin and hair (22,
23).

Characteristics of the PhytoCellTec™ Malus
Domestica preparation

The Malus domestica Borkh. preparation is
assigned for use in cosmetics for protection of a face
or total body skin. The recommended concentration
is 2-5%. The preparation should be entered into the
cosmetic water phase by mixing at the temperature
not exceeding 40°C. The preparation thermal stabil-
ity allows its short-time processing at the tempera-
ture up to 60°C.

Series of the carried laboratory tests did con-
firm the preparation efficiency in the range of the
human stem cells protection, fibroblast ageing
inversion, retardation of the insulated hair follicles
and anti-wrinkle action in the “crow’s feet” areas.
The idea of the PhytoCellTec™ Malus domestica
creators was to invent a preparation, which would
protect the skin’s stem cells vitality, delay their age-
ing and decrease their effects, and also maintain a
healthy skin look and vitality (23).

Protection of the human stem cells
The stem cell extract from Uttwiler Spditlauber
has been tested in the aspect of ability to maintain

alive the stem cells taken from a cord blood. Two
test types were carried-out. First experiment was
aimed for check of the extract impact to the human
stem cell proliferation activity. It have shown that
only just 0.1% extract concentration can stimulate
growth of the cells multiplication by 80%.

Second experiment was the UV irradiation of
the human stem cells. In the preparation, where the
human stem cells were placed on the basis without
extract, the apoptosis, i.e., programmed cell death
was found in more than 40% of cells, while on the
basis with 0.1% concentration extract the cell’s
death was below 10% (22, 23).

Reversal of fibroblasts ageing symptoms

Each cell has a defined life length, which is
determined by its divisions number. After such peri-
od the cell naturally starts to grow old and it looses
its ability to subject sequent divisions. However, the
cell ageing may occur earlier if its DNA is damaged.
The premature ageing is especially negative if
occurs in the stem cells necessary for regeneration
of tissues.

The company Mibelle AG Biochemistry car-
ried out an experiment on fibroblast cells, which
were subjected to action of H,0,. After 2 h exposi-
tion, the proper skin fibroblasts did show typical
ageing symptoms. After this time, one portion of
cells was placed in the 2% extract of the Uttwiler
Spditlauber, apple tree stem cells, while the other one
was placed in the neutral environment and used as a
control sample for results comparison. Expression
of genes responsible for a cell proliferation and cell
growth stimulation was analyzed in two groups with
special attention paid to the cell growth and the age-
ing process with its symptoms. In the control sample
the genes were damaged, while the incubation with
2% stem cell extract from Uttwiler Spdtlauber not
only reversed this process, but also stimulated
expression of the valid antioxidant enzyme — heme
oxygenase 1 (22, 23).

Retarding of the insulated hair follicle ageing

Human hair follicles, being at the anagenic
phase, are insulated from skin fragments after a face
lifting. Next, they are placed on the growth nutrient,
on which they are able to grow in length for more 14
days. After this period, due to no blood flow, the
insulated hair follicles are no longer able to grow,
because their cells grow old or they pass the apopto-
sis. Thus, they became a perfect model, on which the
company Mibelle Biochemistry shows ability of the
Uttwiler Spdtlauber stem cells for retarding of the
tissue atrophy process.
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The experiment consisted of location of the
one insulated hair follicle portion on the growth
nutrient (control sample), while the other on the
nutrition with added 0.2% of the stem cell extract. It
appeared that the follicles from the control sample
become shrink after 14 days of experiment, while
the ones located on the nutrient with the plant stem
cell extract did grow till 18-th day from their loca-
tion on the nutrient (22).

Anti-wrinkle action at the ,,crow’s feet” area

The Mibelle AG Biochemistry company car-
ried-out clinical tests lasting 4 week on the group of
20 women aged from 37 to 64 years. The tests were
aimed for showing the in vivo action of the
PhytoCellTec™ Malus domestica preparation
included in the cream being the O/W type (oil in
water) emulsion. The preparation content in the
cream was 2%.

The test included application of the cream,
twice a day, on the ,crow’s feet” area. Depth of
wrinkles was measured using the PRIMOS system
(optical device for 3D skin surface display), on the
test start and after two and four weeks from it. The
research showed that the wrinkles became shallow
by 8% after two weeks and by 15% after four weeks
(22).

Summary

The Malus domestica Borkh. apple tree is
one of many plant types, on which currently
researches are carried enabling use of the plant
stem cells in cosmetic preparations. Besides the
apple trees, currently they are testing impacts of
preparations created using, among others: grapes
(Gamay Teinturier Fréaux), alpine rhododendron
(Rhododendron ferrugineum L.), jasmine garde-
nia (Gardenia jasminoides J. Ellis, Gardenia
augusta Merr.), common horehound (Marrubium
vulgare L.), stolonate ground-pine (Ajuga reptans
L.), lilac (Syringa vulgaris L.), alpine edelweiss
(Leontopodium alpinum Cass.), David’s buddleia
(Buddleja davidii Franch.), narrow-leaved purple
coneflower (Echinacea angustifolia DC.) or blue
cornflower (Centaurea cyanus L.). The plant
stem cell extracts are invaluable sources of pre-
cious active substances. The plant stem cells cul-
ture technology, despite possible production of
large volumes of active substances, is absolutely
environmental friendly and its application
enables obtainment of precious compounds, even
from the endangered or hardly available plants,
causing no unbalance in their natural ecosystem.

The preparations using the plant stem cell
extracts may be applied in both cosmetics for every-
day care and in the face-mask, serums or procedures
carried in beauty salons. The producers define no
age limit, however, due to the products properties
they shall be rather assigned for complexions with
decreased firmness, elasticity and humidity, suscep-
tible ones or for physically active people. The
requirements towards contemporary cosmetics
and/or cosmeceutics are first of all safety, but also
actions giving visible results. The important ele-
ments are also the product innovativeness and eco-
logic advantages. The preparations that include the
plant stem cell extracts meet each of these require-
ments and they perfectly satisfy the XXI-century
cosmetology market needs.
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Abstract: The study was aimed at developing a HPLC method to identify and quantify domiphen bromide,
tripelennamine hydrochloride and clioquinol in Viosept ointment. The tested substances were successfully sep-
arated using Inertsil ODS-3 (250 x 4.6 mm, 5 um) as a stationary phase and a gradient elution. Detection at 310
nm wavelength was applied for tripelennamine hydrochloride and clioquinol, and at 215 nm wavelength for
domiphen bromide. Methods of extraction of the tested substances were developed: domiphen bromide and
clioquinol were extracted with acetone from heated solutions, and tripelennamine hydrochloride was extracted
in a hexane-water system. Validation procedure confirmed the method to be sufficiently selective, precise and
accurate. Correlation coefficients of calibration curves pointed out that they were linear within the examined

concentration range.

Keywords: domiphen bromide, tripelennamine hydrochloride, clioquinol, HPLC method

Human body is covered with skin, which pro-
vides main protection against external factors. Skin
is exposed to mechanical and thermal damage as
well as to adverse effects of radiation, chemicals,
bacteria, viruses or fungi. These factors can cause
a variety of diseases, many of which require long-
term and complex treatment. A topical therapy
with multi-component extended-spectrum prepara-
tions, as the Viosept ointment, typically provides
sufficient therapeutic response. The drug contains
three active substances: domiphen bromide, tripe-

lennamine  hydrochloride, and clioquinol.
Structural formulas of the substances are shown in
Figure 1.

Tripelennamine hydrochloride is an antihista-
mine and topical anesthetic agent, whereas clio-
quinol (quinoline compound) and domiphen bro-
mide (quaternary ammonium compound from a
group of cationic emulsifiers) have antibacterial and
antifungal properties

Qualitative requirements and methods of quan-
tification for domiphen bromide, tripelennamine
hydrochloride, and clioquinol are described in phar-

* Corresponding author: e-mail: m.podolska@nil.gov.pl
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macopoeial monographs. Clioquinol monograph is
included in European Pharmacopoeia (Ph. Eur.) and
United States Pharmacopoeia (USP). British
Pharmacopoeia (BP) contains a monograph for
domiphen bromide, and USP features a tripelen-
namine hydrochloride monograph.

According to USP, purity and assay of clio-
quinol substance can be tested using gas chromatog-
raphy (GC). USP also provides a detailed descrip-
tion of selected pharmaceutical forms containing
clioquinol, i.e.: cream, suspension and skin powder
containing clioquinol along with zinc oxide, lactic
acid and lactose. Clioquinol concentrations in oint-
ment and suspension have been determined with gas
chromatography after transforming the substance
into a silanol derivative, whereas clioquinol concen-
tration in skin powder with a spectrophotometric
method. An isocratic HPLC method for purity test
of clioquinol is described in Ph. Eur.

Tripelennamine hydrochloride monograph in
USP contains a detailed specification of purity and
concentration tests using HPLC method with ion
pair chromatography. HPLC has also been used in
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Figure 1. Structures of the studied compounds

determining the drug substance concentration in
solutions for injections.

In a monograph of tablets containing tripelen-
namine, a spectrophotometric method intended for
testing the concentration of active substance and its
quantities released in dissolution tests is also laid
down.

According to a domiphen bromide monograph
in BP, its concentration in active substances can be
tested with a titration method. No pharmaceutical
forms containing domiphen bromide are mentioned
in any pharmacopoeia.

The present study was aimed at developing a
HPLC method to identify and assay domiphen bro-
mide, tripelennamine hydrochloride and clioquinol
in the Viosept ointment.

Analysis of multi-component drugs such as
ointments and creams containing active substances
exhibiting different physicochemical properties
presents some difficulties, e.g., isolation of individ-
ual substances.

Many papers refer to tripelennamine tested in
pharmaceutical preparations (1-10) and biological
materials (11-15). Different procedures were devel-
oped: chromatographic method such as liquid chro-
matography (HPLC) (1-6, 12), capillary elec-
trophoresis (CE) (7, 8, 15), gas chromatography
(GO) (11, 13). Other methods were also adopted like
potentiometric methods (9), photometric (10) and
spectrophotometric method (14). In almost all cases
HPLC, GC, CE were used for the simultaneous
determinations of antihistamine drug substances
such as diphenhydramine, carbinoxamine, azata-
dine, chlorpheniramine, pheniramine, bromphen-
iramine and others.

The available literature mentions a few reports
related to the quantification of clioquinol in drugs.
Determination of clioquinol in creams was carried
out by spectrophotometric methods (16, 17). Liquid
chromatography after precolumn derivatization was
used for determination of clioquinol in the presence
of metronidazole and tolnaftate (18). HPLC method
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with electrochemical detection was developed for
determination of clioquinol in plasma and tissues
(19). Only one paper reporting an analysis of
domiphen bromide by a HPLC method as a surfac-
tant in bioprocess intermediates was found (20).

EXPERIMENTAL

Materials

Drug product: Viosept ointment containing
tripelennamine hydrochloride 20 mg/g + clioquinol
20 mg/g + domiphen bromide 0.5 mg/g (batch num-
ber 10203; manufactured by: “Jelfa” S.A.)

Reference standards: tripelennamine hydro-
chloride (USP), clioquinol (CRS Ph. Eur.),
domiphen bromide (RBH Ltd. UK), impurities A, B,
C originating from clioquinol (CRS Ph. Eur.).

Reagents and instruments

Reagents: acetonitrile was HPLC grade, all
other chemicals were of analytical grade.

Computer-controlled liquid chromatograph
(Shimadzu) was fitted with UV-VIS SPD-10AVy,p
detector, DAD SPD-M10AVyp, LC-10ATyp
pump system, DGU-14A sample degassing unit,
SCL-10Ay,p controller, and SIL-10ADy,p automat-
ic sample feeder.

Chromatographic column: Inertsil ODS-3, 250
x 4.6 mm, 5 mm, by HICHROM.

Standard solutions: clioquinol solution at 120
tg/mL concentration in acetone, domiphen bromide
solution at 3 pg/mL concentration in acetone, tripe-
lennamine hydrochloride solution at 120 pg/mL
concentration in water obtained by extraction in the
following procedure: 5.0 mL of aqueous solution of
tripelennamine hydrochloride at 1.2 mg/mL concen-
tration was transferred to a separator, with 30 mL of
hexane and 15 mL of water added, and handled as
described in the sample preparation procedure for
concentration determination of tripelennamine
hydrochloride. (see: content determination)

Development of the method
Chromatographic conditions

First, suitable wavelengths were determined
based on the recorded spectra of the substances in
acetone in the 200-350 nm range using DAD detec-
tor. The selected wavelengths were: A = = 215 nm
for domiphen bromide assay, and A = 310 nm for
tripelennamine hydrochloride and clioquinol. Next,
a specific HPLC system has been sought, which
would provide identification and sufficient separa-
tion of the three substances characterized by signifi-
cantly different polarity.

Therefore, a number of chromatographic
reversed-phase HPLC systems were tested, i.e.,
columns of various polarities (YMC-Pack C4, 5 pum,
150 x 4.6 mm by YMC Co. Ltd.; Spherimage-80
C6, 5 um, 125 x 4.0 mm by Knauer; Symmetry C8,
5 um, 250 x 4.6 mm by Waters; Supelcosil
ABZ+PLUS, 5 um, 250 x 4.6 mm by SUPELCO;
CPS-2 Hypersil, 5 um, 250 x 4.6 mm by Thermo;
Inertsil ODS-3, 5 um, 250 X 4.6 mm by HiChrom)
and mobile phases of different compositions, con-
taining the most popular solvents: methanol, ace-
tonitrile and tetrahydrofuran. No system with iso-
cratic elution was found, which would allow to sep-
arate and identify the three active substances within
a relatively short time period. So, different variants
of the gradient elution were tested.

Low polarity columns (C18) were found eligi-
ble to obtain a satisfactory separation of the tested
substances with a suitable gradient elution.

The following chromatographic system was
finally selected: Inertsil ODS-3 chromatographic
column, 250 X 4.6 mm, 5 wm; temperature: 40°C;
mobile phase A: 1.0 mL H;PO, in 1.0 mL of water;
mobile phase B: acetonitrile
Gradient elution:

time (min) mobile phase B (%)
0-5 10
5-12 10 — 85
12-20 85
20-22 85— 10
22 -25 10

Mobile phase flow rate of 1.5 mL/minute and
injection volume 50 pL were applied.

Sample solutions

The following solvents were tried for an effi-
cient isolation of drug substances from the ointment:
methanol, ethanol, acetonitrile, tetrahydrofuran,
dimethylformamide and acetone.

All active substances: tripelennamine hydro-
chloride, domiphen bromide and clioquinol were
well soluble in acetone, which was used to extract
them as follows:

—in a one step without heating, or with heating
up to 60°C, or with heating up to 80°C.

The ointment was weighted and transferred to
a 50 mL volumetric flask, approximately 40 mL of
acetone was added, then agitated on mechanical
shaker for approximately 30 min or heated in a
water bath for approximately 30 min. The heater
temperature was 60 or 80°C. The solutions were
cooled to room temperature, made up to 50 mL vol-
ume and filtered through cellulose filter (84 g/m?).

— A triple procedure with heating up to 40°.
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The ointment was weighted and transferred to
a conical flask, approximately 15 mL of acetone was
added and heated in a water bath at 40°C for 30 min.
The solution was cooled during a few minutes in
refrigerator until excipients were precipitated; after
that the supernatant was filtered to a 50 mL volu-
metric flask through cellulose filter (84 g/m?). The
operation was repeated twice and then the volumet-
ric flask was made up to 50 mL with acetone.

RESULTS AND DISCUSSION

The results shown in Table 1 proved that ace-
tone was a suitable solvent for extraction of clio-
quinol and domiphen bromide from the Viosept
ointment, preferably at 80°C. However, the results
for tripelennamine hydrochloride assay after extrac-
tion in acetone were unrepeatable and too low
(Table 1). Therefore, acetone was not suitable for
the content determination of tripelennamine. For
this compound a different method was needed. An
extraction hexane-water was found to be the most

suitable one (see: content determination). The
obtained results are shown in Table 2.

Method validation
Specificity

To verify the specificity of the method, the
solvent (acetone), the solutions of standard active
substances, and of potential impurities originating
from clioquinol (A, B, C acc. to Ph. Eur.) were
injected onto the column. Figure 2 shows a chro-
matogram of the standards’ mixture in acetone
(approximately 0.1 mg/mL) at 215 nm and 310 nm.
The peaks of the solvent (acetone), impurities and
placebo do not interfere with the peaks of the
actives substances.

Linearity

Linearity was tested within a concentration
range: 5-160 ug/ml for clioquinol (in acetone, A =
310 nm); 0.4—6 pg/mL for domiphen bromide (in
acetone, A = 215 nm), 2-200 pg/mL for tripelen-
namine hydrochloride (in water, A = 310 nm). Table

Table 2. Effect of applied extraction method on determination of tripelennamine hydrochloride (triple extraction; hexane-water).

Declared Found amount Mean of found amount
Substance . . RSD
. content of active substance of active substance
determined [%]
[mg/g] [mg/g] [mg/g]
20.83
Tripelennamine 21.19
hydrochloride 200 20.78 20.98 0.99
21.13
Table 3. Calibration curve parameters.
A =310 nm A =215nm
N Tripelennamine Domiphen
Clioguinol hydrochloride bromide

Line equation
(n=6)

y =36436.3x + 69143.5

y =95918.7x - 2536.5

y =63212.2x - 8610.6

Standard error
of the estimate
S

y

17381

19614

2322

Correlation
coefficient

)

0.9999

0.9999

0.9996

Limit of
detection
(LOD)

1.6 pg/mL

0.7 ug/mL

0.1 pg/mL

Limit of
quantitation

LOQ)

4.8 ug/mL

2.0 ug/mL

0.4 ug/mL
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3 shows the linear regression parameters with corre-
lation coefficients, which are very close to unity.

Limit of detection and limit of quantification

Limit of detection (LOD) and limit of quantifi-
cation (LOQ) were established based on the calibra-
tion curve parameters: LOD = 3.3-S /a and LOQ =
10-S,/a, where S, = standard error of estimation, a =
slope of a straight line. Results are presented in
Table 3.

Validation of the chromatographic system
Precision

Standard solutions: acetone solution of
domiphen bromide (3 pg/mL), clioquinol (120
pg/mL) and aqueous solution of tripelennamine
hydrochloride (120 pg/mL) were injected onto the
column six times. The RSD of the peak areas ranged
from 0.2% (tripelennamine), 0.4% (clioquinol) to
1.5% (domiphen bromide). RSD < 2.0% was chosen
as an acceptance criterion.

Table 4. Results of recovery in the Viosept ointment.

Accuracy

Weighted portions of standards of the active
substances (80, 100 and 120% of the declared con-
tent) were added to approx. 0.3 g of placebo. The
samples were analyzed for content determination.
Recovery of 98.0-102.0% (Table 4) confirmed
accuracy of the method.

Robustness

The effect of the mobile phase flow ratio (£ 0.2
mL/min), column temperature (£ 5°C), composition
of the mobile phase A (+ 0.2 mL H;PO,) and of the
mobile phase B (ACN or ACN: H,09: 1, v/v), and
column type on retention times, symmetry factor
(Ag) and resolution (Rg) were evaluated for the stan-
dard mix solutions (approximately 0.1 mg/mL).
The results are presented in Table 5.

Stability of solutions
Stability studies were performed for tripelen-
namine hydrochloride and clioquinol standard solu-

Amount Mean value
Substance added Recovery of RSD
determined [declared [%] recovery [%]
content] [%]
99.32
% gt)g;ml“ 98.75 99.03 0.29
© 99.02
Tripelennamine 99.48
hydrochloride 120 pg/mL 98.72 99.77 1.23
100%
101.12
99.22
14‘; %gémL 98.56 99.63 0.45
© 100.10
100.70
9 gt)gém]“ 100.33 100.44 022
o 100.30
100.19
Clioguinol 120 élogémL 100.63 100.58 0.36
© 100.91
99.80
14‘1 %gémL 100.48 100.46 0.65
© 101.09
98.29
2'48%%//‘“ 100.84 99.52 128
© 99.43
. 102.00
%"mlp.ge“ 3 ﬁ)go/gﬂ“ 99.30 101.10 1.54
romide © 102.00
102.00
3'61 gg(/ymL 99.30 100.87 137
© 102.00
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Figure 2. Chromatograms of a mixture of standards: tripelennamine, clioquinol, domiphen, impurities originating from clioquinol
(approximately 0.1 mg/mL) and placebo in acetone, at A =215 nm and A = 310 nm

tions. Determination of impurities originating from
domiphen was omitted due to its stability and low
dose in the product (0.5 mg/g).The aqueous and
acetone solutions of tripelennamine hydrochloride
(120 pg/mL) stored at ambient temperature were
assayed after 12 and 48 h. The RSD of the assay of
tripelennamine were within 1% (n = 6). The stabil-
ity experiments showed that no significant changes
in the content of impurities were observed in ace-
tone or aqueous solution either. In both cases the
total impurities percent was lower than the trace
level (< 0.05%). This confirms that the standard
aqueous solutions of tripelennamine used during
the assay were stable for at least 48 h at room tem-
perature.

The effect of the heating process of acetone
solutions (up to 80°C for 30 min in a water bath) was
also analyzed to make sure that the potential degra-
dation products of tripelennamine did not interfere
with determination of the two other actives sub-
stances. Similar results (< 0.05% of total impurities)
were observed.

Standard solutions of clioquinol (120 pg/mL)
in acetone and acetone heated up to 80°C for 30 min
in a water bath were also tested after 12 and 48 h.
The solutions were protected from light and stored
at ambient temperature. The following results, for
the solutions heated, or not were obtained: impurity
A 1.0%, impurity B 0.6%, impurity C 0.5%, and
other impurities in trace quantities. Additionally,
stability of clioquinol solutions in methanol, which
is used in a method for purity described in the
monograph of clioquinol in Ph. Eur., were investi-
gated. No significant effect on the quantity of degra-
dation products was observed.

Content determination
Clioquinol and domiphen bromide

The solutions were prepared in brown volu-
metric flasks. Approx. 0.3 g of the ointment was
weighted and transferred to a 50 mL volumetric
flask, then 40 mL of acetone was added and heated
in a water bath up to 80°C for approximately 30 min.
The solution was cooled to room temperature, made
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tripelennamine)
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Table 6. Results and statistic evaluation of assay in the Viosept ointment.

Declared Found amount of active substances
Active amount of [mg/e]
bstances active
su substances Mean RSD
[mg/g] X £ AX (PU =95%,n = 6) [%]
Tripelennamine +

hydrochloride 20.0 21.04 £ 0.22 0.99

Clioquinol 20.0 19.55 £ 0.27 1.33

Domiphen 0.5 0.46 + 0.008 1.66
bromide

up to 50 mL volume and filtered through a cellulose
filter (84 g/m?).

Aliquots of 50 pL of the prepared standard and
sample solutions were injected onto the column.
Chromatograms were recorded at two different
wavelengths: 310 nm for determination of clio-
quinol and 215 nm for determination of domiphen.
Figure 3 shows chromatograms of sample solutions
and placebo in acetone. Table 6 shows the results of
determination.

Tripelennamine hydrochloride

Approx. 0.3 g of the ointment was weighted
and transferred to a separatory funnel, 30 mL of
hexane was added and agitated for approx. 2 min
until the base of ointment was dissolved. Next, 15
mL of water was added. The funnel was then agitat-
ed for approximately 2 min and left until the layers
have separated. The water layer was transferred to a
50 mL volumetric flask. The extraction was then
repeated twice, and the water layers were collected
in the flask, made up to volume and filtered through
a cellulose filter (84 g/m?).

Aliquots of 50 pL of the prepared standard and
sample solutions were injected onto the column.
Figure 4 shows chromatograms of the sample and
placebo solutions after extraction with hexane-
water. Table 6 shows the results of determination.

CONCLUSIONS

A simple HPLC method for the quantitative
determination of three active substances: domiphen
bromide, tripelennamine hydrochloride, and clio-
quinol in the Viosept ointment was optimized and
validated. A C18 reversed-phase column and a gra-
dient elution were used.

The developed method was selective, precise
and accurate, and complied with the acceptance cri-

teria, including symmetry factor (Ag < 1.5) and res-
olution (Rg > 2.0) between all peaks. The specificity
was confirmed as the peaks originating from the sol-
vent, placebo, impurities and drug substances did
not interfere. Calibration curves of the three active
substances were linear (r = 0.999). Values of recov-
ery of the substances from the ointment were within
the range 98.0-102.0%.
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Abstract: Diphenhydramine hydrochloride (DPH), a histamine H1l-receptor antagonist, is widely used as
antiallergic, antiemetic and antitussive drug found in many pharmaceutical preparations. In this study, a new
reconstitutable syrup formulation of DPH was prepared because it is more stable in solid form than that in lig-
uid form. The quantitative estimation of the DPH content of a reconstitutable syrup formulation in the presence
of pharmaceutical excipients, D-sorbitol, sodium citrate, sodium benzoate and sodium EDTA is not possible by
the direct absorbance measurement. Therefore, a signal processing approach based on continuous wavelet trans-
form was used to determine the DPH in the reconstitutable syrup formulations and to eliminate the effect of
excipients on the analysis. The absorption spectra of DPH in the range of 5.0-40.0 pg/mL were recorded
between 200-300 nm. Various wavelet families were tested and Biorthogonall.l continuous wavelet transform
(BIOR1.1-CWT) was found to be optimal signal processing family to get fast and desirable determination
results and to overcome excipient interference effects. For a comparison of the experimental results obtained
by partial least squares (PLS) and principal component regression (PCR) methods were applied to the quanti-
tative prediction of DPH in the mentioned samples. The validity of the proposed BIOR1.1-CWT, PLS and PCR
methods were achieved analyzing the prepared samples containing the mentioned excipients and using standard
addition technique. It was observed that the proposed graphical and numerical approaches are suitable for the
quantitative analysis of DPH in samples including excipients.

Keywords: diphenhydramine hydrochloride, reconstitutable syrup formulation, continuous wavelet transform,

quantitative analysis

Most of the population have not preferred the
use of solid oral dosage forms due to their swallow-
ing problem. In this reason, oral pharmaceutical
syrup is one of the most favorable dosage forms for
pediatric patients or patients unable to tolerate solid

O/\/ N o
CHj .HCI

Figure 1. Molecular structure of diphenhydramine hydrochloride
(DPH)

dosage forms. The liquid form has been preferred
because it is useful for swallowing and flexibility in
the administration of doses (1, 2).
Diphenhydramine hydrochloride (DPH) named
as 2-(diphenylmethoxy)-N,N-dimethylethylamine
hydrochloride (Fig. 1), which is a first generation
antihistamine, has been mainly used for the treat-
ment of allergies and itchiness, insomnia, motion
sickness, and extrapyramidal symptoms. Addition-
ally, DPH has significant antitussive activity. The
syrups containing DPH have been used as a cough
suppressant for the control of cough due to colds or
allergy (3). Recently, the use of DPH in combination
with other drugs has been reported as antiemetic for
the prevention of cisplatin-induced emesis in
chemotherapy treatment. Furthermore, it has been
used as sedative in dentistry for children and in local
anesthesia (4-6). DPH oral syrups or elixirs are
available commercially. However, previous studies
described that DPH is more stable in solid form than

* Corresponding author: e-mail: bdevrim@pharmacy.ankara.edu.tr; phone: +90312 203 31 62, fax: +90312 213 10 81
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that in liquid form (7). Therefore, we focused main-
ly on the preparation of a reconstitutable syrup for-
mulation of DPH. DPH was distributed in dry mix-
ture and reconstituted with required volume of water
before administration to form oral liquid syrup.

Several methods including capillary elec-
trophoresis (8—10), atomic absorption spectrometry
(11), fluorometry (12), flow injection analysis (13,
14) and spectrophotometry (15—17) have been pro-
posed for the determination of DPH in pharmaceuti-
cal preparations. Many chromatographic methods
such as gas chromatography (18), liquid chromatog-
raphy (19, 20) and high performance liquid chro-
matography (HPLC) (7, 21, 22) have been used for
the analysis of DPH in samples.

In the existing interferences of pharmaceutical
excipients, traditional spectrophotometric methods
are not suitable for the quantitative resolution of sin-
gle component and multicomponent formulations. In
this case, the use of a separation method like HPLC
is an answer in order to solve the mentioned prob-
lem. However, in some cases, HPLC approach may
not give expected results due to similar chemical and
physical properties of analytes with excipients. In
addition, this separation procedure requires long
period of analysis time, high cost and tedious proce-
dures. It is clear that there is a need of new analytical
powerful method for resolving these problems.
Recently, wavelet transform methods have been used
for the signal processing tools in many branches due
to versatile and flexible properties (23-26).

In previous studies, some applications of the
continuous wavelet transform (CWT) to the resolu-
tion of overlapped spectra for the quantitative deter-
mination of multicomponent mixtures were reported
(27-32).

Chemometric calibration methods, partial least
squares (PLS) and principal component regression
(PCR) are popular methods for the quantitative res-
olution of the multicomponent mixture system.
Recently, these chemometric methods have been
used as alternative methods for several analytical

problems from qualitative analysis to quantitative
analysis in analytical chemistry and related branch-
es (33-36).

The purposes of this study were to prepare a
new pharmaceutical formulation and to improve
new analytical methods for the quantification of
DPH in its samples containing pharmaceutical
excipients. The first aim is the preparation of recon-
stitutable syrup formulation of DPH. The second
aim is the quantitative analysis of DPH in the pre-
pared reconstitutable syrup formulation in the pres-
ence of pharmaceutical excipients, D-sorbitol, sodi-
um citrate, sodium benzoate and sodium EDTA, by
using CWT signal processing, PLS and PCR meth-
ods without requiring any separation step. We
observed that the improved CWT, PLS and PCR
methods gave satisfactory results for the quantitative
estimation of the DPH content in a reconstitutable
syrup formulation in spite of the spectral interfer-
ences of the pharmaceutical excipients.

EXPERIMENTAL

Reagents and equipment

Reagents were: diphenhydramine hydrochlo-
ride (DPH) (Bilim Pharmaceuticals, Turkey), D-sor-
bitol and sodium citrate (Merck, Germany), sodium
benzoate and sodium EDTA (Sigma-Aldrich,
Germany). All other chemicals were of analytical
grade and distilled water was used for all experi-
ments.

Equipment used: double-beam UV-visible
spectrophotometer (Shimadzu UV-2550, Japan).

METHODS

Preparation of the dry mixtures for reconsti-
tutable syrup formulation

In order to produce dry mixture for reconstitu-
tion, all the powder components were reduced to
more or less the same particle size. To obtain a homo-
geneous mixture, ingredients were mixed based on

Table 1. Composition of the dry mixture for syrup formulation.

Component g/100 mL
Diphenhydramine HCI (DPH) 0.250
D-sorbitol 24.29
Sodium citrate 1.27
Sodium benzoate 0.2
Sodium EDTA 0.0074
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Table 2. Training (concentration) set of DPH in the presence of excipients.

723

pg/mL
No. DPH Sodium Sodium Sodium .
benzoate citrate EDTA D-sorbitol
1 5 10 10 10 10
2 10 20 20 20 20
3 15 30 30 30 30
4 20 40 40 40 40
5 25 40 40 40 40
6 30 30 30 30 30
7 35 20 20 20 20
8 40 10 10 10 10
1 .5 T T T T T T T T T
(A)
— DPH
''''' Sodium benzoate
8 co Sodium citrate
§ - — — Sodium EDTA
o — D-sorbitol
7]
Q0
<C
N
~ .
—_———— . — .
. | | | 1 | | | N
200 210 220 230 240 250 260 270 280 290 300
Wavelength (nm)
— DPH
''''' Sodium benzoate
w 024y Sodium citrate =
2 — — — Sodium EDTA
2 D-sorbitol
[=%
= d
s
l_
g ~— - -
(@] - . —
_mn 223.5nm i
1 L L 1 1 1 1 1 1
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Figure 2. (A) Absorption spectra and (B) CWT spectra of DPH (;
(= —-) and D-sorbitol (—) in distilled water

Wavelength (nm)

), sodium benzoate (- - —), sodium citrate (-------

), sodium EDTA
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geometric dilution, which is a method used in mixing
two or more ingredients of unequal quantities.
Briefly, mixing process was started with the smallest
quantity (sodium EDTA) and the equal of the other of
the larger amount (sodium benzoate and DPH) were
added. The same procedure was followed for sodium
citrate and D-sorbitol until all ingredients were used
up (37, 38). The representative formulation for the
preparation of dry mixture is tabulated in Table 1.
For the preparation of the reconstituted syrup
formulation, an appropriate amount of water was
added to the dry syrup powder in two steps and stirred
with spoon until a homogenous product was obtained.

Preparation of the standard solutions
The stock solution of DPH was prepared by
dissolving 25 mg of DPH in 100 mL of distilled

BURCU DEVRIM et al.

water. Additionally, the stock solutions of pharma-
ceutical excipients were prepared by dissolving an
appropriate amount of each excipient in 100 mL of
distilled water.

In case of the CWT signal processing method,
the calibration solutions of DPH in the range of
5.0—40.0 pg/mL were obtained from the stock solu-
tion. In case of the PLS and PCR, a training (con-
centration) set of eight different mixtures contain-
ing DPH with pharmaceutical excipients was pre-
pared (Table 2). An independent validation sam-
ples containing DPH with pharmaceutical excipi-
ents were prepared by using stock solution.
Standard addition samples were obtained by
adding the DPH stock solutions (at the concentra-
tion levels, 5, 10, 20, 30, 35 pg/mL) to the prepared
syrup samples.

Absorbance

40 pg/mL
35 ug/mL 7
30 pg/mL
25 pg/mL
20 pg/mL b
15 pg/mL
10 pg/mL
5 ug/mL 7

oo e

(i S VY R S W]

O 1 1
200 210 220 230

240

250 260 270 280 290 300

Wavelength (nm)

0.8 T T T

CWT Amplitudes

CWT Amplitudes

Calibration Graph

0 10 20 30 40
Concentration (ug/mL)
-

.2 1 1 1
200 210 220 230

240

250 260 270 280 290 300

Wavelength (nm)

Figure 3. (A) Absorption spectra of DPH in the concentration range of 5.0-40.0 pg/mL in distilled water, (B) CWT spectra and calibration
curve of DPH in the concentration range of 5.0-40.0 pg/mL in distilled water
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Table 3. Calibration parameters and limits of detection, LOD and
LOQ in pg/mL for Biorl.1-CWT calibration.

Parameters
Concentration range
(pg/mL) 5.0-40.0
A (nm) 223.55
m 6.4 x 10°
n 6.4 x 10°
T 0.9998
SE (m) 0.0000
SE (n) 1.1 x10°
SE (r) 1.4 x 10°
LOD 1.44
LOQ 4.80

*m = slope of the regression function, n = intercept of the regres-
sion function, r is correlation coefficient of the regression func-
tion, SE (m) = standard error of the slope, SE (n) = standard error
of the intercept, SE (r) = standard error of the correlation coeffi-
cient, LOD = limits of detection, LOQ = limits of quantification.

Analysis procedure of dry powder and syrup for-
mulation

The samples taken from three different points
of dry syrup powder equivalent to 25 mg of DPH
were weighed and dissolved in distilled water, fil-
tered into a 100 mL calibrated flask to remove the
insoluble matter and diluted to volume with water.
The obtained solutions were diluted to the working
concentration range with distilled water. The same
sample preparation procedure was applied to the
reconstituted syrup formulation. Absorption spectra
of the resulting solutions of both dry powder and
syrup formulation were recorded as well as calibra-
tion solutions.

RESULTS, DISCUSSION AND CONCLUSION

As it can be seen from Figure 2a, the absorp-
tion spectra of DPH and pharmaceutical excipients
strongly overlap in the spectral region of 200-300
nm. Due to the mutual spectral interferences of DPH
and pharmaceutical excipients in the same spectral
region, the direct spectrophotometric determination
of DPH in its syrup samples is not possible by tradi-
tional spectral analytical methodologies (13, 18).
For the rapid and reliable resolution of this problem,
we focused mainly on the application of the CWT
signal processing approach to quantitative analysis
of DPH in dry powder and syrup forms.
Additionally, PLS and PCR calibrations were used

Table 4. Results obtained by the application of Biorl.1-CWT, PLS and PSR methods to the standard addition samples.

DPH (n = 3)

PCR method

Recovery
(%)

101.4
9

8.9

95.0

96.0

95.4

BIAS

1.37
-1.13

-4.97

-4.03

—4.61

RSD

2.38

1.88
243

1.86
2.45

SD

0.12
0.19
0.46
0.54
0.82

Predicted

5.07

9.89

19.01
28.79
33.39

PLS method

Recovery
(%)

99.8

98.4

94.9
9

6.6

94.3

BIAS

-0.17
-1.60
-5.14
-3.37
-5.65

RSD

0.76
0.64
2.17
2.93
1.62

SD

0.04
0.06

0.41

0.85

0.54

Predicted

4.99
9.84
18.97
28.99
33.02

BIOR1.1-CWT

Recovery
(%)

99.8

99.7

99.9

100.7
100.0

BIAS

-2.60
0.80
—0.45
1.26
-0.20

RSD

1.66
1.99
1.41
0.64
0.04

SD

0.08
0.20
0.28
0.19
0.02

Predicted

4.87
10.08

19.91

30.38

34.93

Added

10
20
30
35

*#SD = standard deviation, RSD = relative standard deviation.
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for comparison of the assay results provided by the
improved CWT approach with those obtained by
applying PLS and PCR (32). The proposed methods
gave us sensitive, selective, accurate and precise
results for the fast analysis of DPH in samples.

In order to get the optimal wavelet analysis, var-
ious wavelet families at different scale factor (a) were
applied the absorption spectra of DPH and pharma-
ceutical excipients (Fig. 2) and BIOR1.1-CWT (a =
40) among wavelet families was found to be an opti-
mal signal analysis approach for the DPH. As illus-
trated in Figure 2b, the concentration of DPH is pro-
portional to the BIOR1.1-CWT signal at the wave-
length 223.55 nm, corresponding to the zero-crossing
point for all pharmaceutical excipients (D-sorbitol,

Table 5. Stastistical parameters for PLS and PCR calibration.

BURCU DEVRIM et al.

sodium citrate, sodium benzoate and sodium EDTA).
The absorption spectra of the DPH calibration solu-
tions were recorded between 200 and 300 nm as
shown in Figure 3a and the BIOR1.1-CWT spectra
were obtained using CWT procedure (Fig. 3b). An
analogous procedure was applied to all samples.
Calibration curve for the related compound was
obtained by measuring the BIOR1.1-CWT amplitudes
at 223.55 nm. The calibration curve and correspon-
ding statistical results in the application of the linear
regression analysis to the concentrations and
BIOR1.1-CWT amplitudes were summarized in
Figure 3b and Table 3. The content of DPH in samples
was determined by the computed calibration curve.
In case of the PLS and PCR applications, a
training (concentration) set of the mixture solutions
in the concentration range of 5.0-40.0 pg/mL of
DPH and pharmaceutical excipients (D-sorbitol,
sodium citrate, sodium benzoate and sodium EDTA)
in possible combinations were prepared to construct

DPH the PLS and PCR calibrations. Table 2 shows the
Parameters PLS PCR training set of DPH in the presence of pharmaceuti-
SEC 0.278 0.269 cal excipients. The absorbance data matrix corre-
PRESS 0.540 0.577 sponding to the training set was obtained by meas-
SEP 0.894 0.832 uring the absorbance values at the wavelengths set
ShC tara R with the intervals of AA = 0.05 nm in the spectral
* = standard error of calibration, . .
PRESS = prediction residual error sum-of-squares, r.ange 200.0-300.0 nm.. TWO, chemometric Calhlb.ra_
SEP = standard error of prediction. tions based on the relationship between the training
0.30 ; — : : — .
0.25¢ y =0.0063 x + 0.032 ’
r=0.9996
0.20 b
w
@
S
3 015 i
a
£
<
~ 010 .
=
]
0.05 b
0.00 b
_OIGE 1 1 1 1 1 1

=10 =5 0 5 10

15 20 25 30 35

Concentration (ug/mL)

Figure 4. A plot of the standard addition samples, obtained by using the relationship between BIOR1.1-CWT amplitudes and concentra-

tion



Table 6. DPH content of dry powder and syrup formulation by Biorl.1-CWT, PLS and PCR approach.
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mg/100 mL

Syrup

PCR

25.482
0.383

1.503

PLS
25.549

0.388

1.519

BIORI.1-CWT

25.539

0.162
0.635

Dry powder

sample 3

PCR
25.284
0.730

2.887

PLS
25.389
0.724

2.854

BIORI1.1-CWT

26.639

0.248

0.930

Dry powder

sample 2

PCR
26.199

0.532

2.031

PLS
26.330

0.533

2.024

BIORI1.1-CWT

27.385
0.137

0.501

Dry powder

sample 1

PCR

25.144
0.367
1.459

PLS

25.261
0.377

1.490

BIOR1.1-CWT

25.692
0.335

1.305

Mean

SD
RSD

*#SD is standard deviation for n = 10 observations, RSD is relative standard deviation.

set and absorbance data matrix were calculated by
applying the PLS and PCR algorithms. PLS and
PCR calibrations obtained were used for the predic-
tion of the amount of DPH in its samples containing
pharmaceutical excipients.

In case of the BIORI1.1-CWT process, a good
linearity for regression equation was observed.
Correlation coefficient was found to be 0.9998 as
shown in Table 3. Limit of detection (LOD) and
limit of quantitation (LOQ) were calculated to be
1.44 and 4.80 pg/mL, respectively (Table 3). The
applicability and validity of the improved BIOR1.1-
CWT were tested by analyzing the mixtures of DPH
and pharmaceutical excipients. Recovery and stan-
dard deviation for the proposed CWT signal pro-
cessing method were illustrated in Table 4. It is clear
that these results indicate good accuracy and preci-
sion for the application of the improved CWT
method to the analysis of the mixtures containing
active compound and pharmaceutical excipients.
For the observation of the pharmaceutical excipi-
ents’ effects on the analysis of DPH, standard addi-
tion technique was applied by adding 5 different
concentration levels (5, 10, 20, 30 and 35 pg/mL) to
the syrup samples containing 5 pg/mL DPH. The
concentration values of the standard addition sam-
ples were plotted against the values of the BIOR1.1-
CWT amplitudes and a straight line was observed as
shown in Figure 4. The results indicate that the lin-
ear regression slope of standard addition samples is
close to the slope of the calibration equation of DPH
(Table 3 and Fig. 4). This uncovers that no interfer-
ence of pharmaceutical excipients was observed
during the application of the proposed BIORI1.1-
CWT approach to the standard addition samples, dry
powders and syrup samples.

In order to test the applicability and validity of
the PLS and PCR methods, the DPH samples contain-
ing pharmaceutical excipients were analyzed by PLS
and PCR in the calibration and prediction steps.
Predictive ability of the proposed chemometric cali-
bration method was checked by the standard error of
calibration (SEC), the predicted residual error sum-of-
squares (PRESS) and the standard error of prediction
(SEP). Table 5 shows the SEC, PRESS and SEP val-
ues calculated by using the actual and predicted con-
centrations. It was observed that the applicability and
predictive validity of PLS and PCR gave satisfactory
results. As a result, percent mean recoveries with the
relative standard deviations were found as 94.3-99.8 £
0.64-2.93% and 95.0-101.4 + 1.86-2.45% for DPH
using PLS and PCR methods, respectively (Table 4).
These experimental results indicate that the proposed
chemometric numerical and signal processing meth-
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ods are suitable for the simultaneous determination of
DPH in dry powder and syrup formulations.

The CWT, PLS and PCR methods were
applied to analysis of the dry powder and syrup sam-
ples containing DPH and pharmaceutical excipients
and the obtained results are presented in Table 6. A
good agreement was observed for the assay results
with the prepared amount of the DPH in the dry
powder and syrup composition. Furthermore, it was
observed that the determination results obtained
from three different dry powder samples are very
close to each other. These results showed that DPH
and pharmaceutical excipients were mixed homoge-
neously. As reported in previous studies (37, 38),
mixing of active and inactive compounds according
to the principle of the geometric dilution resulted in
homogeneous distribution of active compound in
dry powder samples.

A reconstitutable syrup formulation of DPH
containing D-sorbitol, sodium citrate, sodium ben-
zoate, and sodium EDTA as pharmaceutical excipi-
ents was successfully prepared in this study. The
proposed CWT, PLS and PCR chemometric meth-
ods are rapid, precise, and accurate for the simulta-
neous resolution of dry powder and syrup formula-
tions containing DPH and pharmaceutical excipients
having strongly overlapping spectra. The obtained
results indicate that the CWT, PLS and PCR cali-
bration methods are very suitable for the analysis of
DPH in the presence of pharmaceutical excipients
without using chemical pretreatments.
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Abstract: The stability-indicating LC assay method was developed and validated for quantitative determina-
tion of cefpirome sulfate (CPS) in the presence of degradation products formed during the forced degradation
studies. An isocratic HPLC method was developed with Lichrospher RP-18 column, 5 pm particle size, 125 mm

X 4 mm column and 12 mM ammonium acetate-acetonitrile (90 :

10 v/v) as a mobile phase. The flow rate of

the mobile phase was 1.0 mL/min. Detection wavelength was 270 nm and temperature was 30°C. Cefpirome
sulfate as other cephalosporins was subjected to stress conditions of degradation in aqueous solutions includ-
ing hydrolysis, oxidation, photolysis and thermal degradation. The developed method was validated with regard
to linearity, accuracy, precision, selectivity and robustness. The method was applied successfully for identifi-
cation and determination of cefpirome sulfate in pharmaceuticals and during kinetic studies.

Keywords: method validation, stability-indicating method, cefpirome sulfate

Cefpirome sulfate (CPS, Fig. 1) is a new, par-
enteral, fourth generation cephalosporin. CPS is
effective against Gram-positive bacteria including
Staphylococcus aureus and Gram-negative microor-
ganisms, such as Pseudomonas aeruginosa (1-3).
The elements responsible for such spectrum of
activity are 2-amino-thiazolylmethoxyimino group
in a side-chain in position 7 and cyclopentapyridine
in position 3. CPS is used in treatment of various
infections such as pneumonia, sepsis, urinary tract
infections, and intra-abdominal infections in adult
patients (4—7). The suggested administration of cef-

HzNJ/

pirome is 1-6 g daily from two to four divided doses
(7). CPS like other cephalosporins have surprisingly
few serious side effects, which make it attractive for
use in the treatment of a wide variety of serious
infections (8). The most common adverse symptoms
are nonspecific circulatory disorders (chills, tachy-
cardia, hypertension, nausea, dyspnea, cold perspi-
ration, weak concentration and dizziness). All
adverse effects are mild or have moderate severity,
are of a short period, improve spontaneously, and
recovery is complete. Simultaneously, most of the
side effects of B-lactams are caused by their degra-

/% ‘ ﬂyg

Figure 1. The chemical structure of cefpirome sulfate
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dation products thus it is so important to estimate the
stability and mechanism of the degradation of this
group of drugs. Stability studies are an integral part
of the drug development process and are widely rec-
ognized as one of the most important procedures in
pharmaceutical products registration (9-12).
Previous studies confirm that cephalosporins are
susceptible to degradation in aqueous solutions
(13-19) and in a solid state (20-28). CPS in solution
is stable in pH 4-7, slightly unstable below pH 3 and
promptly degraded at pH 9 and higher (17). The
degradation pathways in aqueous solutions were
described (Fig. 2) (17). Developed chromatographic
method for the determination of CPS had many dis-
advantages like significant organic solvent con-
sumption or incompatibility to HPLC-MS water
phase (29-31). The aim of this work was to develop
and validate HPLC method with UV detection suit-
able for identification, determination, and stability
study of CPS and its degradation products.

Table 1. Recovery studies (n = 3).

PRZEMYSLAW ZALEWSKI et al.

EXPERIMENTAL

Standards and reagents

CPS was obtained from CHEMOS GmbH
Werner-von-Siemens Str. 3 D-93128 Regenstauf,
Germany. It is a white or pale yellowish white, crys-
talline powder soluble in water and conforms
Japanese Pharmacopeia XV standards.

All other chemicals and solvents were obtained
from Merck (Germany) and were of analytical
grade. High quality pure water was prepared by
using the Millipore purification system (Millipore,
Molsheim, France, model Exil SA 67120).

Kinetic analysis

For the kinetic study, the Dionex Ultimate
3000 analytical system consisted of a quaternary
pump, an autosampler, a column oven and diode
array detector was used. As the stationary phase a
Lichrospher RP-18 column, 5 pm particle size, 125

Spiked concentration Measured concentration * S.D.
(mg/L) (mg/L) and recovery (%)
100.0 (~ 50%) 104.85 + 0.37, 104.85
200.0 (~ 100%) 202.73 £ 6.51, 101.36
300.0 (~ 200%) 298.31 + 1.10, 98.87
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Figure 2. Degradation pathways of CPS in aqueous solutions (17)
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X 4 mm (Merck, Darmstadt, Germany) was used.
The mobile phase composed of acetonitrile — 12 mM
ammonium acetate (10 : 90 v/v). The flow rate of the
mobile phase was 1.0 mL/min and the injection vol-
ume was 10 pL. The wavelength of the DAD detec-
tor was set at 270 nm. Separation was performed at
30°C. Photodegradation stability studies were per-
formed using Suntest CPS* (Atlas®) with filter
Solar ID65.

Procedure for forced degradation study of cef-
pirome sulfate

Stability tests were performed according to
International Conference on Harmonization
Guidelines (32).

Degradation in aqueous solutions

The degradation of cefpirome sulfate in aque-
ous solutions was studied in hydrochloric acid (1
mol/L) at 298 K, in sodium hydroxide (0.1 mol/L) at
298 K and in water at 373 K. Degradation was initi-
ated by dissolving an accurately weighed 5.0 mg of
CPS in 25.0 mL of the solution equilibrated to
desired temperature in stoppered flasks.

Oxidative degradation

Degradation was initiated by dissolving an
accurately weighed 5.0 mg of CPS in 25.0 mL solu-
tion of 3% H,0, equilibrated to 298 K.
Thermal degradation

Five milligram samples of CPS were
weighed into glass vials. In order to achieve the

120
100 -

80 -

20

DP,

degradation in solid state, the samples were
immersed in heat chambers at 393 K at RH = 0%,
at 369 K at RH ~ 50.9% and at 369 K at RH ~
90.0%. At specified time intervals, determined by
the rate of degradation, the vials were removed,
cooled to room temperature and their contents
were dissolved in the mixture of acetonitrile and
water (1 : 1 v/v). The obtained solutions were
quantitatively transferred into measuring flasks
and diluted with the same mixture of solvents to
25.0 mL.

UV degradation

Five milligrams of CPS were accurately
weighed and dissolved in 25.0 mL of water and then
exposed to light according ICHQ1b directions.

RESULTS AND DISCUSSION

It was observed that satisfactory resolution of
CPS (retention time 4.59 min) and four degradation
products (retention time from 2.10 to 8.05 min)
formed under various stress conditions was
achieved when analysis of stressed samples were
performed on an HPLC system using the C-18 col-
umn and a mobile phase composed of 10 volumes
of acetonitrile and 90 volumes of ammonium
acetate, 12 mmol/L (Fig. 3). Shorter column (125
mm) than in other HPLC methods (250 mm)
(29-31) resulted in lower amounts of organic phase
wasted, while simultaneously peak asymmetry
(1.351) and resolution (2.088) were still on satis-
factory level.

CPS

0} 2

-20 -

6 8 10
min

Figure 3. The HPLC chromatogram of CPS (t; = 4.59 min) in the presence of degradation products DP (t; from 2.10 to 8.05 min) follow-

ing incubation at 363 K for 180 min
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Method validation

HPLC method was validated according to
International Conference on Harmonization
Guidelines. The method was validated for specifici-
ty, linearity, precision, accuracy and robustness.

Selectivity

The selectivity was examined for non-degrad-
ed and degraded samples (the solutions of CPS after
stress conditions of hydrolysis (acid, base and neu-
tral), photolysis, oxidation (H,O,) and thermal
degradation.

The HPLC method for determination of CPS
was found selective in the presence of degradation
products as shown in Figure 3. Peaks were sym-
metrical and distinctly separated from each other
(Fig. 3).

Linearity

Linearity was evaluated in the concentration
range of 20-300 mg/L (10-150% of the nominal
concentration of CPS during degradation studies).
The samples of each solution were injected three
times and each series comprised 7 experimental
points.

The calibration plots were linear in the concen-
tration range 20-300 mg/L (n = 7, r = 0.9999). The
calibration curve was described by the equation y =
ac; y = (40346 = 666) c. The b value, calculated
from equation y = ac + b, was not significant.
Statistical analysis using Mandel’s fitting test con-
firmed linearity of the calibration curves.

Accuracy, as recovery test

The accuracy of the method was determined by
recovering CPS from the placebo. The recovery test
was performed at three levels: 50, 100 and 150% of
the nominal concentration of CPS during degrada-
tion studies. Three samples were prepared for each
recovery level. The solutions were analyzed and the
percentage of recoveries was calculated. Good
recoveries were obtained for each concentration,
confirming that the method was accurate (Table 1).

Precision

Precision of the assay was determined in rela-
tion to repeatability (intra-day) and intermediate
precision (inter-day). In order to evaluate the
repeatability of the methods, six samples were deter-
mined during the same day for three concentrations

Table 2. Intra-day and inter-day precision (n = 6) studies.

Spiked concentration Measured concentration + S.D.

(mg/L) (mg/L) and RSD (%)
Intra-day precision

100.00 105.00 £ 0.59, 0.48

200.00 200.83 £0.71, 0.31

300.00 298.99 £ 1.22,0.36
Inter-day precision

100.00 201.99 £3.04, 1.43

Table 3. Results of forced degradation studies.

Stress conditions and time studies Degradation [%]
Acidic (1 mol/L HCI; 298 K; 72 h) 37.27
Basic (0.1 mol/L NaOH; 298 K; 12 min) 56.30
Neutral (373 K; 70 min) 81.73
Oxidizing (3% H,0,; 298 K; 3 h) 19.34
Thermal (solid state; 393 K; RH~0%; 38 days) 69.48
Thermal (solid state; 369 K; RH~50.9%; 73.5 h) 32.91
Thermal (solid state; 369 K; RH~90.0%; 4 h) 63.00
1.2 million lux h (solution) 26.39
6.0 million lux h (solution) 94.38




Development and validation of stability-indicating HPLC method for... 735

of CPS. Intermediate precision was studied compar-
ing the assays performed on two different days.

The intra-day and inter-day precision values of
measured concentration of CPS, as calculated from
linearity plots, are given in Table 2. The RSD values
were 0.31 and 1.43%, respectively, demonstrating
that the method was precise.

Limits of detection (LOD) and quantification
(LOQ)

The LOD and LOQ parameters were determined
from the regression equation of CPS: LOD = 3.3 S /a,
LOQ = 10 S /a; where S, is a standard error and a is
the slope of the corresponding calibration curve.

Under applied chromatographic conditions, the
LOD of CPS was 2.38 mg/L and LOQ of CPS was
7.22 mg/L.

Robustness

The robustness of the procedure was evaluated
after changing the following parameters: the compo-
sition of the mobile phase; content of acetonitrile 10
+ 2%, the mobile phase flow rate 1.0 £ 0.2 mL/min;
wavelength of absorption 270 £ 5 nm and tempera-
ture 30 £ 2°C. For each parameter change its influ-
ence on the retention time, resolution, area and
asymmetry of peak was evaluated. No significant
changes in resolution and shapes of peak, areas of
peak and retention time were observed when above
parameters were modified. Modifications of the
composition of the mobile phase: organic-to-inor-
ganic component ratio and pH resulted in the essen-
tial changes of retention time and resolution in
determination of CPS.

Results of forced degradation experiments

In previous studies, concerning the stability of
cephalosporins, it was observed that basic hydrolysis
was a fast reaction (13—19). Also in the case of CPS,
significant degradation was observed at basic hydrol-
ysis. Photodegradation of CPS was observed after
exposition even on 1.2 million lux h (solution). It was
observed that around 26% of CPS degraded under
these conditions. CPS was susceptible for degradation
in solid state. At increased RH the degradation was
much faster than in dry air. CPS was more stable than
other 4" generation cephalosporin — cefozopran
hydrochloride (33). The results of forced degradations
in various conditions are summarized in Table 3.

CONCLUSION

The isocratic RP-LC method developed for the
analysis of CPS in its pharmaceutical preparations is

selective, precise and accurate. The method is useful
for routine analysis due to short run time and low
amounts of solvent (acetonitrile) used in the mobile
phase. Low acetonitrile consumption is consistent with
the current worldwide trend of green (sustainable)
chemistry. This method can be used for determination
of stability of CPS in its pharmaceutical preparations.
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Abstract: The current study evaluates the ultra high performance liquid chromatography (UHPLC) method for
the quantification of talinolol in lipid-based formulations. A simple, rapid, reliable and precise reversed phase
UHPLC method has been developed and validated according to the regulatory guidelines, which was composed
of isocratic mobile phase; acetonitrile and phosphate buffer saline (pH 4.5) with a flow rate of 0.4 mL/min, and
column HSS Cj; (2.1 x 50 mm, 1.8 ym). The detection was carried out at 245 nm. The developed UHPLC
method was found to be rapid (1.8 min run time), selective with high resolution of talinolol peak (0.88 min)
from different lipid matrices and highly sensitive (limit of detection and lower limit of quantification were 0.14
ppm and 0.5 ppm, respectively). The linearity, accuracy and precision were determined as acceptable over the
concentration range of 0.5-100 ppm for talinolol. The results showed that the proposed UHPLC method can be
used for the estimation of talinolol in lipid-based formulation by indicating its purity and stability with no inter-

ference of excipients or related substances of active pharmaceutical ingredient.

Keywords: talinolol, UHPLC systems, lipid based formulation, method validation

Talinolol is chemically known as [1-(4-cyclo-
hexylureidophenoxy)-2-hydroxy-3-tert-butylamino-
propane], categorized as a selective B1 adrenoceptor
antagonist (Fig. 1), which is structurally related to
practolol (1). It is widely used in the treatment of
various cardiovascular diseases such as arterial
hypertension, acute and chronic tachycardiac heart
arrhythmia, and hyperkinetic heart syndrome (2).
Talinolol was introduced into clinical practice in
1975 under the trade-mark “Cordanum” in
Germany. Talinolol is only available as 50/100 mg
immediate release tablets and 5 mL i.v. solution
(contains 10 mg of talinolol). The recommended
daily doses of talinolol range from 25 to 300 mg in
healthy volunteers. According to the pharmacoki-
netics, it is a poorly water soluble drug with solubil-
ity of 0.14 mg/mL (BCS II compound, weak base
with pKa 9.4, melting point 160-162°C) and it has
low, variable and incomplete absorption which leads
to poor bioavailability of around 40-55% (3). Thus,
it is a suitable candidate for lipid based formulation,

%

HN

HO

OY NH

NH

Figure 1. Chemical structure of talinolol (M.w.: 363.5, pKa: 9.4)

* Corresponding author: e-mail: mkazi@ksu.edu.sa; phone: +966 (1) 4677372, fax: +966 (1) 4676295
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which could improve the aqueous solubility and
absorption rate.

In the literature, various analytical methods
have been developed using reversed phase (RP)
high performance liquid chromatography (HPLC)
(4, 5), capillary electrophoresis (6), liquid chro-
matography (7), for determination of talinolol.
Mostly all of these methods were used to quantify
talinolol and its metabolites in plasma, urine and
feces. Till date, not a single method has been devel-
oped in lipid based formulations except biological
fluids and caused lengthy and tedious process, lack
of required sensitivity or required special reagents
and detectors. Thus, an improved analytical method
for talinolol should be developed demanding more
sensitivity, fast and also required to meet the stabil-
ity indicating parameters. Within the experimental
method development, it was also needed to carry
out stability studies under forced acidic, alkaline,
thermal, and oxidative degradation processes. The
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aim of this work was to develop a fast, reliable
analysis method for the determination of talinolol
using UHPLC.

Within the scope of the current analytical
method talinolol was assayed and validated using
an advanced UHPLC system, which reduced the
time of analysis and the use of solvent. Apart from
reducing time and solvent, the current instrument
method carries many advantages such as the
device, which allows the system to withstand high
back pressure without any harmful effect to the
analytical column or the whole device. Therefore,
the column used in the UHPLC systems can last
longer than any other HPLC columns. The pro-
posed method was also successfully applied to the
analysis of lipid-based formulations containing tal-
inolol with no interference from dosage form
excipients. The method was validated with respect
to the standard FDA guidelines for bioanalytical
method.
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Figure 2. UHPLC chromatograms of blank sample (A), standard solution of talinolol at concentration 50 ppm (B), drug-free lipid formu-

lation sample (Tween 80, QC

zero.

) (C), and drug containing lipid formulation (Tween80, QC) sample (D)
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EXPERIMENTAL

Materials

All chemicals used in the studies were obtained
from commercial suppliers. Talinolol (purity >
99.2%) was obtained as a gift sample from Alfa
Aesar, a Johnson Metthey Company (Ward Hill,
MA). Acetonitrile, potassium  dihydrogen
orthophosphate and hydrochloric acid were obtained
from BDH Chemicals Ltd., Poole, U.K. Sodium
hydroxide and hydrogen peroxide were used as ana-
lytical grade reagents. Imwitor 308 (medium chain
monoglycerides) and Tween 80 (non ionic surfac-
tant) were used to prepare self emulsifying lipid for-
mulations, supplied by Sasol Germany GmbH,
Werk Witten, Germany. The high purity milli-Q
water was obtained through a Milli-Q Integral Water
Purification System (Millipore, Bedford, MA). All
other reagents were of analytical grade and used
without further purification.

METHODS

UHPLC chromatographic conditions

Chromatographic separation was developed
and optimized with respect to the stationary/ mobile
phase compositions, flow-rate, sample volume, col-
umn temperature and detection wavelength. The
study employed a highly sensitive UHPLC system
that consisted of a Dionex ® UHPLC binary solvent
manager equipped with a Dionex® automatic sample
manager and a photodiode array (PDA) e\ detector
obtained from Thermo Scientific, Bedford, MA,
USA. The mobile phase was an isocratic mix of
HPLC-grade acetonitrile (ACN) and potassium dihy-
drogen orthophosphate in a ratio of 30 : 70 (v/v) and
maintained at pH 4.5. The flow rate was 0.4 mL/min
delivered through an Acquity® UPLC HSS C,; col-
umn (2.1 x 50 mm, 1.8 pm) kept at 30°C. The total
run time was 1.8 min. Freshly prepared mobile phase
was filtered through an online 0.20 pm filter and
degassed continuously by an online degasser within
the UHPLC system. The detector wavelength was set
at 245 nm and the injection volume was 1.0 pL.

Preparation of buffer solution

Phosphate buffer solution was prepared by dis-
solving 13.61 g of potassium dihydrogen orthophos-
phate in 900 mL of milliQ water. The pH of the
solution was adjusted to 4.5 with 0.1 M hydrochlo-
ric acid and the buffer was further diluted up to 1000
mL with water. The buffer solution was found stable
without having any changes with pH and visual clar-
ity for more than a week.

Preparation of stock solution, calibration stan-
dards and QC samples

Standard stock solution was prepared by dis-
solving accurately weighted 50 mg of talinolol pow-
der in 50 mL of milliQ water, resulting in a solution
containing 1000 ppm. For the purpose of calibration,
the standard solutions of talinolol at seven points
were prepared by appropriate serial dilutions in
ACN to cover the concentration range of 0.5-100
ppm. These standards solutions were stored at 4°C
temperature before use. Calibration curves were
obtained by plotting peak area against standard drug
concentration and regression equations were com-
puted thereby. Four quality control (QC) samples
with the selected concentration levels (2.3, 6.5, 35,
70 ppm) were prepared from stock solution to cover
the desired range. QC samples were prepared by
spiking the self emulsifying lipid-formulation with
known amount of talinolol, and then diluting the
mixture with appropriate volume of ACN.

Method validation

The above mentioned developed method in the
present study has been validated for linearity, sensi-
tivity, precision, accuracy, selectivity, recovery and
stability according to the standard guidelines of bio-
analytical method validation (8—10) by US Food and
Drug Administration (FDA). The acceptance criteria
of precision and accuracy were evaluated as the rel-
ative standard deviation of the mean expressed as a
percent (coefficient of variation, CV% determined
precision of the method).

Linearity and range

Appropriate volume of talinolol stock solution
(1000 ppm) was utilized in the preparation of seven
non-zero standard drug concentrations covering the
calibration range of 0.5-100 ppm. Four different QC
samples were prepared by spiking known concentra-
tions of talinolol within the same detection range
(0.5— 100 ppm).

Each standard solution (0.5, 1, 5, 10, 20, 50,
and 100 ppm) has been injected as six replicates
daily on three consecutive days for validation.
Calibration solutions were injected in ascending
order in each validation run and the other samples
were distributed randomly through the run.

Linear regression equation and correlation
coefficient (R*) were employed to statistically calcu-
late the linearity of the results (11).

Specificity
Specificity of the method was required to
assess the matrix effect by comparing peak areas
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between the drug and different lipid-based formula-
tions.

The specificity of the method was evaluated
through the whole assay period using drug free lipid
formulation samples (QC,.,) and talinolol analyte.
The retention times of the drug free lipid components
were compared with that of talinolol analyte. In addi-
tion, towards the establishment of the method, speci-
ficity was also studied by determination of the intact
drug in terms of resolution (R) between the drug peak
and the nearest degradation product if present (12).

Accuracy and precision

The intra-day accuracy and precision were
assessed by analyzing six replicates of each seven
talinolol standards within the same day. Similarly,
the inter-day accuracy and precision were also deter-
mined during the three consecutive days using six
replicates analysis of the LLOQ, low, medium and

mAU
12
0.88
78]
504
28] 037
0.08 0.13 /u 63 075 13471514 074
S — — :
26, T T T T T T T T min
0.0 02 04 06 0.8 1.0 12 14 16 18
mAU
100 ]
80|
804

0002950 237 150 161577

(©)

KAZI MOHSIN et al.

high QC samples. The overall precision of the
method was expressed as relative standard deviation
(RSD) and accuracy of the method was expressed as
% drug recovered.

Limit of detection (LOD) and lower limit of quan-
tification (LLOQ)

The LOD and LLOQ levels were determined
by serial dilutions of talinolol stock solutions in
order to obtain signal to noise (S/N) ratio of at least
=3 :1 for LOD and = 10 : 1 for LLOQ (13).

RESULTS AND DISCUSSION

UHPLC peak separation

Separation and detection of talinolol peak
without any minimum interference was ideal by the
developed UHPLC assay. The chromatographic
results of UHPLC technique in the current analysis
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Figure 3. Typical UHPLC chromatograms of: (A) acid hydrolysis degraded talinolol, (B) base hydrolysis degraded talinolol, (C) oxidative

degraded talinolol and (D) thermally degraded talinolol
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Figure 4. UHPLC calibration curve of talinolol in ACN

Table 1. UHPLC data of intra-day back-calculated talinolol concentrations of the calibration standards in ACN.

Nominal Back calculated concentrations (ppm)
concentration
(ppm) 1 2m 3 40 5° 6" | Mean | S.D. | Precision % | Accuracy %

0.5 0.55 0.53 0.56 0.56 0.57 0.52 | 0.55 | 0.022 3.378 109.59

1 1.05 1.02 1.06 1.06 1.08 1.04 | 1.05 | 0.022 2.095 105.16
5 5.08 5.06 5.12 5.10 5.10 5.09 | 5.09 | 0.020 0.399 101.84
10 9.96 9.92 9.91 9.90 9.94 9.92 | 993 | 0.019 0.194 99.26
20 19.57 19.71 19.65 19.63 | 19.53 | 19.66 | 19.62 | 0.065 0.331 98.12
50 49.23 49.33 | 48.98 49.16 | 49.00 | 49.24 | 49.16 | 0.138 0.281 98.31
100 100.46 | 100.41 | 100.55 | 100.54 | 100.57 | 100.45 |100.50| 0.067 0.066 100.50

show that talinolol can be determined well enough
in the self emulsifying lipid formulations within the
highest sensitivity and selectivity of this analytical
procedure and in a very short time. In the previous
studies, Sinha and Damanjeet (5) developed tali-
nolol method using conventional HPLC and
showed the talinolol peak at 12.5 min. Our current
analysis has a great advantage over the previous
studies, which reduced the analysis time and sol-
vent consumption significantly. Figure 2 shows the
representative chromatograms of blank sample
(2A), standard solution of talinolol (2B), drug-free
lipid formulation (QC,.,) sample (2C), and drug-
containing lipid formulation QC sample (2D). The
talinolol analyte was well separated from the sol-
vent peak (used as mobile phase as well as sample
dilutions) at retention time of ~0.88 min, while
there was no degradation product detected in the
sample formulation (Fig. 2 A-D). The total chro-

matographic run time was ~ 1.8 min and the tali-
nolol peak was of good shape and completely
resolved.

Forced degradation study

The forced degradation study was conducted
by treating model drug talinolol with 1 M HCI, 1 M
NaOH, 3% H,0O, under 60°C temperature for 12 h in
water bath. In addition, the thermal degradation
experiment was carried out under 120°C tempera-
ture in an oven. All the talinolol sample solutions
used in forced degradation studies were prepared
with final concentrations of 100 pg/mL (100 ppm).
The results showed by the degradation study that the
amounts of talinolol in the samples were lowered
compared to the original concentrations. This degra-
dation study was particularly important for the
analysis of lipid based formulation, which was not
studied previously (5).
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Acid degradation

Ten milligrams of talinolol powder was trans-
ferred into a 100 mL round bottom flask and then10
mL of 1 M hydrochloric acid solution was added.
The contents of the flasks were mixed well and kept
for overnight at 60°C temperature. After cooling the
solution at room temperature, 10 mL of 1 M sodium
hydroxide solution was added in 100 mL volumetric
flask for neutralization and then diluted to 100 mL
with ACN. The chromatogram of the acid degrada-
tion is shown in Figure 3A.

Basic degradation

Ten milligrams of talinolol powder was trans-
ferred into a 100 mL round bottom flask and then10
mL of 1 M sodium hydroxide solution was added. The
contents of the flasks were mixed well and kept for
overnight at 60°C. After cooling the solution to room
temperature, 10 mL of 1 M hydrochloric acid solution
was added in 100 mL volumetric flask for neutraliza-

KAZI MOHSIN et al.

tion and then diluted to 100 mL with ACN. The result
of the basic degradation is shown in Figure 3B.

Oxidation

Ten milligrams of talinolol powder was trans-
ferred into a 100 mL round bottom flask with the
addition of 10 mL of 3% hydrogen peroxide solu-
tion. The contents of the flasks were mixed well and
kept for overnight at 60°C. After cooling the solu-
tion to room temperature, it was diluted to 100 mL
with ACN. The chromatogram of the oxidation data
is shown in Figure 3C.

Thermal degradation

Ten milligrams of talinolol powder was trans-
ferred into a 100 mL round bottom flask and kept in
oven at 120°C for 24 h. After cooling the powder yo
room temperature, the ACN was added up to 100
mL as diluent. The chromatogram of the thermal
degradation study is shown in Figure 3D.

Table 2. UHPLC data of inter-day accuracy and precision of talinolol QC samples.

Day of QC1 QC2 QC3 QC4
analysis 2.30 ppm 6.50 ppm 35 ppm 70 ppm
223 6.61 34.93 69.68

2.09 6.67 35.08 70.48

Ist 2.33 6.47 35.05 69.32
2.36 6.55 34.94 69.98

2.33 6.60 35.08 69.43

231 6.66 34.93 69.76

2.38 6.99 35.15 70.04

2.29 6.70 35.38 70.28

nd 2.35 6.49 35.06 70.08
2.26 6.55 35.33 69.89

2.35 6.71 35.15 69.48

231 6.60 35.19 70.19

2.39 6.44 34.37 68.42

2.35 6.39 34.74 69.06

ard 2.33 6.44 34.93 69.05
2.41 6.33 34.33 68.73

2.45 6.38 34.16 68.17

2.38 6.65 34.36 68.88

Mean 2.327 6.567 34.897 69.497

SD 0.060 0.117 0.376 0.681
Precision % 2.591 1.778 1.077 0.980
Accuracy % 101.159 101.026 99.705 99.281
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Table 3. Statistical data of the regression equation for the determination of talinolol obtained from the pro-

posed method.
Parameters UHPLC Method
Concentration range 0.5-100 ppm
Intercept 0.015
Slope 0.1302
Correlation coefficient (r) 0.9999
Limit of detection (LOD) 0.14 ppm
Limit of quantification (LOQ) 0.5 ppm
Table 4. Systems suitability parameters of talinolol.
System suitability parameter Talinolol
Retention time 0.88 min
% RSD 0.067%
Peak tailing 1.05
Theoretical plate number 2829

Bioanalytical method validation

The precision and accuracy of the method
show an excellent workability of the method. The
precision was 20% or better for LLOQ (% RSD) and
15% or better for the remaining concentrations and
the acceptable accuracies were 100 £ 20% or better
for LLOQ and 100 = 15% or better for the remain-
ing concentrations.

Linearity and range

A seven point standard calibration curve was
constructed to see the linearity within the concentra-
tion range. The peak area response of talinolol was
linear over the concentration range between 0.5 and
100 ppm (Fig. 4). The result of linear regression
gives the following mean equation:

y =0.1302x — 0.015

where y and x denote: the peak area and the concen-
tration of the analyte, respectively. This result shows
an excellent linearity (approaching a straight line
function) over the interval studied. The correlation
coefficient (r) was higher than 0.9995 with an aver-
age value of 0.9999 (Table 3) (11).

Accuracy and precision

The intra-day and inter-day accuracies were
calculated as the % of drug recovered after analyz-
ing six replicates of the QC samples at four nominal
concentration levels. The intra-day (Table 1) accu-

racies were found in between 98 and 109.59% and
the inter-day (Table 2) accuracies were in between
99.70 and 101.154%. The results from the drug
recovery studies suggest that the accuracy of the
assay method was within the acceptable limits
according to the FDA guidelines (11).

Precision

The developed method was found to be precise
as the intra-day standard deviation (SD) values
(Table 1) of six replicate analyses were within the
range of 0.02—1.38 ppm. Within the analytical con-
centration range of 0.5—-100 ppm, % CV values were
less than 3.38%. In addition, the inter-day (Table 2)
accuracies of six replicates during the three consec-
utive days were between 0.06 and 0.68 ppm, where-
as the % CV values were less than 2.59%. These low
values of both SD and % CV during the intra-day
and inter-day analysis thus met the accepted require-
ments of precision for the current method (14).

Specificity

The specificity of the developed UHPLC
method was investigated in order to measure the
analyte response in the presence of its degradation
products. Specificity was established by determin-
ing the purity of the talinolol peak using a PDA
detector. In addition, the resolution factor of the
drug peak was determined with respect to the near-
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est resolving peak. The developed method was
found to be specific for talinolol without having any
possible interference from the degradation prod-
uct(s). The result from a sample of lipid solubility
studies (talinolol loaded in lipid formulation) in
Figure 2D shows that there was no degradation
products present in the sample containing talinolol.
It seems that talinolol compound can be recovered
completely from the lipid formulation (Fig. 2D).
Therefore, the R value in this assay can be calculat-
ed based on the availability of the talinolol peak
only. In addition, there were no significant interfer-
ing peaks present in randomly selected drug free
lipid formulation (QC,.,,) samples at talinolol reten-
tion time (Fig. 2C), that suggests that talinolol com-
pound can be analyzed predominantly from lipid
based formulations.

Limit of detection (LOD) and lower limit of quan-
tification (LLOQ)

The LLOQ in the assay was 0.5 ppm, which
was estimated to be the lowest concentration in the
standard curve that can be measured with acceptable
accuracy and precision for the talinolol analyte with
S/N ratio of 79.7. To the best of our knowledge, this
concentration was relatively low as compared to
other available bioanalytical methods that devel-
oped using the similar instruments. On the other
hand, LOD was 0.14 ppm with S/N ratio of 27.8.
Both LLOQ and LOD were experimentally verified
by six replicate injections of talinolol standard con-
centrations (Table 3).

Suitability of the systems

Systems suitability parameters were taken into
consideration to confirm the highest precision of the
systems. The variation (% RSD) in the peak area
from six replicates injections was around 0.067%,
which proves that the system is precise. The results
of other chromatographic parameters such as peak
tailing and theoretical plate numbers (showing col-
umn efficiency) are shown in Table 4. The overall
analysis results show the acceptable performance of
the system as the % RSD and the tailing peak are not
more than 2.0 % and 1.5, respectively, along with
the theoretical plates, which are not less than 2000.

Application

Within the scope of the current research, the
developed UHPLC method has been successfully
used for the quantification of talinolol compound in
the studies of equilibrium solubility, and dissolution
profiles of self emulsifying lipid-based formulations
(SEDDS/SMEDDS) (15).

CONCLUSION

The developed UHPLC analytical method pro-
vides a reliable, reproducible and specific assay for
talinolol in pure form and pharmaceutical formula-
tions. The described method is sensitive enough to
detect as low as 0.14 ppm and exclusively offer a
rapid determination of talinolol (peak at 0.88 min
within 1.8 min run time). No significant interfer-
ences were caused by the formulation excipients,
diluents and/or degradation products.

The validation of the method allows quantifi-
cation of talinolol in the range between 0.5 to 100
ppm. Compared to previously reported methods, the
present assay method assessed extensive validation
parameters according to FDA guidelines. The
method has shown acceptable precision, accuracy
and adequate sensitivity and demands to be in use
for further studies.

The established method satisfies the system
suitability criteria, peak integrity, and resolution of
the drug peak. The overall results clearly indicate
that the current method is attractive due to the good
selectivity for quantitative determination of talinolol
in lipid-based formulation and also suitable for sta-
bility measurements.
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Abstract: The aim of this study was to assess the influence of diet supplementation of pregnant and breast-
feeding female Sprague-Dawley rats with conjugated linoleic acids (CLA) on the A6- and A5-desaturase activ-
ity in hepatic microsomes as well as on fatty acids profile and lipids peroxidation in liver and hepatic micro-
somes of the progeny with chemically induced mammary tumors. Rats were divided into two groups with dif-
ferent diet supplementation (vegetable oil (which did not contain CLA) or CLA). Their female offspring was
divided within these groups into two subgroups: (1) — fed the same diet as mothers (K1 — oil, O1 — CLA), and
(2) — fed the standard fodder (K2, O2). At 50th day of life, the progeny obtained carcinogenic agent (7,12-
dimethylbenz[a]anthracene). Higher supply of CLA in diet of mothers resulted in lower susceptibility to chem-
ically induced mammary tumors in their offspring (p = 0.0322). It also influenced the fatty acids profile in liv-
ers and in hepatic microsomes, especially polyunsaturated n3 and n6 fatty acids. CLA inhibited the activity of
the desaturases, which confirmed that CLA can reduce the level of arachidonic acid directly, reducing linoleic
acid content in membranes, or indirectly, through the regulation of its metabolism. We were unable to confirm
or deny the antioxidative properties of CLA. Our results indicate that the higher supply of CLA in mothers’ diet
during pregnancy and breastfeeding causes their incorporation into tissues of children, changes the efficiency
of fatty acids metabolism and exerts health-promoting effect in their adult life reducing the breast cancer risk.

Keywords: conjugated linoleic acids, A5-desaturase, A6-desaturase, breast cancer, rats

Abbreviations: AA — arachidonic acid, ALA — o-linoleic acid, CLA — conjugated linoleic acids, DSD — AS-
desaturase, D6D — A6-desaturase, DHA — docosahexaenoic acid, DMBA — 7,12-dimethylbenz[a]anthracene,
EPA — eicosapentaenoic acid, FA — fatty acids, FAME - fatty acids methyl esters, LA — linoleic acid, MDA —
malonyldialdehyde, OL — oleic acid, RA — rumenic acid, TBARS — thiobarbituric acid reactive substances,
VA - vaccenic acid

Dietary fat is the most concentrated source of
energy for organism as 1 g of fat provides 9 kcal of
energy. It is also the carrier of fat-soluble vitamins
and essential fatty acids. Liver plays an important
role in the metabolism of lipids. It produces the bile,
which facilitates the digestion and intestinal absorp-
tion of lipids. The synthesis and oxidation of fatty
acids take place in liver. Formation of ketone bodies
from fatty acids also occurs in liver. Moreover this
organ integrates the synthesis and metabolism of
plasma lipoproteins. Desaturases are the enzymes
which are involved in transformation of fatty acids.

They can insert the double bonds into different posi-
tions of fatty acids (A4, A5, A6, A9) but not higher
than A9, and that is why linoleic (LA) and o-
linolenic (ALA) essential fatty acids should be sup-
plied with diet (1).

Breast cancer is the most frequent type of can-
cer among women and the third in global popula-
tion. Numerous nutritional factors are associated
with elevated or reduced risk of this type of cancer
(2, 3). Despite the fact that the etiology of most
cases of this disease is unknown (4), quantity and
quality of fat, especially the fatty acids ratio in diet,

* Corresponding author: e-mail: agnieszka.bialek@wum.edu.pl; phone: +48 22 5720745; fax: +48 22 5720785
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are associated with many cancers (e.g., breast,
colon) (3).

Conjugated linoleic acids (CLA) are a group of
positional and geometric isomers of linoleic acid
which contain two conjugated double bonds in their
chain. They occur especially in milk, dairy products
and meat from ruminants. These types of food are
the richest dietary sources of CLA. Cis-9, trans-11
octadecadienoic acid (rumenic acid — RA) consti-
tutes over 90% of all CLA isomers in dietary prod-
ucts (5). The second important CLA isomer — trans-
10, cis-12 octadecadienoic acid, is present in many
dietary supplements (6). Despite the fact, that
rumenic acid can be endogenously synthesized from
trans-11 octadecenoic acid (vaccenic acid — VA) by
the action of A9-desaturase, dietary intake is the
main source of CLA for people (7). Results of sci-
entific research show the positive impact of CLA in
different pathological conditions, especially differ-
ent types of cancer, e.g., breast cancer (7-9). CLA
are active in each step of cancer development, from

initiation to metastasis. They can reduce the cancer-
ous process risk and there are many possible mech-
anism of this action: antioxidative properties, influ-
ence on eicosanoids synthesis, apoptosis etc. (11).
Polyunsaturated fatty acids have beneficial effect in
many pathological conditions, e.g., in many types of
cancer. The content of unsaturated fatty acids in cel-
lular structures is the result of intake of essential
polyunsaturated fatty acids from diet and their
endogenous synthesis and subsequent utilization in
body building. Elongation and desaturation depend
on both the absolute content of these fatty acids and
the activity of various enzymes, e.g., desaturases,
which control this metabolic pathway. Activity of
A6- and AS-desaturases is the main factor control-
ling the conversion of dietary linoleic acid (LA) to
arachidonic acid (AA). Therefore, in the examina-
tion of fatty acids composition in mammalian tissues
it is essential to take into account not only diet but
also the activity of crucial enzymes. Many dietary
factors can influence this activity (12—14).

Table 1. Fatty acids composition of applied diets (% of FA).

Fatty acid Fodder Fodder + oil Fodder + CLA
C6:0 0.1£0.0 0.1 0.0 0.1+£0.0
C12:0 <0.1 <0.1 0.1 £0.1
C14:0 0.1£0.0 0.1+0.0 0.1+0.0
C15:0 0.1£0.0 0.1+£0.0 -
C16:0 13.3+0.1 10.5£0.1 11.2+0.2
Cle6:1 0.1£0.0 0.1+0.0 0.1+0.0
C17:0 0.1£0.0 0.1+£0.0 0.1+£0.0
C18:0 2.7£0.0 25+£0.0 25%£0.0

C18:1 n9 cis 16.6 £ 0.1 345+0.1 159+0.2
C18:2 nb6 cis 40.5+£0.1 35.1£0.1 31.5+0.3
C18:3 n3 22.7+0.1 14.1£0.0 16.7£0.2
C20:0 02£0.0 02+£0.1 -
cis-9, trans-11 CLA - - 8.6+0.3
trans-10, cis-12 CLA - — 8.5+04
C20:1 04£0.0 04+0.0 04+0.0
C21:0 0.1£0.0 0.1+£0.0 0.1+£0.0
C20:2 - - 0.1+£0.0
C22:0 0.3+0.1 02+0.1 0.2+0.0

C20:5 n3 0.1£0.0 0.1 £0.0 0.1+£0.0
C22:2 02£0.0 0.1+£0.0 -
C23:0 - - 0.1+0.0
C24:0 02£0.0 0.2+0.0 0.1+£0.0
C24:1 <0.1 0.1£0.0 -
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The aim of this study was to assess the influ-
ence of diet supplementation of pregnant and breast-
feeding female Sprague-Dawley rats with conjugat-
ed linoleic acids on thiobarbituric acid reactive sub-
stances (TBARS) concentration and fatty acids pro-
file in the liver and hepatic microsomes as well as on
the A6- and AS5-desaturase (E.C. 1.14.19.) activity in
hepatic microsomes of the progeny with chemically
induced mammary tumors.

EXPERIMENTAL

Animals

This research and guiding principles in the care
and use of laboratory animals were approved by The
Local Ethical Committee on Animal Experiments.
The whole experiment was thoroughly described
previously (15). Briefly, maiden adult female
Sprague-Dawley rats (n = 8), which came from
Division of Experimental Animals, Department of
General and Experimental Pathology (Medical
University of Warsaw, Warszawa, Poland), after 1-
week adaptation period were randomly divided into
two groups of 4 each. Each group had a different
dietary supplementation: group K received veg-
etable oil whereas group O — Bio-CLA (Pharma
Nord, Vojens, Denmark) given intragastrically in
the amount 0.15 mL per day, which corresponds to
100 mg of CLA. Applied vegetable oil, purchased
from the Pharma Nord, did not contain the CLA and
was a substrate for the CLA synthesis. Detailed
composition of fatty acids of applied oil was: C16:0
(5.7 £ 0.0)%, C18:0 (0.4 £ 0.0)%, C18:1 n9 (64.5 £
0.1)%, C18:2 n6 (25.5 £ 0.0)%, C20:04 n6 (0.3 £
0.0)% C24:1 (0.2 = 0.0)%. Supplementation lasted
for the whole period of pregnancy and breastfeed-
ing. The female offspring was separated from their
mothers at the 30th day of age and within each
group of supplementation was divided into two sub-
groups of 8-10 individuals each: 1 — with diet
enriched with the same dietary supplement that had
been previously given to their mothers (group K1
obtained vegetable oil and group Ol — Bio-C.L.A.
and 2 — fed exclusively the standard Labofeed H
fodder H (fodder producer “Morawski”, Zurawia 19,
Kcynia, Poland). Table 1 shows the fatty acids com-
position of applied diets. Dietary supplementation of
subgroups was conducted for the following 21
weeks from 30 days of life. The offspring received
via gavage at 50th day of life a single dose of 80.00
mg/kg body weight of carcinogenic agent —- DMBA
(7,12-dimethylbenz[a]anthracene, approx. 95%,
Sigma-Aldrich, Saint Louis, Missouri, USA) for the
induction of mammary tumors. Rats were weighed

and palpated weekly to detect the appearance of
mammary tumors. The animals were decapitated
and exsanguinated, and livers and tumors were col-
lected. Isolated tumors were histopathologically
evaluated as adenocarcinomas and papillary adeno-
carcinomas of mammary gland. Spontaneous tumors
were not found in maternal rats during the whole
experiment.

Preparation of experimental material

Samples of liver were collected during necrop-
sy and stored at —70°C before the analysis.

Hepatic microsomes were prepared immediate-
ly after decapitation according to the slightly modi-
fied method of Ktyszejko-Stefanowicz (16). A sam-
ple of liver (4 g) was mechanically homogenized in
saccharose solution (16 mL; 0.25 mol/L) buffered
with Tris-buffer (pH 7.4). The obtained homogenate
was centrifuged three times: (1) for 10 min at 1000
x g at 4°C, (2) for 20 min at 16000 x g at 4°C, and
(3) for 75 min at 100000 x g at 4°C. The applied
modification refers to the fact, that as we were inter-
ested only in microsomal fraction, each time the sed-
iment was discarded and the supernatant was again
centrifuged with increasing speed. Final pellet was
resuspended in 4 mL 0.25 mol/L saccharose solution
and obtained suspension of hepatic microsomes was
stored at —70°C until further analysis.

Fatty acids analysis

Fatty acid analysis was made with gas chro-
matography (GC) using gas chromatograph (GC-
17A gas chromatograph, Shimadzu, Kyoto, Japan)
with capillary column (BPX 70; 60 m x 0.25 mm
i.d., film thickness 0.20 um, SGE, Ringwood,
Australia) and flame-ionization detection.

Samples of liver were thawed only once and
three parallel samples of 0.2 g were taken for lipids
extraction according to Folch et al. with slight mod-
ification (17). Applied modification refers to the
volume and sequence of organic solvents, which
were used in extraction procedure. Fatty acids
methyl esters (FAME) were prepared according to
procedure of Bondia-Pons et al. (18) with slight
modifications, which were thoroughly described
elsewhere (19).

The hepatic microsomes were thawed only
once and three parallel samples of 200 pL of micro-
somal suspensions were taken for lipids extraction.
Lipids were extracted according to Folch et al. with
slight modification (17). Briefly, a sample of micro-
somal suspension was mixed with 2.5 mL of chloro-
form : methanol (2 : 1, v/v) and after vigorous shak-
ing the chloroform layer was separated. The residue
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was mixed with 1.5 mL of chloroform : methanol (2
: 1, v/v) and the extraction was repeated. Combined
chloroform layers were centrifuged for 10 min at
1000 x g and the sediment was discarded. The organ-
ic extract was evaporated under stream of nitrogen
and the residue was taken for the preparation of
FAME according to procedure of Bondia-Pons et al.
(18) with slight modifications, which was also used
for liver samples. The detailed procedure of FAME
analysis was previously described and applied modi-
fication refers to the volumes of solvents (19).

TBARS analysis

Samples of liver were thawed only once and
sample of 0.5 g was taken for TBARS analysis with
spectrophotometric method (20). This sample was
mechanically homogenized with teflon homogeniz-
er in 2.5 mL of sodium chloride solution (0.9%).
Afterwards, 2.5 mL of phosphate buffer (pH 7.0)
and 1.5 mL of trichloroacetic acid (1.7 mol/L), were
added to 0.5 mL of previously obtained
homogenate. The whole sample was shaken vigor-
ously and centrifuged for 15 min at 1000 x g at 0°C,
to separate the protein sediment. The 1.0 mL of 2-
thiobarbituric acid solution (69 mmol/L) was added
to 3.0 mL of supernatant; the whole sample was
shaken vigorously and heated for 15 min on boiling
water bath. The absorbance was measured at A = 530
nm after cooling to room temperature. The reference
sample was prepared analogously with 0.5 mL of
sodium chloride solution (0.9%). Three parallel
samples were prepared for each liver sample.

Enzymes activity analysis

Enzymes activity was determined in an indi-
rect way because the amount of AA formed in vitro

Table 2. Characterization of experimental groups.

AGNIESZKA BIALEK et al.

from LA correlates with the activity of the investi-
gated enzymes (21). The measurement of these
activities was carried out according to previously
published method (22), with slight modifications.
We decided not to use the radioisotopes, which
were applied in original procedure. Each 1.0 mL
reaction mixture contained 5 mmol ATP, 0.1 mmol
CoA, 1.25 mmol NADH, 0.5 mmol niacinamide,
2.25 mmol glutathione and 5 mmol MgCl,, dis-
solved in phosphate buffer pH 7.4 and 200 nmol
sodium salt linoleic acid. The reaction mixture was
preincubated for 5 min at 37°C. The enzymatic
reaction was started by the addition of 0.2 mL of
hepatic microsomes suspension. The whole mixture
was incubated in a shaking water bath for 90 min at
37°C. Further analytical procedure consisted of
lipids extraction according to Folch et al. (17) and
esterification (22).

The fatty acids concentrations in samples were
determined with high performance liquid chro-
matography (HPLC) with UV/VIS detection (Merck
Hitachi, L-7100 pump, UV/VIS L-74200 detector,
CTO-10 AS oven, YMC-Pack ODS-AM S-5 um
column, the column temp. 30°C, A = 198 nm). The
activity index of A6-desaturase (D6D) was calculat-
ed as the ratio of y-linolenic acid (GLA) concentra-
tion to linoleic acid (LA) concentration and the
activity index of AS5-desaturase (D5D) was
expressed as the ratio of arachidonic acid (AA) con-
centration to dihomo-y-linolenic acid (DGLA) con-
centration in liver microsomes. The content of AA
in liver microsomes was calculated in protein con-
tent, determined using the method of Lowry et al.
(23). The differences in AA concentrations between
incubated and non-incubated samples indicate the
activity of investigated enzymes.

Group K1 K2 o1 02
(number of individuals) (n=10) n=9) (n=38) n=9)
y L Lab. H Lab. H Lab. H Lab. H
Mothers” diet +oil +oil | +CLA | +CLA
Progeny’s diet Lab. H Lab. H Lab. H Lab. H
+ oil + CLA
Number of individuals with tumors 8 7 2 3
Age of first tumor appearance 19 17 15 1
[week]
Total number of tumors 14 11 4 5
Maximal number of tumors per individual 0-3 04 0-3 0-2
Maximal weight of [tgu]mors per individual 31.77 16.19 11.81 427
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Kruskal-Wallis test
p value
0.0079
0.0224
0.0094

NS
NS

Statistical analysis

All data are shown as the mean values * stan-
dard deviation. For variables with skew distribution,
obtained data were transformed into logarithms and
retransformed after calculations. They are presented
as the mean and confidence interval. Results
obtained for fatty acids and TBARS content were
evaluated with Statistica 10.0 (StatSoft, Krakow,

02
6.15+£0.58
28+0.3

Poland). Due to the relatively small number of indi-
viduals in each group, the data were tested with
Kruskal-Wallis test and p-value < 0.05 was consid-
ered significant.

Results of enzymes activity were evaluated
with statistical methods such as: PCA (principal
component analysis), ANOVA with permutation
test and ASCA (analysis of variance-simultaneous

+
50.03 + 37.00
2.84 £ 231

o1
6.65 £ 0.58
30£0.2

component analysis).
RESULTS

All four groups of the progeny received
DMBA administered intragastrically in a single dose
of 80 mg/kg body weight and the breast tumors,
identified as adenocarcinomas and papillary adeno-

30
53.95 £ 47.36
246 +£2.18

Groups of animals

K2
5.98 £0.59
2702

carcinomas of mammary gland, appeared in all
investigated groups. The characterization of experi-
mental groups, as well as the effectiveness of cancer
induction are shown in Table 2. CLA decreased the
incidence of mammary cancer in investigated ani-
mals (p = 0.0322). Moreover, the tumors’ number
and weight were smaller than in two oil groups. In
Ol breast tumors appeared much earlier (on average

80
46.04 £ 44.25
1.63 £ 1.55

K1
7.21 £ 1.31
32+0.7

at 15th week of life) than in other groups, but their
number per individual was the smallest. We
observed strong cancer preventive properties of
CLA also in O2 group, where both the number and
mass of tumors were similar to those in O1, which
suggests that dietary intake of CLA from the very
early period of life is very important for reducing the
risk of carcinogenesis (15).

Comparison of average mass of livers revealed

+
60.10 = 30.86
239+ 1.39

Liver [g]
Liver vs. total body weight [%]

Table 3. Comparison of TBARS concentration in livers of investigated groups.

that applied supplementation significantly influ-
enced their weight (Table 3). We observed the high-
est mass of livers obtained from animals from K1,
whereas the mass of these organs from K2 was the
smallest. Two-step supplementation with CLA
seems not to affect the weight of examined organs,
as their mass was slightly lower than in K1 but
slightly higher in O2 and K2.

We compared the fat content in livers from
examined groups. There were significant differences
in amount of fat among them (Table 3). The highest
content of fat occurred in livers from K2, whereas its
content in both CLA groups was lower. Mean con-

Fat [%]

TBARS [nM/g of tissue]
TBARS [uM/g of fat]

All data are shown as the mean values * standard deviation; p value < 0.05 for variables with significant differences among groups in Kruskal-Wallis test; NS — not significant differences among groups in Kruskal-

Wallis test (p value > 0.05).
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tent of fat in O2 was the lowest but we observed sig-
nificant variations among individuals. No connec-
tion was found between liver mass and its fat con-
tent in examined groups.

Concentration of TBARS, in respect both to
the mass of in liver tissue and to in its fat content,
did not differed among examined groups. Moreover,
in all groups great differences among individuals
were observed, which suggests that the influence of
applied dietary supplementation on the oxidative
stress is marginal.

FAME profiles of livers were measured using
gas chromatography (GC). In our experiment we
analyzed 31 fatty acids. C18:0, C20:4 n6 (AA),
C16:0, C18:2 n6 cis (LA), and C22:6 n3 (DHA)
were found to be the main fatty acids in livers of all
investigated groups (Table 4). There were signifi-
cant differences in concentration of some fatty acids
among examined groups. Those differences were
caused mainly by two-step supplementation of diet
with conjugated linoleic acids. In O1 we detected
the highest concentration of C18:0, C20:1, AA and
DHA acid and the lowest concentration of C16:0,
Cl6:1, C18:1 n9 cis (OL), C18:2 n6 trans, LA,
C18:3 n3 (ALA), C20:2 and C24:1 acids. The two-
step supplementation of diet with vegetable oil
increased the mean concentration of C21:0 and
decreased the concentration of C20:1 in livers of K1
group. Unlimited consumption of standard fodder
caused visible similarity in content of most fatty
acids in livers of K2 and O2.

FAME profiles of hepatic microsomes were
also investigated using GC and 29 fatty acids were
identified and determined in them. The most com-
mon fatty acids in microsomes obtained from livers
from animals of all experimental groups were:
C18:0, C20:4 n6 (AA), C16:0, C18:2 n6 cis (LA)
and C22:6 n3 (DHA). The concentration of many of
them differed significantly among experimental
groups (Table 2). Concentration of some of the sat-
urated fatty acids (C14:0, C15:0, C16:0 and C24:0)
was decreased, whereas concentration of others
(C18:0) was increased by the two-step supplementa-
tion of diet with CLA. In microsomes of Ol group
we also detected the lowest concentration of C16:1,
OL, LA, ALA and C24:1 and the highest concentra-
tion of C20:1, C20:3 n3 and DHA. The two-step
supplementation of diet with vegetable oil had also
great influence on fatty acids concentration in hepat-
ic microsomes and it increased concentration of
some fatty acids (C14:0, OL, C21:0, C20:2, EPA,
(C24:0) and decreased the AA content.

In our experiment, we used Bio-C.L.A. as a
source of CLA. As previously described, it consists

of several fatty acids, mostly trans-10, cis-12 CLA
(33%) and cis-9, trans-11 CLA (31%) (18). These
two main CLA isomers were detected only in all liv-
ers of O1 group. In livers acquired from other inves-
tigated groups only rumenic acid (RA) was present,
but in much lower amount. In O1 group, with two-
step CLA supplementation, the percentage share of
RA in total fatty acids amount in liver was much
higher than in other groups (Table 4) and its mean
content was 0.2 £ 0.1% of total fatty acids. The other
CLA isomer: trans-10, cis-12 CLA constituted only
0.1 £ 0.0% of total fatty acids in livers. In microso-
mal fraction of hepatic tissue both CLA isomers
were identified only in Ol group (Table 5).
Comparison of their distribution in hepatic micro-
somes revealed the great similarity to their distribu-
tion in whole tissue, because cis-9, trans-11 CLA
concentration tended to be much higher than trans-
10, cis-12 CLA (0.2 £ 0.0% versus 0.1 £ 0.0%).

Our experiment allowed to test the statistical
differences in dietary supplementation and the dif-
ferences in supplements administration to mothers
and children (K1, O1) or only to mothers (K2, O2)
on parameters describing the desaturation effective-
ness. Results of permutation test for individual
effects and their interactions are shown in Figure 1.

Results of the analysis of the main factors and
interactions are shown in Figure 2.

In applied model systems the differences in
arachidonic acid concentrations between incubated
and non-incubated samples indicated the enzymes’
activity. The highest enzymes activity was found in
K1 group, which proves that the addition of veg-
etable oil increases the levels of AA and increases
the activity of D6D. If supplementation is carried
out only for mothers (K2), this effect is less pro-
nounced. In case of CLA supplementation, the
observed effect was opposite (Table 6).

Two-step supplementation of diet with veg-
etable oil caused the increase in AA concentration,
whereas the effect of two-step supplementation with
CLA was opposite. If the supplementation was lim-
ited only to mothers, CLA increased AA concentra-
tion, whereas oil decreased it.

DISCUSSION AND CONCLUSION

The liver is a key organ in lipids metabolism. It
integrates the pathways of fatty acids, triacylglyc-
erols and phospholipids synthesis and degradation.
Many processes of lipid metabolism, e.g., fatty acids
esterification or desaturation, are related to microso-
mal fraction of cells where necessary enzymes are
located (24) and therefore liver is an appropriate
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Figure 1. Results of permutation test for the various effects

organ to investigate the profile of CLA and other
fatty acids (25).

Conjugated linoleic acids are a group of iso-
mers of linoleic acid with wide range of biological
activity. Their beneficial properties in many patho-
logical conditions e.g., obesity, arteriosclerosis, car-
diovascular diseases, osteoporosis, diabetes, insulin
resistance, inflammation and different types of can-
cer are the subject of numerous scientific studies.
Their ability to lower the breast cancer risk draws
especially much attention. Many potential mecha-
nisms of anticancer activity of CLA are investigat-
ed, e.g., antiproliferative, proapoptotic, antiangio-
genic, antiestrogenic and competition with linoleic
acid in metabolic pathway (11). Activity of A6- and
AS5-desaturases is the main factor which controls the
conversion of LA to AA, however the effectiveness
of this reactions depends not only on the activity of
crucial enzymes but also on the absolute content of
fatty acids, as the substrates. Since many dietary fac-
tors can regulate this pathway, we decided to check
whether CLA can influence these enzymes, directly
and indirectly. It seems to be especially important in
cancerous process. As rats show gender differences,
with females responding better than males (26), in

our study we used female Sprague-Dawley rats as
model organisms. We previously showed that sup-
plementation of diet with 1.0% CLA not only
decreases the risk of chemically induced breast can-
cer in female Sprague-Dawley rats but also influ-
ences the fatty acids profile in serum and in hepatic
microsomes (19). In this study, we decided to use
one or two step supplementation of diet to verify if
the overall dose of CLA and the time of supplemen-
tation influenced the effectiveness of chemopreven-
tive action.

Addition of CLA to the diet of pregnant and
breastfeeding rats increases their concentration in
maternal milk and as a consequence — their intake by
the offspring (27, 28). The same correlation was
shown for women who consumed dietary products
enriched with CLA. Their milk contained much
more CLA (29). We also previously proved that
numerous dietary and environmental factors can ele-
vate CLA content in maternal milk of breastfeeding
women (30, 31). In our experiment, the higher sup-
ply of conjugated linoleic acids in diet of pregnant
and breastfeeding females revealed the lower sus-
ceptibility to chemically induced mammary tumors
in their offspring (Table 2). Effectiveness of chemo-
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preventive action was comparable in both CLA
groups (O1 and O2), which suggests that optimal
dosage of conjugated diens of linoleic acid in early
stage of life influences health in adulthood. Our
results are in line with those of Ip et al. (32), who
supplemented the diet of young rats for 5 weeks
before the carcinogenic agent administration and
demonstrated the inhibition of mammary carcino-
genesis. They claimed that CLA given during the
maturation of mammary glands can change their
structure, e.g., diminish the number and differentia-
tion of terminal end buds and can reduce the number
of places of potential cancer induction. Moreover,
numerous studies confirm the anticancerogenic
properties of CLA in breast cancer model (9, 33,
34).

We observed significant differences in liver
mass among examined groups. Feeding vegetable
oil during the whole life resulted in increase in the
liver weights, whereas influence of two-step CLA
supplementation seemed to be similar but not so
evident. Our observations are in line with those
obtained by others. Javadi et al. (35) detected an
increase in liver weights only after 12 weeks of
feeding mice with CLA, but there were no differ-
ences after 3 weeks period. Akahosi et al. (36) did
not observe any significant differences in inner
organs weight, however, mass of livers seemed to be
slightly bigger in groups of male Sprague-Dawley
rats supplemented with single CLA isomers, or with
their mixture. Ip et al. (9) did not note any differ-
ences in organs’ mass either when the mixture of
CLA isomers was applied. Long term feeding of
male Fisher rats with 1.0% of CLA mixture did not
change the liver weights (26). Turpeinen et al. (37),
who applied single CLA isomer — cis-9, trans-11,
claimed that rumenic acid did not influence the inner
organs’ mass. These findings are in line with those
of Ip et al. (38), who used in their experiment mice
with cancer, and observed that trans-10, cis-12 CLA
but not cis-9, trans-11 CLA caused the significant

increase of mass of such organs as liver, heart and
spleen.

As far as fatty acids profile in liver is con-
cerned, our observations were similar to those of
other authors. Javadi et al. (35) found the same fatty
acids to be the most prominent in mice livers and
confirmed that both CLA supplementation and the
feeding period significantly changed the content of
some of the fatty acids in examined tissue. Twelve
weeks supplementation reduced the concentration of
AA, 22:4 n6, C20:3 n6 and DHA, and elevated the
content of C18:4 n3, C20:1 n9 and EPA. Moreover,
the addition of CLA to diet changed the amount of
C16:0, C18:3 n6, C20:2 n6 and C22:5 n3. The
authors concluded that these changes could be the
result of lower effectiveness of desaturation and
elongation processes, caused by CLA. Also
Kostogrys et al. (39), who checked whether CLA
can reverse the harmful effect of high-fructose diet
on fatty acids profile in liver, emphasized the bene-
ficial impact of CLA on the concentration of some
of the fatty acids.

As far as fatty acids concentration in microso-
mal fraction of livers are concerned, we detected the
highest amounts of the same fatty acids as other
researchers did (40—42). They proved that fatty
acids profile in liver microsomes depended on the
fatty acids profile in diet and dietary supplementa-
tion, especially with long chain polyunsaturated
fatty acids, significantly influence not only the fatty
acids composition of microsomes but also their
function, e.g., activity of numerous enzymes.

We observed some interesting tendencies in
fatty acids content, especially in n3 and n6 polyun-
saturated fatty acids. The highest content of DHA
and its substrate ALA was detected in O1, whereas
their lowest content was in O2. For EPA, which is
the intermediate in conversion of ALA to DHA (43),
a similar result might be expected. However, we did
not detect such correlation, but obtained results con-
firm our previous observation. CLA seem to

Table 6. Influence of the diet on AA concentration increase, D6D and D5D activity in hepatic microsomes.

Increase of AA
Group concentration D6D D5D
[mg/100 mg of protein]
K1 0.43+£0.13 4.39 £0.17) x 10° 1.73 £ 0.06
K2 0.13 £ 0.07 438 £0.11) x 10* 1.71 £ 0.08
o1 0.16 £ 0.06 (2.41 £0.22) x 10° 1.68 £ 0.12
02 0.13 £ 0.08 (2.71 £0.15) x 10° 1.71 £ 0.07

All data are shown as the mean values + standard deviation.
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Figure 2. Results of the analysis of the principal components and their interactions

increase DHA and decrease ALA and EPA content
in hepatic microsomes (19). Cao et al. (28) also
observed elevated levels of DHA in liver phospho-
lipids of suckling rats after supplementation of their
mothers’ diet with CLA. Also Martins et al. (25)
detected similar increase in DHA content both in
polar and in neutral lipids of rats’ livers after CLA
mixture administration, while single isomers did not
exert such an effect. Eder et al. (44) observed ele-
vated levels of DHA as well as the sum of n-3 FA in
liver phospholipids as a result of CLA supplementa-
tion.

LA, which starts the n6 fatty acids family, is
converted into AA, which in turn is the precursor for
eicosanoids synthesis. The highest concentration of
AA was detected in O1, whereas its lowest amount
was in K1. These results are in line with those for
LA content in microsomes, which was the highest in
K1 and the lowest in O1. It confirms that supple-
mentation of diet with CLA influences the fatty

acids profile in hepatic microsomes, especially
polyunsaturated n6 fatty acids. Belury et al. (45),
who detected the decreased content of LA and AA
in liver phospholipids in mice receiving CLA, also
proved that CLA can compete with n6 fatty acids
and determine their metabolism. Results of Javadi et
al. (35) also confirm the ability of CLA to decrease
the LA and AA content in livers of mice~Some dif-
ferences in our results concerning fatty acids pro-
files in hepatic tissue and its microsomal fraction
after CLA supplementation in relation to results
obtained by others can be caused by the coexisting
cancerous process. Our results indicate that not only
diet but also coexisting factors such as pathological
conditions or diseases e.g., cancers affect the levels
of fatty acids in tissues. We previously reported (19)
the significant differences in fatty acids profile in
serum and hepatic microsomes of rats treated with
DMBA and those not treated with DMBA. It has
been observed that the profile of fatty acids in serum
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of patients suffering from different types of cancer
differs from distribution of fatty acids in wealthy
people. Plasma phospholipids from patients suffer-
ing from bladder cancer contained much lower lev-
els of LA and its metabolites, whereas the levels of
ALA did not differ (46). There are many possible
explanations for this fact but the most probable one
is the changes in lipids metabolism, e.g., enhanced
lipolysis or lipids peroxidation (47) or inhibited
action of desaturases, mainly A6- desaturase, which
was characteristic of cancer cells (46).

Although CLA concentration in breast tissues
is generally higher than in liver (48), phospholipids
of livers are richer in CLA isomers than phospho-
lipids of mammary glands (9). Conjugated linoleic
acids are preferentially incorporated into triacyl-
glycerols rather than into phospholipids (25, 49).
Liver possesses a reasonable ratio between phos-
pholipids and neutral lipids and is an appropriate
organ for studying of CLA incorporation (25). In
this study, we detected both CLA isomers only in
livers and in their microsomal fraction of the O1
group — constantly supplemented with CLA. In
other groups only cis-9, trans-11 CLA was present
in examined material, but its concentration was
much lower than in O1. Although the higher supply
of CLA in mothers’ diet during pregnancy and
breastfeeding caused only minor incorporation of
CLA into hepatic tissues of children, CLA health-
promoting effects were significant. Trans-10, cis-12
CLA content in hepatic microsomes and liver tissue
was much lower than the content of rumenic acid
despite their similar distribution in fatty acids pool
of O1 group diet (Table 1). Our results are in line
with those of Martins et al. (25), who detected that
cis-9, trans-11 CLA was much more incorporated
into both polar and neutral hepatic lipid fractions
than trans-10, cis-12 CLA. However, Cao et al. (28),
who used equimolar mixture of cis-9, frans-11 and
trans-10, cis-12 CLA in two dosages (1.0 and 2.0%),
found higher concentration of trans-10, cis-12 CLA
isomer in liver phospholipids of both groups and in
phospholipids from livers of their progeny.
According to Tsuzuki (50) such diversity emerges
from differences in metabolism and not in the
bioavailability. Trans-10 cis-12 octadecadienoic
acid activates B-oxidation and facilitates its own
metabolism. Differences in CLA isomers incorpora-
tion are observed not only in liver but also in other
tissues. Huot et al. (51) indicated in caveolae phos-
pholipids of MCF-7 breast cancer cells lower
amounts of trans-10, cis-12 CLA than cis-9, trans-
11 CLA, despite their similar content in applied
mixture. Our previous results also confirmed prefer-

ential incorporation of cis-9, trans-11 CLA into
hepatic microsomes (19) and breast cancer tissues
(15).

Lipid peroxidation is the result of oxidative
stress and can lead to cell and tissue damage (39).
Cancerous process is related to the increase in lipids
peroxidation. Polyunsaturated fatty acids in phos-
pholipids are especially prone to this reaction (52).
Other sources suggest that chemopreventive proper-
ties of PUFA are the result of toxic effect of their
peroxidation products on cancer cells (53). Results
of numerous studies showed the increased levels of
TBARS in serum of patients suffering from cancer
of different organs: breast, lungs, stomach or small
intestine (52, 54). However, some researchers claim
that decreased lipids peroxidation stimulates the
proliferation of cancer cells and promotes their
malignancy (55). Many researches emphasize the
antioxidative properties of CLA. Ha et al. (56) com-
pared the antioxidative potential and concluded that
CLA is as strong an antioxidant as o-tocopherole
and almost as strong as butylhydroxytoluene. We
did not detect any significant changes in TBARS
concentration in livers among examined groups,
which could confirm or deny the antioxidative prop-
erties of CLA. Sugano et al. (57) did not detect any
significant differences in TBARS content in serum
and in hepatic tissue after CLA addition either.
Kostogrys et al. (39), who indicated the elevated
MDA levels in livers after fructose administration,
did not observe any influence of CLA on MDA, in
comparison to control group. Ip et al. (9) also did not
indicate any differences in TBARS content in livers
of animals treated with CLA mixture, although they
observed their decreased amount in mammary
glands. Moreover, the comparison of the strongest
anticancerogenic effect of 1.0% CLA and the
strongest antioxidative action of 0.25% CLA sepa-
rated the toxic effect on cancer cells and the poten-
tial antioxidative properties of CLA. Our results
seem to confirm these findings.

The highest enzyme activities, measured by the
growth of AA, D6D and D5D, was reported in K1
group. Vegetable oil, which was administered to K1,
contained significantly higher amount of LA than
Bio-CLA (almost three times — 27%) (19) and
caused the greatest increase in enzyme activity. This
indicates that supplementation of diet with oils rich
in n6 fatty acids stimulates the metabolism of
polyunsaturated fatty acids and formation of AA by
increasing the activity of desaturases. This is turn
may promote the elevated synthesis of eicosanoids,
produced from AA. One of them is prostaglandin E,
(PGE,), which has strong immunosuppressive prop-



Enrichment of maternal diet with conjugated linoleic acids influences... 759

erties and inhibits formation of antibodies and
immune cells. It also shows the pro-inflammatory
and pro-tumorigenic activities (58, 59). The experi-
mental material received from CLA supplemented
animals was characterized by the significantly lower
concentrations of AA and D6D in comparison to
group receiving only vegetable oil. This clearly
shows the inhibitory effect of conjugated linoleic
acid on the activity of the enzymes, that confirms the
assumption that CLA reduces the level of AA in cells
directly by the influence on LA content in mem-
branes, or indirectly, through the regulation of
metabolism. Conjugated linoleic acid can be incor-
porated instead of LA to phospholipids and neutral
fats, which are the part of cell membranes and in this
way reduced the availability of the n6 substrates for
the transition. However, CLA is affecting the metab-
olism of LA, by competing for key enzymes control-
ling transitions of both compounds simultaneously,
which leads to decreased levels of LA metabolites,
including AA and prostaglandins emerging from this
fatty acid. Similar results were obtained by Bretillon
et al. (60), who showed an inhibitory effect of both
CLA isomers: cis-9, trans-11 and trans-10, cis-12
CLA on A6-desaturase activity. Thijssen et al. (61) in
the in vivo studies also indicated the reduced activity
of A6-desaturase in humans, due to the early supple-
mentation with a mixture of CLA, while CLA had no
effect on A5-desaturase activity. Similar results were
obtained in studies with human hepatoma cell line
HepG2, but only for the trans-10, cis-12 CLA (65).
Also Javadi et al. (35) suggest lower desaturation and
elongation activity in the liver of the CLA-fed mice.
Moreover inhibited action of desaturases, mainly A6-
desaturase, is characteristic for cancer cells (46).

It is suggested that the desaturase activity
affects the inflammatory process. The increase in
the concentration of AA, which correlates with the
eicosanoids formulation, plays an important role in
the development of inflammation (63). Reduction of
the concentration of AA and its metabolites, leading
to the weakening of the inflammatory response, is
one of the proposed mechanism of anticancerogenic
effect of CLA isomers (64-67).

Our results indicate that conjugated linoleic
acids can inhibit the development of chemically
induced mammary tumors. Their higher concentra-
tion in diet influence the fatty acids profile in livers
and in their microsomal fraction, as well as the
enzymes’ activity. The decrease in D6D activity and
the increase in AA concentration due to the presence
of CLA in the diet of animals can confirm their anti-
cancer properties. The higher supply of conjugated
linoleic acid in mothers diet during pregnancy and

breastfeeding not only causes their incorporation
into tissues of children but also exerts health-pro-
moting effect in their adult life.
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SYNTHESIS AND ANTI-MYCOBACTERIAL ACTIVITY
OF NEW 4-THIAZOLIDINONE AND 1,3,4-OXADIAZOLE
DERIVATIVES OF ISONIAZID

MASHOOQ A. BHAT*

Department of Pharmaceutical Chemistry, College of Pharmacy, King Saud University,
P.O. Box. 2457, Riyadh 11451, Kingdom of Saudi Arabia

Abstract: A new series of 4-thiazolidinone (3a—e) and 1,3,4-oxadiazole (4a—e) derivatives of isoniazid were
synthesized and evaluated for their in vitro anti-mycobacterial activity. The structures of the compounds were
confirmed on the basis of spectral data and elemental analysis. Some compounds showed interesting activity
against four Mycobacterium strains: M. intercellulari (ATCC 35743), M. xenopi (ATCC 14470), M. cheleneo
(ATCC 35751) and M. smegmatis (ATCC 35797). Compounds 3e, N-(4-oxo-2-undecylthiazolidin-3-yl) isoni-
cotinamide and 4e N-acetyl-4-(5-undecyl-1,3,4-oxadiazol-2-yl) pyridine with minimum inhibitory concentra-
tion (MIC), 6.0 ng/mL were found to be more potent than isoniazid under the in vitro investigational conditions.
Compound 3e and 4e bear a high lipophilic chain bonded to the 5-position of the thiazolidinone and 1,3,4-oxa-
diazole moiety, respectively. This fact indicates that there exists a contribution of lipophilicity, which would

facilitate the transport of these molecules through membranes.

Keywords: 4-thiazolidinone, 1,3,4-oxadiazole, isoniazid, anti-mycobacterium agents

Tuberculosis is a chronic disease caused by
several species of Mycobacteriae. The major issue
is the increase of multidrug resistant tuberculosis.
The appearance of multidrug resistant strains of
Mycobacterium tuberculosis, which exhibit in vitro
resistance to at least two major anti-tubercular
drugs (usually isoniazid and rifampicin) and cause
intractable tuberculosis, has greatly contributed to
the increased incidence of tuberculosis. Another
serious problem is the extensively drug-resistant
tuberculosis, which are strains resistant to first and
second line anti-tubercular drugs. The emergence
of drug-resistant tuberculosis is an important fact
that made the resurgence of tuberculosis especial-
ly alarming. Due to the high impact of multidrug
resistant and extensively drug-resistant tuberculo-
sis treatment, there is an urgent need for new drugs
to treat this disease efficiently. Hence, there is
emerging demand for the development of new
anti-tubercular agents effective against pathogens
resistant to current treatment regimens, which are
limited to five drugs including rifampicin, isoni-
azid, ethambutol, streptomycin and pyrazinamide.
In spite of major advances that have been made in

the discovery process, no new drugs have been
introduced in clinic since the discovery of
rifampicin (1). Isoniazid (INH) is still maintaining
its importance as a first line drug for treatment of
tuberculosis. There are many reports on synthesis
and anti-tuberculosis screening of a large number
of compounds containing the isoniazid moiety
(2-8). Several recent experiments indicate that
incorporation of hydrophobic moieties into the
framework of INH can enhance the penetration of
drug into the tissues of mammalian host and into
waxy cell wall of bacterium. This strategy for drug
design has been proposed as a vehicle for con-
trolled study of the growth cycle of the pathogen,
as these compounds have demonstrated good
activities (9-12). The need for newer compounds
of this kind remains urgent due to increasing
resistance of Mycobacterial strains to certain type
of currently used anti-mycobacterials. Reports
suggest that INH, a pro-drug, is converted into its
active form by mycobacterial catalase peroxidase
and acts on mycobacterial cell wall by inhibiting
the fatty acid synthetase-II system to produce long
chain fatty acid precursors for mycolic acid syn-
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thesis (13). Modification of INH at N* atom blocks
the resulting molecule against the action of N-ary-
laminoacetyl transferases (NATSs) and structurally
blocking INH towards the action of NAT at N*
may thus combat the rise of resistance. 4-
Thiazolidinone derivatives have many interesting
activity profiles; have been reported to possess
antifungal (14), anti-TB (15), anti HIV (16), anti-
histaminic (17) and anticonvulsant properties (18).
4-Thiazolidinones have been reported to exhibit
their anti-mycobacterial effect via a different
route, by inhibiting bacterial enzyme Mur B,
which is a precursor acting during biosynthesis of
peptidoglycan (19). Newly designed molecules
might be regarded as double action molecules and
components involved may act synergistically. It
has also been reported that conversion of INH to
oxadiazoles produces the corresponding 5-substi-
tuted-3H-1,3,4-oxadiazol-2-thione and 3H-1,3,4-
oxadiazol-2-one derivatives, which are character-
ized by high activity against M. tuberculosis strain
H37Rv (20). Literature survey revealed that 4-(5-
pentadecyl-1,3,4-oxadiazole-2-yl)pyridine was ten
times more active than INH and 4-(5-heptadecyl-
1,3,4-oxadiazol-2-yl)pyridine also showed the
same activity, because these compounds bear a
high lipophilic chain bonded to the 5-position of
oxadiazole moiety (21). Also oxadiazoles conform
to an important class of heterocyclic compounds
with a wide range of biological activities such as:
anticonvulsant (22), tyrosinase inhibitors (23),
antimicrobial (24), cathepsin K inhibitors (25) and
anti-neoplastic properties (26). There is an urgent
need for anti-TB drugs with improved properties
such as enhanced activity against multidrug resist-
ant strains, reduced toxicity, shortened duration of
therapy, rapid mycobactericidal mechanism of
action and the ability to penetrate host cells and
exert anti-mycobacterial effects in the intracellular
environment.

Chemical modification of hydrazine unit of
INH with a functional group that blocks acetyla-
tion, while maintain strong anti TB action has the
potential to improve clinical outcomes and reduce
the emergence in patients of acquired INH resist-
ance.

To investigate the effect of length of lipophilic
chain at 5-position and change of 1,3,4-oxadiazole
scaffold with thiazolidinone moiety on the anti-
mycobacterial activity, in the present study we
incorporated the 4-thiazolidinone and 1,3,4-oxada-
zole scaffolds with different lengths of side chain at
5-position in the INH moiety and evaluated their in
vitro anti-mycobacterial activity.

EXPERIMENTAL

All the solvents were obtained from Merck.
The elemental analyses (C, H, N and S) of all com-
pounds were performed on the CHNS Elementar
(Analysen Systeme GmbH, Germany) and Vario EL
IIT (Elementar Americas Corporation) and were
within a limit of £ 0.4% and + 0.3%, respectively, of
the theoretical values. The homogeneity of the com-
pounds was checked by TLC performed on silica gel
G coated plates (Merck). Iodine chamber was used
for visualization of TLC spots. The FT-IR spectra
were recorded in Shimadzu spectrophotometer by
dissolving samples in carbon tetrachloride (CCl,).
Melting points were determined on a Gallenkamp
melting point apparatus, and thermometer was
uncorrected. NMR spectra were scanned in DMSO-
ds on a Bruker NMR spectrophotometer operating at
500 MHz for 'H and 125.76 MHz for “C at the
Research Center, College of Pharmacy, King Saud
University, Saudi Arabia. Chemical shifts are
expressed in & values (ppm) relative to TMS as an
internal standard and D,0 was added to confirm the
exchangeable protons. Mass spectra were measured
on Agilent Triple Quadrupole 6410 QQQ LC/MS
apparatus with ESI (electrospray ionization) source.

N’-[(1E)-propylidene]pyridine-4-carbohydrazide
(2a)

The isonicotinoyl hydrazide Schiff base (2a)
was prepared by reaction between propanal (1.0
equiv.) with INH (1.0 equiv.) in ethanol/H,O (10
mL), initially dissolving the INH in H,O and adding
the respective solution to a solution of the propanal
in ethanol. After stirring for 1-3 h at room tempera-
ture, the resulting mixture was concentrated under
reduced pressure. The residue was purified by wash-
ing with cold ethyl alcohol and diethyl ether and
afforded pure derivatives (2a). The compound was
assigned (E) configuration (27). The other Schiff
bases (2b—e) were synthesized similarly.

Yield: 75%; m.p.: 170-172°C. FT-IR (v, cm™):
3430 (NH, str.), 2970 (C-H, str.), 1660 (C=O0, str.),
1606 (C=C, str.), 1555 (C=N, str.). 'H NMR (500
MHz, DMSO-d,, 9, ppm): 0.8 (3H, t, CH,), 1.29
(2H, m, CH,), 7.70 (1H, s, CH), 7.75 2H, d, J =4
Hz, CH pyridyl), 8.75 (2H, d, J = 4 Hz, CH pyridyl),
11.6 (1H, s, -NH, D,0 exch.). ®"C NMR (125.76
MHz, DMSO-d,, 8, ppm): 149.8 (C-1), 149.8 (C-3),
122.8 (C-4), 140.9 (C-5), 122.8 (C-6), 163 (C-7),
158.3 (C-11), 22.2 (C-12), 10.4 (C-13). MS (ESI)
m/z = 177.0 [M]". Analysis: calcd. for CoH;,N;0
(177.2): C 61.00, H 6.26, N 23.71%; found: C 61.20,
H 6.24, N 23.61%.
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N’-[(1E)-octylidene]pyridine-4-carbohydrazide
(2b)

Yield: 80%; m.p.: 90-92°C. FT-IR (v, cm™):
3430 (NH, str.), 2970 (C-H, str.), 1660 (C=0, str.),
1606 (C=C, str.), 1555 (C=N, str.). '"H NMR (500
MHz, DMSO-d,, 8, ppm): 0.8 (3H, t, CH;), 1.4
(12H, m, CH,), 7.70 (1H, s, CH), 7.8 2H, d, J =4
Hz, CH pyridyl), 8.70 (2H, d, J = 4 Hz, CH pyridyl),
11.6 (IH, s, -NH, D,O exch.). ®*C NMR (125.76
MHz, DMSO-dq, 8, ppm): 149.8 (C-1), 149.8 (C-3),
122.8 (C-4), 140.9 (C-5), 122.8 (C-6), 163 (C-7),
158.3 (C-11), 26.1 (C-12), 26.1 (C-13), 29.5 (C-14),
29.1 (C-15), 31.9 (C-16), 22.8 (C-17), 14.1 (C-18).
MS (ESI) m/z = 246.9 [M]*. Analysis: calcd. for
C,,H,N;O (247.3): C 67.98, H 8.56, N 16.99%;
found: C 67.75, H 8.54, N 16.93%.

N’-[(1E)-decylidene]pyridine-4-carbohydrazide
(20)

Yield: 65%; m.p.: 78-80°C. FT-IR (v, cm™):
3430 (NH, str.), 2972 (C-H, str.), 1661 (C=0, str.),
1556 (C=C, str.), 1496 (C=N, str.). 'H NMR (500
MHz, DMSO-dq, §, ppm): 0.8 (3H, t, CH,), 1.3 (16H,
m, CH,), 7.70 (1H, s, CH), 7.85 (2H, d, J =4 Hz, CH
pyridyl), 8.7 (2H, d, J =4 Hz, CH pyridyl), 11.6 (1H,
s, -NH, D,O exch.). ®C NMR (125.76 MHz, DMSO-
de, 8, ppm): 149.8 (C-1), 149.8 (C-3), 122.8 (C-4),
140.9 (C-5), 122.8 (C-6), 163 (C-7), 158.3 (C-11),
26.1 (C-12), 26.1 (C-13), 29.5 (C-14), 29.4 (C-15),
29.7 (C-16), 29.4 (C-17), 31.9 (C-18), 22.8 (C-19),
14.1 (C-20). MS (ESI) m/z = 275.3 [M]*. Analysis:
calcd. for C,(H,sN;O (275.3): C 69.78, H 9.15, N
15.26%; found: C 69.88, H 9.37, N 15.20%.

N’-[(1E)-undecylidene]pyridine-4-carbohy-
drazide (2d)

Yield: 70%; m.p.: 80-82°C. FT-IR (v, cm™):
3261 (NH, str.), 2923 (C-H, str.), 1655 (C=O0, str.),
1535 (C=C, str.), 1464 (C=N, str.). 'H NMR (500
MHz, DMSO-d,, 8, ppm): 0.8 (3H, t, CH,), 1.29
(18H, m, CH,) 7.50 (1H, s, CH), 7.8 (2H, d, J =4
Hz, CH pyridyl), 8.6 (2H, d, J = 4 Hz, CH pyridyl),
11.6 (1H, s, -NH, D,O exch.). "C NMR (125.76
MHz, DMSO-dq, 8, ppm): 149.8 (C-1), 149.8 (C-3),
122.8 (C-4), 140.9 (C-5), 122.8 (C-6), 163 (C-7),
158.3 (C-11), 26.1 (C-12), 26.1 (C-13), 29.5 (C-14),
29.4 (C-15), 29.7 (C-16), 29.7 (C-17), 29.7 (C-18),
31.9 (C-19), 22.8 (C-20), 14.1 (C-21). MS (ESI) m/z
= 290.0 [M + 1J*. Analysis: calcd. for C;H,;N;0
(289): C 70.5, H 9.4, N 14.5%; found: C 70.75, H
9.38, N 14.40%.

N’-[(1E)-dodecylidene]pyridine-4-carbohy-
drazide (2e)

Yield: 60%; m.p.: 85-87°C. FT-IR (v, cm™):
3257 (NH, str.), 2923 (C-H, str.), 1655 (C=0, str.),
1546 (C=N, str.).'H NMR (500 MHz, DMSO-d,, 9,
ppm): 0.8 (3H, t, CH,), 1.4 (20H, m, CH,), 7.75 (1H,
s, CH), 7.8 (2H, d, J = 4 Hz, CH pyridyl), 8.7 (2H,
d, J = 4 Hz, CH pyridyl), 11.6 (1H, s, -NH, D,O
exch.). ®C NMR (125.76 MHz, DMSO-d,, 8, ppm):
149.8 (C-1), 149.8 (C-3), 122.8 (C-4), 140.9 (C-5),
122.8 (C-6), 163 (C-7), 158.3 (C-11), 26.1 (C-12),
26.1 (C-13), 29.5 (C-14), 29.4 (C-15), 29.7 (C-16),
29.7 (C-17), 29.7 (C-18), 29.4 (C-19), 31.9 (C-20),
22.8 (C-21), 14.1 (C-22). MS (ESI) m/z = 304.0 [M
+ 1]*. Analysis: caled. for C;iH,,N;O (303.4), C
71.25,H9.63, N 13.85%; found: C 71.03, H 9.60, N
13.90.

N-(2-ethyl-4-oxothiazolidin-3-yl)isonicotinamide
(3a)

A mixture of Schiff base of INH 2a (0.1 mol),
mercaptoacetic acid (0.15 mol) and silica chloride
(0.025 mol) was heated at 50°C under solvent-free
condition for 1 h. The progress of the reaction was
monitored by TLC using hexane-ethyl acetate (7 : 3,
v/v). After the completion of reaction, the reaction
mixture was extracted with ethyl acetate and organ-
ic layer was washed with 5% sodium bicarbonate
solution and brine. Organic layer was separated and
dried over anhydrous sodium sulfate. From the
organic extract the solvent was removed under
reduced pressure and the residual crude solid was
crystallized from ethanol. The other thiazolidinone
derivatives (3b—e) were synthesized similarly.

Yield: 60%; semisolid. FT-IR (v, cm™): 3300
(NH, str.), 3000 (C-H, str.), 1700 (C=0, str., thiazo-
lidinone), 1680 (C=0, str.). 'H NMR (500 MHz,
DMSO-d,, 6, ppm): 1.0 (3H, t, CH,), 1.8 (2H, m,
CH,), 3.7 (2H, s, -CH,, thiazolidinone), 5.0 (1H, t,
CH, thiazolidinone), 7.7 (2H, d, J = 4 Hz, CH
pyridyl), 8.7 (2H, d, J = 4 Hz, CH pyridyl), 11.1
(1H, s, -NH, D,O exch.). "C NMR (125.76 MHz,
DMSO-d, 6 ppm): 168.8 (C-1), 164.0 (C-3), 138.0
(C-4), 150.0 (C-5), 122.3 (C-6), 171.7 (C-7), 170.3
(C-10), 63.0 (C-13), 39.0 (C-11), 28.4 (C-16), 12.6
(C17). MS (ESI) m/z = 252.2 [M + 1]*. Analysis:
caled. for C,{H,,N;0,S (251.3): C 61.86, H 7.79, N
12.0, S 9.17%; found: C 61.76, H 7.8, N 12.02, S
9.18%.

N-(2-heptyl-4-oxothiazolidin-3-yl)isonicotin-
amide (3b)

Yield: 70%; semisolid. FT-IR (v, cm™): 3300
(NH, str.), 3000 (C-H, str.), 1710 (C=0, str., thiazo-
lidinone), 1680 (C=0, str.). 'H NMR (500 MHz,
DMSO-d,, 8, ppm): 0.7 (3H, t, CH;), 1.8 (12H, m,
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CH,), 3.7 (2H, s, -CH,, thiazolidinone), 4.8 (1H, t,
CH, thiazolidinone), 7.8 (2H, d, J = 4 Hz, CH
pyridyl), 8.7 (2H, d, J = 4 Hz, CH pyridyl), 11.1
(1H, s, -NH, D,0 exch.). "C NMR (125.76 MHz,
DMSO-d,, 6, ppm): 168.7 (C-1), 164.2 (C-3), 139.4
(C-4), 150.0 (C-5), 121.8 (C-6), 171.2 (C-7), 170.2
(C-10), 62.3 (C-13), 34.2 (C-11), 28.5 (C-16), 23.9
(C-17), 22.0 (C-18, 19, 20, 21), 13.7 (C-22). MS
(ESI) m/z = 321.1 [M]*. Analysis: calcd. for
C,;H,,N;O,S (321.4): C 61.86, H 7.79, N 12.0, S
9.17%; found: C 61.76, H 7.8, N 12.02, S 9.18%.

N-(2-nonyl-4-oxothiazolidin-3-yl)isonicotinamide
(30

Yield: 70%; semisolid. FT-IR (v, cm™): 3300
(NH, str.), 3000 (C-H, str.), 1700 (C=0, str., thia-
zolidinone), 1670 (C=0, str.). 'H NMR (500 MHz,
DMSO-d, 6, ppm): 0.8 (3H, t, CH;), 1.2 (16 H, m,
CH,), 3.7 (2H, s, -CH,, thiazolidinone), 4.87 (1H, t,
CH, thiazolidinone), 7.3 (2H, d, J = 4 Hz, CH
pyridyl), 8.8 (2H, d, J = 4 Hz, CH pyridyl), 11.7
(1H, s, -NH, D,0O exch.). ®C NMR (125.76 MHz,
DMSO-d,, 9, ppm): 164.0 (C-1), 161.1 (C-3),
155.7 (C-5), 153.7 (C-4), 150.4 (C-6), 174.4 (C-7),
168.9 (C-10), 62.9 (C-13), 48.5 (C-11), 34.5 (C-
16), 31.2 (C-17), 28.9 (C-18), 27.9 (C-18), 23.9
(C19), 22.0 (C-20), 18.5 (C-21), 13.8 (C-22), 12.6
(C-23). MS (ESI) m/z = 349.1 [M]*. Analysis:
calcd. for C;3H,,N;0,S (349.4): C61.86, H7.79, N
12.0, S 9.17%; found: C 61.76, H 7.8, N 12.02, S
9.18%.

N-(2-decyl-4-oxothiazolidin-3-yl)isonicotinamide
(3d)

Yield: 75%; semisolid. FT-IR (v, cm™): 3320
(NH, str.), 3010 (C-H, str.), 1700 (C=0, str., thiazo-
lidinone), 1680 (C=0, str.).)H NMR (500 MHz,
DMSO-d,, 8, ppm): 0.8 (3H, t, CH;), 1.2 (18 H, m,
CH,), 3.6 (2H, s, -CH,, thiazolidinone), 4.87 (1H, t,
CH, thiazolidinone), 7.8 (2H, d, J =4 Hz, CH pyridyl),
8.8 (2H, d, J = 4 Hz, CH pyridyl), 11.7 (1H, s, -NH,
D,O exch.). *C NMR (125.76 MHz, DMSO-d;, 6,
ppm): 149.8 (C-1,3), 122.8 (C-4), 140.9 (C-5), 122.8
(C-6),164.9 (C-7), 168.5 (C-10), 36.1 (C-11), 54.3 (C-
13),35.5 (C-16),23.2 (C-17),29.0 (C-18), 29.7 (C-19,
20), 29.4 (C-21), 31.9 (C-22), 22.8 (C-23),14.1 (C-
24). MS (ESI) m/z = 363.5 [M]*. Analysis: calcd. for
C,0H,0N;0,S (363.5): C 62.78, H 8.04, N 11.5, S
8.82%; found: C 62.80, H 8.05, N 11.52, S 8.80%.

N-(4-0x0-2-undecylthiazolidin-3-yl)isonicotin-
amide (3e)

Yield: 80%; semisolid. FT-IR (v, cm™): 3330
(NH, str.), 3010 (C-H, str.), 1710 (C=O0, str., thiazo-

lidinone), 1680 (C=0, str.). '"H NMR (500 MHz,
DMSO-d,, 8, ppm): 0.8 (3H, t, CH;), 1.2 (20 H, m,
CH,), 3.6 (2H, s, -CH,, thiazolidinone), 4.86 (1H, t,
CH, thiazolidinone), 7.8 (2H, d, J = 4 Hz, CH
pyridyl), 8.8 (2H, d, J = 4 Hz, CH pyridyl), 11.1
(1H, s, -NH, D,0O exch.). ®C NMR (125.76 MHz,
DMSO-dq, 6. ppm): 149.5 (C-1,3), 122.0 (C-4),
140.5 (C-5), 122.0 (C-6), 164.4 (C-7), 168.0 (C-10),
36.0 (C-11), 54.1 (C-13), 35.5 (C-16), 23.1 (C-17),
29.0 (C-18), 29.5 (C-19, 20, 21), 29.1 (C-22), 31.5
(C-23), 22.8 (C-24), 14.1 (C-25). MS (ESI) m/z =
377.5 [M]'. Analysis: calcd. for C,H;N;0,S
(377.5): C63.6, H 8.28, N 11.13, S 8.49%; found: C
62.58, H 8.06, N 11.52, S 8.80%.

N-acetyl-4-(5-ethyl-1,3,4-oxadiazol-2-yl)pyridine
(4a)

A mixture of Schiff base of INH 2a (0.1 mol)
and anhydrous acetic anhydride (10 mL) was
refluxed for 4 h. After completion of the reaction,
the excessive acetic anhydride was distilled off at
reduced pressure; the residue was poured into ice
cooled water and stirred for 30 min. The solid prod-
uct was filtered and recrystallized from ethanol to
give final compound (4a). The other 1,3,4-oxadia-
zole derivatives (4b—e) were synthesized similarly.

Yield: 65%; semisolid. FT-IR (v, cm™): 1564
(C=N), 1670 (C=0), 1620, 1369, 1173, 1097, 1014
(oxadiazole nucleus). 'H NMR (500 MHz, DMSO-
ds, 0, ppm): 0.7 (3H, t, CH;), 1.9 (3H, s, COCH,),
2.2 (2H, m, CH,), 6.3 (1H, s, -CH, oxadiazole), 7.8
(2H, d, J =4 Hz, CH pyridyl), 8.7 (2H, d, / = 4 Hz,
CH pyridyl). *C NMR (125.76 MHz, DMSO-d,, 6,
ppm): 168.3 (C-12), 155.0 (C-7), 149.5 (C-1, 3),
138.4 (C-5), 124.1 (C-4, 6), 73.4 (C-9), 29.5 (C-15),
23.4 (C-14), 5.0 (C-16). MS (ESI) m/z = 219.1
[M]*. Analysis: calcd. for C;;H;N;0, (219.2): C
60.26, H 5.98, N 19.17%; found: C 60.02, H 5.60,
N 19.11%.

N-acetyl-4-(5-heptyl-1,3,4-oxadiazol-2-yl)pyri-
dine (4b)

Yield: 67%; semisolid. FT-IR (v, cm™): 1560
(C=N), 1680 (C=0), 1630, 1470, 1350, 1011 (oxa-
diazole nucleus). '"H NMR (500 MHz, DMSO-dq, 9§,
ppm): 0.85 (3H, t, CH,), 1.2 (10H, m, CH,), 1.9 (3H,
s, COCH,), 2.5 (2H, m, CH,), 6.3 (1H, s, -CH, oxa-
diazole), 7.8 (2H, d, J = 4 Hz, CH pyridyl), 8.7 (2H,
d, J = 4 Hz, CH pyridyl). "C NMR (125.76 MHz,
DMSO-dq, 9, ppm): 166.9 (C-12), 150.6 (C-7),
138.0 (C-1, 3), 131.5 (C-5), 120.0 (C-4, 6), 93.2 (C-
9), 32.5 (C-15), 31.2 (C-14), 28.9 (C-16), 22.0 (C-
17), 21.1 (C-18), 20.1 (C-19), 19.0 (C-20), 13.9 (C-
21). MS (ESI) m/z = 288.2 [M]*. Analysis: calcd.
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for C,H,,N;0, (288.3): C 66.41, H 8.01, N 14.52%;
found: C 66.66, H 8.04, N 14.55%.

N-acetyl-4-(5-nonyl-1,3,4-oxadiazol-2-yl)pyridine
(4¢)

Yield: 80%; semisolid. FT-IR (v, cm™): 1564
(C=N), 1670 (C=0), 1640, 1473, 1350, 1011 (oxa-
diazole nucleus). 'H NMR (500 MHz, DMSO-dq, 9§,
ppm): 0.82 (3H, t, CH;), 1.2 (14H, m, CH,), 1.9 (3H,
s, COCH,), 2.5 (2H, m, CH,), 6.9 (1H, s, -CH, oxa-
diazole), 7.8 (2H, d, J = 4 Hz, CH pyridyl), 8.8 (2H,
d, J = 4 Hz, CH pyridyl). *C NMR (125.76 MHz,
DMSO-dq, 9, ppm): 169.9 (C-12), 168.4 (C-7),
167.9 (C-1), 163.3 (C-3), 153.3 (C-5), 150.0 (C-6),
139.4 (C-4), 138.6 (C-9), 31.2 (C-15), 29.4 (C-14),
28.7 (C-16), 28.4 (C-17), 22.0 (C-18, 22), 20.3 (C-
20), 18.0 (C-21), 13.8 (C-22), 10.7 (C-23). MS
(ES) m/z = 317.1 [M]*. Analysis: calcd. for
CsH,,N;0, (317.4): C 68.11, H 8.57, N 13.24%;
found: C 68.37, H 8.55, N 13.28%.

N-acetyl-4-(5-decyl-1,3,4-oxadiazol-2-yl)pyridine
(4d)

Yield: 75%; m.p.:178-180°C. FT-IR (v, cm™):
1564 (C=N), 1680 (C=0), 1643, 1470, 1350, 1010
(oxadiazole nucleus). 'H NMR (500 MHz, DMSO-
ds, 8, ppm): 1.0 (3H, t, CH,), 1.2 (16H, m, CH,), 1.9
(3H, s, COCH,), 2.5 (2H, m, CH,), 6.3 (1H, s, -CH,
oxadiazole), 7.8 (2H, d, J = 4 Hz, CH pyridyl), 8.8
(2H, d, J = 4 Hz, CH pyridyl). "C NMR (125.76
MHz, DMSO-dq, 8, ppm): 172.0 (C-12), 166.1 (C-
7), 150.8 (C-1, 3), 138.1 (C-5), 122.7 (C-4, 6), 119.9
(C-9), 56.0 (C-15), 20.9 (C-14), 18.4 (C-16, 17, 18,
19), 18.0 (C-20, 21, 22, 23), 10.6 (C-24). MS (ESI)
m/z = 331.0 [M]*. Analysis: calcd. for C,;H,N;0,
(331.4): C 68.85, H 8.82, N 12.68%; found: C 68.65,
H 8.80, N 12.63%.

N-acetyl-4-(5-undecyl-1,3,4-oxadiazol-2-yl)pyri-
dine (4e)

Yield: 70%; m.p.: 68-70°C. FT-IR (v, cm™):
1560 (C=N), 1670 (C=0), 1630, 1373, 1150, 1011
(oxadiazole nucleus). 'H NMR (500 MHz, DMSO-d,,
d, ppm): 0.7 (3H, t, CH,), 1.2 (18H, m, CH,), 1.9 (3H,
s, COCH,), 2.2 (2H, m, CH,), 6.3 (1H, s, -CH, oxadi-
azole), 7.7 (2H, d, J = 4 Hz, CH pyridyl), 8.7 (2H, d,
J = 4 Hz, CH pyridyl). "C NMR (125.76 MHz,
DMSO-dq, 8, ppm): 173.9 (C-12), 170.7 (C-7), 169.3
(C1), 166.9 (C-3), 163.9 (C-5), 157.7 (C-4), 153.2 (C-
6), 150.5 (C-9), 33.6 (C-15), 32.4 (C-14), 28.4 (C-
16), 22.7 (C-17), 21.9 (C-18), 20.0 (C-19, 20, 21 ,22,
23, 24), 13.7 (C-25). MS (ESI) m/z = 345.2 [M]".
Analysis: caled. for C,0H;N;O, (345.4): C 69.53, H
9.04, N 12.16%; found: C 69.80, H 9.07, N 12.11.

Anti-mycobacterial activity

Anti-mycobacterial activity was performed at
the Research Center, College of Pharmacy, King
Saud University, Riyadh, Saudi Arabia. The tested
Mycobacterium strains are M. intercellulari (ATCC
35734), M. xenopi (ATCC 14470), M. cheleneoi
(ATCC 35751) and M. smegmatis (ATCC 35797)
using Rist and Grosset proportion method, agar dilu-
tion method (28). The synthesized compounds
(3a—e), (4a—e) and INH were dissolved in DMSO at
a concentration of 1 mg/mL. The appropriate aliquot
of each solution was diluted with 10% molten agar
to give concentrations of 100 pug/mL. The agar and
the compound solution were mixed thoroughly and
the mixture was poured into Petri dishes on a level
surface to result in an agar depth of 3 to 4 mm and
allowed to harden. The inocula were prepared by
growing overnight culture in Mueller-Hinton broth.
The cultures were diluted 1 : 100. The tested organ-
isms were streaked in a radial pattern and plates
were incubated at 35°C for 48 h to check the growth
of the tested strains at this single concentration.
Active compounds were further diluted and tested
by the same way to determine the minimum
inhibitory concentration (MIC) of these compounds.
Experiment using the tested strains in a medium free
of the investigated compounds was also carried out.

RESULTS AND DISCUSSION

4-Thiazolidinone (3a—e) and 1,3,4-oxadiazole
(4a—e) derivatives of INH were synthesized by reac-
tion of Schiff bases (2a—e) with thioglycolic acid in
the presence of chlorinated silica and anhydrous
acetic anhydride, respectively, to obtain anti-
mycobacterial agents in good yield. The condensa-
tion was carried by using equimolar amount of the
Schiff bases, mercaptoacetic acid, and 25 mmol %
of silica chloride. The reaction was monitored by
thin layer chromatography (TLC) and was found to
reach completion in 4 h giving 60-80% yields of the
4-thiazolidinones (29).

1,3,4 -Oxadiazoles (4a—e) were obtained by
refluxing Schiff bases (2a—e) in excess of anhydrous
acetic anhydride for 4 h. The excess of acetic anhy-
dride was distilled off to obtain pure compounds
with 65-80% yields. The purity of the synthesized
compounds was checked by thin layer chromatogra-
phy (TLC) and elemental analysis. The structure of
the compounds were identified and confirmed by
spectral data. The IR spectra of 4-thiazolidinone
derivatives (3a—e) exhibited in each case, a band in
the region of 3300-3200 cm™ due to NH stretching,
3100-3000 cm” due to CH stretching, 1700-1710
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Table 1. Lipophilicity (Clog P) and in vitro antimycobacterial activities of compounds (3a—e) and (4a—e).

Compound ! MIC (ug/mL)

No. Clog P M. intercellulari M. xenopi M. cheleneoi M. smegmatis
3a 0.63 >100 >100 >100 >100
3b 2.03 50 50 50 50
3c 3.09 25 25 25 25
3d 3.62 25 25 25 25
3e 4.16 6.0 6.0 6.0 6.0
4a 0.22 >100 >100 >100 >100
4b 2.88 >100 >100 >100 >100
4c 3.94 25 25 25 25
4d 4.47 25 25 25 25
4e 5.00 6.0 6.0 6.0 6.0

Isoniazid 0.67 12.5 12.5 12.5 12.5

*C log P was calculated using software Chem Office 6.0.
9
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(4a-e)

Scheme 1. Synthesis of 4-thiazolidinone (3a—e) and 1,3,4-oxadiazole (4a—e) derivatives of isoniazid.

cm’ due to carbonyl of thiazolidinone and 1680 cm
due to carbonyl absorption, whereas the IR spectra
of 1,3,4-oxadiazole derivatives (4a—e) exhibited in
each case, a band in the region 1564—1560 cm™ due
to C=N stretching, 1680-1670 cm™ due to carbonyl
absorption. In the "H NMR spectra, the signals of the
synthesized compounds were verified on the basis of
their chemical shifts, multiplicities and coupling
constants. The spectra of the 4-thiazolidinone deriv-
atives (3a—e) showed the characteristic D,O

exchangeable NH protons at  11.1-11.7 ppm, CH,
(thiazolidinone) protons at 6 3.6-3.7 ppm, CH (thia-
zolidinone) proton at & 4.8-5.0 ppm in addition to
aromatic protons at 8 7.3 ppm with J value of 4 Hz,
and 6 8.8 ppm with J value of 4 Hz. The spectra of
1,3,4-oxadiazole derivatives (4a—e) showed the
characteristic COCH; protons at & 1.9 ppm, CH
(1,3,4-oxadiazole) proton at 6.3—6.9 ppm in addition
to pyridyl protons at 8 7.8 ppm with J value of 4 Hz,
and & 8.8 ppm with J value of 4 Hz. The mass spec-
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tra of the compounds showed the molecular ion
peaks [M]* and [M + 1]*. The elemental analysis of
CHN and S were within + 0.4% and 0.3%, respec-
tively, of the theoretical values.

Anti-mycobacterial activity

The synthesized compounds (3a—e) and (4a—e)
were evaluated for their anti-mycobacterial activity
in vitro against four Mycobacterium strains:
Mycobacterium intercellulari (ATCC 35734),
Mycobacterium xenopi (ATCC 14470),
Mycobacterium cheleneo (ATCC 35751) and
Mpycobacterium smegmatis (ATCC 35797) by agar
dilution method according to the protocol described
in the experimental section similar to that recom-
mended by the National Committee for Clinical
Laboratory Standards (NCCLS) for the determina-
tion of MIC (30). INH was used as a reference drug
and control experiments were done using a growth
media free from drugs or the tested compounds.
Results of the in vitro anti-mycobacterial activity of
the tested compounds along with the standard drug
for comparison are given in Table 1. Compound 3e,
N-(4-oxo-2-undecylthiazolidin-3-yl)isonicotinamide
and 4e, N-acetyl-4-(5-undecyl-1,3,4-oxadiazol-2-
yDpyridine presented significant growth inhibition
against all strains of Mycobacterium with minimum
inhibitory concentration (MIC) 6.0 pg/mL, with the
highest C log P value of 4.1 and 5.0, respectively.
Compounds 3¢, 3d, 4¢ and 4d showed growth inhi-
bition against all strains of Mycobacterium with min-
imum inhibitory concentration (MIC) 25 pg/mL.
Compound 3b also showed growth inhibition against
all strains of Mycobacterium with MIC 50 pg/mL,
with C log P value of 2.03. Compound 3a, 4a and 4b
revealed no activity on the tested strains up to the
concentration of 100 ng/mL. The active compounds
3e and 4e were found to be more potent than first line
anti-tubercular drug INH under investigation condi-
tions. Lipophilicity of the drug molecules may make
them more capable of penetrating various biomeme-
branes, consequently improving their permeation
properties towards microbial cell membranes (31).
Correlation between lipophilicity and anti TB has
been reported (32). Lipophilicity of the synthesized
compounds expressed in the term of their C log P
values, is shown in Table 1. All the compounds pre-
sented lipophilicity higher than that of INH except 3a
and 4a. Another raised hypothesis explores the pos-
sibility that compounds 3b, 3¢, 3d, 4c and 4d could
be acting as INH prodrugs. According to Scior and
Garces-Fisele, the pharmacological role of INH
derivatives (isonicotinoyl hydrazones, hydrazides,
and amides) must be considered as bio-reversible

prodrugs of INH or isonicotinic acid. Worse activi-
ties showed by these kinds of structures can be
explained by the compounds with a structural gain of
stability against prodrug hydrolysis (33). None of
them showed more potency than INH against the
Mycobacterium. Although oxadiazole nucleus is very
stable to acid hydrolysis, it has been reported that it
may be chemically hydrolyzed with a strong base
and heating leading thus to the generation of acyl-
INH, which are very likely to be completely
hydrolyzed to INH (34). It was reported that 5-low
alkyl homologues (methyl, ethyl and propyl-1,3,4-
oxadiazol-2-yl)pyridines showed a low tuberculosta-
tic in vitro effect (35). Apparently, it is necessary to
increase the steric hindrance at position 5 of oxadia-
zole moiety in order to improve the biological activ-
ity of these derivatives. It also implies that lipophilic-
ity plays an important role in the bioactivity of these
compounds.

CONCLUSION

4-Thiazolidinone (3a—) and 1,3,4-oxadiazole
(4a—e) derivatives of INH were synthesized and evalu-
ated for their in vitro anti-mycobacterial activity against
four Mycobacterium strains: M. intercellulari (ATCC
35743), M. xenopi (ATCC 14470), M. cheleneo
(ATCC 35751) and M. smegmatis (ATCC 35797). The
present results highlight the importance of lipophilicity
of these compounds to present good anti-mycobacteri-
al activity. The high activity of compounds 3e and 4e
makes them suitable hits for additional in vitro and in
vivo evaluations, in order to develop new anti-
mycobacterial drugs or prodrugs with potential use in
the tuberculosis treatment. Further studies in this area
are in progress in our laboratory.
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Abstract: New sugar hydrazones linked to norbornyl ring system, their oxadiazole acyclic nucleoside analogs
and the corresponding thioglycosides were synthesized. The synthesized compounds were tested for their
antimicrobial activity and displayed different degrees of activities or inhibitory actions. Their oxadiazole
acyclic nucleoside analogs and thioglycosides showed higher activities.

Keywords: norbornyl, oxadiazole, glycosides, antibacterial, antifungal

The fast and widespread evolution of antimi-
crobial resistance poses a grave threat to therapy
of many microbial infections and necessitates
imperative and scrupulous efforts to develop next
generation of antibacterial and antifungal agents.
Norbornyl ring system is the basic core in many
naturally occurring compounds such as monoter-
penoids. Camphor, one of the most important
compounds within this system, has been widely
used as a fragrance in cosmetics, as an active
ingredient in some drugs (1). In addition, the
monoterpenoid is present in a number of over-the-
counter medications, mainly for external applica-
tion, and is readily available in drugstores (2).
Compounds exhibiting norbornyl ring system pos-
sess a broad range of biological properties such as
insect repellent (3), a bacteriostatic and fungistat-
ic agent (1) and an antitussive (4). Furthermore,
compounds incorporating norbornyl ring system
showed interesting biological activities with appli-
cation in the pharmaceutical field such as anti-
spasmodic (5) and as inhibitors of norepinephrine
secretion (6). Among the five-membered nitrogen
heterocycles, the 1,3,4-oxadiazoles have been
associated with a broad spectrum of biological
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activities (7-10). Their derivatives have been
reported to possess antimicrobial (11-14), insecti-
cidal (15), herbicidal, fungicidal (16), anti-inflam-
matory (17, 18) as well as antiviral (19) and anti-
tumor activities. A number of substituted 1,3,4-
oxadiazoles linked to polycyclic alkyl unit I (19)
and II (20) and others attached to sugar moieties
IIT (21) and IV (22) showed high antimicrobial
activities. On the other hand, the glycosylthio het-
erocycles (23-25) and the acyclic nucleoside
analogs with modification of both the glycon part
and the heterocyclic base have stimulated exten-
sive research as biological inhibitors (26-28).
Nucleosides and their analogs possess a wide
range of medicinal properties, including antibiotic,
antiviral, and antitumor activity (29-32). We have
been interested in the synthesis of new nucleoside
analogs by attachment of sugar moieties to newly
synthesized heterocycles (22, 33-35) in an ongo-
ing search for new compounds with potential bio-
logical activity. Consequently, we have consid-
ered the synthesis of norbornyl system based new
oxadiazole thioglycosides and their acyclic
analogs in addition to the evaluation of their anti-
bacterial and antifungal activity.
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EXPERIMENTAL

Chemistry

Melting points were determined with a Kofler
block apparatus and are uncorrected. The IR spectra
were recorded on a Perkin-Elmer model 1720 FTIR

Spectrometer for KBr discs. NMR spectra were
recorded on a Varian Gemini 200 NMR
Spectrometer at 300 MHz for 'H and 75 MHz for “C
or on a Bruker Ac-250 FT Spectrometer at 250 MHz
for '"H and at 62.9 MHz for "C with TMS as a stan-
dard. The progress of the reactions was monitored by
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Figure 1. Antimicrobial 1,3,4-oxadiazole derivatives
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Scheme 1. Synthesis of oxadiazoline acyclic sugar derivatives



Synthesis and antimicrobial activity of new norbornyl system... 773

TLC using aluminum silica gel plates 60 F 245. EI-
mass spectra were measured on HP D5988 A 1000
MHz spectrometer (Hewlett-Packard, Palo Alto, CA,
USA). Elemental analyses were performed at the
Micro Analytical Data Center at Faculty of Science,
Cairo University, Egypt. Antimicrobial activity was
determined at the Biology Department, College of
Science, Aljouf University.

Ethyl 2-(1,7,7-trimethylbicyclo[2.2.1]heptan-2-
ylidene)aminooxy)acetate (2)

Ethyl chloroacetate (1.22 g, 10 mmoles) was
added to a well stirred solution of compound 1 (1.67
g, 10 mmoles) and dry potassium carbonate (1.38 g,
10 mmoles) in acetone (15 mL). The reaction mix-
ture was stirred at room temperature for 5 h and then
poured on ice-cold water. The precipitated solid was

filtered, washed with water and recrystallized from
ethanol to give compound 2 as white crystals, 2.03 g.

2-[(1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yli-
dene)aminooxy]acetohydrazide (3)

Hydrazine hydrate (0.5 g, 10 mmoles) was
added to a solution of compound 2 (2.54 g, 10
mmoles) in ethanol (25 mL) and the reaction mix-
ture was heated under reflux for 3 h. After cooling,
the precipitated solid was filtered, washed with
ethanol and recrystallized from ethanol to afford
compound 3 as white crystals, 2.03 g.

Sugar-[(1,7,7-trimethylbicyclo[2.2.1]heptan-2-yli-
dene)aminooxy]acetohydrazone (4-6)

General procedure: The acetylhydrazone 3
(1.20 g, 5 mmoles) dissolved in ethanol (15 mL) was

Table 1. Physical and analytical data for the synthesized compounds.

Analysis (%)
Comp. M.p. (°C) Yield Mol. formula calc. / found.
No. (%) (m.w.) C u N
2 131-132 80 C,H;;NO, 66.37 9.15 5.53
(253.34) 66.02 9.11 5.27
3 189-190 85 C,H,N,0, 60.23 8.84 17.56
(239.31) 60.39 8.52 17.24
4 198-200 78 CsH; N0, 53.85 7.78 10.47
(401.45) 53.49 8.11 10.24
5 196-198 80 CsH; N0, 53.85 7.78 10.47
(401.45) 53.51 7.48 10.19
6 197-198 80 C;HN;04 54.97 7.87 11.31
(371.43) 54.62 7.42 11.12
7 130-132 74 C,H;N,0,; 55.12 6.63 6.43
(653.67) 54.92 6.35 6.20
8 134-135 75 C;H;:N,O,, 55.12 6.63 6.43
(653.67) 54.95 6.38 6.29
9 137-138 70 C,;H;,N,O,, 55.76 6.76 7.22
(581.61) 55.58 6.46 7.05
10 152-153 72 C;H;)N,0,S 55.49 6.81 14.93
(281.37) 55.12 6.50 14.61
12a 139-141 73 C,;H;;N,0,,S 53.02 6.10 6.87
(611.66) 52.85 5.92 6.59
12b 138-140 71 C,;H;,N,0,,S 53.02 6.10 6.87
(611.66) 52.89 5.89 7.05
12¢ 141-142 70 C,,H;;N,0,S 53.42 6.16 7.79
(539.60) 53.15 6.38 7.45
13a 197-198 75 C,,H,,N,0,S 51.45 6.59 9.47
(443.51) 51.21 6.28 9.21
13b 194-195 75 C,,H,,N,0,S 51.45 6.59 9.47
(443.51) 51.19 6.35 9.24
13c 192-193 73 CsH,:N,OS 52.29 6.58 10.16
(413.49) 52.02 6.30 9.96
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added to a solution of the respective monosaccha-
ride (5 mmoles) in water (1 mL) and glacial acetic
acid (1 mL). The mixture was heated under reflux
for 4 h and the resulting solution was concentrated
and left to cool. The formed precipitate was filtered
off, washed with water and ethanol, then dried and
recrystallized from ethanol to afford 4—6.

O-Acetylsugar-5-[[(1,7,7-trimethylbicyclo[2.2.1]-
heptan-2-ylidene)aminooxy]-methyl]-1,3,4-oxa-
diazol-3(2H)-yl}ethanone (7-9)

General procedure: A solution of sugar hydra-
zone 4-6 (5 mmol), in acetic anhydride (4 mL), was
heated at 100°C for 1.0-1.5 h. The resulting solution was
poured onto crushed ice, and the product that separated
out was filtered off, washed with sodium hydrogen car-
bonate solution (50 mL), followed by water (50 mL) and
then dried. The products were recrystallized from
ethanol-water (2 : 1 v/v) to give oxadiazolines 7-9.

5-{[-(1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yli-
dene)aminooxy]methyl}-1,3,4-oxadiazole-2(3H)-
thione (10)

Carbon disulfide (3 mL) was added dropwise
to a solution of hydrazide 3 (10 mmol, 2.40 g) in
pyridine (30 mL). The solution was heated at 100°C
for 12 h. The solvent was evaporated to half of its
amount under reduced pressure and the residue was
poured into ice-cold water containing acetic acid (2
mL). The obtained precipitate was filtered off,
washed with water and recrystallized from ethanol
to afford the oxadiazole 10 as yellow powder.

1,7,7-Trimethylbicyclo[2.2.1]heptan-2-one-O-[5-
glycopyranosylthio)-1,3,4-oxadiazol-2-ylJmethyl
oxime (12a—c)

General procedure: The bromosugar 11a—c (6
mmol) was added to a well stirred solution of com-
pound 10 (1.21 g, 5 mmol) in N,N-dimethylfor-
mamide (7 mL) containing Et;N (0.85 mL, 6 mmol).
The reaction mixture was stirred at room tempera-
ture until reaction was judged complete by TLC
using chloroform/methanol 99.7 : 0.3 v/v). The mix-
ture was concentrated under reduced pressure, dilut-
ed with CH,Cl, (40 mL), and washed with water (3
x 30 mL). The organic layer was dried (Na,SO,), fil-
tered, evaporated under reduced pressure, and the
residue was triturated with petroleum ether (b.p.
40-60°C) (45 mL). The solid product was filtered,
dried and recrystallized from ethanol.

1,7,7-Trimethylbicyclo[2.2.1]heptan-2-one-O-[5-
(D-glycopyranosylthio)-1,3,4-oxadiazol-2-
yllmethyl oxime (13a—c)

General procedure: Dry gaseous ammonia
was passed through a solution of the acetylated thio-
glycosides 12a—c (5 mmol) in dry methanol (20 mL)
at 0°C for 1 h, and then the mixture was stirred at
room temperature for 5 h. The solvent was evapo-
rated under reduced pressure at 40°C to give a solid
residue, which was recrystallized from ethanol to
give the corresponding free glycosides 13a—c.

Antimicrobial screening

The synthesized compounds were tested for
their antimicrobial activity against three microor-
ganisms and the minimal inhibitory concentrations
(MICs) of the tested compounds were determined by
the dilution method.

Sample preparation

Each of the test compounds and standards were
dissolved in 12.5% DMSO, at concentrations of 500
pg/mL. Further dilutions of the compounds and
standards in the test medium were prepared at the
required quantities.

Culture of microorganisms

Bacteria strains, namely: Bacillus subtilis
(ATCC 6633) (Gram positive), Pseudomonas
aeruginosa (ATCC 27853) (Gram negative) and
Streptomyces species (Actinomycetes) were used in
this investigation. The bacterial strains were main-
tained on MHA (Mueller-Hinton agar) medium
(Oxoid, Chemical Co., UK) for 24 h at 37°C. The
medium was molten on a water bath, inoculated
with 0.5 mL of the culture of the specific microor-
ganism and poured into sterile Petri dishes to form a
layer of about 3—4 mm thickness. The layer was
allowed to cool and harden. With the aid of cork-
borer, cups of about 10 mm diameter were produced

(36).

Agar diffusion technique

The antibacterial activities of the synthesized
compounds were tested against Bacillus subtilis,
Pseudomonas aeruginosa and Streptomyces species
using MH medium (17.5 g casein hydrolysate, 1.5 g
soluble starch, 1000 mL beef extract). A stock solu-
tion of each synthesized compound (500 pg/mL) in
DMSO was prepared and graded quantities of the
test compounds were incorporated in specified
quantity of sterilized liquid MH medium. Different
concentrations of the test compounds in DMSO
were placed separately in cups in the agar medium.
All plates were incubated at 37°C overnight. The
inhibition zones were measured after 24 h. The min-
imum inhibitory concentration (MIC) was defined
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Scheme 2. Synthesis of 1,3,4-oxadiazole thioglycosides

as the intercept of the grave of logarithm concentra-
tions versus diameter of the inhibition zones (37).

RESULTS AND DISCUSSION

Chemistry

Reaction of the bicycloheptanone oxime deriv-
ative 1 (38) with ethyl chloroacetate in the presence
of potassium carbonate gave the ethyl O-substituted
acetyl ester 2. Hydrazinolysis of the latter ester with
hydrazine hydrate afforded the corresponding acid
hydrazide derivative 3 in 85% yield. The 'H NMR
spectrum of 2 showed signals corresponding to the
ethyl group where the CH. appeared as quartet and
disappeared in the 'H NMR spectrum of the derived
hydrazide, which revealed, instead, signals corre-
sponding to NH and NH, groups. When the
hydrazide 3 was allowed to react with D-galactose,
D-mannose or D-arabinose in the presence of cat-
alytic amount of acetic acid, the corresponding
sugar hydrazones 4-6 were obtained, respectively.
Their 'H NMR spectra showed the signals of the
sugar chain protons at & 3.35-5.69 ppm for the

alditolyl sugar protons and the hydroxyl protons in
addition to the C-1 methine proton as doublet in the
range of 8 7.46-7.51 ppm. It is well known that the
reaction of sugar aroylhydrazones with acetic anhy-
dride gives the respective per-O-acetyl derivatives.
However, it has been reported (40-42) that when the
reaction was carried out at high temperature in boil-
ing acetic anhydride, cyclization usually takes place
in addition to per-O-acetylation to afford acyclic C-
nucleoside analogs. We reported previously (40, 41)
the synthesis of 1,2,4-triazolo[1,3,4]oxadiazole and
N-acetyl-1,3,4-oxadiazoline acyclic nucleoside
analogs by the reaction of hydrazinyl sugars with
boiling acetic anhydride. When the hydrazones 4—6
were heated in acetic anhydride at 100°C they gave
the 1,3,4-oxadiazoline acyclic nucleoside analogs
7-9, respectively. The structures of the oxadiazoline
acetylated sugar derivatives were confirmed by their
spectral and analytical data. Their IR spectra
showed absorption bands in the carbonyl frequency
region not only for the carbonyl ester but also corre-
sponding to the carbonyl amide groups indicating
the presence of N-acetyl group in addition to the O-
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Table 2. Spectral data for the synthesized compounds.

Comp.
No.

Spectrum

IR [KBr; v em'], 'H NMR [(DMSO) §, ppm], *C NMR [(DMSO) 8, ppm], MS [(m/z), %]

IR
'H NMR

“C NMR

MS

1736 (C=0), 1602 (C=N).
1.02 (s, 6H, 2 CH,), 1.25 (s, 3H, CH,), 1.52-1.77 (m, 7H, CH, and 2 CH,), 2.50-2.55 (m,
3H, CH and CH,), 3.90 (g, J = 5.2 Hz, 2H, CH,), 4.89 (s, 2H, CH,).

11.44, 15.20, 20.35 (4 CH,), 28.30, 32.05, 33.39, 42.90, 46.28, 53.15 (norbornyl carbons),
62.15,71.10 (2CH,), 165.58 (C=N), 169.18 (C=0).

253 [(M), 21].

IR
'H NMR

“C NMR

MS

3431-3375 (NH, and NH), 1604 (C=N).
1.04 (s, 6H, 2 CH,), 1.26 (s, 3H, CH,), 1.55-1.80 (m, 4H, 2 CH,), 2.50-2.56 (m, 3H, CH
and CH,), 4.95 (s, 2H, CH,), 5.03 (bs, 2H, NH,), 10.12 (bs, IH, NH).

11.48, 15.24 (3 CH,), 28.41, 32.24, 33.90, 43.95, 47.02, 54.28 (norbornyl carbons), 72.27
(CH,), 166.91 (C=N), 169.24 (C=0).

240 [(M + HY,, 14].

IR
'HNMR

“C NMR

3540-3424 (OH), 3311 (NH), 1611 (C=N).

1.04 (s, 6H, 2 CH,), 1.26 (s, 3H, CH,), 1.55-1.80 (m, 4H, 2 CH,), 2.50-2.59 (m, 3H, CH
and CH,), 3.36-3.39 (m, 2H, H-6,6), 3.71-3.77 (m, 1H, H-5), 4.25-4.31 (m, 2H, H-4,3),
4.38-4.44 (m, 1H, H-2), 4.49-4.55 (m, 1H, OH), 4.61 (d, J = 6.4 Hz, 1H, OH), 4.95-4.08
(m, 3H, CH, and OH), 5.19-5.25 (m, 1H, OH), 5.63 (t, J = 4.6 Hz, 1H, OH), 7.46 (d, J =
7.5 Hz, 1H, H-1), 10.14 (s, IH, NH).

11.47, 15.22 (3 CH,), 28.50, 32.29, 33.95, 44.11, 47.42, 54.30 (norbornyl carbons), 62.10
(C-6), 63.05 (C-5), 69.21 (C-4), 74.27 (C-3), 74.94 (CH,), 75.88 (C-2), 152.16 (C-1),
166.08 (C=N), 169.15 (C=0).

IR
'H NMR

3563-3418 (OH), 3305 (NH), 1614 (C=N).
1.02 (s, 6H, 2 CH,), 1.25 (s, 3H, CH,), 1.54-1.78 (m, 4H, 2 CH,), 2.52-2.58 (m, 3H, CH
and CH,), 3.38-3.41 (m, 2H, H-6,6"), 3.73-3.80 (m, 1H, H-5), 4.25-4.34 (m, 2H, H-4,3),
4.37-4.44 (m, 1H, H-2), 4.49-4.55 (m, 1H, OH), 4.62-4.70 (m, 1H, OH), 4.97-5.08 (m, 3H,
CH, and OH), 5.20-5.26 (m, 1H, OH), 5.64-5.69 (m, 1H, OH), 7.50 (d, J = 7.5 Hz, 1H,
H-1), 10.12 (s, IH, NH).

IR
'H NMR

“C NMR

3510-3412 (OH), 3310 (NH), 1614 (C=N).
1.03 (s, 6H, 2 CH,), 1.24 (s, 3H, CH,), 1.55-1.77 (m, 4H, 2 CH,), 2.50-2.58 (m, 3H, CH
and CH,), 3.35-3.42 (m, 2H, H-5,5"), 3.70 (m, 1H, H-4), 4.17-4.26 (m, 2H, H-3),
4.39-4.45 (m, 1H, H-2), 4.48-4.55 (m, 1H, OH), 4.55 (d, J = 6.4 Hz, 1H, OH), 4.97-5.08
(m, 2H, CH,), 5.18-5.24 (m, 1H, OH), 5.65-5.68 (m, 1H, OH), 7.51 (d, J = 7.5 Hz, 1H,
H-1), 10.14 (s, TH, NH).

11.21, 15.22 (3 CH,), 28.50, 32.31, 33.96, 44.12, 47.43, 54.31 (norbornyl carbons), 62.12
(C-5), 69.11 (C-4), 74.27 (C-3), 74.95 (CH,), 75.73 (C-2), 152.18 (C-1), 166.05 (C=N),
169.20 (C=0).

IR
'H NMR

“C NMR

MS

1738 (C=0), 1679 (C=0), 1612 (C=N).

1.05 (s, 6H, 2 CH,), 1.27 (s, 3H, CH,), 1.55-1.80 (m, 4H, 2 CH,), 1.86, 1.98, 2.03, 2.11,
2.18,2.28 (6s, 18H, 6CH,), 2.55-2.59 (m, 3H, CH and CH,), 4.17 (dd, J = 11.4 Hz, J =
2.8 Hz, 1H, H-5), 4.22 (dd, J = 11.4 Hz, J = 3.2 Hz, 1H, H-5"), 4.90-4.95 (m, 1H, H-4),
5.02 (s, 2H, CH,), 5.27 (dd, J = 6.5 Hz, J = 7.4 Hz, 1H, H-3), 5.53 (dd, J =74 Hz, J = 7.2
Hz, 1H, H-2), 5.72 (t,J = 7.2 Hz, 1H, H-1), 5.77 (d, J = 7.6 Hz, 1H, oxadiazoline-H).
11.18, 15.20, 20.32, 20.52, 20.64, 20.78, 21.05, 26.12 (9 CH,), 28.82, 32.30, 33.91, 44.05,
47.40, 54.27 (norbornyl carbons), 72.95 (CH,), 62.92 (C-5), 64.91 (C-4), 65.38 (C-3), 68.41
(C-2), 71.18 (C-1), 91.24 (C-N-Ac), 158.22 (oxadiazoline C-5), 163.02 (C=N), 169.15,
169.82, 170.24, 170.75, 171.10, 172.18 (6CO).

654 [(M + H)', 11].

IR
'H NMR

MS

1736 (C=0), 1672 (C=0), 1614 (C=N).

1.04 (s, 6H, 2 CH,), 1.25 (s, 3H, CH.), 1.55-1.79 (m, 4H, 2 CH,), 1.85, 1.97, 2.03, 2.10,
2.18,2.27 (6s, 18H, 6CH,), 2.56-2.60 (m, 3H, CH and CH,), 4.18 (dd, J = 11.4 Hz, J =
2.8 Hz, 1H, H-5), 4.22 (dd, J = 11.4 Hz, J = 3.2 Hz, 1H, H-5"), 4.89-4.94 (m, 1H, H-4),
4.99 (s, 2H, CH,), 5.27 (dd, J = 6.5 Hz, J = 7.4 Hz, 1H, H-3), 5.57 (dd, J =74 Hz, J = 7.2
Hz, 1H, H-2), 5.75 (t, J = 7.2 Hz, 1H, H-1), 5.79 (d, J = 7.8 Hz, 1H, oxadiazoline-H).

654 [(M + H)", 9].
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Cﬁfg"' Spectrum | IR [KBr; v em'], "H NMR [(DMSO) 8, ppm], °C NMR [(DMSO) &, ppml, MS [(m/z), %]
IR 1739 (C=0), 1675 (C=0), 1615 (C=N).
'H NMR 1.03 (s, 6H, 2 CH,), 1.28 (s, 3H, CH,), 1.57-1.81 (m, 4H, 2 CH,), 1.85, 1.97, 2.04, 2.14,
2.29 (5s, 15H, 5CH,), 2.52-2.57 (m, 3H, CH and CH,), 4.18 (dd, J = 11.4 Hz, J = 2.8 Hz,
1H, H-4), 425 (dd, J = 11.4 Hz, J = 3.2 Hz, 1H, H-4’), 5.11 (s, 2H, CH,), 5.28 (dd, J = 6.5
Hz,J =7.4 Hz, 1H, H-3), 5.54 (dd, J = 7.4 Hz, J = 7.2 Hz, 1H, H-2), 5.72 (t, J = 7.2 Hz,
9 1H, H-1), 5.77 (d, J = 7.6 Hz, 1H, oxadiazoline-H).
5C NMR 11.16, 15.21, 20.31, 20.50, 20.60, 21.05, 26.14 (8 CH,), 28.83, 32.30, 33.90, 44.10, 47.40,
54.28 (norbornyl carbons), 74.90 (CH,), 62.95 (C-4), 65.40 (C-3), 68.40 (C-2), 71.18 (C-1),
91.30 (C-N-Ac), 158.25 (oxadiazoline C-5), 162.95 (C=N), 169.10, 170.25, 170.75, 171.15,
172.20 (5CO).
IR 2986 (CH), 1615 (C=N).
'H NMR 1.03 (s, 6H, 2 CH.), 1.28 (s, 3H, CH,), 1.59-1.82 (m, 4H, 2 CH), 2.52-2.57 (m, 3H, CH
and CH,), 4.92 (s, 2H, CH,), 12.31 (bs, 1H, NH).
10 | “CNMR 11.17, 15.29 (3 CH,), 28.74, 32.38, 33.76, 44.12, 47.46, 54.32 (norbornyl carbons), 72.65
(CH,), 159.84 (oxadiazoline C-5), 163.95 (C=N), 179.95 (C=S).
MS 281 [(M), 18].
IR 1612 (C=N), 1744 (C=0).
'H NMR 1.04, 1.25 (2s, 9H, 3 CH,), 1.54-1.82 (m, 4H, 2 CH,), 1.89, 1.92, 1.98, 2.03 (4s, 12H,
4CH;3C0), 2.49-2.55 (m, 3H, CH and CH,), 4.05-4.10 (m, 1H, H-5), 4.14 (dd, J,, =
11.4'Hz, J., = 2.8 Hz, 1H, H-6), 422 (dd, /o, = 11.4 Hz, J,. = 3.2 Hz, 1H, H-6"),
494 (t, J,, = 9.6 Hz, 1H, H-4), 5.14 (s, 2H, CH,), 5.20 (dd, J,, = 9.8 Hz, J,, = 9.6 Hz,
12a 1H, H-3), 5.28 (1, J,, = 9.8 Hz, 1H, H-2), 5.79 (d, J,, = 10.4 Hz, 1H, H-1).
5C NMR 11.17, 15.29, 19.27, 19.23, 20.44, 20.65 (4CH,CO and 3 CH,), 28.74, 32.38, 33.76, 44.12,
47.46, 54.32 (norbornyl carbons), 62.22 (C-6), 66.14 (C-4), 68.85 (C-3), 70.19 (C-2), 71.85
(CH,), 72.28 (C-5), 91.02 (C-1), 159.05 (oxadiazole C-2), 160.34 (oxadiazole C-5), 163.75
(C=N), 169.41, 170.52, 171.11, 171.80 (4C=0).
MS 612 [(M + H)", 8].
IR 1614 (C=N), 1748 (C=0).
'H NMR 1.05, 1.25 (2s, 9H, 3 CH,), 1.55-1.80 (m, 4H, 2 CH,), 1.88, 1.92, 1.97, 2.03 (4s, 12H,
4CH;3CO), 2.48-2.54 (m, 3H, CH and CH,), 4.09 (m, 1H, H-5), 4.15 (dd, J,, = 11.2 Hz,
12b Jio = 2.8 Hz, 1H, H-6), 4.20 (dd, J,, = 11.2 Hz, J5; = 3.4 Hz, 1H, H-6"), 5.05
(t,J,, = 9.4 Hz, 1H, H-4), 5.15 (s, 2H, CH,), 5.21 (dd, /,, = 9.6 Hz, J,, = 9.4 Hz, 1H,
H-3),5.29 (t, J,, = 9.6 Hz, 1H, H-2), 5.78 (d, J,, = 10.4 Hz, 1H, H-1).
MS 612 [(M + Hy', 19].
IR 1611 (C=N), 1741 (C=0).
'H NMR 1.03, 1.25 (2s, 9H, 3 CH,), 1.57-1.81 (m, 4H, 2 CH,), 1.89, 1.95, 2.03 (3s, 9H, 3CH,CO),
2.50-2.57 (m, 3H, CH and CH,), 4.16 (dd, J,,. = 10.6 Hz, J,, = 2.8 Hz, 1H, H-5), 4.22
(dd, Jo5 = 10.6 Hz, J, . = 3.2 Hz, 1H, H-5"), 5.02 (t, J,, = 9.2 Hz, 1H, H-4), 5.12 (s,
2H, CH,), 5.24 (dd, J,5 = 9.6 Hz, J,, = 9.2 Hz, 1H, H-3), 5.29 (t, J,, = 9.6 Hz, 1H, H-
12¢ 2),5.79 (d, J,, = 9.8 Hz, 1H, H-1).
5C NMR 11.17, 15.29, 19.42, 20.44, 20.65 (3CH,CO and 3 CH,), 27.81, 32.30, 33.19, 44.35, 47.71,
55.02 (norbornyl carbons), 63.05 (C-5), 65.35 (C-4), 70.61 (C-3), 71.90 (CH,), 72.97 (C-2),
91.27 (C-1), 158.68 (oxadiazole C-2), 160.21 (oxadiazole C-5), 161.94 (C=N), 169.82,
170.61, 171.91 (3C=0).
MS 540 [(M + H', 18].
IR 1615 (C=N), 3488-3415 (OH).
'H NMR 1.06 (s, 6H, 2CH,), 1.26 (s, 3H, CH.), 1.57-1.85 (m, 4H, 2 CH,), 2.52-2.64 (m, 3H, CH
and CH,), 3.47-3.56 (m, 2H, H-6,6"), 3.61-3.66 (m, 1H, H-5), 4.14-4.24 (m, 2H, H-3,4),
4.37-4.40 (m, 1H, H-2), 4.76-4.79 (m, 1H, OH), 4.85-4.90 (m, 1H, OH), 5.24-5.31 (m,
13a 1H, OH), 5.38-5.45 (m, 1H, OH), 5.14 (s, 2H, CH,), 5.80 (d, J = 10.4, 1H, H-1).
C NMR 15.11, 23.11 (3CHL), 27.88, 32.35, 33.21, 44.35, 47.73, 55.42 (norborny! carbons), 63.60
(C-6), 66.44 (C-4), 68.69 (C-3), 71.29 (C-2), 71.98 (CH,), 72.88 (C-5), 92.14 (C-1), 158.95
(oxadiazole C-2), 160.05 (oxadiazole C-5), 161.88 (C=N).
IR 1612 (C=N), 3486-3410 (OH).
'H NMR 1.03 (s, 6H, 2CH,), 1.25, (s, 3H, CH,), 1.58-1.84 (m, 4H, 2 CH,), 2.52-2.68 (m, 3H, CH
13b and CH,), 3.45-3.54 (m, 2H, H-6,6"), 3.53-3.59 (m, 1H, H-5), 4.14-4.24 (m, 2H, H-3,4),
4.36-4.39 (m, 1H, H-2), 4.75 (m, 1H, OH), 4.85-4.90 (m, 1H, OH), 5.22-5.26 (m, 1H,
OH), 5.38-5.43 (m, 1H, OH), 5.11 (s, 2H, CH,), 5.81 (d, J = 10.2, 1H, H-1).
IR 1615 (C=N), 3481-3449 (OH).
'H NMR 1.04 (s, 6H, 2CH,), 1.27 (s, 3H, CH,), 1.59-1.86 (m, 4H, 2 CH,), 2.52-2.67 (m, 3H, CH
13¢ and CH,), 3.39-3.48 (m, 2H, H-5,5"), 4.22-4.32 (m, 2H, H-3,4), 4.38-4.44 (m, 1H, H-2),
4.77-4.82 (m, 1H, OH), 5.24-5.30 (m, 1H, OH), 5.38-5.42 (m, 1H, OH), 5.08 (s, 2H,
CH,), 5.82 (d, J = 9.8, 1H, H-1).
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acetyl groups. The '"H NMR spectra showed signals
corresponding to the O-acetyl-methyl protons in
addition to the N-acetyl-methyl protons each as sin-
glet and signals corresponding to the rest of the
alditolyl chain protons. The cyclization of the sugar
hydrazones was also confirmed by the "C NMR
spectra of the resulting oxadiazoline derivatives.
The value of the chemical shift of the C-N-Ac (C-1
in the original sugar chain moiety and C-2 in the
oxadiazoline ring) appeared at & 91.24 and 91.30
ppm, which indicated its N,N-acetal nature rather
than being a C=N. In addition, the resonances of the
acetyl-methyl carbons appeared at & 20.31-26.14
ppm (Scheme 1).

When the acid hydrazide 3 was reacted with
CS. in pyridine at 100°C it afforded the oxadia-
zole derivative 10 in 72% yield for which the IR
and NMR spectra agreed with the assigned struc-
ture. When compound 10 was reacted with
2,3,4,6-tetra-O-acetyl-o-D-galacto-, 2,3,4,6-tetra-
O-acetyl-a-D-gluco- or 2,3,4-tri-O-acetyl-o-D-
xylopyranosyl bromide 1la—c, the corresponding
substituted thioglycoside derivatives 12a—c¢ were
afforded in 70-73% yields. The IR spectra of the
resulting glycosides showed absorption bands in

the range 1741-1748 cm™ for the acetyl carbonyl
groups. The '"H NMR spectra showed signals cor-
responding to protons of the sugar moiety and
carbonyl methyl protons in addition to the
bicyclic ring protons. The anomeric proton chem-
ical shift and its coupling constant values in the
'H NMR spectra indicated the -orientation of the
thioglycosidic bond. The absence of a signal cor-
responding to the C=S in the "C NMR spectra
confirmed that the attachment of the sugar moiety
has been taken place at the sulfur atom rather than
the nitrogen atom. Also, the anomeric proton of
B-N-glycosides having an adjacent C=S was
reported (43—45) to appear at higher chemical
shift (8 6.9-7.2 ppm) due to the anisotropic
deshielding effect of the C=S (44, 46).
Deacetylation of the thioglycoside derivatives
12a—c afforded the free thioglycosides 13a—c in
73-75% yields. The IR spectra of the deacetylat-
ed products showed absorption bands at
3410-3488 cm™ for the hydroxyl groups and also
revealed the absence of the acetyl carbonyl bands.
Their '"H NMR spectra showed signals correspon-
ding to the hydroxyl protons at & 4.75-5.45 ppm
(Scheme 2).

Table 1. Minimum inhibitory concentration (MIC in pg/mL) of the title compounds. The negative control

DMSO showed no activity.

Compound | Bacilus subrils eensgioss. Meecies
(Gram positive) (Gram negative) (Actinomycetes)
2 250 500 -
3 250 250 125
4 100 125 100
5 100 100 75
6 75 75 100
7 125 250 500
8 125 125 125
9 100 125 100
10 125 250 250
12a 500 125 250
12b 250 250 125
12¢ 250 125 125
13a 125 125 100
13b 100 100 75
13c 75 75 100
Penicillin 31 46 33

* Totally inactive (MIC > 500 pg/mL).
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Antimicrobial activity

The antimicrobial activity of the synthesized
compounds was evaluated against three microorgan-
isms; Bacillus subtilis (ATCC 6633) (Gram posi-
tive), Pseudomonas aeruginosa (ATCC 27853)
(Gram negative), and Streptomyces species
(Actinomycetes). The values of minimal inhibitory
concentrations (MICs) of the tested compounds in
addition to penicillin (46) as a reference drug are
presented in Table 3. Compounds 6, 13b and 13c
were the most active against Bacillus subtilis where-
as 6 and 13c revealed the highest activity against
Pseudomonas aeruginosa. Compounds 5 and 13b
showed high activity against the Streptomyces
species with MIC values of 75 pg/mL.

The antimicrobial activity and structure activi-
ty relationship correlation indicated that the attach-
ment of acyclic sugar moieties to the substituted
acetyl hydrazinyl group resulted in higher inhibition
activities. This is clear as the activity was lost in
their preparation precursors. Furthermore, the 1,3,4-
oxadiazole ring system linked to cyclic sugar moi-
eties through a thioglycosidic linkage revealed high-
er activities. Moreover, the attachment of free
hydroxyl glycosyl moieties resulted in distinct
improvement in activities against Bacillus subtilis
and Pseudomonas aeruginosa. Additionally, the
sugar hydrazones with free hydroxyl acyclic sugar
moieties showed higher activity values than the cor-
responding acetylated analogs.

The obtained results also indicated that the
acyclic nucleoside analog with the acetylated ara-
binotetritolyl moiety attached to the oxadiazoline
base exhibited relatively higher activity than the cor-
responding galactopentitolyl or mannopentitolyl
residues against Bacillus subtilis and Streptomyces
species, indicating the influence of the number and
orientation of the free hydroxyl groups in sugar ring.
On the other hand, the effect of attachment of thio-
glycosyl moiety to 1,3,4-oxadiazole ring was
observed especially in the results of the prepared
thioglycoside 13c¢ for Bacillus subtilis and
Pseudomonas aeruginosa.

CONCLUSIONS

New sugar hydrazones linked to norbornyl ring
system and their derived oxadiazole acyclic nucleo-
side analogs were prepared. The produced thiogly-
cosides by glycosylation of the substituted 1,3,4-
oxadiazoles showed higher activities. The attach-
ment of acyclic sugar moieties to the substituted
acetyl hydrazinyl derivatives as well as attachment
of free hydroxyl glycosyl moieties to oxadiazole

ring system resulted in relatively improved antimi-
crobial activities.
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Abstract: Naran R is a herbal composition made of Plantago lanceolate folium, Malvae arboreae flos,
Calendulae flos, Chamomillae inflorescentia, Lamii albi flos to prepare compresses or to wash skin with
inflammations. The extract of this preparation is mixed to be applied as an ointment on patients’ skin after
radiotherapy. Experiments performed in vitro are part of pre-clinical tests with Naran R ointment. This study
examined the impact of the plant composition for ethanol-water extract on human skin fibroblasts (HSF) cul-
ture. Samples of extract, prepared from patented amounts of herbs, were in the range of 25-225 pg/mL. Six
methods were applied: standard spectrophotometric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay, neutral red (NR) uptake assay, DPPH free radical scavenging test, labeling of cytoskeleton
F-actin, staining of argyrophilic nucleolar organizer regions (AgNORs) and trypan blue coloration. The extract
concentration 75 ng/mL was established as safe for application on human skin. In labeling of F-actin with rho-
damine-phalloidin dye at this concentration the cytoskeleton was stable. The extract did not influence the mem-
brane stability and had positive influence on the proliferation activity. It was confirmed in AgNOR test during
incubation with extract, which led to formation of larger amount of smaller nucleolins. In DPPH scavenging
activity test, the extract revealed over 8% higher free-radical scavenging activity in comparison to control. After
trypan blue staining, the extract in concentration 125 pg/mL significantly lowered the cell viability. When the
cytotoxic and anti-proliferative activity of the extracts were analyzed, MTT and Neutral Red (NR) methods
were used. The cells’ viability was maintained on a constant level (80—110%) after 24, 48 and 72 h of incuba-
tion. During all time of NR test (72 h) and even when 225 pg/mL of extract was applied, the viability of cells
was in range 80—110% of control. Positive influence of the extract on investigated cells structure and prolifer-
ation, lack of toxicity and increasing anti-oxidant activity enable to consider this preparation as a natural rem-
edy with potential application in skin therapy after radiation.

Keywords: ethanol-water Naran R extract, biological investigations, skin treatment, HSF cells, radiodermitis

Cells culture is an important element of pre-
clinical investigation of new medical formulations.
It reflects the influence of biologically active com-
pounds on the whole organism. Knowing how the
investigated factor affects the human skin fibroblast
cells one may predict its action on patient’s skin (1).

Naran R is one of herbal preparation from
Naran series. Previous publications were related to
investigations of biologically active components of
medicinal plants from Naran N formulation (2—4).

The presented publication contains a series of
pre-clinical investigations with ethanol-water
extract of Naran R. It is a preparation composed of

Plantago lanceolata L. (Plantaginaceae), Althaea
rosea var. nigra Cav. (Malvaceae), Calendula offici-
nalis L. (Astraceae), Chamomilla recutita L. Rau-
schert (Astraceae) and Lamium album L. (Lamia-
ceae). Medical raw materials of these plants with
anti-inflammatory, scavenging free radicals and skin
irritations healing activities are still used as the sup-
porting factors in medicine. This natural herbal
composition is intended to be applied, in form of
ointment with ethanol-water extract, on the skin of
patients after radiotherapy.

Radiation, which is used in cancer therapy,
damages healthy tissues before it reaches the tumor.

* Corresponding author: e-mail address: agnieszkask@wp.pl; phone, fax: +48 81 5357350.
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The ray beam destructs proliferating tissues, for
example, skin with the layer of fibroblasts.
Disorders of structure and functions of healthy cells,
described as radiodermitidis, are skin damages after
radiation (5).

Postradiation skin inflammation is difficult to
cure. It has a local character but often is transformed
to delayed radiation effect, which may be one of
cancer causes (6, 7). The main factors that damage
the skin are free radicals originating from irradiated
water molecules and from granulocytes in the
inflammation area (8).

Treatment of radiodermitidis is complicated
and clinically relatively weak results are obtained.
In our study, we propose that the plant extract of the
composition can be used in form of an ointment for
external use (9). We suggest that it can enrich the
panel of materials used in patients treatment. In bio-
logical investigations the safe concentration of
Naran R ethanol-water extract was determined and it
can be used for water/oil (W/O) emulsion ointment
preparation.

MATERIALS AND METHODS

Ethanol-water extract was made of Naran R. It
is a medical composition made of dried and crum-
bled plant materials: Plantago lanceolate folium,
Malvae  arboreae  flos, Calendulae flos,
Chamomillae inflorescentia, Lamii albi flos. These
raw materials were derived from natural state and
plant crops near Lublin (Dys), collected in July
2011. The amounts of all components are patented
(10). Distilled water and ethanol 95% were added (1
:1 v/v). Extraction at temperature of 50°C, under
reflux was conducted for 5 h. Then, the extract was
filtered and evaporated to dryness in a rotary evapo-
rator HB 4 Basic RV 05-ST (IKA, L.4dz, Poland).
For investigations with cultures of HSF cells the dry
residue was dissolved in dimethyl sulfoxide
(DMSO) to obtain appropriate concentrations.

In biological experiments, to prepare the HSF
cell culture freshly excised small fragments of
human skin were used, which were washed two
times using RPMI (1640) medium (Gibco™,
Paisley, UK) supplemented with antibiotics (100
U/mL penicillin, 100 pg/mL streptomycin, 0.25
ng/mL amphotericin B) (Gibco) and then placed
into wells of 24-well plate. The tissue fragment was
cut out from the forearm of one of the study’s co-
author (Roman Paduch). He agreed to use the tissue
for presented experiments and whole procedure of
explants preparation and cell culture establishment
was performed by himself. The explants were then

overlaid with a warm 1 : 1 (v/v) mixture of 1%
agarose and RPMI 1640 medium. The culture was
performed by adding the culture medium RPMI
1640 supplemented with 10% fetal bovine serum
(FBS) (Gibco) on top of agarose gel and incubated
at 37°C in a humidified 5% CO,/95% air incubator.
Outgrowths of skin fibroblasts were separated and
cultured. For experiments, HSF cells obtained from
two donors were used.

In investigations of extract toxicity, HSF cell
cultures in a density of 1 x 10° cell/mL were used.
Incubation was conducted for 24 h. When investiga-
tions of extract activity were performed, HSF cell
cultures with a density of 2 x 10* cell/mL were used.
Incubation was conducted for 72 h.

The HSF cells were cultured as monolayers in
25 cm? culture flasks (Nunc, Roskilde, Denmark) in
RPMI 1640 medium supplemented with 10% FBS
(v/v) and antibiotics at 37°C in a humidified atmos-
phere with 5% CO,. For experiments, the total num-
ber of cells was estimated by counting in hemocy-
tometer. A 100 pL sample of cell suspension (2 x
10* cells/mL for cells proliferation activity tests or 1
X 10° cells/mL for toxicity tests) was added to appro-
priate wells of 96-well flat-bottomed microtitre
plates (MTT and NR methods). After 24 h of incu-
bation, the medium was discarded and new medium
containing 2% FBS and appropriate plant extract
concentrations in 25-225 png/mL range was added.
As a control, HSF cells suspended in 100 pL of cul-
ture medium with 2% FBS without plant extracts
was used. The total cell number was equivalent to
that in the sample wells. Additional controls without
cells but containing appropriate plant extract con-
centrations in 2% FBS culture medium were pre-
pared to exclude non-specific dye reduction (MTT
method) (11). As blank control culture medium with
2% FBS was used. Sensitivity of cells to Naran R
extract activity was determined by a standard spec-
trophotometric 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay accord-
ing to Mosmann (11). MTT test is based on conver-
sion of yellow tetrazolium salt by viable cells to pur-
ple crystals of formazan. The reaction is catalyzed
by mitochondrial succinyl dehydrogenase. The cells
grown in 96-well multiplates in 100 mL of culture
medium supplemented with 2% FBS were incubat-
ed for 3 h with MTT solution (5 mg/mL, 25
mL/well) (Sigma, St. Louis, MO, USA). The yellow
tetrazolium salt was metabolized by viable cells to
purple crystals of formazan. The crystals were solu-
bilized overnight in a mixture consisting of 10%
sodium dodecyl sulfate (SDS) (Sigma) in 0.01 M
HCI. The product was quantified spectrophotometri-
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cally by absorbance measurement at 570 nm wave-
length using an E-max Microplate Reader
(Molecular Devices Corporation, Menlo Park, CA,
USA).

NR cytotoxicity assay is based on the uptake
and lysosomal accumulation of the supravital dye,
neutral red. Dead or damaged cells do not take up
the dye (12). In neutral red (NR) uptake assay the
cells were grown in 96-well multiplates in 100 uL of
culture medium (RPMI 1640) supplemented with
2% FBS and various concentrations of Naran R
extract (25-225 pug/mL). Subsequently, the medium
was discarded and 0.4% NR (Sigma) solution in 2%
FBS medium was added to each well. The plate was
incubated for 3 h at 37°C in a humidified 5%
CO,/95% air incubator. After incubation, the dye-
containing medium was removed, the cells fixed
with 1% CaCl, in 4% paraformaldehyde and there-
after the incorporated dye was solubilized using 1%
acetic acid in 50% ethanol solution (100 pL). The
plates were gently shaked for 20 min at room tem-
perature and the extracted dye absorbance was spec-
trophotometrically measured at 540 nm.

Free radical scavenging activity of ethanol-
water extract of Naran R was measured by the 1,1-
diphenyl-2-picrylhydrazyl (DPPH") assay. This
method is based on the ability of antioxidants to
reduce the stable dark violet radical DPPH" (Sigma)
to the yellow colored diphenyl-picrylhydrazine.
Briefly, 100 uL of DPPH" solution (0.2 mg/mL in
ethanol) was added to 100 uL of different plant
extract solution concentrations (25-225 pg/mL) and
standards. Trolox (Sigma) at increasing concentra-
tions (1-50 pg/mL) was used as a reference for the
free radical scavenging activity. After 2, 5, 10, 15
and 20 min of incubation at room temperature, the
absorbance of the solution was measured at 515 nm.
The lower was the absorbance, the higher was free
radical scavenging activity of the plant extracts. The
activity of each extract concentration was deter-
mined by comparing its absorbance with that of a
blank solution (reagents without plant extracts) and
standard. The capability to scavenge DPPH' radical
was calculated by the following formula:

DPPH' scavenging effect (%) =

[(Xcomrol - Xex&racl/Xconlro]) X 100]
where X, 1S the absorbance of the control and
Koot 18 the absorbance in the presence of plant
extract (13).

Argyrophilic nucleolar organizer regions
(AgNORs) staining was performed after incubation
in 4-well Lab-Tek II Chamber slides; cells were
rinsed with PBS and fixed with absolute
ethanol/acetic acid solution (1 : 1 v/v) for 10 min.

The silver colloid solution was prepared by 2% gel-
atin in 1% formic acid mixed in 1 : 2 volumes with
30% aqueous silver nitrate. Cells were immersed in
this solution for 5 min at 37°C, rinsed with deion-
ized water and mounted with glycerol. AgNOR pro-
teins were determined using a computer-assisted
image analysis system (14).

Phalloidin staining is the useful tool for inves-
tigating the distribution of F-actin in cells (15). In
labeling of cytoskeleton F-actin, the cells were incu-
bated in 4-well Lab-Tek chamber slides in 1 mL of
culture medium supplemented with 2% FBS and
plant extracts. After incubation, the cells were rinsed
with  RPMI 1640 medium and exposed to
paraformaldehyde (10%, v/v) solution for 20 min,
rinsed three times with PBS, exposed to Triton X-
100 (0.2%, v/v) solution for 5 min and rinsed again
three times with PBS. A half milliliter of PBS con-
taining tetramethylrhodamine isothiocyanate-phal-
loidin (TRITC-phalloidin, 1 pg/mL) (Sigma) was
added to each well and incubation in the dark at
37°C/5% CO, for 30 min was accomplished. Cells
observation was conducted under a fluorescence
microscope (Olympus, BX51). Quantitative analysis
of fluorescent images was performed by AnalySIS
imaging software system.

In trypan blue staining, cells were grown in 96-
well multiplates in 100 pL of culture medium
(RPMI 1640) supplemented with 2% FBS and vari-
ous concentrations of Naran R extract (25-225
pg/mL). Subsequently, the medium was discarded
and 0.4% trypan blue solution in 0.9% sodium chlo-
ride was added to each well. The cell walls of dead
cells were colored in blue (16).

RESULTS

After trypan blue staining (Table 1) the viabil-
ity of cells was not lowered when the cells were
incubated with the extract at concentrations up to 75
mg/mL. Analysis with MTT method (Fig. 1)
revealed that in cells treated with the extract gradual,
slight increase of mitochondrial dehydrogenase
activity was observed. Cells disintegration appeared
for extract concentrations above 125 pg/mL. NR
uptake test showed that HSF cells membranes were
stable after fibroblasts incubation with Naran R
extract even at the high 225 pg/mL concentration
(Fig. 2).

The analysis with trypan blue coloration is pre-
sented in Table 2. Three days’ incubation of cells
with the extract in high concentrations exceeded 125
ng/mL significantly lowered the cell viability. When
MTT method was used, the cells’ viability main-
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tained on a constant level (80—-110%) after 24, 48
and 72 h of incubation (Fig. 3). During all time of
NR test (72 h) and even when the highest concen-
tration of extract was applied, the viability of cells
was in range 80-110% of control (Fig. 4).

The next stage of investigations consisted in
determination of cell ability to division under influ-
ence of ethanol-water extract of Naran R.

% control
N B (2] o)
o o o o

25 75

125
Extract concentration

Argyrophilic nucleolar organizer regions (AgNORs)
staining was analyzed. The cell cultures were
observed under visual microscope. In extract con-
centrations up to 75 pug/mL r-RNA was detected,
which suggested cells proliferation (Fig. 5).

Cell cytoskeleton organization was determined
by labeling of F-actin with rhodamine-phalloidin
dye. Incubation with plant extract showed positive

Naran R toxicity

175 225

Figure 1. Toxicity analysis of Naran R ethanol-water extract. HSF cells (1 x 10° cells/mL) after 24 h incubation. MTT method. Extract con-

centration (ug/mL) (n = 4)
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Naran R toxicity

175 225

Figure 2. Toxicity analysis of Naran R ethanol-water extract after 24 h of incubation. HSF cells (1 x 10° cells/mL) incubation. Neutral red

test. Extract concentration (ug/mL) (n = 4)

Table 1. Toxicity analysis of Naran R ethanol-water extract. HSF cells (1 x 10° cells/mL) after 24 h incuba-

tion. Trypan blue coloration.

Extract concentration

(ug/mL) % viability
96.3 £0.6
Ethanol-water extract 95.7+1.2
of Naran R 943+ 1.5
91.7+£0.6
85715

Control

98.3+0.6
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Figure 3. Activity analysis of Naran R ethanol-water extract after 24 (A), 48 (B) and 72 (C) h of incubation with HSF cells (density 2 x

10* cell/mL). MTT test. Extract concentration (mg/mL) (n = 4)
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Figure 4. Activity analysis of Naran R ethanol-water extract. HSF cells (2 x 10* cell/mL) after 24 (A), 48 (B) and 72 (C) h of incubation.

Neutral red test. Extract concentration (pg/mL) (n = 4)

influence on cytoskeleton structure (Fig. 6). At con-
centration 75 pg/mL the cytoskeleton was stable. It
changed when extract at concentration 125 pg/mL
was used.

Moreover, free radical scavenging ability of
Naran R was analyzed. Tests were conducted using
DPPH" reduction method. In this method, the meas-
urement of antioxidant activity is determined by
decrease of the oxidized form of DPPH" in the sam-
ple. In comparison to the control, 8% reduction of
free radical DPPH concentration in cultures with
Naran R ethanol-water extract was found.

DISCUSSION

Investigations of plant composition for radio-
dermitis therapy was motivated by lack of prepara-
tions with confirmed efficacy in this type of ailment.
If after irradiation erythema and dry epidermis peel-
ing begins, powders (e.g., Alantan), aerosols

(Panthenol) or creams (1% hydrocortisone) are
administered. In damp epidermis peeling Silol,
Panthenol or Linomag can be used. Chronic postra-
diation skin inflammation is difficult to cure.
Hydrocolloid bandages, interferon a, pentoxiphylline
are applied. In complicated cases even surgical skin
removal and its grafting are performed (13, 14).
New formulation is planned to be applied on
the skin, therefore, the extract was tested with use of
cell cultures of HSF. In experiments with use of cell
cultures, six methods of assay of biological activity
of ethanol-water extract analysis were performed.
Succinyl dehydrogenase activity (MTT method),
membranes integrity (trypan blue staining), mem-
branes integrity (neutral red test), cells proliferation
(r-RNA coloration), cytoskeleton structure (rho-
damine-phalloidin fluorescent staining) and antioxi-
dant activity (DPPH' method) were tested.
Incubation with the extract resulted in a grad-
ual slight increase of mitochondrial dehydrogenase
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activity (MTT) Cells disintegration took place only
at higher concentrations. During 24 h investigations
of the extract toxicity, no significant modification in
cells viability was observed in trypan blue col-
oration test. In neutral red uptake test cells’ mem-
branes were stable and the extract did not disturb the
functions of cells even when its high concentrations
were used.

The activity of the extract was checked with
use of the same methods but incubation was con-
ducted for 72 h. The cells showed stability of cell
membranes and intracellular structures. Naran R
extract did not cause disorders of mitochondrial
dehydrogenase (MTT test) over the incubation time
(72 h). Membranes integrity in trypan blue staining
after 72 h of incubation was lowered. In NR test, the
influence of extract on cells’ membranes stability
was analyzed. Naran R extract did not damage them.
Cell’s ability to division and cytoskeleton structure
were examined in extract concentrations determined
earlier as safe. The extract had positive influence on
rRNA synthesis, which is essential before cell divi-
sion. After cells incubation with the extract, more
(in comparision to control) small nucleoli with
genetic material to mitotic cell division were
observed. The cytoskeleton was steady with contact

between cells. In the cells, the F-actin fibres were
longitudinal, which is the proper structure for HSF
cells.

One of the important analysis steps was the
determination of antioxidant ability of plants’
extract. Free radicals in oxygen breathing organisms
arise all the time and take part in many physiologic
and also pathologic processes. In the evolution
process, a lot of mechanisms occurred to protect
organism from the destructive action of free oxygen
radicals. Under physiological conditions, without
additional exposure on radiation risk, organisms
have produced a set of enzymes (superoxide dismu-
tase, catalase, glutathione peroxidase) and natural
antioxidants (glutathione, bilirubin, glucose) for tis-
sues protection (8, 15, 16). After X-ray therapy,
organism’s own mechanisms of prevention are not
sufficient. In chain reactions, numerous free radicals
are formed and this can lead to long lasting inflam-
mations, and after a long time, to tumors (7).

Application of preparation with scavenging
free radicals activity should defend tissues against
such complications (17, 18). The main source of
such compounds are medical plants. In the proposed
medicament, ethanol-water extract of five medicinal
plants rich in flavonoids, polysaccharides, phenolic

Table 2. Etanol-water extract of Naran R activity after 24, 48 and 72 h of incubation with HSF cells (2 x 10* cells/mL). Trypane blue col-

oration.

Culture time (h) E"“ac(tnclg}‘rffi“)“aﬁo“ % of viability
25 947+1.2
75 94.7+£2.1
24 125 91315
175 873+ 0.6
225 86.7 £ 2.1
25 96.7 £ 0.6
Ethanol-water extract of 75 95.7+0.6
Naran R plant 48 125 84325
composition 175 783 +2.1
225 733 +2.1
25 88.0+ 1.7
75 67.7+£3.2
72 125 487142
175 40.7£4.7
225 303+£35
24 99.7 £ 0.6
Control 48 99.7£0.6
72 940+ 1.0
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Figure 5. Photograph of AgNORs analysis after cells incubation
with etanol-water extract of Naran R in concentration 75 pg/mL
(A) and control image (B). Visual microscope, magnification
200x.

acids, terpenoids and anthocyanins was used. These
substances are known antioxidants and due to their
presence in the extract the reduction of DPPH" con-
centration is observed (19-21).

To enable patients to apply the extract it is
planned to prepare an ointment used in pre-clinical
tests, containing the dry residue of ethanol-water
extract. The dry residue will be dissolved in DMSO to
obtain 75 mg/mL concentration, which was established
in biological investigations as safe. This solution will
be subjected to emulsifying process with an ointment
base to obtain a preparation in the form of a W/O emul-

Figure 6. Photograph of cells’ cytoskeleton staining with the use
of rhodamine-phalloidin after their incubation with ethanol-water
extract in 75 pg/mL concentration (A). Control image (B).
Fluorescent microscope, magnification 400x.

sion. This kind of emulsion is suitable for long lasting
inflammations of skin, which occurs after radiation. To
prepare the ointment as a base Unguentum cholesteroli
(22) is recommended. Subsequently, the Naran R oint-
ment is planned to be examined in clinical tests with
oncological patients after radiotherapy.

CONCLUSIONS

Investigated herbal composition was prepared
for traditional use in form of water infusions and
compresses. Naran R was not previously tested in
form of extracts with use of different solvents.
Presented extract was selected among several others
because it showed the best results in biological
investigations and it gives the possibility to use it as
a plant drug (23).
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Six methods describing the structure, functions
and ability to proliferation of cells confirmed the
profitable influence of the extract on human skin. It
is not toxic, its application will improve skin condi-
tion of patients and speed up the healing process. By
lowering the free radicals concentration, the lower-
ing of delayed radiation effect is expected as well.
This should decrease the probability of postradiation
skin damages.

The biological investigations of Naran R activ-
ity confirmed the safety of its application. The safe
concentration of extract established in toxicity and
activity investigations is 75 pg/mL. Good results in
in vitro tests give possibility to carry out tests in vivo
with oncological patients. Optimal extract concen-
tration (non-toxic, with the best activity) will be
employed to get an ointment, which is planned to be
used on skin after radiation.

Free radicals reduction, good image of cell cul-
tures, no toxic effect gives possibility of further clin-
ical researches of Naran R ointment. Application of
the investigated preparation should reduce the
delayed radiation effect on patients’ skin.
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Abstract: This study was designed to evaluate the antifungal and cytotoxic activities of the Nannorrhops ritchi-
ana (Mazari Palm) 80% methanol extract (NR-M) and its four crude extracts i.e., petroleum ether (NR-A),
dichloromethane (NR-B), ethyl acetate (NR-C) and butanol (NR-D). The antifungal activity was determined by
agar tube dilution method against nine fungal strains; Aspergillus flavus, Trichophyton longifusis, Trichophyton
mentagrophytes, Aspergillus flavus and Microsporum canis were susceptible to the extracts with percentage
inhibition of (70-80%). Extracts exhibited significant and good antifungal activity against various fungal
strains. The results were deduced by comparing with those for miconazole, amphotericin B and ketoconazole
as standard drugs. The fractions of methanolic extract were assayed for their brine shrimp cytotoxic activity.
They exhibited low toxicity with LCy, values ranging from 285.7 to 4350.75 pg/mL at the concentration of
obtained results warrant follow up through bioassay guided isolation of the active principles, future antiinfec-

tious research.

Keywords: Nannorrhops ritchiana, antifungal activity, brine shrimp, cytotoxic activity

Natural products obtained from various
sources like, plants, animals, and microorganisms
are considered to be strong candidates of pharma-
ceutical drugs since long period of time and they
constitute a vast majority of chemotherapeutic
agents currently in use for various types of infec-
tious diseases provoked by pathogenic bacteria and
fungi, cardiovascular diseases, cancers and many
others. The interest in using medicinal plant’s
extracts and their isolated components has increased
not only in developing countries but also getting
more popularity in developed countries. According
to World Health Organization, medicinal plants
would be the best source for variety of drugs (1)
having less toxicity and being more economical.
Therefore, medicinally important plants should be
investigated for better understanding of the chem-
istry and chemical composition of their bioactive
constituents, their efficacy and safety (2).

Pakistan occupies a unique position among
developing countries due to widespread medicinal
plants on account of its topology. It is noticeable that
more than 50% of the population in Pakistan is still

being treated with the herbal medicines by the tradi-
tional practitioners and over 350 herbal drugs have
been reported. Pakistan flora is rich in variety of rare
plants and offers a great chance to discover a lead
molecule, that is a step forward towards the pharma-
ceutical drugs (3).

The compounds resulting from natural prod-
ucts are the most important biochemical tools that
demonstrate the specific mode of action in various
fungal pathogenic diseases, but there is still a great
urgency of developing new antifungal agents that
are more efficient, less toxic, having minimum side
effects (4). Fungal pathogens exist in various forms
and some of them cause severe infections of skin,
hairs, nails, lungs, ears and joints in humans and
animals (5) whereas others cause severe infections
of central nervous system (CNS) in humans. At
present, about 300 metabolites have been reported to
be toxic to man and animals (6) and the main toxic
effects are carcinogenicity, genotoxicity, terato-
genicity, hepatotoxicity and immune suppression (7,
8). The human fungal diseases also include asper-
gillosis, actinomycosis, histoplasmosis and corcid-

* Corresponding author: E- mail: rehanar@ciit.net.pk; phone: 0992-383591-6 Ext. 310; fax: 0992-383441.
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iomycosis. The discovery of antifungal drugs is the
need of this era due to their versatility and the sec-
ond most important factor is that they showed an
enhanced degree of resistance to the existing anti-
fungal drugs.

Nannorrhops ritchiana (Arecaceae) is the sole
species of this genus (9). It is native to Southwestern
Asia, from Southeast of the Arabian Peninsula to
east through Iran and Afghanistan to Pakistan. It is
widely distributed in the various areas of
Balochistan province of Pakistan particularly in
Harnai, Khuzdar and Barkhan at an altitude of 1600
m. It is one of the most versatile palms that can sur-
vive both in normal and under drastic weather con-
ditions (10). The young leaves of plant with sweet
astringent taste have been used as a purgative in
livestock (11). The fruit is edible (12) and used by
local communities for the treatment of diarrhea and
dysentery (13). In Balochistan (14) it is used against
various infectious diseases like gastrointestinal dis-
order (15). The constituents of plant ash have been
quantitatively estimated in relation to biogeochem-
istry of the plant, the presence of minerals like cal-
cium, magnesium, iron and nickel in soil and plant
ash opened new avenue for the researchers (16).
Therefore, research work is initiated on the roots of
N. ritchiana to investigate antifungal and cytotoxic
activities of various crude extracts.

In search of effective nontoxic oral drugs and
topical applications, there is dare need of natural
sources to be explored and exploited for relief.

EXPERIMENTAL

General

All reagents and solvents used were obtained
from Sigma Aldrich (Shalimar Chemicals supplier,
Pakistan). Commercial methanol used for extraction
was purchased locally.

Plant material

The Nannorrhops ritchiana species was col-
lected from Barkhan and Harnai areas in
Balochistan, Pakistan. A voucher specimen No.
UoB/230 has been deposited in the Herbarium of the
Department of Botany, University of Balochistan,
Quetta, Pakistan.

Preparation of extracts

The air-dried roots (15 kg) of Nannorrhops
ritchiana were extracted with 80% aq. MeOH at
room temperature for three times. The combined
MeOH extracts were evaporated under vacuum to

get crude extract (NR-M) 1.5 kg. Methanol crude
extract was dissolved in cold distilled H,O (10 L)
and partitioned with petroleum ether (25 L) to afford
after concentration the fraction NR-A. The aqueous
layer was then extracted with CH,CI, (10 L) to
obtain fraction NR-B, ethyl acetate (10 L) — fraction
NR-C and butanol (10 L) — fraction NR-D, respec-
tively. The fractionated extracts were tested for the
antifungal activity and based on that planned for fur-
ther phytochemistry studies.

Antifungal assay in vitro
Test organisms

Clinical isolates of human pathogens
Microsporum canis, Candida albicans, Candida
glaberata and Aspergillus flavus; animal pathogens,
Tricheophyton mentagrophytes, Fusarium monilifu-
mus and plant pathogens Trichophyton longifusis,
Fusarium solani lycopersici and Fusarium oxyspo-
rum lycopersici solanivar were used in this study.

Agar tube dilution method

Agar tube dilution method (17) was used for the
evaluation of antifungal activity. Sabouraud dextrose
agar (SDA) was used for the growth of fungus and
stock solution was prepared by dissolving 24 mg of
each extract in 1 mL of sterile DMSO. Acidic medi-
um (pH 5.5-5.6), containing high concentration of
glucose or maltose prepared by mixing 32.5 g/500
mL of distilled water was put in the screw caped
tubes and autoclaved at 121°C for 15 min. Tubes
were then allowed to cool to 50°C and non-solidified
SDA was loaded with 66.6 UL of extract, pipetted
from the stock solution and allowed to solidify at
room temperature. Then, tubes were inoculated with
4 mm piece of inoculums and incubated at 27-29°C
for 7-10 days and relative humidity of incubation
room was maintained at 40-50%. After this period,
percentage growth inhibition was calculated with
reference to the negative control by the formula:

% inhibition = linear growth in test (mm)/

linear growth in control (mm) x 100

Miconazole and amphotericin B were used as
standard drugs, while miconazole, amphotericin B
and DMSO were used as positive and negative con-
trols (18-22).

Brine shrimp lethality assay

The brine shrimp lethality test (BST) was per-
formed to predict the cytotoxic activity in the differ-
ent crude extracts of N. ritchiana. The eggs were
hatched in artificial sea water as per conventional
method (23). Shrimp were transferred by pipette to
each tube and sea water was added to make total
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volume of 5 mL. The test tubes were kept under illu-
mination so that the nauplii can easily be counted
macroscopically in capillary. The survivors were
counted with the help of magnifying glass (x3), the
brine shrimp (LCs,) was determined.

RESULTS AND DISCUSSION

During this study, different fractions obtained
from 80% methanol extract (NR-M) of roots of
Nannorrhops ritchiana plant, petroleum ether (NR-
A), dichloromethane (NR-B), ethyl acetate (NR-C),
and butanol (NR-D) extracts were screened for anti-
fungal activity (Fig. 1). N. ritchiana extracts showed
the maximum inhibition of fungal growth and thus
indicate the presence of interesting antifungal agents
in the roots extract of this plant.

The antifungal activity resulting from crude
methanol extract fraction (NR-M) exhibited good
activity against Tricheophyton mentagrophytes, —
77.3 MIC pg/mL. Fraction NR-A showed significant

791

antifungal activity against Microsporum canis 80%,
Trichophyton longifusis 67%, good activity against
Tricheophyton mentagrophytes 70%; extract NR-B
showed good activity against Trichophyton longifu-
sis 70% but moderate activity against Microsporum
canis 60%, while extracts NR-C and NR-D exhibit-
ed medium activity against Trichophyton longifusis
60% and good against Aspergillus flavus 70%,
respectively.

The brine shrimp lethality assay results pre-
sented in Table 2, show that the root extracts were
found virtually non-toxic. They show negligible tox-
icity with LCy, > 100 pg/mL .

The young leaves of Nannorrhops ritchiana are
used as a purgative in livestock (11) and fruit (12) is
used in traditional medicine by local communities
for the treatment of diarrhea, dysentery (13, 14) and
against various infectious diseases like gastrointesti-
nal disorder (15). These claims have been supported
on the bases of the current bioassay findings, that
showed the activity against fungal pathogens.

Table 1. Antifungal activities (MIC pg/mL) of crude fractions of N. ritchiana roots extract.

Fungal % inhibition % inhibition of different fractions
species* of standard
drug® A B C D M
M. canis 110.8¢ 80 60 — — ~
T. mentagrophytes 100¢ 67 — — — 71.3
A. flavus 20¢ — — — 70 —
T. longifusis 70° 70 70 62 ! —

' — not active. Reference standard drug: "miconazole (MIC pg/mL). ‘miconazole (MIC pg/mL), ‘amphotericin B (MIC pg/mL), *ketocona-
zole (ug/mL). Fractions: A: petroleum ether, B: dichloromethane, C: ethyl acetate, D: butanol. M: methanol crude extract. (*only those
fungi, which were significantly inhibited by respective sample have been included).

Table 2. Brine shrimp lethality test of Nannorrhops ritchiana roots extracts.

No. Extracts LCy 95% CI
pg/mL
1. Petroleum ether
(NR-A) 285.7 189.2-431.4
2. Dichloromethane
(NR-B) 1462.2 685.55-3123.3
3. Ethyl acetate
(NR-C) 4357.77 1274.1-14901.10
4. Methanol
(NR-M) 409.84 253.07-664.10
5. Cyclophosphamide 16.32 10.60-25.14

The results are presented as LCy, values (ug/mL) and 95% confidence intervals (Cl). Fractions: A: petroleum
ether, B: dichloromethane, C: ethyl acetate, D: butanol. M: methanol crude extract. NR = Nannorrhops ritchi-

ana
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Figure 1. Antifungal activities of fractions of N. ritchiana. Fractions: A: petroleum ether, B: dichloromethane, C: ethyl acetate, D: butanol.

M: methanol crude extract

The crude methanol roots extract (NR-M) of
Nannorrhops ritchiana and four fractions i.e., petro-
leum ether (NR-A), dichloromethane (NA-B), ethyl
acetate (NR-C) and butanol (NR-D) extracts exhib-
ited an overall significant antifungal activity
(70-80%) against different pathogens but few fungi
have low activity against different fractions.

Extracts of the roots exhibited mild cytotoxic
activity against brine shrimp larvae with LCy, value
ranging from 285.75 to 4357.77 pg/mL, whereas that
of the standard anticancer drug was 16.32
(10.50-25.16) pg/mL. It is worth mentioning that the
extract with very low toxicity on brine shrimp in par-
ticular are those active against antifungal pathogens.

CONCLUSION

This study has shown significant fungicidal
activity in the roots of Nannorrhops ritchiana and it
can be exploited as an ideal future drug as an anti
dermatophyte. This activity may be attributed to the
presence of alkaloids, phenols, polyphenols,
saponins, tannins, anthraquinones, sterols and espe-
cially alkaloids, found in the crude extract and frac-
tions thereof. These phytochemical classes of natu-
ral products are known to display antifungal activi-
ties. This also indicates that the root extracts were
virtually non toxic on shrimps. They exhibited very
low toxicity, giving LCs, values greater than 100
pg/mL. Selectivity of petroleum ether extract with
LCy, values 285.77 pg/mL with very low toxicity is
not appreciated to be used in anticancer and antitu-
mor activities. It may be speculated here that the
extracts would be useful for the treatment of diar-

rhea caused by the gastrointestinal infection. Further
research is planned to isolate and identify the con-
stituents present in these fractions. The characteriza-
tion of the structures of bioactive constituents of
these fractions present in this plant should be done
in order to determine their full spectrum of efficacy.
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Abstract: The antimicrobial activity of sirupus Bioaron C®, a preparation, whose main ingredient is an extract
from the leaves of Aloe arborescens, was tested against different microorganisms isolated from patients with
upper respiratory tract infections. The experiments were performed on 40 strains: 20 strains of anaerobic bac-
teria, 13 strains of aerobic bacteria and 7 strains of yeast-like fungi from the genus Candida and on 18 refer-
ence strains (ATCC). The antimicrobial activity of Bioaron C (MBC and MFC) was determined at undiluted
concentration. Bioaron C proved to be very effective against the microorganisms causing infections. At the con-
centration recommended by the producer, the preparation showed biocidal activity (MBC, MFC) against the
strains of the pathogenic microorganisms, which cause respiratory infections most frequently, including, among
others, Peptostreptococcus anaerobius, Parvimonas micra, Staphylococcus aureus, Streptococcus pyogenes,
Streptococcus pneumoniae, Streptococcus anginosus, Haemophilus influenzae, Moraxella catarrhalis,
Pseudomonas aeruginosa and Candida albicans, already after 15 min. The MIC of Bioaron C against most of
the tested microorganisms was 5 to 100 times lower than the usually applied concentration. The great antimi-
crobial activity means that the preparation may be used in the prevention and treatment of infections of the
upper respiratory tract. Bioaron C® may be an alternative or complement to classical therapy, especially in chil-
dren.

Keywords: antimicrobial activity, Bioaron C®, Aloe arborescens

Infections of the upper respiratory tract are
quite frequent, especially in children. Susceptibility
to the infections does not only depend on the infec-
tious agents (viruses, bacteria), but also on the sys-
tem’s immunity. The human immune system, simi-
larly to the respiratory system, reaches maturity at
the age of 10—12 years. The most common primary
cause of the upper respiratory tract catarrhs are
viruses, which damage the epithelium of the respira-
tory tract, thus making it easier for bacterial
pathogens to enter. Inflammation is a process during
which the cells of the immune system, i.e., mono-
cytes (macrophages), B, T, NK and cytotoxic lym-
phocytes and granulocytes are activated to protect
the body against harmful stimuli. Treatment of a
cold should, then, consist in alleviating the ailments
and strengthening the immune system. A hasty use
of antibiotic therapy damages the natural bacterial
flora, impairing the functioning of the immune sys-
tem, and often contributes to bacterial resistance to
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antibiotics, which, in consequence, leads to infec-
tion relapses. In addition, upper respiratory tract
catarrh in children is often accompanied by appetite
disorders, chronic diarrhea, oral candidiasis, or even
inhibition of weight and height gain (1-5).
Therefore, it seems necessary to search for ways of
improving immunity, especially in individuals with
its deficiencies, i.e., children susceptible to infec-
tions, elderly people or ones with chronic diseases
and children who suffered from infections.

There are not many medicines on the Polish
pharmaceutical market whose usefulness in the pro-
phylaxis of chronic respiratory infections has been
documented. For over 20 years, syrup Bioaron C®, a
preparation registered in Poland as a medicinal
product, whose main ingredient is an extract from
the leaves of candelabra aloe (Aloe arborescens
Mill.), has been effectively used to prevent such
infections. Moreover, Bioaron C® contains vitamin
C and thickened juice from the fruit of black choke-
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berry (Aronia melanocaipa Elliot.). The ingredients
of the preparation show synergism in the immuno-
stimulant activity, contributing to an improvement
in the body’s resistance to infections, particularly
those within the respiratory tract (2, 5-9).
Furthermore, they inhibit infection development by
modulating transcription of the enzymes participat-
ing in chronic inflammations (10). The preparation
is intended for children in upper respiratory tract
infections and lack of appetite in the course of or
after prolonged illness. It is available in pharmacies
in Poland, Russia and the Ukraine (4).

The main ingredient of Bioaron C® is an aque-
ous extract from the leaves of Aloe arborescens —
one of about 400 species of aloe, from the family
Asphodelaceae, which, being tropical plants, are
endemic to southern and eastern Africa. The medic-
inal and cosmetic properties of aloe were already
known in ancient Egypt. Nowadays, aloe is grown in
greenhouses in many countries. In Poland, it is cul-
tivated for medicinal purposes by Phytopharm
Kleka SA only, where leaves of candelabra aloe are
obtained from 3-year-old plants for production of
medicines such as Bioaron C° Fresh Aloe
arborescens leaves are used to make juice or aque-
ous extracts, which, thanks to the content of numer-
ous active compounds, are used to improve immuni-
ty, but also show antimicrobial activity. From the
pharmacological viewpoint, the most important
components of candelabra aloe are carbohydrates,
both polysaccharides (up to 30% of mucilage) and
monosaccharides, including glucans, mannans, glu-
comannans and galactourans. Another group of
compounds are glycoproteins (aloectin A and B).
Moreover, aloenins — glycoside derivatives of o-
pirone, sterols (campesterol, B-sitosterol), organic
acids (salicylic, citric, malic and veratric acid),
amino acids, enzymes, vitamins, microelements and
a small concentration of aloin are present (4, 11-14).
Numerous in vitro and in vivo studies have con-
firmed the immunostimulant, antiviral and antibac-
terial activity of the components found in Aloe
arborescens. Strong immunomodulatory activity of
low-mass polysaccharides (up to 400 KDa) isolated
from aloe gel, which increase production of
cytokines, nitrogen oxide release and expression of
surface and phagocyte particles has been shown on
mouse macrophages in in vitro studies. The same
polysaccharides have also demonstrated anticancer
activity in vivo (11). In vitro studies have confirmed
immunomodulatory and hemagglutinating proper-
ties of some glycoproteins, which exhibit anti-
inflammatory activity, too (12, 15). The antiviral
activity of candelabra aloe proven in many in vitro

studies results from the influence on replication of
the human rhinovirus type 14 (5). The immunomod-
ulatory activity, in turn, consists in normalization of
T lymphocytes level and a decrease in the activity of
proinflammatory cytokines. The leaf extract stimu-
lates synthesis of the interferon responsible for the
inhibition of virus replication, raises the level of
antibodies in the organism and stimulates tissue
regeneration processes. The results of clinical stud-
ies suggest that children over 3 years old who have
taken 5 mL of an aloe extract twice a day for at least
3 weeks have suffered from upper respiratory tract
infections much more seldom (1, 4). Candelabra
aloe extracts also regulate digestive tract functions,
protect the liver, lower blood glucose levels, accel-
erate wound healing, and even show anticancer
activity (15-18). It has been shown, too, that Aloe
arborescens extracts exhibit antimicrobial activity
(17, 19-20).

Additionally, vitamin C present in Bioaron C®
has strong antioxidant activity and contributes to
regeneration of the organism. Anthocyanins from
chokeberry demonstrate anti-free radical and detox-
ification activity. It has also been concluded that the
ingredients of Bioaraon C promote appetite
enhancement, which is particularly important in the
case of pediatric and geriatric patients being weak-
ened as a result of an ongoing infection. The prepa-
ration is well-tolerated by children (1, 4, 7).

The aim of this study was to evaluate the
antimicrobial activity of Bioaron C® against anaero-
bic and aerobic bacteria as well as yeast-like fungi
isolated from patients with upper respiratory tract
infections.

MATERIALS AND METHODS

Material for the study

Material for the study was Bioaron C°
(Phytopharm, Kleka). Concentration recommended
by the producer (undiluted preparation) was used to
evaluate the bactericidal (MBC) and fungicidal
(MFC) activity. The sensitivity of the microorgan-
isms tested (MIC) to Bioaron C® was determined by
the serial dilution method, with the use of the fol-
lowing concentrations of the preparation on media
appropriate for a given microorganism: 6.2; 12.5;
25.0; 50.0; 100.0 and 200.0 mg/mL.

Microorganisms

Strains of anaerobic and aerobic bacteria and
yeast-like fungi cultured from material collected
from patients with upper respiratory tract infections
were examined. In addition, strains of reference



Antimicrobial activity of preparation Bioaron C®

microorganisms from the microbiological collection
ATCC (American Type Culture Collection) were
used in the experiments.

Anaerobic bacteria

The materials collected from patients with upper
respiratory tract infections were delivered to the labo-
ratory in containers with transport liquid prepared by
the PRAS method. Next, the samples were inoculated
into media appropriate for anaerobic bacteria culture,
including enriched and selective ones (21).
Incubations was performed at 37°C for 14 days in
anaerobic jar containing 10% of CO0,, 10% of H, and
80% of N, a palladium catalyst and anaerobiosis indi-
cator. The anaerobic microorganisms cultured were
identified in accordance with the present principles, on
the basis of their morphological, physiological and
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biochemical properties, including API 20A tests
(bioMerieux), their ability to produce C, to C, fatty
acids and succinic, fumaric and lactic acids from glu-
cose by the gas chromatography method, as well as the
colony’s UV natural fluorescence ability (22, 23).
Twenty strains of anaerobic bacteria from the follow-
ing genera were used in the study: Peptostreptococcus
(2 strains), Finegoldia (2), Parvimonas (2),
Actinomyces (1), Bifidobacterium (1), Propioni-
bacterium (2), Prevotella (5), Porphyromonas (2),
Fusobacterium (2) and Bacteroides (1) as well as 6
reference strains (Table 1).

Aerobic bacteria

The materials from patients were inoculated
into enriched and selective media and incubated at
37°C for 24-48 h. Next, the cultured strains were

Table 1. The MBC of Bioaron C® against anaerobic bacteria at concentration recommended by producer and MIC of these bacteria.

Number MBC of Bioaron C®
Anaerobic bacteria of - ) MIC (mg/mL)
strains after 15 min after 30 min

Gram-positive cocci
Peptostreptococcus anaerobius 2 1 2 > 200/100*
Finegoldia magna 2 1 2 > 200/100*
Parvimonas micra 2 1 2 > 200/100*

Gram-positive baccilli
Actinomyces odontolyticus 1 1 1 > 200
Bifidobacterium breve 1 1 1 > 200
Propionibacterium acnes 1 0 0 =200
Propionibacterium granulosum 1 0 1 >200
Total Gram-positive anaerobic bacteria 10 5 9

Gram-negative baccilli
Prevotella intermedia 3 0 2 >200
Prevotella levii 1 1 1 >200
Prevotella loescheii 1 0 0 2200
Porphyromonas asaccharolytica 1 0 1 > 200
Porohyromonas gingivalis 1 0 0 > 200
Fusobacterium nucleatum 1 0 0 > 200
Fusobacterium necrophorum 1 0 0 >200
Bacteroides fragilis 1 0 0 >200
Total Gram-negative baccilli 10 1 4

TOTAL ANAEROBIC BACTERIA 20 6 13

Reference strains
Finegoldia magna ATCC 29328 1 1 1 >200
Peptostreptococcus anaerobius ATCC 27337 1 0 0 > 200
Propionibacterium acnes ATCC 11827 1 0 0 > 200
Bifidobacterium breve ATCC 15700 1 1 1 =200
Fusobacterium nucleatum ATCC 25586 1 0 0 > 200
Bacteroides fragilis ATCC 25585 1 0 0 > 200

0 = no activity of the preparation
> 200/100* = > 200 (1 strain) and 100 (1 strain)
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identified (with the use of appropriate tests, such as
bioMerieux) in accordance with principles being
now in force for these bacteria (22-24). The experi-
ments were performed on 13 isolated strains of aer-
obic bacteria from the following genera:
Staphylococcus (2 strains), Enterococcus (1),
Streptococcus (3), Acinetobacter (1), Citrobacter (1),
Escherichia (1), Haemophilus (1), Klebsiella (1),
Pseudomonas (1), Serratia (1) and on 7 reference
strains (Table 2).

Yeast-like fungi

The materials obtained from patients with
upper respiratory tract infections were inoculated
into Sabouraud medium and incubated at 37°C for
24-72 h. The strains of the yeast-like fungi cultured
were identified on the basis of cell morphology in
preparations stained by Gram’s method, appearance
of the colony on Sabouraud medium and
CHROMagar Candida medium (BioRad), the germ
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tube test, the ability to produce chlamydospores and
their biochemical features (20C AUX bioMerieux)
(25). Seven strains of yeast-like fungi from the
genus Candida isolated from infections and 5 refer-
ence strains were subjected to the study (Table 3).

Determination of antimicrobial activity
Bactericidal activity (MBC — minimal bacteri-
cidal concentration) of Bioaron C® was determined
in relation to anaerobic and aerobic bacteria.
Suspensions of bacterial strains containing 10°CFU
(colony forming units) in 1 mL were added to 1 mLL
of undiluted Bioaron C®; then, after 15 and 30 min,
0.1 mL was taken and inoculated into 2 mL of
appropriate broth. In the case of anaerobic bacteria
strains, thioglycolate broth was used, while for aer-
obic bacteria strains BHI broth (Merck) was
employed. A medium inoculated with 0.1 mL of the
bacteria culture constituted a growth control of the
tested strain. Incubation of the inoculations and con-

Table 2. The MBC of Bioaron C® against aerobic bacteria at concentration recommended by producer and MIC of these bacteria.

Number MBC of Bioaron C°®
Anaerobic bacteria of . . MIC (mg/mL)
strains after 15 min after 30 min

Gram-positive cocci
Staphylococcus aureus 1 1 1 =200
Staphylococcus epidermidis 1 1 1 100
Enterococcus faecalis 1 0 1 =200
Streptococcus anginosus 1 0 1 100
Streptococcus pneumoniae 1 1 1 6.2
Streptococcus pyogenes 1 1 1 6.2
Total Gram-positive cocci 6 4 6

Gram-negative baccilli
Acinetobacter baumannii 1 0 1 2200
Citrobacter freundii 1 0 1 2200
Escherichia coli 1 1 1 100
Haemophilus influenzae 1 1 1 6.2
Klebsiella pneumoniae 1 1 1 =200
Pseudomonas aeruginosa 1 1 1 >200
Serratia marcescens 1 1 1 100
Total Gram-negative baccilli 7 5 7

TOTAL ANAEROBIC BACTERIA 13 9 13

Reference strains
Staphylococcus aureusATCC 25923 1 1 1 2200
Streptococcus pneumoniae ATCC 49619 1 1 1 12.5
Streptococcus pyogenesATCC 19615 1 1 1 6.2
Haemophilus influenzaeATCC 49274 1 1 1 12,5
Moraxella catarrhalisATCC 25238 1 1 1 50
Klebsiella pneumoniaeATCC 13883 1 1 1 >200
Pseudomonas aeruginosaATCC 27853 1 1 1 2200

0 = no activity of the preparation
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Table 3. The MFC of Bioaron C® against yeast-like fungi at concentration recommended by producer and MIC of these microorganisms.

Number MEC of Bioaron C*®
Yeast-like fungi Number of ) ) MIC (mg/mL)
strains after 15 min | after 30 min

Candida albicans 3 1 2 200/100*
Candida glabrata 1 0 0 >200
Candida krusei 1 1 1 > 200
Candida parapsilosis 1 1 1 50
Candida tropicalis 1 1 1 200

TOTAL YEAST-LIKE FUNGI 7 4 5

Reference strains
Candida albicans ATCC 10231 1 1 1 100
Candida glabrata ATCC 66032 1 0 0 > 200
Candida krusei ATCC 14234 1 1 1 2200
Candida parapsilosis ATCC 22019 1 1 1 100
Candida tropicalis ATCC 750 1 1 1 200

0 = no activity of the preparation; 200/100* = 200 (1 strain) and 100 (2 strains)

trol media was performed in anaerobic conditions at
37°C for 48 h (anaerobic strains) or in aerobic con-
ditions at 37°C for 24 h (aerobic bacteria). A lack of
any growth of the tested bacteria in an appropriate
medium proved MBC of the preparation against the
examined strain.

Fungicidal activity (MFC — minimal fungicidal
concentration) was evaluated against strains of
yeast-like fungi at concentration of Bioaron C® rec-
ommended by its producer. The determination of
MEFC was conducted in the same way as that of
MBC in relation to aerobic bacteria — with the use of
BHI broth. A lack of any growth of the yeast-like
fungi suggested fungicidal (MFC) activity of the
preparation.

Sensitivity of the examined microorganisms
(MIC - minimal inhibitory concentration) to
Bioaron C® was determined by the serial dilution
method.

In the case of the MIC study for anaerobic bac-
teria, the preparation in question was diluted in
Brucella agar, supplemented with 5% of defibrinat-
ed sheep blood, menadione and hemin (26). In order
to test the sensitivity of aerobic bacteria, Bioaron C®
was diluted in Mueller-Hinton agar (27), while the
determination of MIC for yeast-like fungi was car-
ried out on the preparation diluted in Sabouraud agar
(28). Inoculum containing 10° CFU per drop was
seeded upon the surface of the right medium. A
medium without Bioaron C® was microorganisms
growth control. Incubation of the media was con-
ducted at 37°C for 48 h in anaerobic jars in anaero-
bic conditions (for anaerobes) or at 37°C for 24 h in
aerobic conditions (for aerobes and fungi). The MIC

was assumed to be such dilution of the preparation,
which totally inhibited the growth of the tested
strains of the investigated microorganisms.

RESULTS

The antimicrobial activity (MBC, MFC and
MIC) of Bioaron C® was tested on 40 strains of
microorganisms isolated from patients with upper
respiratory tract infections. Twenty strains of isolat-
ed anaerobic bacteria, Gram-positive — 6 cocci and 4
rods, and 10 Gram-negative rods were used for the
study. The next 13 isolated strains were aerobic bac-
teria (6 Gram-positive cocci and 7 Gram-negative
rods). Apart from that, 7 strains of cultured yeast-
like fungi from the genus Candida were used.
Reference strains (6 anaerobes, 7 aerobes and 5
yeast-like fungi) were used as controls in each test.
Tables 1-3 present the results.

Activity of Bioaron C® against anaerobic bacteria

Table 1 shows the results of the bactericidal
activity (MBC) of Bioaron C® against the anaerobic
bacteria isolated from patients with respiratory tract
infections at the concentration recommended by the
producer and against the reference strains. The
preparation exhibited greater activity against Gram-
positive anaerobic bacteria in comparison with
Gram-negative bacteria. Fifteen min after applica-
tion, half of the Gram-positive strains were killed,
and 30 min after application, as many as 90% of
these microorganisms were killed. In the case of
Gram-negative anaerobic bacteria, the biocidal
activity 15 min after application affected only 1
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strain (10%), and 30 min after application — 4 strains
of anaerobic bacteria (40%). All in all, 15 min after
its application, Bioaron C® demonstrated biocidal
activity against 6 out of 20 strains of anaerobic bac-
teria: Peptostreptococcus anaerobius, Finegoldia
magna, Parvimonas micra, Actinomyces odontolyti-
cus, Bifidobacterium breve and Prevotella levii
(30%), and 30 min after application, it affected 13
out of 20 tested strains (61%).

Table 1 gives also the results of the investiga-
tion into the sensitivity (MIC) of the same strains of
anaerobic microorganisms to Bioaron C®. Out of all
the isolated anaerobic bacteria, only 3 (50%) of
Gram-positive cocci: Peptostreptococcus anaero-
bius, Finegoldia magna and Parvimonas micra were
sensitive to the preparation at concentration equal to
100.0 mg/mL. The other Gram-positive cocci,
Gram-positive rods and Gram-negative anaerobic
baccilli required concentration of 200.0 mg/mL or
more for their growth to be inhibited.

Activity of Bioaron C® against aerobic bacteria

The results of the biocidal activity of Bioaron
C® against the aerobic bacteria isolated from infec-
tions and the reference strains have been gathered in
Table 2. The preparation was effective against
Gram-positive aerobic cocci at the concentration
recommended by its producer. It killed 4 out of 6:
Staphylococcus aureus and S. epidermidis,
Streptococcus pneumoniae and S. pyogenes (67%)
strains as quickly as after 15 min, while after 30
min, all (100%) of the tested Gram-positive aerobic
cocci were destroyed. The strains included:
Staphylococcus aureus, Enterococcus faecalis,
Streptococcus anginosus, Streptococcus pneumoniae
and Streptococcus pyogenes, which often cause
infections of the upper respiratory tract. Bioaron C®
also showed great activity against Gram-negative
aerobic rods. It exhibited biocidal activity against 5
strains (71%) already after 15 min, and against all
the 7 Gram-negative aerobic baccilli tested after 30
min.

Table 2 contains also the results of the study on
the sensitivity of the aerobic bacteria to Bioaron C®.
Three out of the 13 tested bacteria (23%) were sen-
sitive to very low concentration (MIC = 6.2
mg/mL), while 4 strains (31%) were sensitive to
concentration equal to 100.0 mg/mL. Seven out of
the 13 investigated strains (54%) turned out to be
sensitive to concentration ranging from = 6.2 to
100.0 mg/mL. This means that more than half of the
examined strains appeared to be sensitive to concen-
tration of the preparation 10 to 100 times lower than
the usually applied concentration. The rest of the

tested aerobic bacteria required greater concentra-
tion of the preparation, i.e., = 200.0 mg/mL, for their
growth to be inhibited.

Activity of Bioaron C® against yeast-like fungi

Table 3 presents the results of the fungicidal
activity (MFC) of Bioaron C® against the yeast-like
fungi from the genus Candida, isolated from
patients as well as the reference strains. It was
shown that after 15 min the preparation exhibited
fungicidal activity against 4 out of 7 strains:
Candida albicans, C. krusei, C. parapsilosis and C.
tropicalis (57%), and after 30 min — against 5 of the
tested fungi (71%) isolated from patients, including
the genera Candida krusei and Candida tropicalis,
which are highly resistant to antifungal medicines.

The results of the sensitivity (Table 3), of the
same 7 (and 5 reference) strains to Bioaron C® have
been gathered. Five (71%) of the strains isolated
from patients were sensitive to the preparation when
its concentration ranged from 50.0 to 200.0 mg/mL.
The other 3 needed greater concentration (MIC >
200.0 mg/mL) for their growth to be inhibited. The
concentration inhibiting growth of the fungal strains
was 5 to 15 times lower than the concentration used
in practice.

DISCUSSION

The results obtained from the study unambigu-
ously suggest that, at the concentration recommend-
ed by the producer, Bioaron C® clearly showed bio-
cidal activity against microorganisms isolated from
patients with upper respiratory tract infections and
analogous reference strains. The study demonstrated
that the preparation was effective against half of the
evaluated Gram-positive anaerobic bacteria and
10% of the Gram-negative anaerobic bacteria, as
well as against 67% of the aerobic bacterial strains
and 57% of the yeast-like fungi strains as quickly as
after 15 min. Bioaron C® also demonstrated high
MIC in relation to the tested microorganisms.

Bioaron C? is a preparation recommended not
only prophylactically, but also in the treatment of
upper respiratory tract infections. Numerous earlier
studies of this preparation confirmed its effective-
ness in such infections. Thanks to its ingredients,
especially the aqueous extract from candelabra aloe,
Bioaron C® is classed as a plant immunomodulator.
The improvement of the body’s immunity is also
influenced by vitamin C and chokeberry juice pres-
ent in the preparation (1, 2, 6-9, 13, 17).

The present research has confirmed the advisi-
bility of the use of this preparation in upper respira-
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tory tract infections caused by bacteria and yeast-
like fungi, as well. Due to increased resistance to
antibiotics and easy spread of the antibiotic-resistant
bacterial strains, for example, Staphylococcus
aureus or Klebsiella pneumonia, proving the activi-
ty of Bioaron C® against the strains of the above-
mentioned bacteria, among others, offers a possibil-
ity to use the preparation in both viral and bacterial
infections. Data from the literature on the subject
confirm the antibacterial and antifungal activity of
candelabra aloe (14, 18-20, 29-32).

The study showed that, out of the 40 strains
isolated from patients with upper respiratory tract
infections, 19 were killed 15 min after Bioaron C®
application at the concentration recommended by its
producer, whereas 31 were killed after half an hour.
The activity (MIC) of Bioaron C® against most of
the tested microorganisms was 5 to 100 times lower
than the concentration used in practice. The prepara-
tion exhibited high activity against the bacteria,
which cause respiratory infections most often,
including Peptostreptococcus anaerobius, Parvimo-
nas micra, Staphylococcus aureus, Streptococcus
pyogenes, Streptococcus pneumoniae, Streptococcus
anginosus, Klebsiella pneumoniae, Haemophilus
influenzae, Moraxella catarrhalis, Pseudomonas
aeruginosa and Candida albicans. Pellizzoni et al.
(20) had also proven the bactericidal activity of the
fractions from Aloe arborescens leaves against,
among others, Staphylococcus aureus, Klebsiella
pneumoniae and Escherichia coli. The antibacterial
activity of candelabra aloe against E. coli was also
described by Bisi-Johnson et al. (30) and Coopoo-
samy and Naido (31). Studies of extracts from the
leaves of several kinds of aloe, including A.
arborescens, demonstrated activity against E. coli,
K. pneumoniae and C. albicans (19), while Ghuman
i Coopoosamy (17) confirmed high effectiveness of
standardized extracts from candelabra aloe against
five Gram-positive bacteria, for instance, Staphylo-
coccus aureus and S. epidermidis, and four Gram-
negative bacteria, including E. coli rods.

This research into Bioaron C®, similarly to
reports in the literature, hereby proves that the
preparation shows antimicrobial activity, probably
thanks to the extract from aloe contained in it. The
great antimicrobial activity allows it to be applied
prophylactically as well as in the treatment of upper
respiratory tract infections. Bioaron C® may be rec-
ommended especially in autumn and winter, or even
be an alternative to hasty prescription of antibiotics
in some cases. It may also be a valuable complement
to classical therapy, particularly in pediatric medical
care.
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Abstract: The study evaluated two novel coprocessed excipients (with two methods) as disintegrants in an oral-
ly disintegrating paracetamol tablet formulation. The tablets produced were assessed for mechanical properties
with the use of friability and tensile strength while the release properties were assessed with wetting time, water
absorption ratio, disintegration time and dissolution profile. The results obtained showed that the methods of
coprocessing and disintegrant incorporation influenced the activities of the disintegrants. The novel disintegrant
enhanced the mechanical properties of the tablets containing them as shown by lower friability and higher ten-
sile strength of the tablets. The result further showed that the rate and amount of water absorbed, type of disin-
tegrant and the method of disintegrant incorporation influenced the total amount of paracetamol released. The
study concluded that the novel disintegrants will be effective in the formulation of orally disintegrating para-
cetamol tablets.

Keywords: co-fusion, co-grinding, dissolution, tensile strength, friability, disintegration time, water absorption

ratio, wetting time

Tablets are the most preferred oral dosage
forms due to their numerous advantages, which
includes: ease of manufacture and administration,
high physical and chemical stability, high patient
compliance, convenient packaging/storage and the
ability to provide accurately measured dose of the
drug (1-3). However, its use in therapy is still asso-
ciated with some challenges most especially among
the geriatric and pediatric populations. Over the past
two decades, orally disintegrating tablets (ODTs), a
patient friendly dosage form, which disintegrates
rapidly in the mouth upon contact with saliva, have
gained increased importance, focus and patient
acceptance because of their ability to addresses some
of the challenges facing conventional tablets (4-6).
These ODTs obviate the need to swallow tablets
thereby making drug usage more convenient for
pediatric and geriatric patients who usually have
compromised swallowing ability due to various
physiological/psychological factors (7). The conven-
ience of administration without water also enables
“dosing on the go”, which facilitates patient adher-
ence to the dosing regimen or administration (8).

Various methods such as lyophilization, mold-
ing, cotton candy, direct compression or tableting

after granulation have been used in the manufacture
of ODTs (6). Coprocessed multifunctional excipi-
ents based on polyols, disintegrants and binders with
improved physico-mechanical properties (e.g.,
pleasant mouth-feel, low hygroscopicity, better flow
and compactability) have been used to conveniently
manufacture ODTs with excellent disintegration
properties without compromising the mechanical
properties (8).

The objectives of this study were to coprocess
native tapioca starch (an excipient with binding, dis-
integrating and diluent properties) (9) with mannitol
(an excipient that aids dissolution; has diluent and
sweetening properties; and has the ability to impart
cooling and pleasant mouth feel into ODTs) (10);
and to evaluate the novel excipients produced as dis-
integrants in an orally disintegrating paracetamol
tablet formulation.

EXPERIMENTAL

Materials

The materials used were: paracetamol B.P. and
corn starch B.P. (BDH Chemicals Ltd., Poole, UK),
lactose B.P. (A.B. Knight and Co., London, UK),

* Corresponding author: e-mail: gbengaalaba@gmail.com; phone: +234 80 938 4107
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tapioca starch (prepared in our laboratory from
tubers of Mannihot utilisima L.), mannitol (BDH
Chemicals Ltd., Poole, UK) and acetone (Sigma-
Aldrich  Laborchemikalien =~ GmbH, Seelze,
Germany).

Extraction of tapioca starch

The tapioca starch was extracted from the root
tubers of cassava (Manihot utilisima L.) using estab-
lished procedures (11). The cassava tubers were
peeled, washed and cut into small pieces, which
were soaked in distilled water for 48 h for softening.
The softened tubers were milled to a pulp, and dis-
tilled water was added to dilute the slurry, which
was then sieved using a 100 wm mesh. The proce-
dure was repeated three times until starch was fully
extracted from the tubers as confirmed by iodine test
on the remaining chaff, which was negative. The
extracted starch was dried at 50°C in hot air oven
(Gallenkamp, Model OV-335, Vindon Scientific
Ltd., Oldham, UK) for 72 h. The dried mass was
powdered in a laboratory mill (Christy and Norris
Ltd., Chelmsford, UK) and stored in a screw capped
bottle until needed.

Coprocessing by co-fusion

Fifty grams each of dried mannitol (MNT) and
tapioca starch (TPS) were fused together by dispers-
ing the TPS in distilled water. The dispersion was

Table 1. Basic formulation table.

OLUWATOMIDE ADEOYE and GBENGA ALEBIOWU

then stirred for 5 min at 50°C to form a paste. The
dry MNT powder was then added to the TPS paste
and mixed together for 10 min. The resulting paste
(fused MNT and TPS) was dried at 50°C in a hot air
oven for 24 h before it was milled and sieved using
a 250 um sieve. The coprocessed product (FTM)
was stored in a screw capped bottle until needed

Coprocessing by co-grinding

Fifty grams each of mannitol (MNT) and tapio-
ca starch (TPS) was used. The MNT and dry TPS
were triturated together using a porcelain mortar and
pestle for 10 min to ensure uniform size reduction and
mixing of the two powders (12). The resulting prod-
uct (GTM) was then sieved using a 250 pm sieve and
stored in a screw capped bottle until needed.

Swelling capacity test

The swelling capacity (SC) test was carried out
according to the method described by Bowen and
Vadino (13).

Preparation of binder mucilage

Corn starch mucilage was prepared by weigh-
ing the amount required (Table 1). The starch pow-
der was suspended in the required amount of dis-
tilled water in a beaker and heated with continuous
stirring until mucilage was formed. The mucilage
was then used while hot to facilitate an effective
binding of the powder mass.

Formula

Ingredients I II 1II v v
Paracetamol 90% 90% 90% 90% 90%
C?};?nsdtgh 3% 3% 3% 3% 3%
Lactose 6% 5% 4% 3% 2%

(Diluent)
Disintegrant 1% 2% 3% 4% 5%
Table 2. Physicochemical properties of excipients.

Excipients Particle dinsity Bulk derlsity S\yelling Moisture
(g/cm™) (g/cm™) index content (%)
MNT 1.517 £ 0.011 0.349 £ 0.007 | 0.00 +0.00 1.62 £ 0.08
TPS 1.455 £ 0.004 0.546 £ 0.008 1.04 £ 0.06 1343 +£0.11
FTM 1.389 £ 0.018 0.500 £ 0.012 1.57 £0.20 8.51 £0.09
GTM 1.431 £ 0.026 0.512+0.018 | 0.34+0.04 8.76 £ 0.07
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Figure 1. Plots of tensile strength against applied pressure for
paracetamol formulations containing 5% w/w disintegrant. TPS
(o), FTM (m), GTM (a) for intragranular disintegrant and TPS (o),
FTM (o), GTM (») for extragranular disintegrant
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Figure 3. Plots of disintegration time againts applied pressure for
paracetamol formulations containing 5% W/, disintegrant. TPS
(o), FTM (m), GTM (a) for intragranular disintegrant and TPS (o),
FTM (0), GTM (») for extragranular disintegrant
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Figure 2. Plots of friability against applied pressure for paraceta-
mol formulations containing 5% Y/, disintegrant. TPS (e), FTM
(m), GTM (a) for intragranular disintegrant and TPS (o), FTM (D),
GTM (») for extragranular disintegrant
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Figure 4. Plots of absorption ratio against applied pressure for
paracetamol formulations containing 5% W/, disintegrant. TPS
(e), FTM (m), GTM (a) for intragranular disintegrant and TPS (o),
FIM (D), GTM (») for extragranular disintegrant
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Wetting time (WT)
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Figure 5. Plots of wetting time against applied pressure for para-
cetamol formulations containing 5% W/, disintegrant. TPS (e),
FTM (m), GTM (a) for intragranular disintegrant and TPS (o),
FTM (0), GTM (») for extragranular disintegrant
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Figure 7. Plots of wetting time against disintegration time for

paracetamol formulations containing 5% w/w disintegrant. TPS

(o), FTM (m), GTM (a) for intragranular disintegrant and TPS (o),

FTM (0), GTM (») for extragranular disintegrant
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Figure 6. Plots of absorption ratio against disintegration time for
paracetamol formulations containing 5% W/, disintegrant. TPS
(o), FTM (m), GTM (a) for intragranular disintegrant and TPS (o),
FTM (o), GTM (») for extragranular disintegrant
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Figure 8. Plots of % drug released against time for paracetamol
formulations containing 3% W/W disintegrant. TPS (@), FTM (m),
GTM (a) for intragranular disintegrant and TPS (o), FTM (0),
GTM (») for extragranular disintegrant
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Figure 9. Plots of % drug released against time for paracetamol

formulations containing 5% W/W disintegrant. TPS (@), FTM (m),

GTM (a) for intragranular disintegrant and TPS (o), FTM (D),

GTM (») for extragranular disintegrant

Preparation of granules

Three hundred grams batches of paracetamol
granules containing different concentrations of the
disintegrants added as intragranular or extragranular
disintegrants were prepared by the wet granulation
method of massing and screening. The granules con-
taining intragranular disintegrant were prepared by
dry mixing the required quantities of paracetamol,
lactose and the disintegrant for each batch for 5 min
in a Hobart planetary mixer (Hobart Canada Inc.,
Don Mill, ON, Canada) and then moistening them
with the corn starch binder mucilage. Wet massing
continued for 5 min before the resulting wet masses
were granulated by passing them through a sieve
size 1400 um, dried at 60°C for 2 h in a hot air oven.
The dried granules were then re-sieved through a
sieve size 1000 um after which they were stored in
airtight containers (14).

Granules containing extragranular disintegrants
were prepared by dry mixing the required quantities
of paracetamol and lactose for each batch for 5 min
in a Hobart planetary mixer. The blend was then
moistened with the corn starch binder mucilage. Wet

massing was carried out for 5 min, after which the
wet masses were granulated by passing them through
a sieve size 1400 um, dried at 60°C for 2 h in a hot
air oven and then re-sieved through a sieve size 1000
wm. The required amount of disintegrant was added
and adequately mixed with the granules before stor-
age in an airtight container (14).

Preparation of tablets

Quantities (555 mg) of granules from each
batch were compressed for 30 s into tablets with
predetermined loads (104.04, 121.38, 138.72,
156.06 and 173. 40 MNm?) on a Carver hydraulic
hand press (Carver, USA) using a 12 mm die and
flat-faced punches lubricated with a 2% w/v disper-
sion of magnesium stearate and talc (1 : 1) in ace-
tone before each compression. After ejection, the
tablets were stored over silica gel for 24 h to allow
for elastic recovery and hardening and to prevent
falsely low yield values during analysis.

Determination of tablet crushing strength and fri-
ability

The tablet crushing strength was determined
using the Erweka digital hardness tester (G.B. CAL-
EVA, Dorset, England). The percent friability (FR)
of the tablets was determined using the Roche fri-
abilator (Erweka Apparatebau, Germany) operated
at 25 rpm for 4 min.

Measurement of water absorption ratio and wet-
ting time

The water absorption ratio was determined
according to the method described by Battu et al.
(15), while the wetting time (WT) was determined
according to the method described by Bi et al. (16).
All determinations were done in triplicate and the
mean values were taken.

Disintegration test

Tablet disintegration time (DT) was deter-
mined in distilled water at 37 = 0.5°C in a B.P.
Manesty (Manesty Machines Ltd., Liverpool, UK)
disintegration test unit. Six tablets at each compres-
sional force were placed on the wire mesh just above
the surface of the distilled water in the tube. The
time taken for each tablet to disintegrate and all the
granules to go through the wire mesh was recorded.
Results were expressed as an average of three deter-
minations.

Dissolution test
The dissolution rate of the relevant tablets was
determined at 37 + 0.5°C in 1 L of distilled water
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using a Veego dissolution testing station (Veego
Instruments Co., Mumbai, India) and a stirring
speed of 100 rpm according to USP XXIII. The
tablet was placed in the rotating basket and 5 mL of
the medium was sampled with a pipette and filtered.
The same quantity of the medium was added at the
same temperature immediately after each sampling
to keep the volume of the dissolution medium con-
stant. The concentration of dissolved paracetamol in
the medium was determined spectrophotometrically
at 249 nm with a Unicam 8620 UV/Vis spectropho-
tometer (Pye Unicam, UK). All determinations were
made in triplicate and the results are given as the
mean values.

RESULTS AND DISCUSSION

Table 3 and Figures 1-3 show the mechanical
and disintegration properties of formulations con-
taining the native and novel disintegrants. A con-
centration and applied pressure dependent behavior
was observed for all the parameters. An increase in
disintegrant concentration in the formulations
resulted in tablets with higher tensile strength, sug-
gesting a positive disintegrant influence on the
mechanical strength of the tablets. An increase in the

tensile strength was also observed when the applied
pressure was increased except for formulations con-
taining intragranular TPS and GTM, where a
decrease in tensile strength was observed after an
initial period of increase. This decrease could be due
to overcompaction at high compressional forces
(17). A rank order of FTM > GTM > TPS and GTM
> FTM > TPS were obtained for tensile strength for
formulations containing intragranular and extra-
granular disintegrants, respectively. This suggests
that the method of disintegrant incorporation into
the formulation influenced the disintegrant’s effect
on mechanical strength of the tablets. The friability
of the tablets was also observed to reduce with an
increase in disintegrant (Table 3) with a rank order
of FTM < GTM < TPS with formulations containing
intragranular disintegrants being more friable that
those with extragranular disintegrants. However, an
increase in friability was observed with an increase
in the applied pressure (Fig. 2) due to excessive
expansion of the tablets after ejection from the die.

The disintegration time decreased as the concentra-
tion of the disintegrant in the formulation increased
while it increased with increasing compressional
force. The ability of the disintegrants to facilitate a
disintegration time less than 1 min was observed

Table 4. Absorption ratio and wetting time values of tablets compressed at 121.38 MNm™.

Disintegrant Absorption ratio (R) Wetting time (min)
Disintegrants concentration

(% wiw) Intragranular Extragranular Intragranular Extragranular

1 27.03 £ 0.132* 28.45 +0.310 1.52 £ 0.002 1.23 £ 0.001

2 28.38 £ 0.072 31.42 £ 0.052 1.22 + 0.006 1.08 + 0.004

TPS 3 31.85 +0.092 33.25+0.112 1.08 + 0.003 1.02 + 0.002
4 33.21 £0.102 34.19 £ 0.014 0.48 £ 0.002 0.39 + 0.002

5 3345+ 0.212 34.70 £ 0.116 0.38 £ 0.004 0.28 + 0.003

1 22.68 +0.124 27.27 +0.011 4.12 + 0.003 2.52 +£0.004

2 24.15 £ 0.047 29.20 + 0.002 2.46 = 0.005 2.30 £0.002

FTM 3 32.16 £ 0.099 32.65 £ 0.010 2.34 £ 0.001 1.57 £ 0.003
4 33.01 +0.082 34.75 £ 0.102 2.34 +0.001 1.44 +0.001

5 34.53+0.216 37.22 £ 0.073 2.02 £ 0.002 1.20 £ 0.003

1 25.33 £ 0.108 28.26 + 0.427 2.58 £0.002 2.27 £0.001

2 27.30 + 0.106 28.99 +0.052 2.31 +0.001 1.53 +£0.010

GTM 3 29.50 + 0.065 29.94 + 0.061 1.47 £ 0.004 1.23 £ 0.007
4 32.14 £ 0.081 34.28 £ 0.072 1.29 £ 0.003 0.57 £ 0.004

5 33.42 +0.018 34.81 £0.013 1.14 + 0.005 0.40 + 0.002

*The mean = SD, n = 3.
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(Fig. 3) in formulations containing 5% w/w intra-
granular and extragranular TPS and extragranular
GTM at applied compression force of = 121.38
MNm?*. This suggests that the pressure applied in
compressing the tablets would affect the activity of
a disintegrant in an orally disintegrating tablet for-
mulation. It is important to note that while the US
FDA’s (18) requirement for ODT is a disintegration
time less than 30 s, scientific literature generally cat-
egorizes tablets with disintegration times of less
than 1 min as ODT (10, 19-21). Furthermore, disin-
tegration time less than 3 min in the mouth as
observed in all formulations containing 5% w/w dis-
integrants except FTM at applied pressure = 156.06
MNm? and intragranular GTM at applied pressure =
173.40 MNm?, meets the requirements of the
European Pharmacopoeia (22) for fast disintegrating
tablets, which requires that fast disintegrating tablets
should disintegrate in the mouth in less than three
minutes. It was also observed that formulations con-
taining extragranular disintegrants produced tablets
with lower disintegration times (Table 3) when com-
pared with their intragranular counterparts. This
could be as a result of faster access to the disinte-
grating fluid, which would lead to a quicker wetting
time and a subsequent faster initiation of the disinte-
gration process in these formulations.

The absorption ratio (AR) and wetting time
(WT) of the tablets containing the test disintegrants
are shown in Table 4 and Figures 4 and 5. It was
observed that the wetting time and absorption ratio
were dependent on the type and concentration of the
disintegrant used and the applied pressure.
Generally, AR values increased with an increase in
disintegrant concentration for native and novel disin-
tegrants with formulations containing extragranular
disintegrants absorbing more water that those con-
taining intragranular disintegrants. This could be due
the general ability of the disintegrant to facilitate
water uptake into the tablet. The lower AR values of
intragranular disintegrant could also be due to the
presence of the disintegrant in the inner matrix of the
tablets. A reduction in AR values with an increase in
applied pressure (Fig. 4) was observed for formula-
tions containing the novel disintegrants FTM and
GTM, while the AR values of formulations contain-
ing TPS increased with applied pressure. The pres-
ence of water soluble mannitol in the novel disinte-
grants might have resulted in a reduced water
requirement to overcome the stronger bonds formed
at higher pressures. The rank order for water absorp-
tion is FTM > TPS > GTM. The tablet wetting time
increased with increasing applied compression pres-
sure. This could be due to a reduction in tablet poros-

ity as the applied pressure increased. Formulations
containing extragranular disintegrants had lower
wetting times compared to their intragranular coun-
terparts; probably due to a faster access of the disin-
tegrant to the disintegrating fluid. A reduction in
wetting time was also observed with an increase in
disintegrant concentration with extragranular disinte-
grants facilitating faster wetting time. This could be
due to the general ability of the disintegrant to facil-
itate a higher water absorption and the easy access of
extragranular disintegrant to the disintegrating fluid.
Representative plots of disintegration time (at
5% w/w disintegrant concentration) against absorp-
tion ratio and wetting time are shown in Figures 6
and 7, respectively. It was observed that disintegra-
tion time reduced with increased water absorption for
formulations containing FTM and GTM disinte-
grants while it increased in formulations containing
TPS disintegrants. This suggests a different mecha-
nism of disintegration in coprocessed disintegrants
whereby the water soluble mannitol allows for a
faster water absorption and subsequent swelling of
the tapioca starch component. Thus, ODTs contain-
ing GTM and FTM disintegrants would have a
reduced disintegrating fluid requirement and the
ability to optimize the low volume of saliva (normal
flow of about 0.1 to 0.2 mL/min, reaching 7 mL/min
on stimulation) present in the oral cavity to facilitate
their oral disintegration (22). On the other hand, for-
mulations containing TPS, whose mechanism of dis-
integration was only by water uptake and swelling,
will require a higher amount of water to facilitate dis-
integration since the dissolution effect of mannitol
will be absent. It was also observed that an increase
in wetting time increased the disintegration time for
all formulations containing intragranular disinte-
grants while it had no influence on formulations con-
taining extragranular disintegrant at applied com-
pressional pressure greater than 138.72 MNm™.
Figures 8 and 9 show the dissolution behavior of
the formulations (3 and 5% w/w, respectively) as per-
cent drug release against time for 60 min. It was
observed that tablets containing extra-granular disin-
tegrants produced an initial burst effect, which result-
ed in the availability of a higher amount of the drug in
the dissolution medium within 5 min. This could be
as a result of the faster disintegration time of the
tablets prepared with extra-granular disintegrants and
the reduced access to water expected with intra-gran-
ular disintegrants located within the matrix of the
tablets, which would result in reduced disintegration
and drug release. It was also observed at disintegrant
concentration of 5% w/w that the extra-granular addi-
tion of TPS and FTM disintegrants facilitated a faster
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availability of the drug, while the total amount of drug
released after 60 min was higher in tablets containing
intragranular disintegrants. This could be due to the
continued ability of the disintegrant present within the
inner matrix of the tablet prepared with intragranular
disintegrant to facilitate drug release from granules
after the initial disintegration of the tablets into gran-
ules. The fact that this effect occurred at higher con-
centration of disintegrants with higher swelling index
(i.e., FTM > TPS > GTM as presented in Table 2),
implies the strong influence of the swelling ability of
the disintegrant on the drug release pattern. It also
suggests that there could be a change in the mecha-
nism of drug release at high concentrations, when dif-
ferent methods of disintegrant inclusion into formula-
tions are employed.

The type of disintegrants (i.e., co-ground, co-
fused or native) also affected the dissolution profiles
of the formulations. It was observed that tablets pre-
pared with TPS facilitated the release of the highest
amount of the drug from the tablets, followed by
GTM and FTM, respectively. This ranking further
supports that of the disintegration time obtained and
suggests the strong influence of a fast disintegration
time on drug release from the tablet matrix.

CONCLUSION

From the results obtained from the study, it can
be concluded that:

The method employed in coprocessing excipi-
ents would affect the properties of the excipients and
the effect they have on the formulations in which
they are used.

The coprocessed disintegrants consisting of
native tapioca starch and mannitol, when used in the
formulation tablets would enhance the mechanical
properties of the resulting tablets.

The rate/amount of water ingress into the
tablets and disintegration time would be limiting
factors in early onset of drug dissolution and
bioavailability.

Coprocessed disintegrants consisting of native
tapioca starch and mannitol would be effective dis-
integrants in the formulation of orally disintegrating
tablets with disintegration times of less than 1 min
without compromising the mechanical properties of
the tablets.
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Abstract: This study was aimed at a biopharmaceutical evaluation of a new oral dosage form of tramadol
hydrochloride (TH) — slow release tablets obtained by hot tableting of coated pellets, 100 mg (TP), compared to
the conventional slow release tablets, Tramal Retard®, 100 mg (TR). Both TP and TR formulations showed a sim-
ilar release profile of TH (f, was 71) in in vitro release studies. The in vivo study was a two-treatment, two-peri-
od, two-sequence, single-oral dose 100 mg, crossover design using rabbit model with the phases separated by a
washout period of 14 days. It was shown that the amount of TH absorbed into the systemic circulation is similar
for TP and TR (the 90% confidence intervals for the AUC,,, AUC,., and ratios were 85-122 and 92-107%,
respectively). However, after administration of slow release tablets obtained by hot tableting of coated pellets, a
prolonged absorption and elimination processes and a smoother and more extended plasma profile of TH were
observed. It can be assumed that the use of a new oral dosage form of TH in patients affects the extension of
analgesia after single administration of the drug, with its gradual absorption into the systemic circulation.

Keywords: tramadol, hot tableting, pellets, rabbits

Tramadol hydrochloride (TH) is well estab-
lished in the treatment of acute and chronic pain. As
it is effective and well-tolerated, the use of TH has
increased substantially in a wide range of pain con-
ditions (1, 2). Its usual dosage regimen is 50—100
mg every 4-6 h up to 400 mg, the mean absolute
bioavailability is about 70% and the elimination
half-life is 5.5 h (3-6).

Successful long-term treatment of patients with
painful conditions requires an appropriate dosage
form, optimal dosing, and patient compliance.
Sustained-release formulations (SR) are very helpful
in achieving treatment objectives. Stable serum lev-
els without marked peak-to-trough fluctuations and
reduced frequency of dosing improve patient com-
pliance, patient satisfaction, and, ultimately, quality
of life (7, 8). SR formulations are recommended in
chronic pain treatment, especially in patients who
require around-the-clock treatment of pain for an

extended period of time (9—11). Many oral SR for-
mulations of TH, including pellets, have been shown
to improve patient compliance and chronic pain con-
trol (1, 10-20).

In our previous work, a newly developed
method of hot tableting of pellets with TH was pre-
sented (21). Pellets were coated with an Aquacoat
ECD aqueous dispersion. In the proposed hot tablet-
ing method, granulates containing PEG 3000 pro-
vide the tableted pellets sufficient protection from
being destroyed. An evidence of such protection is
confirmed by the fact that TH’s slow release profile
from the tableted pellets is comparable to that of
uncompressed pellets (21). It is known that differ-
ences between oral formulations might represent the
most important factor responsible for the differences
in both rate and extent of absorption of the drug,
reflected in the pharmacokinetic parameters (7, 22).
Thus, our study was aimed at a biopharmaceutical
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evaluation of those newly developed tableted pellets
with TH.

MATERIALS AND METHODS

Preparation of coating pellets with TH

Pellet cores were obtained by wet granulation
of a powder mixture, and the extruded mass was
spheronized afterwards. The initial experiments
allowed us to establish the following composition of
pellet cores: TH 60.0%, microcrystalline cellulose
(MCC), PH101 35.0% and glyceryl behenate 5.0%.
All substances were granulated with water (30 g/100
g of the powder mixture) in a high-shear mixer
(Glatt VG 5, Dresden, Germany). The wet granulate
was extruded in an extruder (Caleva model 25,
Dorset, UK) through a 1.0 mm diameter sieve. The
extrudate (about 30 g) was spheronized for 5 min in
a 120 mm spheronizer (Caleva model 120, Dorset,
UK) fitted with a cross-hatch plate rotating at 1800
rpm. The resulting pellet cores were dried at 45°C in
a tray oven for 16 h. Pellet cores of 0.6—1.0 mm in
diameter comprised the largest fraction (about 65%)
in the given conditions of extrusion and spheroniza-
tion.

Pellets cores were coated in a fluidized bed
coater using the Wiirster bottom column with
ethanol solution of ethylcellulose (EC/EtOH). The
ethanol solution of ethylcellulose was plasticized
with triethyl citrate 25%, w/w, based on the mass of
the polymer. The coating conditions were as fol-
lows: inlet air temperature (45°C), outlet air temper-
ature (35°C), atomization air pressure 2.0 bar), flu-
idizing air flow (180 m’h) and coating rate
10—13 g/min. The film coating resulted 27 pm thick-
ness was sprayed onto drug-loaded pellets to
achieve drug release over 8 h.

Hot TH pellets tableting

Tablet formulation was composed of a mixture
of TH pellets (0.6-1.0 mm) in the ratio of 50.0%
pellets and 50.0% granulate, which was obtained
during wet granulation process conducted in a high-
shear mixer using water as a binder (30 g/100 g of
powder): PEG 3000 (24.3%) and microcrystalline
cellulose (24.3%). Granulate was separately dried in
a blow dryer (Venticell BMT, Brno, Czech
Republic) at 45°C for 16 h. The dried granulates
were then passed through a sieve with a mesh size of
1.0 mm. Then the pellets (100 mg pellets containing
45.8 mg TH), croscarmellose sodium (2.4%) and
sodium stearyl fumarate (0.4 %) were added, and the
mixture was mixed for 5 min. Croscarmellose sodi-
um was added as a disintegrating substance to

ensure disintegration of tablets into pellets. Sodium
stearyl fumarate was used as a lubricant to prevent
hot granulate from sticking to the punches.

A ratio of 50.0% pellets and 50.0% granulate
ensured that the tablet formulation has adequate
flow, which could otherwise be adversely affected
by tackiness of heated tablet formulation.

The resulting tablet formulation was spread
evenly on a paper tray and heated in a blow dryer to
a temperature not greater than 56°C. A tablet press
granulate feeder was heated in another blow dryer.
The feeder was then immediately mounted onto a
rotary tablet press (Korsch XL 100, Berlin,
Germany) filled with the heated tablet formulation.
The tableting parameters were as follows: spherical
punches of 10.0 mm in diameter, curve radius — 9
mm, main compression force — 1.0 kN, precompres-
sion force — 0.1 kN, single tablet mass — 370.0 mg.

In vitro release studies

Dissolution test was performed in 1000 mL of
water at 37°C (£ 0.5°C). An automated Hansson
Research Sr8+ basket apparatus dissolution tester
(Hansson Research, Chatsworth, CA, USA) with an
on-line UV/Vis spectrophotometer (Agilent 8453,
Wilmington, USA) was used. At different time
intervals (1, 2, 3, 4, 5, 6, 7 and 8 h) the concentra-
tion of TH in the samples was analyzed spectropho-
tometrically at 272 nm. Single tablet mass was 370.0
mg and contained 98.7 mg TH. The dissolution
results were calculated with reference to SR tablets
(Tramal Retard¥, 100 mg) batch no ANO043
(Griinenthal GmbH, Aachen, Germany). All disso-
lution profiles are the mean of 12 dissolution tests
performed under sink conditions.

Similarity of dissolution profile of the tablets
was compared using model-independent method by
linear regression at specified time points, and calcu-
lating a similarity factor f,. An f, value between 50
and 100 suggests that two dissolution profiles are
similar.

=50 x log{[1 + (1/m) (R, — T))"|** x 100

In this equation, f, is the similarity factor, n is
the number of time points, R, is the mean percent
drug dissolved of e.g., a reference product, and T, is
the mean percent drug dissolved of e.g., a test prod-
uct (23).

In vivo studies

Ten adult healthy New Zealand White rabbits
(mean weight £ SD, 3.45 + 0.20 kg) were used in
this study. Before the study, animals were housed
individually in standard cages. Food was withheld
from all animals for 12 h prior to and 12 h following
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drug administration. Throughout the study, the rab-
bits had an unlimited access to water. The studies
were carried out in accordance with the consent of
the Local Ethics Committee at the University of Life
Sciences in Poznan (No. 15/2008) and the “Guide
for the Care and Use of Laboratory animals” (24).

A two-treatment, two-period, two-sequence,
single-oral dose, randomized, crossover design was
used with the phases separated by a washout period
of 14 days.

SR formulations (a slow release tablets
obtained by hot tableting of coated pellets, 100 mg)
prepared in the Department of Pharmaceutical
Technology, Medical University of Gdansk,
Gdansk, Poland, and SR tablets (Tramal Retard® 100
mg tablets, batch no 292L.01; Griinenthal, Aachen,
Germany), were used for oral administration.

All animals received per os (p.o.) one tablet
(100 mg of TH) of each formulation. Immediately
after administration of TH, 20 mL of fresh water
were given to the rabbits to ensure that the tablet
was swallowed and entered the stomach.

Two weeks after oral administration, all ani-
mals were given TH intravenously (i.v.) at a dose 10
mg/kg (Poltram 100 mg/2 mL, batch No. 510804;
Polpharma, Poland) with a view to calculating
absolute bioavailability (F) and mean absorption
time (MAT) of TH.

TH was always administered between 8 a.m.
and 9 a.m. All blood samples (1.5 mL) were drawn
from the catheter remaining in the marginal ear
vein.

Blood samples were collected before adminis-
tration of TH (sample 0) and then at 5, 15, 30, 45,
60, 120 min, and 4, 8, 24, 30 h after p.o. adminis-
tration, or 1, 5, 10, 15, 30, 45, 60, 120 min, and 4,
6, 8 h following i.v. administration. Blood samples
were transferred into labelled, heparinized test
tubes and immediately centrifuged at 2880 x g for
10 min. Plasma samples were stored at —30°C until
analysis.

Drug analysis
Chemicals and reagents

Tramadol hydrochloride, C,¢H,;0,N-HCI,
CAS: 27203-92-5; internal standard — phenacetin,
CAS: 62-44-2 and triethylamine (HPLC grade) were
purchased from Sigma-Aldrich (Steinheim,
Germany). Acetonitrile, n-hexane, methanol, ethyl
acetate (HPLC grade) were from Merck (Darmstadt,
Germany). Sodium hydroxide, monopotassium
phosphate, anhydrous potassium hydrogen phos-
phate (analytical grade) were from POCH (Gliwice,
Poland).

Chromatographic system

Plasma concentrations of TH were analyzed by
high-performance liquid chromatography with
diode-array UV detection (isocratic analysis using
HPLC Waters 2695 Separations Module with
autosampler, Waters 2487 Dual A Absorbance
Detector, the wavelength 218 nm, an analytical col-
umn LiChrosorb RP-18, 250 mm X 4.6 mm, 5 um
from Waters; temperature of column 30°C, mobile
phase: acetonitrile (300 mL) — 0.01 M phosphate
buffer (700 mL) with addition of 0.05% triethyl-
amine (0.5 mL) to achieve pH of mobile phase 3.0,
flow rate of mobile phase 1.0 mL/min, volume of
each injection 100 pL, retention time of TH and
phenacetin, respectively, 5.64 and 8.19 min, total
analysis time 12.0 min, according to methods devel-
oped by Gan et al. (25) and Szkutnik-Fiedler et al.
(26). Data collection and processing were carried
out using Empower Pro software, v. 1154. HPLC
method was validated in accordance with the pub-
lished EMA guideline (27).

Method validation

The HPLC-UV method was specific and selec-
tive. There were no interfering peaks in blank plas-
ma at the retention times of TH and internal stan-
dard. The calibration for TH was linear in the range
of 10-1000 ng/mL (n =9, r =0.9996 + 0.0002, RSD
0.02%).

The recovery of TH was greater than 90% for
all tested concentrations. Intra-day and inter-day
precision of TH in rabbit plasma were less than 7%,
and accuracy was less than 10%. The LLOQ of TH
was 10 ng/mL, and LOD was 2.11 ng/mL. CV val-
ues of short-term stability of plasma samples were
4.39 and 6.64% for TH concentrations of 50 and 200
ng/mL, respectively. The recovery of TH in long-
term freezer stability after storage at —30°C for 30
days was more than 88% for both tested concentra-
tions.

Pharmacokinetic and statistical analysis

The pharmacokinetics of TH after oral and
intravenous administration was determined by use
of the noncompartmental approach based on the sta-
tistical moment theory. All parameters were calcu-
lated wusing WinNonlin® 5.3 Professional
(Pharsight). The maximum drug plasma concentra-
tion (C,,,) and the time at which C,,, was achieved
(tna) after p.o. administration were determined
directly from the concentration vs. time curve. The
elimination rate constant (k,) was calculated by a
linear least squares regression analysis, using the
last three plasma In concentrations vs. time points.
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Elimination half-life (t,,,,) was calculated accord- the linear trapezoidal method. Area under the plas-
ing to equation t,,, = In2/k,. The mean residence ma curve from zero to infinity (AUC,_,) and area
time (MRT) was equal to AUMC,_., /AUC,_... Area under the first moment curve from zero to infinity
under the plasma curve from zero to the last meas- (AUMC,_..) were calculated by the linear trapezoidal
urable concentration (AUC,_,) was calculated using method with extrapolation to infinity. The extrapo-
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Figure 1. In vitro tramadol hydrochloride release (mean + RSD) from slow release tablets obtained by hot tableting of coated pellets, 100
mg (TP) compared to Tramal Retard® tablets, 100 mg (TR), n =12
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Figure 2. Plasma concentration-time profiles (mean £ SD) of tramadol hydrochloride after oral administration of slow release tablets

obtained by hot tableting of coated pellets, 100 mg (TP) and Tramal Retard® tablets, 100 mg (TR) in rabbits (n = 10). One hour after
administration of tramadol hydrochloride a statistically significant difference was observed (p = 0.0276)
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lated area was estimated by equations: AUC,,, .. =
Crast | key AUMC gy . = (10t X Cloy /o + Crag [ Ko/, I
which C,,, is the last measured concentration and t is
the time of C,,,. AUMC, ., and AUC,_, values were
dose normalized. The absolute bioavailability F(%)
of TH was calculated using equation:

F(%) = [AUC,...,, X D,, | AUC,_..;, XD, ] x 100

The relative bioavailability (RB (%) =
AUC, .. TP/JAUC, . TR), mean absorption time (MAT
= MRT,, — MRT,,), absorption rate constant (k, =
1/MAT) and absorption half-life (,,,, = In2 X MAT)
were also determined.

Coefficients of variation (CV), defined as the
ratio of the SD to the mean (CV = (SD/mean) X
100%) for C,,,,, AUC,, and AUC,_, and TH plasma
concentrations at all evaluated time points after
administration of TP and TR, were also calculated.

All statistical analyses were performed using
Statistica PL 10 software (StatSoft, Inc.).

Shapiro-Wilk test was used to check if ana-
lyzed data follow normal distribution. Paired r-test
or Wilcoxon test (in case data did not follow normal
distribution, i.e., for plasma concentrations at time
points: 30, 45, 60 min and 24 h and t,,,) were used
to compare plasma concentrations and pharmacoki-
netic parameters of TH. The arithmetic mean, stan-
dard deviation, median, range (minimum and maxi-
mum value) and geometric mean for pharmacoki-
netic parameters of TH are presented. The TP and
TR bioequivalence was evaluated by means of sta-
tistical analysis of variance (ANOVA) and calculat-
ing the standard 90% confidence intervals (90%

CIs) of the geometric mean ratios (TP/TR) with log-
arithm (In)-transformed AUC,,, AUC, .. and C,,,.
The bioequivalence was considered when the ratio
of averages of log-transformed data for AUC,,,
AUC, ., and C,,, was within 80-125%. All tests
were considered statistically significant at p value
less than 0.05.

RESULTS

In vitro release studies

Dissolution profiles of TP and TR proved to be
similar (similarity factor f, for the TH release pro-
files was 71) (Fig. 1).

In vivo studies

Mean plasma concentration-time profiles of
TH are shown in Figure 2. Statistical evaluation of
plasma concentration-time profiles of TH after oral
administration of TP and TR showed no significant
differences between these two formulations at all
evaluated times, except after 1 h (170.6 £ 101.5
ng/mL vs. 423.1 + 315.4 ng/mL for TP and TR,
respectively, p = 0.0276). CV values for TH plasma
concentrations at all time points ranged from 43.0 to
72.2% and from 59.1 to 92.6% (after administration
of TP and TR, respectively). CV values for TH plas-
ma concentrations in the first two hours (time
points: 5, 15, 30, 45, 60 and 120 min) were general-
ly lower after TP administration (72.2, 61.5, 53.6,
43.0, 59.5 and 55.7%) compared with TR (66.1,
91.4,59.1, 99.7, 74.5 and 99.0%). Pharmacokinetic

Table 1. Comparison of the bioavailability of tramadol hydrochloride (one-way analysis of variance ANOVA) after oral administration of
a new slow release tablets obtained by hot tableting of coated pellets, 100 mg (TP) and Tramal Retard® tablets, 100 mg (TR) in rabbits.

AUC,, (ng x h/mL)

AUC,.. (ng x h/mL) C, (ng/mL)

TP TR TP TR TP TR
Mean 962.22 1100.08 1060.93 1119.14 279.67 446.96
SD 309.30 673.51 548.14 656.68 109.47 151.60
Median 906.13 939.45 962.89 984.63 285.40 458.70
Min 452.26 424.99 464.69 457.23 146.10 220.90
Max 1403.20 2501.06 2299.14 2520.20 502.50 653.50
% CV 32.14 61.22 51.66 58.68 39.14 33.92

Geometric mean
ratio TP/TR
and 90% CI

98.42 (85 — 122)

98.47 (92 - 107) 61.98 (56 —70)

(n =10).

TH — tramadol hydrochloride, C;;,,x — maximum plasma concentration, AUC,, — area under the plasma curve from zero to the last meas-
urable concentration, AUC,,_., — area under the plasma curve from zero to infinity, Mean — arithmetic mean, SD — standard deviation, Min
— minimum value, Max — maximum value, 90% CI — 90% confidence interval of the geometric mean ratio (TP/TR), CV — coefficient of
variation defined as the ratio of the SD to the mean: CV = (SD/mean) x 100%.
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characterized by a high reproducibility of release
due to a relatively large surface and the short diffu-
sion way of the drug (21, 28). Results of many ani-
mal studies (29-33) could indicate that different oral
formulations of TH have a variable systemic avail-
ability and, consequently, could cause an unpre-
dictable clinical response; this is why pharmacoki-
netic study of each new formulation of the drug is so
important.

In our study, no statistically significant differ-
ences between these two formulations were
observed when comparing the extent of the drug
absorption (90% Cls values for AUC,, and AUC,_,
were within the range of 80-125%) and concentra-
tion-time profiles (except TH concentrations 1h
after administration, p = 0.0276). However, a com-
parison of TP’s and TR’s pharmacokinetics may
indicate prolonged absorption and elimination
processes of TH after TP administration (higher val-
ues of MAT, MRT, t,,;, and t, 5, and lower values of
k,and k,). TP exhibited a significantly lower C,,,
and a shorter t,,,, of TH compared with TR. The C,,,
of TH, both after TP and TR administration, was
higher than that reported e.g., in dogs (mean + SD,
40 £ 110 ng/mL; SR tablet, dose of 4—-6 mg/kg) (29),
horses (mean + SEM, 57 £ 0.07 ng/mL; SR tablet,
dose of 5 mg/kg) (30), but lower than in cats (mean
+ SEM, 914 £ 232 ng/mL; IR tablet dose of 5.2
mg/kg) (31) and dogs (mean = SD, 1402.75
695.52 ng/mL; IR tablet, dose of 100 mg, mean dose
of 11.2 mg/kg) (32).

Values of plasma concentrations and hence
pharmacokinetic parameters of TH after TP and TR
administration were considerably variable among
rabbits. Although all of the rabbits had similar body
weight and fasted 12 h prior to drug administration
and 12 h afterwards to minimize the variability
caused by food, differences in bioavailability, gas-
trointestinal transit time, disintegration of the oral
dose form, and rate of absorption can affect plasma
concentrations of TH. However, TP formulation
produced a smaller inter-subject variability in
AUC,, and AUC, ., and plasma concentrations of
TH at all evaluated time points. Inter-animal vari-
ability (related to differences in absorption rate or
gastrointestinal transit time, etc.) was also
described by e.g., Pypendop and Ilkiw (31) or Cox
et al. (22) in most of the pharmacokinetic parame-
ters and plasma concentrations of TH after oral
administration.

The mean absolute bioavailability of TH after
TP and TR administration was relatively low (about
40%). This may be related to the poor absorption
and strong metabolism of TH in rabbits. It is known

that administration of controlled release drugs does
not always entail increased bioavailability (28).
Generally, biological availability of TH in animals
after administration of SR tablets is usually lower
than after IR tablets (29, 30, 33).

CONCLUSIONS

After administration of slow release tablets
obtained by hot tableting of coated pellets, a pro-
longed absorption and elimination processes and a
smoother and more extended plasma profile of TH
in rabbits were observed. Using animal model, both
TP and TR tablets have a similar in vitro release pro-
file and similar values. It can be expected that the
use of a new oral dosage form of TH in patients
affects the extension of analgesia after single admin-
istration of the drug, with its gradual absorption into
the systemic circulation.
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INFLUENCE OF SPRAY DRYING MANUFACTURING PARAMETERS

ON QUALITY OF LOSARTAN POTASSIUM MICROSPHERES
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Abstract: A general aim of the research was to develop a technology of manufacturing microspheres with losar-
tan potassium as an active substance, and Eudragit L30D55 as a matrix with the use of spray drying technique.
During the first step of the study, optimal values of parameters in spray drying process were established (i.e.,
operating temperature, peristaltic pump performance, aspiration value). Those values have a crucial effect on
morphological parameters, and the size and homogeneity of received particles. In the obtained microspheres,
the activity of excipients, which modify morphological properties of microspheres, were tested. Additionally,
we studied the impact of the type and amount of plasticizer, as well as the amount of an adopted polymer in
proportion to dry matter of losartan potassium, on quality of final product. Triethyl citrate and citric acid, plas-
ticizers tested in reported studies, were also verified. A detailed study of the influence of both plasticizers on
the qualities of microspheres containing losartan potassium on Eudragit L30D55 matrix indicated a positive
influence of triethyl citrate and a negative influence of citric acid on morphological properties, shape and size
of particles. The application of optimal parameters of spray drying and triethyl citrate as a plasticizer in the
amount of 10 to 15% allows to obtain microspheres from 1.27 to 7.24 ym.

Keywords: microspheres, losartan potassium, spray drying, spray drying parameters, influence of plasticizers

Microspheres belong to a modern multi-com-
partment drug formulation, used in contemporary
therapy for a controlled and targeted action of med-
ication (1). They may be treated as a drug formula-
tion with a modified release, which should deliver
the medication in a strictly specified concentration,
and to a site within a given, fixed time (2). The
advantages of microspheres are: biocompatibility,
an extended release profile and ability to incorpo-
rate unstable substances, such as proteins and
nucleic acids, into a polymer matrix (2-6). Due to
the size and shape of microspheres, controlling of a
polymer matrix decay rate and a medicine release
rate is also possible (5, 7, 8). Morphological prop-
erties of microspheres should fulfill published
parameters, which means that the final product is
monolithic, smooth and porous (1, 12), has spheri-
cal shape, and its size fits into the range from 1 to
500 pm (12).

* Corresponding author: e-mail: ajankowski@sum.edu.pl
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Spray drying is a closed single phase process in
which we can obtain a substance in a solid form from
liquid output product (solution, suspension, and
rarely emulsion) (2, 9, 10-12). This method enables
to generate particles smaller than 10 pum (13).

In order to obtain the end product with
required properties, the parameters of the process
must be carefully selected. Almost each parameter,
which is modified during the spray drying process,
has a smaller or bigger effect on the obtained end
product (2, 14, 15). The size of dried particles
depends on the nozzle shape, on the indicator of
feedstock, and conditions of the process (16). The
humidity content is an indicator of the end product
quality in a process of spray drying (17). The effi-
ciency is very important for the progress of a total
spray drying process, and it is determined as a pro-
portion of the mass of a substance being dried to the
end product mass (10).
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Active substances and excipients used in the
study

Losartan potassium is an antagonist of a recep-
tor to angiotensin II, which is applied mainly in a
therapy of mild and moderate hypertension and car-
diac failure (18, 19).

Polymer matrix Eudragit® and plasticizers
were used as excipients, which have an influence on
morphological properties, shape and size of parti-
cles, and flexibility of manufactured matrixes.

Eudragit L30D55 is a 30% hydrodispersion of
polymer in water. The proportion of free ester
groups to carboxylic groups is 1 : 1. It dissolves in
pH over 5.5 creating salts with bases. This allows to
obtain a coating which is not soluble in acidous gas-
tric juice and it dissolves in alkaline intestinal juice
(20).

Eudragit® copolymers function as polymer car-
riers because they are characterized by the following
required properties: they are biocompatible, do not
induce toxic effects, undergo degradation in physio-
logical conditions, and reveal low index of polydis-
persion that indicates the homogenous length of
polymer chains (21).

Plasticizers are a separate group of additives
that were used in the study. Addition of plasticizer
has an influence on flexibility, strength, and adhe-
sive properties of received polymer coatings.
Plasticizers affect also the penetration of active sub-
stances through a polymer coating. The type and
quantity of plasticizer that is used allow to optimize
the profile of release from the drug formulation
(22-24).

The aim of this work was to establish the influ-
ence of spray drying parameters on a progress in
drying process of losartan potassium hydrodisper-
sion on Eudragit L30D55, and to establish parame-
ters for obtaining microspheres of optimal size and
homogeneity. We also evaluated the additives
effect, that is the effect of the type and quantity of
used plasticizer and polymer in proportion to dry
substance of losartan potassium on a size and mor-
phology of obtained microspheres.

EXPERIMENTAL

Materials and reagents

The substances that were used in study are:
losartan potassium (Valeant, ICN Polfa Rzeszéw
S.A.), triethyl citrate (Sigma-Aldrich Chemie
GmbH), citric acid (PPH ,,POCH” S.A.), Eudragit®
L30D55 dispersion 30% w/w (Chemical/TUPAC
name: Poly(methacrylic acid-co-ethyl acrylate) 1 :
1), (Degussa).

Technology of microspheres preparation

The method of spray drying was used to pre-
pare microspheres with losartan potassium. Thirty
percent w/w hydrodispersion of methacrylic acid
copolymer — Eudragit® L30D55 with losartan potas-
sium and/or plasticizer was subjected to drying. A
spray drier Biichi Mini Spray Dryer B-191 was
used. Spray drying was conducted by the use of a
nozzle with a diameter of 0.7 mm, with an air flow
rate of 600 L/h and pressure of 4 bar. Created
microspheres were separated in a cyclone and col-
lected in a collector.

In order to obtain a product with appropriate
morphology, firstly, the parameters of spray drying
were determined (spray drying was conducted using
variable values of pump capacity, inlet temperature
and aspirator capacity). Next, we studied the influ-
ence of added plasticizer to a polymer in terms of
polymer dry matter.

Experimental selection of spray drying parame-
ters

In order to establish optimal parameters for this
process, spray drying involved the use of series of
water suspension of losartan potassium and Eudragit
L30D55 in proportion 1 : 1. To select optimal con-
ditions of spray drying process, the following
parameters were modified: input temperature of dry-
ing gas, aspirator capacity and peristaltic pump per-
formance.

Spray drying process of losartan potassium on
Eudragit L30D55 hydrodispersion was carried out in
the following input temperatures: 120, 130, 140,
150, and 160°C. The flow rate through the peristaltic
pump was also modified and its performance was
established at the level of: 10, 15, 20, 25, 30, 40, and
50%. Another parameter that was modified during
our study was aspiration capacity. During the
progress of a spray drying process, the aspirator
capacity was equal to 60, 70, and 80%. Each spray
drying process involved collection of a product, esti-
mation of mass, size and morphology of particles as
well as the evaluation of process efficiency.

On the basis of initial experiments, the follow-
ing parameters were chosen: the peristaltic pump
performance at the level of 10%, the inlet tempera-
ture of 150°C, and the aspirator capacity of 80%.

Size measurement and determination of micros-
pheres morphology

Observations of sample microstructure was
performed by a high resolution scanning electron
microscope (SEM), SUPRA 25, ZEISS. This micro-
scope can analyze WDS and EDS systems at 20 kV.
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The analyzed materials were observed with magni-
fication of 1 kx, 5 kx, and 10 kx. A secondary elec-
tron detector was used to analyze the image.

The size of particles was assessed with the use
of image analysis software provided by the micro-
scope manufacturer (ZEISS). The photographs of
microspheres structures were taken with magnifica-
tion of 1 kx, 5 kx, 10 kx. Particle size measurements
were made at the magnification of 10 kx in a number
of visual fields, evaluating the size of any selected 20
microspheres (10 bigger and 10 smaller particles)

Study of the influence of the amount and type of
plasticizer on the particles morphology

The study assessed the influence of the type
and amount of added plasticizer on the morphology
and size of obtained microspheres. For plasticizers,
triethyl citrate and citric acid were selected for the
study. Suspensions of losartan potassium on
Eudragit L30D55 in 1 : 1 ratio and plasticizer were
subjected to spray drying. Triethyl citrate was added
in the proportion of 2, 5, 10, and 15% to dry matter.
Citric acid was added in the proportion of 0.5, 1, and
2% to dry matter. For comparison, suspensions of
losartan potassium on Eudragit L30D55in1:1,1:
2, and 1 : 3, without plasticizer were subjected to
drying. The whole process was conducted at prede-
termined parameters, that is with the pump perform-
ance of 10%, inlet temperature of 150°C, and aspi-
ration of 80%.

Study of the influence of the amount of applied
polymer in proportion to losartan potassium dry
matter on the size and morphology of particles
Four water solutions of losartan potassium,
Eudragit L30D55 and triethyl citrate were used in
spray drying. We observed a change in the amount
of polymer, and the proportion of an active sub-
stance to a copolymer, namely 1:1,1:2,1:3,1:
4. To each solution, plasticizer was added, i.e., 10%

of triethyl citrate, in relation to dry matter. The com-
position of formulations is presented in Table 1.

RESULTS

Optimization of spray drying parameters.

To select the optimal conditions of spray dry-
ing process, the following parameters were modi-
fied: input temperature of drying gas, aspirator
capacity and peristaltic pump performance.

Each spray drying process involved collection
of a product, estimation of mass, the size and mor-
phology of particles as well as the evaluation of
process efficiency. The selected results are present-
ed in Table 2.

Figures 1 and 2 show the selected micros-
pheres images made by a scanning microscope at
magnification of 10000x dried at variable parame-
ters of conducted process.

The experiments enabled the selection of the
most optimal conditions of spray drying of losartan
potassium with Eudragit L30D55. The aim of the
selection was to obtain optimal efficiency of this
process, but predominantly to obtain particles of
optimal morphology. The following parameters
were the most adequate, and were used in the further
studies, input temperature of drying gas: 150°C,
peristaltic pump performance: 10% and the capacity
of aspirator: 80%.

Analysis of the influence of plasticizer addition

The analysis involved the verification of the
influence of plasticizer addition on morphology,
shape of microspheres, and efficiency of spray dry-
ing process. Triethyl citrate and citric acid were used
as plasticizers for comparison. The spray drying
process was conducted with addition of plasticizer
(samples F4-F10) and without plasticizer addition
(samples F1-F3) at previously established parame-
ters of drying.

Table 1. The quantitative composition of the substances used in particular formulations.

Proportion Losartan Water 30% w/w dispersion of Dry matter of Triethyl
dru .p olvmer potassium amount volume Eudragit L30D55 Eudragit L30D55 | citrate volume
& poly [mg] [mL] amount [mg] amount [mg] [mL]
1:1 200.00 100 666.67 200.00 35.09
1:2 200.00 100 1333.33 400.00 52.63
1:3 200.00 100 2000.00 600.00 70.18
1:4 200.00 100 2666.67 800.00 87.72

*Triethyl citrate density is 1.04 g/cm’, in this part of study triethyl citrate was used in proportion of 10% in relation to the dry matter of
losartan potassium and Eudragit L30D55.
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e ) e
Figure 1. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 1 dried in parameters: inlet temperature
150°C, delivery of a pump 20%, aspirator capacity 70% (magnifi-
cation 1000x)

W= 1Emm

Microspheres dried with addition of triethyl
citrate had an optimal size and shape, which is espe-
cially clear in the case of samples where the plasti-
cizer addition was 10% and 15%, respectively.

Triethyl citrate had also a beneficial effect on
the size of microspheres, there was only a slight
reduction of average particle size and improvement
in a quality of microspheres. The increase of effi-
ciency of the process was noticed in samples to
which plasticizer was added in the amount of 5, 10,
and 15%. The drying efficiency was improved at a
level of 5%. The best effect on both, the process
efficiency and morphology of achieved micros-
pheres had an addition of plasticizer in the amount
of 10% in terms of dry matter of losartan and
Eudragit L30DS55. The same amount of triethyl cit-
rate was used in further studies. The detailed data on
efficiency as well as the average size of particles,
and a detailed description of morphological parame-
ters of obtained microspheres after addition of tri-
ethyl citrate are shown in Table 3.

Citric acid had a negative effect on all parame-
ters of spray drying process of losartan potassium
with Eudragit L30D55. Each addition of plasticizer
caused deterioration of particle morphology, and
had a negative effect on process efficiency. The
average size of particles increased but the quality of
obtained microspheres deteriorated. The microscope
image presents a great number of irregular particles
and forms of non-spherical structure. The efficiency
of the process after adding citric acid decreased to
25%. The detailed data on the efficiency of the
process, size and morphology of particles are pre-
sented in Table 4.

o N =
Figure 2. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 1 dried in parameters: inlet temperature
150°C, delivery of a pump 10%, aspirator capacity 80% (magnifi-
cation 1000x)

H WO= 1amm

In case of microspheres obtained without addi-
tion of triethyl citrate, we can observe the Eudragit
L30D55 crystals (“broom shaped” structures that are
visible on the image of sample F9), which cannot be
seen in a microscope image of microspheres dried
with addition of triethy] citrate.

Increased amount of polymer negatively affect-
ed the quality of obtained microspheres: the size of
particle increased and the morphology deteriorated.
Particular data on efficiency of the process, size and
morphology of particles are shown in Table 5.

Figures 3 and 4 present the comparison of
microspheres dried with addition of triethyl citrate
in amount of 10% in terms of dry matter of losartan
potassium and Eudragit L30D55 in proportion 1 : 1
in comparison to microspheres dried without addi-
tion of plasticizer.

Figures 3A, 4A, 3B and 4B illustrate respective
microspheres with and without addition of plasticiz-
er.

Influence of the amount of applied Eudragit on
size and morphology of achieved microspheres

The process involved drying of losartan potas-
sium suspensions on Eudragit L30D55 in the pro-
portion of 1 : 1 to 1 : 4; to each formulation triethyl
citrate was added in the amount of 10% in terms of
dry matter. The obtained product was collected in a
collector, weighed and its size and morphology were
determined by a scanning microscopy technique.
The results are presented in Table 6.

Figures 5 and 6 show selected scanning elec-
tron microscope images of microspheres, for sam-
ples presented in Table 6.
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1 pm EHT = 20.00 k¥

Signal A = SEZ
H WD= t4mm

Mag = 10.00 K X

Mag= 10.00K X

Figure 3. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 1. (3A contains the addition of triethyl citrate
(sample F6 from Table 4), 3B without plasticizer (sample F1 from
Table 1)

DISCUSSION

The method of spray drying was used in this
study to obtain microspheres with losartan potassi-
um. Losartan potassium, the antagonist of an
angiotensin II receptor, was used as a standard
active substance (model substance). The medication
was incorporated into the polymer matrix containing
Eudragit L30D55 and plasticizer, i.e., triethyl citrate
with established experimental content of 10%. The
optimization of the spray drying process and deter-
mination of the optimal amount and type of used
plasticizer were tested.

The research enables to evaluate the influence
of peristaltic pump performance on morphology of
the received end product. In all temperatures under
investigation (140-160°C), a disturbance in particle
morphology together with the increase in peristaltic
pump performance can be observed. The most
spherical forms were obtained by peristaltic pump

1 pm EHT = 20,00 kv

Signal A = SEZ
H WD= 15mm

Mag = 10.00 K X

EHT = 20.00 k¥
WD= 15mm

Sigral A = SEZ
Mag= 10.00 KX

Figure 4. Photo, made by the scanning electron microscope
(SEM), of losartan potassium microspheres : Eudragit L30D55.
On the left side of microsphere in proportion losartan potassium :
Eudragit L30D55 1 : 1 with addition of citric acid in amount of
10% of dry matter drug : polymer (sample F9 from Table 5 — Fig.
4A), on the right side without addition of plasticizer, proportion
drug : polymer 1 : 3 (sample F3 from Table 6 — Fig. 4B)

performance at 10%. The increase of the delivery of
a peristaltic pump, was accompanied by the
increased size of microspheres. The efficiency of
this process deteriorated when values of pump per-
formance increased.

Similar results were obtained by Esposito et al.
(25). They observed that application of a flow rate of
0.5 mL/min led to creation of spherical forms with
smooth surfaces, whereas, the increase of a flow rate
to 5 mL/min disturbs particle morphology, resulting
in the formation of particles with more irregular sur-
faces. At the same time, they drew the attention to
depositing large quantities of the end product on the
cyclone walls. Billancetti et al. (26), by decreasing
the flow rate of liquid through the pump, reached a
slight improvement of the pump performance,
which is compatible with the experimental results of
losartan potassium drying.

The study allows to select the optimal condi-
tions for spray drying of losartan potassium with
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1 pm’ EHT = 2000 W
WD = 19mm

Signal A= 5E2
Mag= 10.00KX

Figure 5. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 1 with addition of triethyl citrate in amount
of 10% of dry matter drug : polymer ( sample W1 magnification
10000x)

Eudragit L30D55. The most adequate parameters
that were used for further study are: input tempera-
ture of drying gas of 150°C, peristaltic pump per-
formance: 10%, and aspirator capacity of 80%.
Application of these values enables to obtain almost
42% of end product efficiency, and ensures spheri-
cal morphology of particles.

The addition of plasticizer was also estimated
in the study. The research of Rujivipat and
Bodomier (27) proved that matrixes containing
copolymer of metacrylic acid were not flexible
enough and require the presence of plasticizer.
Correspondingly to the study of Sawicki and
Makulec (24), triethyl citrate was used, whereas cit-
ric acid as a plasticizer was tested in the study of
Szymanska and Winnicka (2). Triethyl citrate was
added in the proportion of 2, 5, 10, and 15% to dry
matter of losartan potassium formulation: Eudragit
L30DS55 in proportion of 1 : 1. Citric acid was added
in proportions of 0.5, 1, and 2% to dry matter of
losartan potassium formulation: Eudragit L30D55 in
proportion of 1 : 1. The morphological properties of
the end product, and efficiency of reaction were
accepted as the criterion of assessment.

The research has shown a positive influence of
triethyl citrate on morphology and efficiency of
microspheres, and a negative influence of citric acid
on both parameters. The obtained microspheres
dried with addition of triethyl citrate were character-
ized by an expected size and shape, corresponding-
ly to the published standards. Triethyl citrate should
be used in the quantity of 10 to 15%. We observed
an increase in efficiency of the process in samples

1 EHT & 20004V
H WD= 18mm

Signal A= SE2 |
Mag = 1DDOIKX

Figure 6. Photo, made by the scanning electron microscope
(SEM), of microspheres in proportion losartan potassium :
Eudragit L30D55 1 : 3 with addition of triethyl citrate in amount
of 10% of dry matter drug : polymer ( sample W3 magnification
10000x)

with added plasticizer in the amount of 5, 10, and
15%, and at these values the efficiency of drying
improved approximately by 5%. Snejdowa et al.
(28) suggest that added plasticizer could constitute
as much as 30% of formulation. In their work,
Sawicki and Makulec (24) claimed that triethyl cit-
rate had a positive influence not only on particle
morphology but also it improved the adhesive prop-
erties, and increased the flexibility of polymer
matrixes.

Citric acid had a negative influence on all
parameters of spray drying process of losartan
potassium on Eudragit L30D55. Addition of this
plasticizer resulted in deterioration of particle mor-
phology, and had a negative influence on the effi-
ciency of the process. The average size of particles
increased but the quality of microspheres deterio-
rated.

CONCLUSIONS

1. Application of spray drying technique to produce
microspheres with losartan potassium as an
active substance on the Eudragit L30D55®
matrix, allows to obtain particles with beneficial
morphological parameters and a particle size.

2. The most beneficial morphological parameters of
microspheres were obtained with the following
parameters of spray drying: inlet temperature of
150°C, delivery of a peristaltic pump of 10%,
aspiration value of 80%.

3. In order to improve the morphological properties
of microspheres, plasticizers such as triethyl cit-



Influence of spray drying manufacturing parameters on quality...

rate and citric acid, whose tests were reported in
the literature, were verified.

A detailed study of the influence of both plas-
ticizers on the properties of microspheres with
losartan potassium on Eudragit L30D55 matrix
indicated a positive effect of triethyl citrate and a
negative effect of citric acid on morphological
properties, shape and particle size.

4. Application of optimal parameters of spray dry-
ing and triethyl citrate as plasticizer in amount of
10 to 15% enables to obtain microspheres from
1.27 um to 7.24 pm.
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Abstract: The aim of the study was to investigate the bioavailability of a generic product of 100 mg and 400
mg imatinib film-coated tablets (test) as compared to that of a branded product (reference) at the same strength
to determine bioequivalence. The secondary objective of the study was to evaluate tolerability of both products.
An open-label, randomized, crossover, two-period, single-dose, comparative study was conducted in 43
(Imatynib-Biofarm 100 mg film-coated tablet) and in 42 (Imatynib-Biofarm 400 mg film-coated tablet), brand
name Imatenil, Caucasian healthy volunteers in fed conditions. A single oral dose administration of the test or
reference product was separated by 14-day washout period. The imatinib and its metabolite N-desmethyl ima-
tinib concentrations were determined using a validated LC MS/MS method. The results of the single-dose study
in healthy volunteers indicated that the film-coated tablets of Imatynib-Biofarm 100 mg and 400 mg film-coat-
ed tablets manufactured by Biofarm Sp. z 0.0. (test products) are bioequivalent to those of Glivec 100 mg and
400 mg film-coated tablets manufactured by Novartis Pharma GmbH (reference products). Both products in the

two doses of imatinib were well tolerated.

Keywords: imatinib, bioequivalence, relative bioavailability, tolerability

Imatinib mesylate is potent revolutionary anti-
neoplastic medication of high specificity (1-3). It
functions at the molecular level inhibiting activity of
particular tyrosine kinase enzymes, namely bcr-abl
kinase, platelet-derived growth factor (PDGF)
receptor and receptor for stem cell factor (c-kit
receptor) at submicromolar concentrations. In con-
sequence, the signal transduction via ligand-stimu-
lated receptor autophosphorylation, inositol phos-
phate formation and mitogen-activated protein
kinase (MAP kinase) activation is selectively inhib-
ited with resultant cell proliferation arrest (4, 5).
This abnormal enzyme is associated with the
Philadelphia chromosome (Ph*), which is a conse-
quence of reciprocal translocation of genetic materi-
al between chromosomes 9 and 22 with generation
of the chimeric BCR-ABL fusion gene. The highly

elevated catalytic activity of the enzyme encoded by
BCR-ABL fusion gene leads to a resistance to apop-
tosis, cell transformation and malignancy (including
chronic myeloid leukemia (CML) and acute lym-
phoblastic leukemia (ALL)), and altered cell adhe-
sion. Protein product of BCR-ABL fusion gene is
present in 95% of CML and 10-25% of adult ALL
cases. Imatinib mesylate competitively blocks the
binding of ATP to the activation domain of bcr-abl,
which modulates phosphorylation status of the
kinase and diminishes its activity (3, 6). In conse-
quence, imatinib mesylate suppresses the prolifera-
tion of ber-abl+ cells (3). The efficacy of imatinib
mesylate (STI5S71) in newly diagnosed chronic Ph*
CML was evaluated in an open-label, multicentre,
international phase III study referred as International
Randomized Study of Interferon and STI571 (IRIS)

* Corresponding author: e-mail: andrzej.ostrowicz@biofarm.pl; phone: +48 61 66 51 500
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(7-9). Moreover, given the literature data, combin-
ing imatinib mesylate with conventional chemother-
apy for the treatment of newly diagnosed or mini-
mally treated Ph* ALL may yield complete remis-
sion rates approaching 95%. The agent may be
administered either concurrently or sequentially
with chemotherapy (10).

Nowadays, it is known that certain other
human tumors are considered to be associated with
deregulation of c-kit receptor. These are gastroin-
testinal stromal tumors (GIST), germ cell tumors,
mast cell tumors, small-cell lung cancers,
melanoma, breast cancer, and neuroblastoma.
Abnormal cell growth has been linked to mutation
of c-kit, which leads to ligand-independent activa-
tion of the receptor (3, 5, 11-13). There are many
studies from which it is well documented that ima-
tinib mesylate has been shown to be highly effective
in the treatment of unresectable and/or metastatic
GIST, resulting in a substantial improvement in the
survival rate. Imatinib has, therefore, become the
standard of care in patients with advanced GIST
(14-17).

Imatinib mesylate was also demonstrated to be
effective in the treatment of adult patients with
hypereosinophilic syndrome (HES) and/or chronic
eosinophilic leukemia (CEL) who are Fipl-likel-
platelet-derived growth factor receptor o chain
(FIP1L1-PDGFRa) fusion kinase positive (18-21).

Imatinib mesylate has favorable pharmacoki-
netic profile. It is well absorbed form gastrointesti-
nal tract, with bioavailability of almost 100%
(22-24). At clinically relevant concentrations ima-
tinib mesylate is highly bound to plasma protein (ca.
95%), primarily to al-acid glycoprotein (22, 25). It
undergoes a considerable metabolism in the liver,
mainly via CYP3A4. The main metabolite, CGP
74588, is known to be active, and the elimination of
this and other metabolites is more than 90% through
the bile (22, 23). The elimination half-life of ima-
tinib mesylate is approximately 18 h, with two- to
three-fold accumulation at steady-state (22, 26).

The recommended dose of imatinib mesylate is
400 mg/day for adult patients in chronic phase CML
and 100 mg/day with HES/CEL (27). The drug is a
generally well tolerated drug, with chronic oral daily
dosing.

The reference product in the present study was
an already approved and commercially available
Glivec (100, 400 mg), film-coated tablets (Novartis
Pharma GmbH).

For the registration purposes, the efficacy and
safety of this product has been proven already in
clinical trials. This drug has therefore served as a

reference and a basis for comparison to a imatinib
mesylate test product: Imatynib-Biofarm (Imatenil).
It is known that imatinib mesylate exists in two
polymorphic forms o and B, which differ in their
physicochemical properties i.e., melting points (t .
226°C and 217°C, respectively) or entalphy of ther-
mal events (36). Moreover, the both polymorphs
exhibit a tendency to generate amorphous form dur-
ing some technological processes i.e., grinding (36).
There are some suggestions that differences in the
apparent solubilities of the various polymorphic
forms can affect the drug bioavailability and bioe-
quivalence (37). Since imatinib mesylate in the
Imatynib-Biofarm (Imatenil) exists in oo form only
(38), whereas in Glivec the B form is postulated
(39), therefore the differences in their bioavailabili-
ty cannot be excluded. So, the aim of the study was
to investigate the pharmacokinetic properties and
the bioequivalence of imatinib from a new prepara-
tion: Imatynib-Biofarm 100 and 400 mg film-coated
tablets Imatenil (Biofarm Sp. z 0.0.) compared with
the reference formulation Glivec (100, 400 mg),
film-coated tablets (Novartis Pharma GmbH) fol-
lowing a single oral dose administration of 100 or
400 mg under fed conditions. Moreover, its active
metabolite derivative — desmethyl imatinib
(CGP74588) pharmacokinetics was planned to be
evaluated as supportive information. The secondary
objective of the study was to compare tolerability of
the products.

EXPERIMENTAL

Subjects and Methods
Study products

The test products were: Imatynib-Biofarm 100
mg film-coated tablet (Imatenil) batch no: 030709
and Imatynib-Biofarm 400 mg film-coated tablet
(Imatenil) batch no: 011210 manufactured by
Biofarm Sp. z 0.0. The reference product was Glivec
(100 and 400 mg, film-coated tablets, batch no.
S0041 and batch no. S0197, respectively, manufac-
tured by Novartis Pharma GmbH.

Subjects

The study was performed as a single centre,
open-labeled, randomized, two-period, 2-way
crossover, single dose study under fed conditions
with a washout period of 14 days between drug
administrations in each treatment period. Subjects
were selected according to the inclusion and exclu-
sion criteria in order to obtain a low individual vari-
ability within the subject group. The demographic
characteristics of the study population was shown in
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Table 1. Healthy willing male and postmenopausal
female subjects (male aged between 21 and 58 years
and female aged between 42 and 58 years), able to
communicate clearly with the study personnel and
able to give written consent for participation in the
study, who were non-smokers or no-users of tobac-
co products for at least ninety (90) days before
screening, having body mass index (BMI) between
18.50 kg/m? and 26.99 kg/m’ (the minimum body
weight for males was not less than 60 kg, for
females — not less than 50 kg), having no significant
diseases (current or past), no clinically significant
abnormal laboratory values or clinically significant
abnormal results of 12-lead ECG, vital signs and
chest X-ray, with physical examination without any
clinically relevant abnormality were randomized
and included to the study.

A single dose of test drug (Imatynib-Biofarm,
100 or 400 mg film-coated tablet) or a single dose of
reference drug (Glivec, 100 or 400 mg film-coated
tablet) were administered by the oral route for sub-
sequent subjects in the morning on days 1 and 15
(treatment period I and II) in the sitting position,
according to the randomization list and under open-
label conditions. The tablet was administered, 30
min after standardized breakfast, with 240 mL of
boiled water (at room temperature). No other food
was allowed until 4 h after drug administration. No
fluid intake apart from the fluid given at the time of
drug intake was allowed from 2 h before until 2 h
after dosing.

Study design

This study was prepared according to the Note
for Guidance on the Investigation of Bioavailability
and Bioequivalence, CPMP/EWP/QWP/1401/98
(28) and the Note for Guidance on the Investigation
of Bioavailability and Bioequivalence, CPMP.
EWP/QWP/1401/987/Rev 1 (29). The use of a
generic preparation of a therapeutically well-estab-
lished active drug principle has to be justified by an
appropriate bioequivalence study, because the proof
of bioequivalence of the test and reference products
assures equal therapeutic efficacy. The study was
conducted between January 2010 and June 2010 (for
the dose of 100 mg) and December 2010 and April
2011 (for the dose of 400 mg) by Lambda
Therapeutic Research Sp. z 0.0., Centrum Badan
Klinicznych NZOZ in Warszawa in compliance
with the approved Protocols in adherence to Good
Clinical Practices and Ethical Principles, as
described in: ICH harmonized Tripartitate
Guidelines for Good Clinical Practice and World
Medical Association Declaration of Helsinki and its

amendments (30, 31). Ethical approval was received
from the Independent Ethics Committee (IEC) in
Warszawa. The clinical trial registration numbers of
the study were KB/693/09 for Imatynib-Biofarm
100 mg film-coated tablet and KB/733/10 for
Imatynib-Biofarm 400 mg film-coated tablet. The
Ministry of Health approval was obtained on
January 21, 2010 for Imatynib-Biofarm 100 mg
film-coated tablets (approval number CEBK/
0034/10) for Imatynib-Biofarm 400 mg film-coated
tablet was obtained on January 11, 2011 (approval
number CEBK/0007/11). The studies were regis-
tered in EudraCT and obtained the numbers:
EudraCT 2009-016180-10 and 2010-021028-91 for
the dose of 100 mg and 400 mg, respectively. All
eligible subjects provided written informed consent
to participate and were free to withdraw from the
study at any time without any obligation.

Blood sample collection

Blood samples for determination of imatinib
and it’s metabolite concentrations were collected up
to 96 h after the drug administration in 19 time
points in each treatment period.

Just before the first blood sampling (the morn-
ing of a day of drug administration), a cannula was
introduced into a vein and blood samples were col-
lected during the study by means of this cannual till
pharmacokinetic blood sample at 72-h post dose in
each treatment period. After the cannulation of the
vein, a pre-dose PK sample of 7 mL was collected.
Blood samples were obtained prior to dosing (base-
line) and 0.5; 1.0; 1.5; 2.0; 2.5; 3.0; 3.5; 4.0; 5.0;
6.0; 8.0; 12.0; 16.0; 24.0; 36.0; 48.0; 72.0 and 96.0
h post-dose (19 samples per subject in each treat-
ment period). Blood was collected from cubital vein
or forearm vein or from veins into the tubes with
anticoagulant. After collection, the blood samples
were immediately cooled in an ice bath and then
were centrifuged at 3000 £ 100 rcf or 4200 = 100
rpm for 5 min below 10°C to separate plasma. The
separated plasma in the study for Imatynib-Biofarm
100 mg was transferred to pre-labelled polypropy-
lene tubes in 2 aliquots (around 0.7 mL in case of
pre dose sample and rest of the volume in second
lot) and stored upright at a temperature —55°C or
colder for interim storage until shipment to bioana-
lytical laboratory, for analysis.

The separated plasma in the study for
Imatynib-Biofarm 400 mg was transferred to pre-
labelled polypropylene tubes in 2 aliquots (around
1.25 mL in first lot, 1.75 mL in case of pre dose
sample and rest of the volume in second lot) and
stored upright at a temperature —55°C or colder for
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interim storage until shipment to bioanalytical labo-
ratory, for analysis.

Determination of imatinib and its metabolite N-
desmethyl imatinib plasma concentrations
Plasma samples of subjects, were assayed for
imatinib and its metabolite N-desmethyl imatinib
(CGP74588) using a precise and accurate LC-
MS/MS method (ACQUITY UPLC BSM binary
solvent manager, Acquity UPLC SM sample man-
ager with column heater and Waters Quattro
Premier XE mass spectrometer) with imatinib-dgy &
N-desmethyl imatinib-dg as the internal standards
(ISTD), which is validated according to the interna-
tional guidelines at Lambda Therapeutic Ltd., UK.
The method has been developed and validated for
calibration curve ranging from 5.012 to 2999.700
ng/mL for imatinib and from 1.999 to 400.660
ng/mL for N-desmethyl imatinib. Briefly, the ana-
Iytes and internal standards were extracted from
plasma using liquid-liquid extraction method. It
means that the frozen calibration curve standards,
quality control samples and the study samples were
thawed in a water bath maintained at room temper-
ature and vortexed to ensure complete mixing of
contents. Two hundred fifty microliters of each of
the calibration curve standards, quality control sam-
ples and the subject samples were aliquoted into
pre-labeled tubes. Fifty microliters of the ISTD
dilution mixture (about 200 ng/mL of imatinib-dg
and about 375 ng/mL of N-desmethyl imatinib-dy)
was added to each tube except for standard blank,
Subject blank and blank QC tubes and vortexed for
1 min. Thereafter, 100 uL of 100 mM ammonium
formate buffer (pH 7.0) was added to each tube and
vortexed for 1 min followed by the addition of 4 mL
of extraction solution and vortexed for 10 min. The

Table 1. The demographic characteristics of the study population.

samples were centrifuged at 3345 £ 150 rcf for 5
min at 10°C using imatinib-d; and N-desmethyl
imatinib-dg as the internal standards. The plasma
layer was flash-frozen in alcohol freezing bath and
organic layer was transferred into pre-labeled tubes.
The contents were evaporated to dryness at room
temperature under nitrogen stream and reconstitut-
ed with 250 pL of the reconstitution solution and
vortexed. Next, the contents were transferred into
appropriate autosampler vials for analysis. Ten
microliters of each sample was chromatographed
on Hypersil GOLD, 150 X 4.6 mm, 5 um column
maintained at 40°C using an binary mode of mobile
phase system composed of 70% of acetonitrile and
30% of 2 mM ammonium formate buffer (pH 3.5).
Imatinib and ISTD-1 and N-desmethyl imatinib and
ISTD-2 were monitored in the positive ion mode
using the MRM transitions (m/z 494.22 > 394.10
for imatinib, m/z 502.00 > 394.10 for ISTD-1, m/z
480.20 > 394.10 for N-desmethyl imatinib, m/z
488.44 > 394.15 for ISTD-2) and retention times
(imatinib and ISTD-1 — 1.74 min; N-desmethyl
imatinib and ISTD-2 — 1.70 min). MassLynx
Software Version 4.1 was used for the evaluation of
chromatographic data. A linear equation was
judged to produce the best fit for the concentration
vs. area response relationship. The regression type
was 1/concentration and peak area ratio for an 8-
point calibration curve was found to be linear from
5.012 (lower limit of quantification) to 2999.700
ng/mL for imatinib and from 1.999 (lower limit of
quantification) to 400.660 ng/mL for N-desmethyl
imatinib with correlation coefficient (r) greater than
0.99 for imatinib and N-desmethyl imatinib during
the course of validation. For imatinib, the range of
precision and accuracy of the back-calculated con-
centrations of the standard curve points was from

and Glivec, 100 mg

Imatynib-Biofarm, 100 mg

Imatynib-Biofarm, 400 mg
and Glivec, 400 mg

Mean = SD

Parameter
(units)

n = 43"
(Subjects who
were enrolled
into the study)

n =37
(Subjects who
completed all

phases of the study)

n=42*
(Subjects who
were enrolled
into the study)

n=37
(Subjects who
completed all

phases of the study

Age (years) 32.1 £9.87 324 +9.84 339+11,78 34.1£11.59
Height (cm) 177.1 £7.62 1774 £7.12 177.1 £ 8.70 1774 +9.11
Weight (kg) 742 £8.10 75.0+7.63 75.6 +£7.28 75.6 £7.16
BMI (kg/m?) 23.63 +1.89 23.83+1.84 242 +1.79 24.1 £1.86

Arithmetic mean + SD. *— 4 females; * — 4 females
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1.0 to 5.5% and from 97.0 to 102.7%, respectively,
whereas for N-desmethyl imatinib these parameters
were from 1.9 to 4.2% and from 96.5 to 102.2%,
respectively. Precision and accuracy of imatinib
and N-desmethyl imatinib was determined for limit
of quantification, low, medium and high concentra-
tions of quality control samples in the biological
matrix, based on the expected range. Accuracy (%
nominal) for inter-day and intra-day was within
85-115% of the nominal value for all quality con-
trol samples except for LOQ QC, which was within
80—-120%. For precision, the % CV was = 15% for
all quality control samples, except for LOQ QC,
which was > 20%.

Pharmacokinetic and statistical analyses

The pharmacokinetic parameters for imatinib
and its metabolite N-desmethyl imatinib were deter-
mined from the plasma concentration vs. time curve
with the aid of the WinNonlin Professional Software
version 5.3. The parameters selected as primary end-
points of the study were: the area under the plasma
concentration vs. time curve (AUC,,), and the max-
imum plasma concentration of the drug (C,,,,). The
time to reach maximum plasma concentration of the
drug (T,,,,), the elimination half-life (t,,) and 1z as a
first order rate constant associated with the terminal
(log-linear) portion of the curve. C,,, and T,,,, were
obtained directly from the experimental data. The

elimination rate constant (1z) was estimated by lin-
ear least squares regression analysis using at least
last three or more non-zero plasma concentration
values. The t,, was calculated as In 2/lz. The AUC,,
was calculated as the area under the plasma concen-
tration versus time curve from time zero to the last
measurable concentration as calculated by linear
trapezoidal method. The AUC,. was calculated
where AUC,.. = AUC,, + C/z, where C, is the last
measurable concentration and z is the terminal
elimination rate constant. For metabolite N-
desmethyl imatinib: AUC,, = AUC, 4 (truncated at
96 h). The residual area in percentage
(AUC_%Extrap_obs) was determined by the for-
mula [(AUC,.. — AUC,,)/ AUC,..] x 100. The sta-
tistical calculations were performed using the SAS
(Version 9.2 or higher) software. The tests for nor-
mality of In-transformed pharmacokinetic parame-
ters were performed with proper tests. The analysis
of variance (ANOVA) was performed on the In-
transformed data. The statistical significance of
effects was determined on basis of the calculated p-
values with value larger than 0.05 meaning no sta-
tistical significance.

Based on the ANOVA results, 90% confidence
interval (CI) for the uT/uR (ratio of geometric
means for the test and the reference product) of the
analyzed pharmacokinetic parameters was con-
structed. Bioequivalence was assumed when 90%

Table 2. Plasma pharmacokinetic parameters of imitanib after a single dose administration of the Imatynib-Biofarm 100 mg (test product)

and the Glivec 100 mg (reference product).

Imatynib-Biofarm 100 mg (test product)
Pharmacokinetic Arithmetic Median Geometric SD CV [%]
parameter mean mean
T (h) 29 2.5 2.5 1.5 51.7
C,.x (ng/mL) 427 428 405 149 35.0
AUC,, (ng x h/mL) 6582 6510 6252 2169 329
AUC,.. (ng x h/mL) 67009 6558 6365 2244 33.4
Az (1/h) 0.041 0.040 0.041 0.0083 20.1
t,, (h) 17.4 17.5 17.066 3.2 18.7
AUC_%Extrap_obs (%) 2.036 1.690 1.831 1.04 51.1
Glivec 100 mg (reference product)
T (h) 32 3.0 2.8 1.5 47.8
C,. (ng /mL) 410 370 388 146 35.6
AUC,, (ng x h /mL) 6418 5999 6012 2344 36.5
AUC,.. (ng x h /mL) 6554 6104 6126 2440 37.2
Az (1/h) 0.041 0.041 0.040 0.0088 21.3
ty, (h) 17.5 16.9 17.2 3.8 22.0
AUC_%Extrap_obs (%) 2.141 1.715 1.871 1.45 67.7
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Table 3. Plasma pharmacokinetic parameters of N-desmethyl imatinib after a single dose administration of the Imatynib-Biofarm 100 mg

(test product) and the Glivec 100 mg (reference product).

Imatynib-Biofarm 100 mg (test product)
Pharmacokinetic Arithmetic Median Geometric SD CV [%]
parameter mean mean
T (h) 32 3.0 2.7 1.8 57.0
C,.x (ng/mL) 40.6 37.1 38.4 14.9 36.6
AUC,, (ng x h/mL) 937 861 898 282 30.1
AUC,.. (ng x h/mL) 1136 1016 1088 355 31.3
Az (1/h) 0.017 0.017 0.017 0.0035 20.6
t,, (h) 17.3 16.0 16.6 5.2 30.0
AUC_%Extrap_obs (%) 17.3 16.0 16.6 52 30.0
Glivec 100 mg (reference product)
T (1) 33 3.0 29 1.7 52.1
C,.. (ng/mL) 39.0 38.2 37 12.8 329
AUC,, (ng xh/mL) 9434 833 889 335 355
AUC,.. (ng x h/mL) 1153 1018 1084 418 36.2
Az (1/h) 0.016 0.016 0.016 0.0033 20.0
t,, (h) 44.0 44.0 43.0 10.2 232
AUC_%Extrap_obs (%) 17.8 16.5 17.1 5.6 31.3
CI of the point estimate (test over reference prod- RESULTS

ucts) for AUC,,, AUC,_, and for C,,,, falls within the
80.00-125.00% range and when the Schuirmannis
TOST test (two one-sided ¢-test) was complied (p <
0.05) (28, 29, 32, 33). The statistical analysis for
T,..x Was performed on the untransformed data using
the non-parametric Wilcoxon test.

Tolerability/safety analysis

In order to prevent the occurrence of an
adverse events during the study, the following meas-
ures have been taken: the drug administration was
limited to a single oral dose of 100 or 400 mg/study
period; only healthy adult volunteers with no histo-
ry of hypersensitivity reactions to the drug or other
related molecules were enrolled; the investigator has
checked each volunteer’s well being prior to his/her
discharge from the clinic. Tolerability and safety
were determined by monitoring vital signs (blood
pressure, heart rate, body temperature) at baseline
and at the end of each period. Laboratory results
(hematology, urinalysis, blood biochemistry) col-
lected before and after the study of all the subjects
were also considered. The participants were inter-
viewed by the physician as well as nonspecific ques-
tioning. All the subjects were advised to report any
adverse event or undesirable sign or symptom at any
time during the study period.

Study population

The study was conducted in 43 (Imatynib-
Biofarm 100 mg, film coated tablet) and in 42
(Imatynib-Biofarm 400 mg, film coated- tablet)
Caucasian non-smoking healthy male and female
subjects. In each studies 37 subjects completed all
phases of the study. The results of the physical exam-
ination for all subjects during the pre-study visit and
post-study visit were found to be normal. No subject
abandoned the study for any reason. The summary of
the demographic data of the population is presented
in Table 1. The clinical part of the study with 100 mg
of Imatynib-Biofarm was completed without deaths,
serious adverse events and suspected unexpected
serious adverse reactions. During the study, a total
number of adverse events was 35. During the whole
study period, 35 non-serious adverse events were
reported in 18 subjects. No deaths or serious adverse
events were reported during the study. Twelve
adverse events occurred in treatment period I, 1
adverse event in wash-out period, 15 in treatment
period II and 7 adverse events occurred during the
follow-up examination. Twenty adverse events were
of mild intensity and 15 of moderate. There was 1
adverse event classified as significant adverse event
— allergic reaction. Moreover, there were 6 adverse
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events in post-study laboratory values estimated as
clinically relevant abnormalities. One adverse event
was related to the study drug, 20 adverse events were
possible related and 14 were not related to the study
drug. All adverse events were resolved.

In the study for Imatynib-Biofarm 400 mg dose,
the 43 non-serious adverse events were reported in
21 subjects for both product (test and reference). No
death or serious adverse events were reported during
the study. Twenty three adverse events occurred in
treatment period L, 2 adverse events in wash-out peri-
od, 8 in treatment period II and 10 adverse events
occurred during the follow-up examination. Thirty
one adverse events were of mild nature, 11 moderate
and 1 severe. Twenty nine adverse events were
assessed as possibly related to the study drug and 14

300
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Mean plasma concentration (ng/mL)
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as not related to the study drug. All adverse events
were resolved. The adverse events were: ALT
increased (4 events), vascular access complication (4
events), blood glucose increased (3 events), blood
triglycerides increased (3 events), constipation (3
events), AST increased (2 events), CRF increased (2
events), weakness (2 events), abnormal body tem-
perature (1 event), back pain (1 event), bad feeling (1
event), blood cholesterol increased (1 event), blood
pressure increased (1 event), cough (1 event), diar-
rhea (1 event), dry skin (1 event), faint (1 event),
headache (1 event), loose stools (1 event), muscle
pain (1 event), nausea (1 event), pain of orchis (1
event), proteinuria (1 event), rhinitis (1 event), sleep
disturbances (1 event), WBC abnormal (1 event),
wind (1 event) and vertigo (1 event).
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Figure 1. Linear plot of mean plasma concentration of imatinib versus time curves after administration of reference product- R (Glivec)
and test product-T (Imatynib-Biofarm) under fed conditions in healthy volunteers. A: Glivec — 100 mg, Imatynib-Biofaam — 100 mg; B:

Glivec — 400 mg, Imatynib-Biofarm — 400 mg
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Pharmacokinetics and bioequivalence analysis
The mean plasma concentrations vs. time pro-
files after a single oral administration of both prod-
ucts with imatinib in two doses are shown in Figure
1, whereas its metabolite, N-desmethyl imatinib, in
Figure 2. The descriptive statistics of pharmacoki-
netic parameters is shown in Tables 2, 4 for imatinib
and in Tables 3, 5 for metabolite — N-desmethyl
imatinib, respectively. It appeared that one cannot
reject the hypothesis on the In-normal distribution of
the AUC,,, AUC,.., AUC_%Extrap _obs, C.., ti»
and 1z for both test and reference products at the sig-
nificance level oo = 0.05. The T, distribution val-
ues were significantly different from the normal dis-
tribution; therefore, in the subsequent analysis non-
parametric tests were used for the evaluation. All

primary pharmacokinetic parameters, i.e., AUC,,,
AUC,_, and C,,,, met the bioequivalence regulatory
criteria and there were no statistical differences
between proper values of the pharmacokinetic
parameters (Tables 6, 7). The descriptive statistics
for /Az and t,,, were similar for the test and reference
products and there were no statistical differences
between proper values of these pharmacokinetic
parameters (Tables 2-5). The descriptive statistics
of T, of imatinib were similar for the test and ref-
erence products (Tables 2, 4), but lower variability
in T,,, was observed for the test product (CV =
47.8% (100 mg) and 39.6% (400 mg)) than for the
reference product (CV =51.7% (100 mg) and 58.6%
(400 mg)), respectively. However, since p-value for
Wilcoxon-Signed-Rank Test was p > 0.05, therefore
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Figure 2. Linear plot of mean plasma concentration of N-desmethyl imatinib versus time curves after administration of reference product
—R (Glivec) and test product —T (Imatynib-Biofarm) under fed conditions in healthy volunteers. A: Glivec — 100 mg, Imatynib-Biofarm —

100 mg; B: Glivec — 400 mg, Imatynib-Biofarm — 400 mg
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the null hypothesis was not rejected and led to con-
clude that the difference between the two treatments
R and T (both for 100 and 400 mg) with respect to
pharmacokinetic parameter T,,, was not significant.
Similarly, there were not significant differences
between T,,, of N-desmethyl imatinib for test and
reference products both in the dose of 100 and 400
mg (Tables 3, 5).

Tolerability/safety

Both products in two doses were well tolerated.
Thirty seven subjects completed the study without
any significant serious adverse events. No clinically
significant abnormalities on physical examination
including vital signs measurement, ECG recordings
and laboratory results were observed.

DISCUSSION

The aim of the study was to evaluate the
bioequivalence between the test (Imatynib-
Biofarm manufactured by Biofarm Sp. z 0.0.) and
the reference (Glivec manufactured by Novartis
Pharma GmbH) products. The clinical part of the
study was designed in compliance with the respec-
tive EMA guidelines (28, 29). Based on the ima-
tinib elimination half-life of 18 h (22, 26), and tak-
ing into account imatinib metabolite long half-life

(about 40 h) (34) and that to avoid carryover effect
in second study period washout period should be
at least 5 times of the half-life long, wash-out peri-
od of 14 days was chosen in that study. For all pro-
files, the AUC,, was at least 80% of the AUC,
which confirmed the proper duration of sampling.
The current study demonstrated comparable
bioavailability of Imatynib-Biofarm 100 and 400
mg film-coated tablets with Glivec 100 and 400
mg film-coated tablets, respectively. The pharma-
cokinetic values (C,,, T,. and AUC) for N-
desmethyl imatinib were also found to be nearly
identical for both the test and reference dose forms
of imatinib. If the 90% confidence interval of two
one-sided tests for ratio of geometric means (test
formulation Imatynib-Biofarm over reference for-
mulation Glivec) for both C,,,, and AUC,, of ima-
tinib were included entirely in the acceptance
range of 80.00-125.00%, the test formulation
(Imatynib-Biofarm) was assumed as bioequivalent
to the reference formulation (Glivec). The similar
pharmacokinetic property of the metabolite further
supports the bioequivalence of the tablet product.
This study indicated relatively rapid absorption of
the 100 and 400 mg tablet (median T, 2.5 and 2.5
h, respectively) after oral administration that was
comparable with that of Glivec tablets (T, 3.0
and 4.0, respectively). The coefficient for varia-

Table 4. Plasma pharmacokinetic parameters of imitanib after a single dose administration of the Imatynib-Biofarm 400 mg (test product)

and the Glivec 400 mg (reference product).

Imatynib-Biofarm 400 mg (test product)
Pharmacokinetic Arithmetic Median Geometric SD CV [%]
parameter mean mean
T (h) 29 2.5 2.5 1.7 58.6
Cx (ng/mL) 15477 1549 1452 579 374
AUC,, (ng x h/mL) 24705 22562 23295 8902 36.0
AUC,.. (ng x h/mL) 25065 22808 23640. 9005 359
Az (1/h) 0.043 0.043 0.043 0.0065 15.1
t,, (h) 16.4 16.0 16.2 2.6 15.9
AUC_%Extrap_obs (%) 1.45 1.14 1.27 0.86 59.0
Glivec 400 mg (reference product)
T (h) 3.5 4.0 32 1.38 39.6
C,. (ng /mL) 1506 1439 1443 459 30.5
AUC,, (ng x h / mL) 24545 24149 23437 778 31.7
AUC,.. (ng x h /mL) 24913 24304 23772 7957 31.9
Az (1/h) 0.044 0.044 0.044 0.007 15.6
ty, (h) 159 159 15.8 2.44 15.3
AUC_%Extrap_obs (%) 1.41 1.20 1.19 0.88 62.7
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Table 5. Plasma pharmacokinetic parameters of N-desmethyl imatinib after a single dose ad-ministration of the Imatynib-Biofarm 400 mg
(test product) and the Glivec 400 mg (reference product).

Imatynib-Biofarm 400 mg (test product)
Pharmacokinetic Arithmetic Median Geometric SD CV [%]
parameter mean mean
T (h) 2.6 2.0 23 1.7 61.7
C,. (ng/mL) 168 151 160 55 32.8
AUC,, (ng x h/mL) 3698 3477 3476 1333 36.0
AUC,.. (ng x h/mL) 4561 4318 4273 1691 37.1
Az (1/h) 0.017 0.017 0.016 0.0036 21.6
t,, (h) 43.9 40.8 42.6 11.8220 26.9
AUC_%Extrap_obs (%) 18.4 16.7 17.4 6.5798 35.8
Glivec 400 mg (reference product)
T (h) 32 2.5 29 1.7 53.8
Coux (ng / mL) 162 150 153 55 34.0
AUC,, (ng xh/mL) 3705 3796 3447 1446 39.0
AUC,.. (ng x h/mL) 4481 4311 4151 1852 41.3
Az (1/h) 0.018 0.018 0.017 0.0030 16.7
t,, (h) 40.3 394 39.7 7.1 17.7
AUC_%Extrap_obs (%) 16.8 16.1 16.2 4.8 28.8

Table 6. The 90% confidence intervals based on the Schuirmannis TOST test and using mean square error esti-

mated from ANOVA analysis of pharmacokinetic parameters for imatinib.

100 mg
I Point 90% confidence Estimated
Pharmacokinetic . . . .
" estimate interval intrasubject CV
parameter (%] (%] (%]
AUC,, 104.2 99.3-109.2 12.1
AUC,.. 104.1 99.2-109.1 12.2
Ca 104.6 98.4-111.2 15.7
400 mg
AUC,, 99.6 94.8-104.7 12.7
AUC,.. 99.7 94.8-104.8 12.7
Cha 100.7 94.8-107.0 15.5

tion for T,,,, C,..and AUCs showed considerable
intersubject variability (up to 15.7%). Nikolova et
al. (34) reported that the intra subject variability
for C,,, was on the level of 20%. Although the
cause of this was not clear, it is below observed in
the above mentioned study and may be attributed
to intersubject differences in plasma proteins bind-
ing to the parent compound or to variations in
CYP3A4, the major CYP isoenzyme involved in
the microsomal metabolism of imatinib. It is
known that variability in CYP3A activity between

individuals is large (35) and may in part have con-
tributed to the large intersubject variability.

There were no serious adverse events report-
ed during the conduct of the trials. Only 1 adverse
event was assessed as significant. Based on the
clinical results for the parent drug, the study
clearly demonstrated that new formulations of
imatinib (Imatynib-Biofarm 100 and 400 mg film-
coated tablet) were tolerated in the same way as
reference drug (Glivec 100 and 400 mg film-coat-
ed tablet).
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Table 7. The 90% confidence intervals based on the Schuirmannis TOST test and using mean square error esti-
mated from ANOVA analysis of pharmacokinetic parameters for N-desmethyl imatinib.

100 mg
Pharmacokinetic Pf)int 90%. confidence ) Estimated
estimate interval intrasubject CV

parameter (%] (%] (%]
AUC,, 101.2 96.9-105.6 10.9
AUC,.. 100.6 96.6-104.7 10.3
Cha 103.7 96.8-111.0 17.5

400 mg
AUC,, 104.2 95.4-107.3 15.0
AUC,.. 103.4 96.6-110.6 17.4
Chx 104.3 97.6-111.4 16.9

CONCLUSION 4. Druker B.J, Lydon N.B.: J. Clin. Invest. 105, 3

The results of this single-dose study in healthy
white volunteers indicated that Imatynib-Biofarm 100
and 400 mg film-coated tablets manufactured by
Biofarm Sp. z o.0. (test products) are bioequivalent to
Glivec 100 and 400 mg film-coated tablets manufac-
tured by (Novartis Pharma GmbH) (reference prod-
ucts), even though the imatinib mesylate as the active
substance in these preparations differs in polymor-
phic forms, as it was mentioned earlier. Both products
were well tolerated. It should be noted that the results
for AUC (for imatinib and N-desmethyl imatinib in
the study for 100 mg and 400 mg) are generally fit-
ting in the limited acceptance interval for drug in nar-
row therapeutic index 90.00-111.11%. It is an impor-
tant premise allowing to conclude the high quality of
tested products in term of bioequivalence.
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Abstract: The aim of this research was to carry out a comparative study of lowering of uric acid by the use of
dried powder of Colchicum luteum and allopathic drug (allopurinol) in rabbits, to determine whether herbal
drugs can be used by patients instead of allopathic drugs. The herbal medicine, dried corm powder of
Colchicum luteum 2.5 mg/kg/day and dried powder of allopurinol 2 mg/kg/day an allopathic medicine, was
used in the study. The results of these medicines were observed in animal model, using 12 adult rabbits, which
were divided into three groups A, B and C, respectively, where group C was taken as control. The SPSS ver-
sion 17 was used for statistical analysis and analysis of variance (ANOVA) was used for comparing the data in
different groups and the level of significance was 5%. It was resulted that dried corm of Colchicum luteum sig-
nificantly reduced the uric acid in adult rabbits as reduced by allopathic medicine — allopurinol. In the light of
present research we concluded that the herbal medicines can be used in lieu of allopathic drugs. Thus, the risk
of side effects that are associated with the prolonged use of allopathic drugs can be minimized.

Keywords: herbal medicine, Colchicum luteum, allopurinol, reduction in uric acid

Hyperuricemia, a common biochemical abnor-
mality can be termed as the increased concentration
of serum uric acid beyond the limit of solubility
(approximately 6.8 mg/dL) (1). Hyperuricemia is
the abnormally raised uric acid concentration in the
blood (2), usually defined as more than 6.8 mg/dL
(3). Serum uric acid levels greater than 6 mg/dL in
females and 7 mg/dL in males deal with hyper-
uricemia (4). Hyperuricemia can also be termed as
uric acid concentration greater than 7.0 mg/dL in the
blood (5), which results in diseases like gout and
arthritis, i.e., rheumatoid arthritis. For a long time,
hyperuricemia and gout were used interchangeably,
but uric acid is now confirmed as a nuisance factor
for many other abnormalities in the body metabo-
lism. It is well established that hyperuricemia is the
actual cause of gout (6). Deposits of crystals of
monosodium urate in tissues lead to arthritis and
gout i.e., gouty arthritis characterized by swelling of
one or more joints in the lower extremities, erythe-
ma and recurring attacks of pain (7). Elevated serum
uric acid level in combination with joint symptoms
help in diagnosing gouty arthritis (8). Hyper-

uricemia may lead to an autosomal dominant renal
disease i.e., familial juvenile hyperuricemic
nephropathy (FJHN). The diseases caused by hyper-
uricemia include gout or arthritis, multiple compli-
cations and metabolic syndromes like insulin
resistance and dyslipidemia and it may also be a
cause of severe cardiovascular diseases and chron-
ic kidney diseases and renal stones, if not managed
properly (9).

Uric acid is the final product of protein metab-
olism in human beings (10). Allantoin is the end
product in lower animals, which is much more solu-
ble than uric acid found in humans. Deficiency of
hepatic enzyme, uricase and lower fractional excre-
tion of uric acid are the main causes of higher levels
of uric acid in the blood in human beings (11).
Hyperuricemia may result from decreased excretion
(90%) of uric acid, overproduction (10%) of uric
acid, or as a result of combined mechanism (12).

Food and Drug Administration approved allo-
purinol in 1966 for treatment of hyperuricemia and
gout (13). Allopurinol helps in the management of
hyperuricemia and thus helps in the treatment of
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gout and arthritis by inhibiting the biosynthesis of
purines and pyrimidines in man (14).

Colchicum luteum is being used generally in
the Unani system of medicines as a main ingredient
in many herbal formulations for the treatment of
several diseases since a long time. Colchicum
luteum belongs to the family Liliaceae (15). The
genus colchicum includs almost 42 species mostly
endemic to the Middle East and South Africa to
Western Europe and Asia (16). Corms of the
Colchicum luteum are widely used in the treatment
of gout, arthritis and several diseases of the spleen
and liver. The corms are also used for the purifica-
tion of blood (17). The seeds and corms of the plant
are used by practitioners for the treatment of arthri-
tis, gout, rheumatic fever and several complications
of spleen and liver (18).

The active principle in colchicum is the alka-
loid “colchicine”, which provides dramatic relief
from acute attacks of gouty arthritis. This
antirheumatic effect is highly specific for gout and
colchicum has little effect on non-gouty arthritis and
no analgesic property.

MATERIALS AND METHODS

All the drugs used were of pharmaceutical/ana-
lytical grade with known assay. Fructose (BDH
Laboratory  Supplies, London), allopurinol
USP30/BP2008, Batch No. 20111102, (Shanghai
Chemicals & Pharmaceuticals Co. Limited, China)
provided by Pharmedic Laboratories, Lahore, dried

corms of C. luteum (R&D Department, Qarshi
Laboratories, Lahore) and uric acid determination
kit (Crescent Diagnostic, Lahore). Analytical bal-
ance (Mettler Toledo AB54-S), centrifuge (BHG),
incubator/oven (Memmert Schwabach, Germany),
spectrophotometer (UV-1700, Shimadzu), refrigera-
tor/freezer (Dawlance), BD syringes, capsule shells
and wooden restraining boxes were use in the study.

Animals

Twelve adult healthy albino rabbits with
weights ranging from 1.3 kg to 1.6 kg were bought
from the city local market and they were housed in
clean metal hutches in the animal house of
University College of Pharmacy, University of the
Punjab, Lahore, Pakistan. The animals were
exposed to their usual feeding pattern and green
fodder and water were provided to all of the rabbits.
The temperature of the animal house was main-
tained at 22.5 £ 2°C. Before conducting the study,
the rabbits were acclimatized in the animal house for
a week.

Study protocols

All the twelve rabbits were administered with
oral fructose syrup for ten days to induce hyper-
uricemia. A daily dose of fructose syrup, i.e., 1 gram
per kg per day was given to all of the rabbits (19).
The weighed amount of fructose was dissolved in
distilled water at 37°C. Syringes were used to dis-
pense the appropriate preparation and amounts into
the mouth of the animals. After attaining a specific

Table 1. Comparison of uric acid at different follow-ups in group “A” (allopurinol).

No. Follow up duration Mean (mg/dL)
0 Base line (day 0) 8.50 £ 1.41
1 1st Follow up (day 01) 6.96 +0.42
2 2nd Follow up (day 04) 6.95 + 1.87
3 3rd Follow up (day 07) 3.99 £0.26
4 4th Follow up (day 10) 5.85+0.72
5 5th Follow up (day 13) 4.75 £ 0.68
6 6th Follow up (day 16) 4.16 £ 0.57
7 7th Follow up (day 19) 3.78 £0.39
8 8th Follow up (day 22) 3.53+£0.40
9 9th Follow up (day 25) 3.16 £0.29
10 10th Follow up (day 28) 294 +£0.29
11 11th Follow up (day 31) 2.85+0.28
12 12th Follow up (day 34) 2.63 £0.24
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level of animal’s uric acid, they were divided into
three groups with four rabbits in each group. Each
group was labeled and received the treatment as fol-
lows:
GROUP A: In this group, all rabbits were adminis-
tered with allopurinol 2 mg/kg/day for six weeks.
GROUP B: In this group, all rabbits were adminis-
tered with fine powder of C. luteum filled in cap-
sules with dose of 2.5 mg/kg/day and fructose syrup
(1 g/kg/day) for six weeks.
GROUP C: This group was kept as control group
and all rabbits of this group received fructose syrup
1 g/kg/day for six weeks.

Serum uric acid was measured as an indicator
of hyperuricemia.

Collection of blood samples

Blood samples of all the rabbits were collected
at the start of the experiment to measure the normal
values of serum uric acid. Then, blood samples were
collected after an intervals of two days till the end of
study.

Before the start of sampling, the rabbit was
held in the wooden restraining box in such a way
that its head protrudes outwards. The rabbit’s ear
was shaved with the help of the sterilized blade, to
make vein more prominent. Blood of each rabbit
was collected into the blood collecting tubes after
puncturing the vein of the right ear with 21-gauge
syringes after an interval of two days. After collect-
ing the blood samples, tubes were marked for iden-
tification with specific codes and kept in container

containing ice cubes in order to coagulate the blood
samples for almost an hour. The coagulated blood
samples were then centrifuged at 4000 rpm for about
15 min at room temperature to separate the serum.
The clear supernatant serum was then collected in
previously marked Eppendroff tubes and stored at
—23°C to —18°C in a freezer before analysis.

In order to make multi blood sample collection
possible from the one rabbit, the blood sampling
started from the apex to base of the ear, so that vein
would not be blocked.

Analysis of serum uric acid

Analysis of uric acid was performed by using
the enzymatic colorimetric test, URICASE/PAP
method.

Quantitative analysis of uric acid helps in diag-
nosing hyperuricemia, gout, renal dysfunction, dia-
betes and other several conditions. Uricase catalyzes
the reaction and uric acid is oxidized to allantoin and
H,O, reacts with 4-aminoantipyrine and 3,5-
dichloro-2-hydroxybenzenesulfonate in the pres-
ence of peroxidase, which resulted in the formation
of a quinoneimine dye, the concentration of which is
in direct proportion to the concentration of uric acid
at 546 nm (20).

Statistical analysis

Statistical analysis was performed using SPSS
version 17. The quantitative data were given as the
mean + SD along with their SEM and range (lowest
thorough highest value). The appropriate line charts

Table 2. Comparison of uric acid at different follow-ups in group "B" (Colchicum luteum).

No. Follow up duration Mean (mg/dL)
0 Base line (day 0) 7.87+£1.79
1 1st Follow up (day 01) 7.77 £0.41
2 2nd Follow up (day 04) 7.37+0.85
3 3rd Follow up (day 07) 4.20£0.75
4 4th Follow up (day 10) 6.34 £ 0.50
5 5th Follow up (day 13) 527+0.29
6 6th Follow up (day 16) 440+0.14
7 7th Follow up (day 19) 4.05+0.13
8 8th Follow up (day 22) 3.81£0.10
9 9th Follow up (day 25) 3.57+0.24
10 10th Follow up (day 28) 3.36+£0.17
11 11th Follow up (day 31) 328+0.18
12 12th Follow up (day 34) 3.11+0.13
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along their description were incorporated for visual
presentation and visual comparison of data. For sta-
tistical analysis, analysis of variance (ANOVA) was
used for comparing the data in different groups.
Friedman test (alternative to repeated measurement
ANOVA), was used for the comparison of different
follow ups in three treatment groups. The level of
significance was established at (less or equal) the
5% probability level.

RESULTS AND DISCUSSION

In this study, hyperuricemia was induced in
twelve rabbits for the comparative study of indige-
nous medicinal plant (Colchicum luteum) and allo-
pathic drug (allopurinol) for lowering uric acid
level. At each follow up study, it was observed that
there was a prominent fall in uric acid level, which
gave significant results till the end of studies.
Allopurinol is an isomer of hypoxanthine and
inhibits the activity of xanthene oxidase, the main
enzyme responsible for oxidation of hypoxanthine
and xanthene, which give rise to uric acid synthesis
(21). Increased concentration of xanthene and
hypoxanthine are converted to closely related
ribotides i.e., adenosine and guanosine monophos-
phates. The raised level of ribotides can cause inhi-
bition of amidophosphoribosyl transferase i.e., the
rate limiting and the first step in the synthesis of
purines in the body, by feedback mechanism (22).

In the present study, allopurinol dramatically
reduced uric acid in Group A of rabbits from 8.50
mg/dL to 2.63 mg/dL in twelve follow ups.

Allopurinol helps in lowering serum concentration
of uric acid by decreasing the purine biosynthesis.
This reduction in the level of uric acid was very sig-
nificant as shown in Table 1.

In group A (treated with allopurinol), the mean
uric acid at base line was 8.50 mg/dL, which
decreased at 12th follow up to 2.63 mg/dL, respec-
tively. The mean uric acid was statistically signifi-
cantly decreased over a period of 12 follows up with
a p-value < 0.05 as compared to Group C (control
group).

On the other hand, in Group B of rabbits the
herbal medicine Colchicum [uteum showed similar
significant effects as it gradually reduced the uric
acid from 7.87 mg/dL to 3.11 mg/dL in 12th follow
ups as shown in Table 2.

The mean uric acid was statistically signifi-
cantly decreased over a period of 12 follows up with
p-value < 0.05 as compared to Group C (control
group).

The main phytochemical principles in
Colchicum luteum possess alkaloids i.e., colchicine,
lumicolchicine, N-desacetyl-N-formylcolchicine, 2-
desmethylcolchicine and luteidine (23). Among
these alkaloids, colchicine is believed to be one of
the most important anti-inflammatory compounds
procured from Colchicum luteum and its anti-
inflammatory activity is characterized by inhibiting
microtubules in the proinflamatory cells comprising
of macrophages (24). The mean uric acid in group C
(control group i.e., hyperuricemic) at base line 7.74
mg/dL was raised to 10.58 mg/dL at the end of study
(p-value > 0.05).

Table 3. Comparison of uric acid at different follow-ups in group "C" (control).

No. Follow up duration Mean (mg/dL)
0 Base line (day 0) 7.74 £ 0.66
1 1st Follow up (day 01) 8.18+£0.2
2 2nd Follow up (day 04) 8.23+£0.25
3 3rd Follow up (day 07) 8.48 £ 0.91
4 4th Follow up (day 10) 8.81 £5.08
5 5Sth Follow up (day 13) 9.86 +0.85
6 6th Follow up (day 16) 10.78 £ 0.54
7 7th Follow up (day 19) 10.53 £1.34
8 8th Follow up (day 22) 10.38 +0.71
9 9th Follow up (day 25) 9.99 +0.38
10 10th Follow up (day 28) 10.14 £ 0.84
11 11th Follow up (day 31) 10.0 £ 0.59
12 12th Follow up (day 34) 10.58 £ 0.00
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Group A (treated with allopurinol) gave the
best results and lowered uric acid level to the lowest
level as compared to the Group B (treated with
Colchicum luteum). However, Colchicum luteum
can be used as a good alternative in case of patients
suffering from severe liver damage or renal failure
or those patients who are found hypersensitive to
allopurinol.

CONCLUSION

The Colchicum luteum reduced the uric acid at
significant level as does allopurinol, which is a syn-
thetic allopathic drug. Colchicum luteum is not only
used in gout but it can also be used as analgesic and
in rheumatoid arthritis. One of the major problems
with this herbal formulation is that the active ingre-
dients are not well defined. It is important to know
the active component and their molecular interac-
tion, which will help to analyze therapeutic efficacy
of the product and also to standardize the product.
Efforts are now being made to investigate the mech-
anism of action of some of these plants using model
systems. Care must be taken while using Colchicum
luteum. It must be free from toxic adulterations. Due
to the poisonous nature of the herb, it must be used
only under strict professional supervision. Dose of
the herbal drug must not exceed beyond limits, as it
may cause severe gastric disturbances. If this herb is
used according to the prescribed instructions, then it
can be a better and competent alternative of allo-
pathic medication in the management of hyper-
uricemia and for the treatment of diseases associat-
ed with it. Newer approaches utilizing collaborative
research and modern technology in combination
with established traditional health principles will
yield rich dividends in the near future in improving
health, especially among people who do not have
access to the use of more costly western systems of
medicine.
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Abstract: The in vivo antioxidant properties of green tea extract (GTE) were investigated against doxorubicin
(DOX) induced cardiotoxicity in rats. In this experiment, 48 Wistar albino rats (200-250 g) were divided into
eight groups (n = 6). Control group received normal saline for 30 days. Cardiotoxicity was induced by DOX
(20 mg/kg i.p.), once on 29" day of study and were treated with GTE (100, 200 and 400 mg/kg, p.o.) for 30
days. Aspartate aminotransferase (AST), creatinine kinase (CK), lactate dehydrogenase (LDH), lipid peroxida-
tion (LPO), cytochrome P,5, (CYP), blood glutathione, tissue glutathione, enzymatic and non-enzymatic antiox-
idants were evaluated along with histopathological studies. DOX treated rats showed a significant increased
levels of AST, CK, LDH, LPO and CYP, which were restored by oral administration of GTE at doses 100, 200
and 400 mg/kg for 30 days. Moreover, GTE administration significantly increased the activities of glutathione
peroxidase (GPX), glutathione reductase (GR), glutathione s-transferase (GST), superoxide dismutase (SOD)
and catalase (CAT), in heart, which were reduced by DOX treatment. In this study, we have found that oral
administration of GTE prevented DOX-induced cardiotoxicity by accelerating heart antioxidant defense mech-
anisms and down regulating the LPO levels to the normal levels.

Keywords: green tea extract, doxorubicin, cardiotoxicity, antioxidants, lipid peroxides

Doxorubicin is a potent broad-spectrum
chemotherapeutic agent that is highly effective in
treating patients with acute lymphoblastic leukemia,
Hodgkin’s lymphoma, aggressive non-Hodgkin’s
lymphomas, breast carcinoma, ovarian carcinoma
and many solid tumors (1). However, the clinical
use of this drug has been seriously limited by unde-
sirable side effects especially dose-dependent
myocardial injury, leading to potentially lethal con-
gestive heart failure (2).

Due to the great importance of DOX in
chemotherapy for the treatment of many types of
cancer, researchers have exerted great efforts to
attenuate the side effects of DOX. In view of this
several strategies have been followed for dosage
optimization and use of analogues or combined ther-
apy but no promising results have been found (3, 4).
The use of several DOX analogues available clini-

cally did not show stronger antitumor efficacy as
compared to DOX (5). Antitumor action of DOX is
mediated by a wide number of mechanisms but one
of the activities, i.e., generation of the free radicals,
is among the main causes of cardiotoxicity. This fact
allows the researchers to develop strategies to
reduce the toxic effects of DOX without interfering
with its antitumor properties.

Herbal extracts have many properties like
antioxidant, anti-allergic, anti-inflammatory, antivi-
ral, anti-proliferative and anti-carcinogenicity (6).
Natural antioxidants, which are capable of protect-
ing the cells from oxidative injury, should be includ-
ed in the potential antioxidant therapy. Therefore,
there is a need for identifying alternative, natural
and safer sources of antioxidants (7).

Green tea (Camellia sinensis) is one of the
most popular beverages, approximately three billion

* Corresponding author: present address: Department of Pharmacology, College of Pharmacy, Jazan University, P.O Box 114, Jazan,
Kingdom of Saudi Arabia; e-mail: gyaskhan2@ gmail.com; phone; +966-592590189; fax: +966-73217800
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kilograms of tea is produced and consumed yearly
throughout the world. Green tea is favored in Asian
countries and initial research on the benefits of
green tea showed that daily consumption of green
tea is safe and has no adverse effects on human
health (8). The major catechin present in green tea
extract is epigallocatechin-3-gallate (EGCG), which
attributes to its beneficial effects and also reduces
the risk of a variety of diseases (9, 10). Thus, the
present study was designed to investigate whether
pre-treatment of GTE has any protective effect on
lipid peroxidation, activities of enzymatic and non-
enzymatic and histopathological examination of
myocardium in DOX treated rats.

MATERIALS AND METHODS

Experimental animals

This study was conducted in Wistar albino rats
(200250 g), which were kept in the animal house of
Faculty of Pharmacy, Jamia Hamdard, New Delhi,
India for one week prior to starting the experimental
protocol for proper acclimatization under controlled
condition of illumination (12 h light/12 h darkness) and
temperature 20-25°C. They were housed under ideal
laboratory conditions, maintained on standard pellet
diet (Lipton rat feed, Ltd., Pune, India) and water ad
libitum throughout the experimental period. The study
was approved by the Institutional Animal Ethics
Committee (IAEC), Jamia Hamdard, New Delhi, India.

Drugs and chemicals

Standardized powdered, aquous extract of
green tea was a gift sample by Sanat Products Ltd.,
India. DOX was procured from Dabur Pharma-
ceuticals Ltd., New Delhi, India. Vitamin E was pro-
cured from Merck Ltd., India. LDH, CK and AST
assay kit were purchased from Span Diagnostics
Ltd., Surat, India. All other chemicals used during
the study were of analytical grade.

Experimental design
In this experiment, a total of 48 Wistar albino

rats were used. The rats were randomly divided into

eight groups comprising of six animals in each

group as follows:

Group I: Normal control, received normal saline (1
mL/kg p.o.) for 30 days.

Group II: Toxic control, received DOX (20 mg/kg
i.p.) once on 29" day.

Group III: GTE control, received GTE (400 mg/kg
p.o.) for 30 days.

Group IV: Vitamin E control, received vitamin E
(100 mg/kg p.o.) for 30 days.

Group V: GTE treated-1, received GTE (100 mg/kg

p.o.) for 30 days and DOX on 29" day.

Group VI: GTE treated-2, received GTE (200 mg/kg

p.o.) for 30 days and DOX on 29" day.

Group VII: GTE treated-3, received GTE (400
mg/kg p.o.) for 30 days and DOX on 29" day.
Group VIII: Vitamin E treated, received vitamin E

(100 mg/kg p.o.) for 30 days and DOX on 29"

day.

On 31" day, blood samples were collected from
rat tail vein for biochemical determinations. Later,
the rats were sacrificed under the influence of anes-
thesia. The hearts were excised out immediately,
rinsed in ice-cold normal saline and used for the fol-
lowing assays.

Post mitochondrial supernatant (PMS)

The heart were quickly removed and perfused
immediately with ice-cold saline (0.85 %, w/v
NaCl) and homogenized in chilled phosphate buffer
(0.1 M, pH 7.4) that contained KCI (1.17%, w/v).
The homogenate was centrifuged at 800 x g for 5
min at 4°C in a refrigerated centrifuge to separate
the nuclear debris. The supernatant was centrifuged
at 10,500 x g for 20 min at 4°C to obtain PMS,
which was used as a source of enzymes. A portion
of the PMS was further centrifuged in an ultracen-
trifuge (Beckman, L.7-55) at 34,000 x g for 60 min
at 4°C to isolate microsomal fraction, which was
finally suspended in phosphate buffer (0.1 M, pH
7.4) containing KCl1 (1.17 %, w/v).

Biochemical determinations

Aspartate aminotransferase (AST) was deter-
mined by the method of Reitman and Frankel (11).
The activity of creatine kinase (CK) was determined
by the method of Tsung (12), whereas the lactate
dehydrogenase (LDH) activity was assayed by the
method of Lum and Gambino (13). The microsomal
cytochrome P,s5, content was determined according
to the method of Omura and Sato (14). Lipid perox-
idation was determined by thiobarbituric acid (TBA)
reaction with malondialdehyde (MDA), a product
formed due to the peroxidation of membrane lipids
(15). Protein content in various samples was esti-
mated by the method of Lowry et al. (16). Blood
glutathione was assayed by the method of Beutler et
al. (17). Tissue GSH content was determined by
method of Sedlak et al. (18). GPX and GR activities
were measured by the oxidation of NADPH (19),
GST activity was assayed by the method of Haque et
al. (20) using 1-chloro-2,4-dinitrobenzene (CDNB)
as substrate, SOD activity was measured according
to the method of Marklund et al. (21), in which the
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enzyme activity was expressed as units/mg protein
and 1 unit of enzyme is defined as the enzyme activ-
ity that inhibits autoxidation of pyrogallol by 50%
and CAT activity was determined by the method of
Claiborne (22).

Histopathological examination of heart

The heart was isolated immediately after sac-
rificing the animal and washed with ice-cold nor-
mal saline, and fixed in 10% buffered neutral for-
malin solution. After fixation, the heart tissue was
processed by embedding in paraffin. Then, the
heart tissue was sectioned and stained with hema-
toxylin and eosin (H.E.) for histopathological
examination.
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Statistical analysis

Data were expressed as the mean * standard
error (SE). For a statistical analysis of the data,
group means were compared by one-way analysis of
variance (ANOVA) with post-hoc analysis. The
Tukey-Kramer post-hoc test was applied to identify
significance among groups; p < 0.05 was considered
to be statistically significant.

RESULTS

Effect of GTE on serum levels of AST, CK and
LDH level

The effect of GTE on serum levels AST,
CK and LDH levels are summarized in Figures
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Figure 1. Effect of GTE on serum AST level in DOX treated rats. The data are expressed as the mean £ SEM; n = 6 in each group; “p <
0.001 compared with the corresponding value for normal control rats (group I); #p < 0.001, *p < 0.01 compared with the corresponding

value for DOX treated rats (group II)
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Figure 2. Effect of GTE on serum CK level in DOX treated rats. The data are expressed as the mean + SEM; n = 6 in each group; “'p <
0.001 compared with the corresponding value for normal control rats (group I); **p < 0.001, *p < 0.01 compared with the corresponding

value for DOX treated rats (group II)
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1-3, respectively. GTE treated groups V, VI and
VII and vitamin E treated group VIII showed a
significant (p < 0.001) decrease in the level of
serum marker enzymes when compared with
DOX alone treated rats (group II). No significant
difference was observed in control groups
(group III and IV) when compared to normal
control rats (group I).

Effect of GTE on CYP contents

Figure 4 illustrates the effect of GTE on CYP
contents in various groups. DOX alone treated rats
showed a significant (p < 0.001) decrease in CYP
contents when compared with normal control rats.
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GTE treated groups V, VI, VII and vitamin E treated
group VIII significantly (p < 0.001) increased the
CYP contents when compared with group II rats. No
significant difference was observed in control groups
(group IIT and IV) when compared to group I rats.

Effect of GTE on LPO levels

Table 1 illustrates the effect on malondialdehyde
(MDA), a secondary product of LPO, in various groups.
DOX treatment resulted in a significant (p < 0.001)
increase in MDA level in DOX alone treated rats when
compared with normal control rats (group I). The level
of MDA were significantly (p < 0.001) decreased in
GTE treated groups V, VI and VII and vitamin E treat-
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Figure 3. Effect of GTE on serum LDH level in DOX treated rats. The data are expressed as the mean = SEM; n = 6 in each group; “'p <
0.001 compared with the corresponding value for normal control rats (group I); *p < 0.001, *p < 0.01 compared with the corresponding

value for DOX treated rats (group II)
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Figure 4. Effect of GTE on cytochrome P45 level in DOX treated rats. The data are expressed as the mean + SEM; n = 6 in each group;
““p < 0.001 compared with the corresponding value for normal control rats (group I); *p < 0.001, #p < 0.01 compared with the corre-

sponding value for DOX treated rats (group II)
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Table 1. Effect of GTE on LPO, blood GSH and tissue GSH levels in DOX treated rats.

Group Treatment B”SI%//\AARS (nmol .of Blood GSH Tissue GSH .
/mg protein) (mg %) (mmole/ mg protein)
I Normal control 0.76 £ 0.013 1.71 £ 0.045 1.38 £ 0.049
I DOX (20 mg/kg i.p.) 1.81 £0.050 ™ 091 £0.031 ™ 0.54 £0.044
I GTE (400 mg/kg p.o.) 0.73 £0.022 1.79 £ 0.035 1.49 £ 0.040
v Vit. E (100 mg/kg p.o.) 0.75 £0.017 1.77 £ 0.034 1.39 £ 0.029
\Y% GTE (100 mg/kg p.o.) + DOX 1.61 £0.021* 1.13 £ 0.055* 0.76 £ 0.044*
VI GTE (200 mg/kg p.o.) + DOX 1.29 £ 0.033"* 1.34 £ 0.048" 0.89 + 0.049"
ViI GTE (400 mg/kg p.o.) + DOX 1.07 £ 0.046"* 1.49 £ 0.024%# 1.11 £ 0.038*
VIII Vit. E (100 mg/kg p.o.) + DOX 1.23 + 0.037* 1.41 £ 0.022" 0.96 + 0.030"

The data are expressed as the mean + S.E.; n = 6 in each group. “"p < 0.001 compared with the corresponding value for normal control rats
(group I). *p < 0.001, *p < 0.01, *p < 0.1 compared with the corresponding value for DOX treated rats (group II).

ed group when compared with group II rats. No signif-
icant difference was observed in control groups (group
[I and IV) when compared to group I rats.

Effect of GTE on blood glutathione and tissue
glutathione level

Table 1 also illustrates the activities of blood glu-
tathione and tissue glutathione in various groups. DOX
alone treated rats showed a significant (p < 0.001)
decrease in blood and tissue glutathione levels. GTE
treated groups V, VI, VII and vitamin E treated group
VIII significantly (p < 0.001) increased the blood and tis-
sue glutathione levels when compared with group Il rats.
No significant difference was observed in control groups
(group 1T and IV) when compared to group I rats.

Effect of GTE on antioxidant enzymes (GPX,
GR, GST, SOD & CAT) levels

Table 2 represents the effect on these antioxi-
dant enzymes in various groups. Rats treated with
DOX alone showed a significant (p < 0.001)
decrease in the activity of these enzymatic antioxi-
dants in heart as compared to the normal control rats.
GTE treated groups V, VI, VII and vitamin E treated
group VIII showed a significant (p < 0.001) increase
in the activity of these enzymatic antioxidant when
compared with DOX alone treated rats (group II). No
significant difference was observed in control groups
(group IIT and IV) when compared to group I rats.

Effect of GTE on histopathological changes in the
heart

As shown in Figure 5, section of rat heart from
normal control group showed normal myocardial
fibres. There was no vacuolation, necrosis or inflam-
mation found in the group I rats (Fig. 5A), but DOX
alone treated rats (group II) showed a large and

irregularly shaped hypertrophic myocardial fibre
with other fibres in the vicinity with small and large
vacuoles (Fig. 5B). The histopathology of the heart
was improved in GTE treated groups V, VI, VII and
vitamin E treated group VIII and showed a normal
shape, size and configuration of cardiac muscle
fibres (Figs. 5C, 5D, 5E and SF, respectively).

DISCUSSION

DOX-induced generation of reactive oxygen
species (ROS) seems to be a leading cause of car-
diomyopathy (9, 23). The diagnostic serum marker
enzymes of cardiotoxicity are AST, CK, and LDH
(24). It has been reported that the enzymes (AST,
CK and LDH), that leak from the tissue damage, are
the best marker of cardiotoxicity due to their tissue
specificity and serum catalytic activity.

Our study also reveals an increase in the activi-
ties of these marker enzymes in DOX alone treated
rats. Administration of DOX may leads to the damage
of the myocardial cell membrane or it become per-
meable, that resulted in the leakage of AST, CK and
LDH in the blood. This probably accounts for the
increase in the level of these marker enzymes in the
serum. Pretreatment with GTE (100, 200 and 400
mg/kg p.o.) restored the activities by reducing these
marker enzymes level toward normal in serum. This
may be due to the protective role of GTE on the
myocardium, reducing the myocardial damage, there-
by restricting the leakage of these enzymes in serum.

The target organelle of DOX induced car-
diotoxicity is the mitochondria within which DOX
accumulates (25, 26). Mitochondrial enzymes (e.g.,
NADH dehydrogenase) act on DOX in such a way
that the quinone ring undergoes redox cycling
between quinone and semiquinone states. During this
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process, electrons are generated and captured by oxi-
dizing agents, including oxygen, which then initiate
a chain reaction leading to the generation of ROS
(27). Cytochrome P,s, reductase and xanthine oxi-
dase also have been found to catalyze the reduction
of anthraquinone to a semiquinone free radical (28).
DOX has the ability to suppress cytochrome P,s,
stimulating its own metabolism and thus could accel-
erate its elimination and increase the production of
reactive toxic metabolites. Cytochrome P,5, is not

(Ga)

(E)

50) &0

rapidly organized in the microsomal membrane and
possesses lateral mobility, which largely depends on
fluidity of the membrane (29). Exogenous supple-
mentation of different doses of GTE to the DOX
treated rats resulted in an increase in the cytochrome
P,s, contents. This may be attributed to the decreased
activity of hemoxygenase, which in turn increased
the cytochrome content. Moreover, reduction in the
formation of lipid peroxides may likely to contribute
to increment in detoxification process (30).

(B)

(813]

Figure 5. Hematoxylin and eosin-stained sections of rat heart, which were examined under high power (400x) of light microscope: (5A)
Represents normal control rat showing normal myocardial fibers, no vacuolation, necrosis or inflammation. (5B) represents DOX alone
treated rats, showing a large and irregularly shaped hypertrophic myocardial fiber with other fibers in the vicinity showing small and large
vacuoles. (5C) represents GTE (100 mg/kg p.o.) + DOX treated rats, showing scattered vacuoles in the myocardial fibres. (SD) represents
GTE (200 mg/kg p.o.) + DOX treated rats, showing cardiac muscle fibers of normal shape, size and configuration. A single myocardial
fiber with an intracytoplasmic vacuole is seen in the photograph. (5E) represents GTE (400 mg/kg p.o.) + DOX treated rats, showing car-
diac muscle fibers of normal shape, size and configuration. A single myocardial fiber with small intracytoplasmic vacuole is seen. (5F)
represents Vit. E (100 mg/kg p.o.) + DOX treated rats, showing cardiac muscle fibers of normal shape, size and configuration. A single

vacuole is seen in one of the myocardial fibers



Table 2. Effect of GTE on GPX, GR, GST, SOD and CAT in DOX treated rats.
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The data are expressed as the mean + S.E.; n = 6 in each group. “'p < 0.001 compared with the corresponding value for normal control rats (group I). *p < 0.001, *p < 0.01, *p < 0.1 compared with the corre-

sponding value for DOX treated rats (group II).

Oxidative stress is characterized by increased
lipid peroxidation (LPO) and altered enzymatic and
non-enzymatic antioxidant systems (31). In the pres-
ent study, a significant increase in the level of LPO,
in cardiac tissue of DOX alone treated rats was
observed. Free radicals initiate LPO of biological
membranes. GTE have been shown to neutralize
reactive oxygen species, such as superoxide radical,
singlet oxygen, hydroxyl radical, peroxyl radical,
nitric oxide, nitrogen dioxide and peroxynitrite,
thereby reducing the damage to lipid membranes,
proteins and nucleic acids in cell-free systems. The
assessment of the relative contribution of different
pathways of free radical production elicited by
DOX, is an important tool for toxicological mecha-
nisms of these agents and for the implementation of
adequate therapeutic approaches towards limiting
their toxicological effects.

The glutathione antioxidant system plays a
fundamental role in cellular defence against free
radicals and other oxidant species (32). GSH plays a
crucial role in both scavenging reactive oxygen
species and the detoxification of the drugs. GSH
with its —SH group functions as a catalyst for disul-
fide exchange reactions, and plays a major role in
H,0, detoxification. GSH depletion results in
impaired cell defence and tissue injury. Following
DOX administration, glutathione status get greatly
impaired as indicated by a decrease in the GSH level
in both blood and the heart. In this study, reduction
in levels of MDA and elevation in GSH in GTE
treated rats suggest that it scavenges free radicals,
generated during oxidative stress (35).

In our study, the activity of all the antioxidant
enzymes like: glutathione peroxidase, glutathione
reductase, glutathione s-transferase, superoxide dis-
mutase and catalase were significantly decreased in
DOX alone treated rats. This result showed that
DOX generates free radicals in heart and decreases
its ability to detoxify ROS. However, GTE signifi-
cantly increased the level of these antioxidant
enzymes in DOX treated groups. The protection
thus offered could be attributed to its antioxidant
and ROS scavenging properties.

The histopathological changes of DOX
induced cardiotoxicity, consist in order of increasing
severity, swelling of sarcoplasmic reticulum, cyto-
plasmic vacuolization, myofibrillar degeneration,
myocyte disruption and fibrosis (34-36). In our
study, we have observed hypertropic fibre, disrup-
tion of myocyte structure, including damage to
microtubules, vacuolization, dilation of sarcoplas-
mic reticulum, loss of myofibrils and alteration of
mitochondrial functions such as decreased mito-
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chondrial enzyme activities, which goes fine with
the above finding. Rats pretreated with GTE showed
cardiac muscle fibers of normal shape, size and con-
figuration. Only a single vacuole is seen in one of
the myocardial fibres. The protection exhibited by
GTE as evident by the histopathological changes
may be due to its antioxidant potential to counteract
free radicals.

The overall protective effect of GTE is proba-
bly due to counter action of free radicals by its
antioxidant nature hence its ability to restore nor-
malcy in tissue under oxidative stress. However, the
precise molecular mechanism by which GTE exerts
its protective action against oxidative damage
remains to be established. If this protective function
is confirmed in cancer patients, GTE may have an
important clinical significance as an adjuvant thera-
py with DOX.
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Abstract: To investigate general public perception towards the role of pharmacist in developing countries’
healthcare system was the main aim of this study, which would be the basic foundation for researching the treat-
ment pattern of cognitive disorder after stroke in communities. The study population (sample size = 385) con-
sisted of general public from Islamabad, Faisalabad and Lahore, Pakistan. Main sections of the questionnaire
comprised of series of statements pertaining to consumer’s perception and experience with the pharmacists. The
response rate of study was 77.1%. A majority (80.1%) of the consumers knows who is pharmacist; 49.8% (n =
148) of the respondents found the pharmacist working in the pharmacies; 74.1% (n = 220) believed that phar-
macist can guide them regarding their medicine. With respect to government efforts to improve services pro-
vided by community pharmacies, less percentage (31.0%) of the consumers were satisfied. Half of the respon-
dents (59.9%) were expecting from the pharmacists to be knowledgeable drug therapy experts, whereas 61.3%
(n = 182) expect from the pharmacists to educate them regarding safe and appropriate use of medication. The
findings of this study conclude that the quality of pharmaceutical services provided is very low in Pakistan.
There is a gap between the public and the pharmacist, which can only be filled by creating awareness among
public regarding the pharmacist’s role in healthcare system and by focusing on how services provided by the
pharmacists can add improvement to general public health.

Keywords: general public, perception, pharmacist role, pharmaceutical services, cognitive disorder, stroke

In recent years, pharmacy profession has
extended its role of product-oriented to consumer-
oriented with an emphasis on the provision of con-
sumer care services (1, 2). Although there are barri-
ers to pharmacist-consumers communication due to
personal and social factors that influence pharmacy
practice (3), but the involvement of the patients in
their own healthcare is the present need of today (4).
The consumers’ perception of the benefits of phar-
maceutical care is based on the ability of the phar-
macist to help them. More frequent interaction with
the consumers increases the opportunities to
improve outcomes of therapy (5). In developed
countries, studies showed that pharmacists were
willing to provide evidence based advice to people.
It also showed that patients believed that they were

at lower risk if they were able to meet with a phar-
macist regularly, and the pharmacist was identified
as the predominant source of information for medi-
cines (4-6). This scenario in developing countries is
totally different. The pharmacist population ratio is
very low, and a majority of the population, especial-
ly in poor and rural areas rarely come in contact with
the trained pharmacist (7, 8). Pharmacy services
throughout the world play a broad range of activities
in provision of health services provided to the gen-
eral public. Comparatively small number of studies
focused towards the role of pharmacist in this con-
text (9). However, there are couple of studies, which
do focused with the use of medicines and pattern of
practice in low and middle income countries
(10-15). There are very few studies, which focused

* Corresponding author: e-mail: gmdogar356@ gmail.com; phone: +92-992-383591-5; fax: +92-99238344. Yunling Zhang, e-mail: yun-

lindf@ 126.com
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on the consumer’s perception regarding community
pharmacist. At present, this study is first of its kind,
which focuses directly on the perception of con-
sumer towards community pharmacists’ role in
healthcare delivery in developing countries, and cur-
rently many subsequent symptoms such as cognitive
disorder after stroke have a long course for treat-
ments, so Community Clinic rather than Integrated
Hospitals has been the main choice for many
patients (16—18), and in this condition, community
physicians and pharmacists’ role are more and more
important. So the research will be a basic foundation
for the further design of treatment pattern of cogni-
tive disorder after stroke in communities.

EXPERIMENTAL

The questionnaire was developed after the
extensive literature review and from the qualitative
findings of the study. The questionnaire had five
parts, which included the demographic information,

Table 1. General public demographic characteristics.

general awareness about pharmacists and places of
work, perception, expectation and experience
regarding pharmacists’ role. Each section of the
questionnaire included a set of statements for which
the respondents were asked. There are questions
which required a “yes” or “no” response. To indicate
the level of agreement, 4-point Likert scale, where 1
= strongly disagree, 2 = disagree, 3 = agree, 4 =
strongly agree, was used in order to avoid confusion
with the ‘neutral’ responses.

The primary version of the questionnaire con-
sisting of 30 items was viewed by the professionals
at the School of Pharmacy, Universiti Sains
Malaysia (USM). These professionals were asked to
assess the questionnaire by providing their overall
opinion and by listing the questions in the order of
relevance and importance. The more relevant and
important questions were highlighted. To assess
face validity of the questionnaire, thirty participants
were solicited. These participants were asked for
their views on the significance, worth, and simplici-

Variable Frequency Percent (%)
Age (mean + SD, 31.53 + 10.8)
15-25 126 424
26-35 74 24.9
36-45 57 19.2
46-55 34 114
> 56 6 2.0
Gender
Male 149 50.2
Female 148 49.8
Education
No education 10 3.4
Religious studies only 13 4.4
Primary 20 6.7
Matric/SSC 20 6.7
FA /FSc 46 15.5
Graduation 88 29.6
Post graduation 105 354
Employment
Government employee 69 232
Private employee 67 22.6
Businessman 58 19.5
Unemployed 103 34.7
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ty of each question and to identify, which questions
they would point out to be removed so to make the
questionnaire brief and comprehensive. In addition
to this, the participants were also welcomed to sug-
gest further comments on questions whether they are
understandable or not. Most of them suggested sim-
plifying the questions. The reliability test was
applied to all variables comprising all domains. The
reliability of tool was estimated on the basis of
Cronbach’s Alpha (o = 0.74).

The study population consisted of general pub-
lic from three cities of Punjab province named
Islamabad, Faisalabad and Lahore.

Sample size was calculated by Roasoft soft
sample size calculator (19) with confidence interval
of 95 and 5% margin of error. Due to a lack of sam-
pling frame and up-to-date electronic population
database, a convenient sampling technique was
used. A sample of 385 was calculated and by adding
20% drop-out rate, sampling size was 462 con-
sumers who were selected from the pharmacies
(chain and independent) of three cities of Pakistan.

The questionnaire was distributed to those peo-
ple visiting 25 pharmacies (chain and independent)
(14), which were selected from three cities. Data
were obtained through a 4 hour visit made to each
pharmacy by a data collecting team over a period of
3 months. During these visits, questionnaires were
filled by consumers of all pharmacies who request-
ed advice from the pharmacists.

Survey administration and time frame

Survey was conducted for a period of three
months from January through March 2011.
Community pharmacists were informed regarding
survey of general public perceptions regarding the
role of pharmacists, the aim, objective and nature of
the study and verbal consent was given.

Secondly, general public who visited the phar-
macies were informed regarding survey. After
obtaining their consent for participation in this
study, the execution of the study took place.

Data collection

Questionnaires were collected. Responses
were exported to Statistical Package for Social
Sciences (SPSS®) for Windows, version 15, to per-
form statistical analysis (20).

Data analysis

Non-parametric statistical test and appropriate
descriptive statistics for demographic characteristics
(mean and standard deviation for age) were per-
formed using SPSS® for Windows, version 15. The

demographic information that was collected includ-
ed age, gender, education and employment, frequen-
cies and descriptive statistic of each variable was
reported. The x>-test was used to test significance of
association between independent variables (age,
gender, education and employment) and dependent
variables (general awareness about pharmacists,
perception regarding pharmacist’s role, expectation
from pharmacist’s role and experience with pharma-
cists). Statistical significance was accepted at p
value of < 0.05.

RESULTS AND DISCUSSION

Response rate

During the period of three months of data col-
lection from January to March 2011, a total of 385
questionnaires were distributed, 297 questionnaires
were returned giving a response rate of 77.1%.

Demographic characteristics

Demographic characteristics of general public
who took part in this study are shown in Table 1.
Mean age was 31.53 years with standard deviation
(SD) = 10.8 years. Among the respondents, 50.2%
(n = 149) were male, while 49.8% (n = 148) were
female. A majority (34.4%) of the consumers were
post graduates, 29.6% (n = 88) had graduation
degree, the education of 15.5% (n = 46) were
FA/FSc. There is equal (6.7%, n = 20) number of
primary and matric level consumer, whereas 4.4%
(n = 13) were having religious education only, while
3.4% (n = 10) of the consumers have no education.
With respect to employment of the consumers, a
majority (34.7%) of the consumers were unem-
ployed. Government employee were 23.2% (n = 69),
while 22.6% (n = 67) belonged to private organiza-
tions and 19.5% (n = 58) were businessmen.

General awareness about pharmacists

A majority (80.1%) of the consumers knows
who is pharmacist; 49.8% (n = 148) of the respon-
dents found the pharmacists working in the pharma-
cies. Only half (56.9%) of the respondents replied
that they can got medicine without prescription;
74.1% (n = 220) believed that pharmacist can guide
them regarding their medicine; 67.7% (n = 201) of
consumers felt comfortable while taking advice
from the pharmacists, while 65.3% (n = 194) trust
on pharmacists advice. Beside medicines, 53.5% (n
= 159) of the consumers trust on pharmacist’s
advice on health related issues. Only half (50.2%) of
the respondents showed their satisfactions with serv-
ices provided by the community pharmacies. With
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respect to the government efforts to improve the
services provided by the community pharmacies,
less percentage (31.0%, n = 92) of the consumers
were satisfied.

Perception regarding pharmacist’s role

Table 3 indicates perception regarding the
pharmacist’s role in healthcare. Approximately half
(45.8%, n = 136) of the consumers agreed on phar-
macists providing patient education, and 48.8% (n =

Table 2. General awareness about pharmacist.

145) pharmacists suggesting use of non-prescription
medications. Respondents were asked about their
opinion suggesting the use of certain prescription
medications to patients and only 61.6% (n = 183) of
the respondents agreed. With respect to treating
minor illness only half (50.5%) of the respondents
agreed and 43.1% (n = 128) of the respondents
agreed with the pharmacist role as identifying and
preventing prescription errors. Respondents were
asked regarding designing and monitoring pharma-

Items in questionnaire Frequency Percent
of “Yes” of “Yes”
Do you know who is pharmacist in healthcare setting? 238 80.1
When you go to pharmacy / medical store you find
pharmacist working? 148 49.8
Can you get medicine without prescription? 169 56.9
Did you know pharmacist can guide you regarding
your medicine? 220 74.1
Would you feel comfortable talking to pharmacist
regarding your minor illness? 201 67.7
Do you already talk to pharmacist for advice on medicines? 160 53.9
Do you trust your pharmacist’s advice about your medicine? 194 65.3
Would you trust your pharmacist’s advice on other health
issues besides medicines? 159 53.5
Are you satisfied with the services provided by the
community pharmacies? 149 50.2
Are you satisfied by the steps taken by government to
improve the services provided by the community 92 31.0
pharmacies?
Table 3. Perception regarding pharmacist’s role.
Responses * p value **
Items 1n. n (%)
questionnaire Age Gender | Employment
SD D A SA
1 9 (3.0 136 (45.8) 131 (44.1) 21 (7.1) 0.512 0.738 0.482
2 39 (13.1) 98 (32.3) 145 (48.8) 17 (5.7) 0.125 0.958 0.696
3 16 (5.4) 80 (26.9) 183 (61.6) 18 (6.1) 0.740 0.724 0.326
4 18 (16.1) 111 (37.4) 150 (50.5) 18 (16.1) 0.197 0.128 0.115
5 22 (7.4) 126 (42.4) 128 (43.1) 21(7.1) 0.277 0.891 0.591
6 47 (15.8) 137 (46.1) 95 (32.0) 18 (6.1) 0.471 0.513 0.044
7 50 (16.8) 143 (48.1) 87 (29.3) 17 (5.7) 0.505 0.866 0.025

* Responses were for all respondents ** %% SD = strongly disagree, D = disagree, A = agree, SA = strongly agree. 1 = Providing patient
education. 2 = Suggesting use of non-prescription medications. 3 = Suggesting use of certain prescription medications to patients. 4 =
Treating the minor illnesses. 5 = Identifying and preventing prescription errors. 6 = Designing and monitoring pharmacotherapeutic regi-
mens. 7 = Monitoring outcomes of pharmacotherapeutic regimens and plans.
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Table 4. Expectation from pharmacist’s role.
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) Responses * p value **
quitsigflrlllaiire n (%)
SD D A SA Age Gender | Employment
1 18 (6.1) 66 (22.2) 173 (58.2) 40 (13.5) 0.000 0.051 0.007
2 17 (5.7) 54 (18.2) 178 (59.9) 48 (16.2) 0.059 0.655 0.082
3 13 (4.4) 53 (17.8) 182 (61.3) 49 (16.5) 0.295 0.506 0.167
4 14 4.7) 87 (29.3) 148 (49.8) 48 (16.2) 0.130 0.430 0.007

* Responses were for all respondents ** % SD = strongly disagree, D = disagree, A = agree, SA = strongly agree. 1 = I expect pharma-
cists to take personal responsibility for resolving any drug-related problems. 2 = I expect pharmacists to be knowledgeable drug therapy

experts. 3 = I expect pharmacists to educate me about the safe and appropriate use of medication. 4 = I expect pharmacists to monitor
response to drug therapy and let me know if encounters any drug-related problem.

Table 5. Experience regarding pharmacist's role.

Responses * p value **
Itefns m. n (%)
questionnaire Age Gender | Employment
SD D SA
1 12 (4.0) 45 (15.2) 205 (69.0) 35(11.8) 0.221 0.199 0.206
2 13 (4.4) 59 (19.9) 179 (60.3) 46 (16.5) 0.183 0.653 0.388
3 28 (9.4) 110 (37.0) 123 (41.4) 36 (12.1) 0.081 0.424 0.189
4 59 (19.9) 117 (39.4) 102 (34.3) 19 (6.4) 0.110 0.014 0.001

* Responses were for all respondents ** x* SD = strongly disagree, D = disagree, A = agree, SA = strongly agree. 1 = In my experience,
pharmacists are a reliable source of general drug information. 2 = In my experience, pharmacists are important health processional in the
healthcare system. 3 = Pharmacists routinely counsel patients regarding the safe and appropriate use of their medications. 4 = In my expe-
rience, pharmacists appear willing to take personal responsibility for resolving any drug-related problems they discover.

cotherapeutic regimens as one of the roles of phar-
macists, 46.1% (n = 137) of the respondents dis-
agreed. The value was found to be statistically sig-
nificant (p = 0.044) with respect to employment;
48.1% (n = 143) of the respondents disagreed with
the pharmacist’s role as monitoring outcomes of
pharmacotherapeutic regimens and plans, again the
value was found to be statistically significantly (p =
0.025) with respect to employment.

Expectation from pharmacist role

Part 4 of the questionnaire describes the expec-
tation from pharmacist’s role. Half of the respon-
dents (58.2%) expect from the pharmacists to take
personal responsibility for resolving any drug-relat-
ed problems. The value was found to be statistically
significant (p = 0.007) with respect to the employ-
ment. More than half (59.9%) of the respondents
were expecting from the pharmacists to be knowl-

edgeable drug therapy experts, 61.3% (n = 182)
expect from the pharmacists to educate them regard-
ing the safe and appropriate use of medication.
Again only half of the respondents (49.8%, n = 148)
agreed with the expectation from the pharmacists to
monitor response to drug therapy and let them know
if they encounter any drug-related problem.

Experiences with pharmacist

Consumer’s experiences with the pharmacists
are elaborated in Table 5; 69.0% (n = 205) of the
respondents agreed on the statement that pharma-
cists are a reliable source of general drug informa-
tion. 60.3% (n = 179) were agreed that pharmacists
are important health processionals in the healthcare
system. Less than half of the respondents (41.4%, n
= 123) agreed on the statement that pharmacists rou-
tinely counsel patients regarding the safe and appro-
priate use of their medications. Some respondents
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were disagreed (39.4%, n = 117) with the pharma-
cists willingness to take personal responsibility for
resolving any drug-related problems they discover,
whereas there was small number (34.3%) of respon-
dents who agreed on the statements. The value was
found to be statistically significant (p = 0.014) and
(p = 0.001) with respect to the gender and employ-
ment, respectively.

In general, 385 questionnaires were hand deliv-
ered to the general public visiting community phar-
macies and 297 were received by the principal
researcher, thus giving response rate of 77.1%,
which is adequate and found to be within the range
(5-70%) quoted by researchers for self administered
questionnaire (21).

The majority of the respondents knew about
pharmacist in the healthcare system. On the other
hand, only half of the population did not know
whether they were present in community pharma-
cies, the possible reason could be the trend in
Pakistan (22). They believed in the advice on com-
mon health problem from the person standing at the
pharmacies even from the unqualified drug sellers.
This problem has already been discussed in number
of studies (23-25). There are also studies, which
gave the possible reason of least awareness of phar-
macist in the system, where the pharmacists are not
recognized by the general public. The possible rea-
son could be the small ratio of pharmacists available
for population than they are required (12, 26).
Respondents in this study believed that pharmacist
can guide them in proper use of medicine and they
also showed trust towards pharmacists. The finding
is consistent with the studies in Qatar and Jordan
where a majority of the public believed on pharma-
cists’ role in provision of advice with respect to the
rational use of medicines (13, 27).

Pharmacists play a very important role in solv-
ing all drug related problems for achieving optimal
patient outcomes and ultimately improve the quality
of life of the patient (28). The perception regarding
pharmacists’ role is different in different parts of the
world. The finding in the study shows less differ-
ence between agreed and disagreed among the gen-
eral public. Results from the studies showed that
neither doctors nor consumers believed that pharma-
cists had momentous role in pharmaceutical care
(29). Moreover, pharmacists and consumers did not
understand each other’s discernment regarding phar-
maceutical care services (30). However, half of the
respondents agreed on pharmacist’s role in treating
minor illness, it could be the reason the general pub-
lic is saving the cost of doctors and will take direct
advice from pharmacists. This can be beneficial as

in case of limited resources available in developing
countries and in this context, the role of pharmacists
at the pharmacies has been diversified, integrating
not only dispensing, but also health education and
sometimes even diagnosis (22).

The expectations of general public in Pakistan
are favorable towards pharmacists. They expect the
pharmacists to provide broad range of pharmaceuti-
cal care services including safe use of medication
along with monitoring of response from drug thera-
py. The finding from another study which focused
on ‘patient’s expectation” revealed that the pharma-
cists also believed themselves to provide informa-
tion related to appropriate use of medication (31).
Studies from the developing countries also revealed
that the people had great trust on pharmacists when
they visit the pharmacies (11-13).

General public in Pakistan conceived the phar-
macist as an authentic source of drug information,
and believed in them as an important member of
healthcare team. The finding supports the pharma-
cist’s role in the country. As far as their experience
with the pharmacist’s willingness to take personal
responsibility is concerned, they disagreed with the
small difference with the agreed respondents. The
possible reason could be the focus of pharmacists
towards the managerial job rather than providing
pharmaceutical services.

Study limitations

This study is subjected to certain limitations
due to the general public involved from three cities
only, namely Lahore, Faisalabad and Rawal-
pindi/Islamabad of Punjab province only, which
cannot be generalized to the other provinces of the
country. Moreover, only the general public involved
who visited the chain or independent pharmacies
within four hour visit of the data collecting team,
were considered as the respondents for the study.
There is no electronic data base available neither for
the public living in these three cities, nor for the
number where pharmacists are working.

CONCLUSION

The general public in Pakistan is aware of the
pharmacists in the healthcare system. There are
shortcomings in professional practice terms of pro-
viding pharmaceutical care services to the con-
sumers. The trends of chain pharmacies in develop-
ing countries, which appoint pharmacists for 24 h at
pharmacies, is greatly responsible for creating posi-
tive image of pharmacies in the society. The only
need of time is to increase the number of pharma-
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cists so that the pharmacists along with the manage-
ment can equally focus on the provision of health-
care services to the community. Based on the role of
pharmacists in community, the new treatment pat-
tern of subsequent symptoms such as cognitive dis-
order after stroke could be considered in communi-
ties.
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According to the literature, plants from the
Cirsium genus are rich in phenolic compounds
(1-6). Phenolic acids are known to have various bio-
logical activities, especially fungistatic, bacteriosta-
tic, antioxidant, anticancer, choleretic, potential
sedative — hypnotic, antianxiety and anticonvulsant
activity (1, 8, 9). Flavonoids display vasoprotective,
hepatoprotective, anti-inflammatory, anticarcino-
genic, and free radical-scavenging properties.
Recent studies have shown that apigenin exhibits
anti-proliferation effects on several forms of cancer
cells such as prostate cancer cells, breast cancer
cells, leukemia cells, colon cancer cells. Compared
with other flavonoid substances, apigenin is charac-
terized by low toxicity and non-mutagenesis (9).

So far, flavonoids and phenolic acids have not
been studied in such plants as Cirsium decussatum
Janka, Cirsium eriophorum (L.) Scop., Cirsium ligu-
lare Boiss. Therefore, it is the first time when quali-
tative and quantitative analysis of flavonoids and
phenolic acids in the flower and herb of Cirsium spp.
has been carried out. The aim of this study was to
carry out the separation of the active components of
inflorescences and leaves of Cirsium decussatum
Janka, Cirsium eriophorum (L.) Scop., Cirsium ligu-
lare Boiss. using accelerated solvent extraction
method. The obtained extracts were combined and
purified by SPE. The SPE-eluates were analyzed by
RP-HPLC. Quantitative analyses of flavonoids and
phenolic acids were also carried out. Standard devi-
ation was calculated for all the results, which allows
to claim that the results are statistically significant.

* Corresponding author: e-mail: mkozyra@pharmacognosy.org
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The isolation and separation of natural compounds
(including phenolic acids) from plants is a very
important problem in phytochemical analysis
(10-14). Flavonoids were quantitatively analyzed
for the first time. The obtained methanolic extracts
proved to be very rich in flavonoids, some of which
have not been identified.

EXPERIMENTAL

Plant material

Inflorescences and leaves were collected in

2009 in the Medicinal Plant Garden, Department of
Pharmacognosy, Lublin, Poland. They were dried in
air at room temperature and immediately powdered
according to accepted normal procedures.
Plant material (1 g) was placed in the stainless-steel
cell of Dionex (Sunnyvale, CA, USA) ASE 100
accelerated solvent extractor using methanol as sol-
vent.

The extraction conditions were optimalized,
giving the best parameters of extraction for:
methanol concentration 70%, temperature: 85°C,
number of cycles: 3. Extraction was performed at
100 bar.

Purification procedures

All the methanolic extracts were concentrated
under reduced pressure, dissolved in small portion
of methanol, and transferred to a 10 mL graduated
flask. Solid phase extraction (SPE) is a popular pro-
cedure used for the isolation, purification and pre-
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concentration of organic compounds present in bio-
logical material. It is often considered an alternative
to other methods. In this study, SPE was used for the
isolation of flavonoids and phenolic acids from the
Cirsium genus. Samples containing phenolic acids
were purified from fatty components and chloro-
phylls with SPE. Samples were evaporated to dry-
ness, dissolved in 30% aqueous methanol and
applied to octadecyl BakerBond SPE microcolums
(500 mg, 3 mL, J.T. Baker Phillipsburg, NJ, USA)
previously activated with 10 mL of methanol and
then 10 mL of water. The isolated compounds were
obtained by the elution of columns with 7 mL
methanol : water, 80 : 20 (v/v), under reduced pres-
sure (SPE-12G chamber, J.T. Baker USA, Grof-
Gerau, Germany). The eluates obtained were free
from ballast compounds and contained aglycones
and phenolic acids (15).

RP-LC analysis

LC was performed with an Agilent 1100 sys-
tem coupled with an autosampler, a column thermo-
stat; and diode array detector (DAD). Compounds
were separated on 250 x 4.6 mm stainless-steel col-
umn packed with 5 um Hypersil XDB- C18 (ZOR-
BAX Eclipse), using a stepwise mobile phase gradi-
ent prepared from 1% aqueous acetic acid (compo-
nent A) and methanol (component B) (v/v). The gra-
dient was: 0 min, 2% B in A; 8 min 5% B in A; 12
min 10% B in A; 20 min 25% B in A; 35 min 45%
B in A; 40 min 60% B in A, 45 min 75% B in A. The
mobile phase flow rate was 1 mL/min, the sample
injection volume was 10 uL, and elution was per-
formed at 25°C. The LC pumps, autosampler, col-
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umn oven, and DAD were monitored and controlled
by use of HP Chem. Station rev.10.0 software
(Agilent).

The identity of compounds examined was per-
formed by the comparison of retention times (tz) and
UV spectra with standard substances analyzed under
the same conditions. The qualitative and quantita-
tive analysis was performed. Retention times were
compared with those of standards, using UV spectra
(A =254, 280 and 320 nm) as a comparative param-
eter. Quantitative determination was performed at
the wavelength of maximum absorption of
flavonoids and chlorogenic acid — 320 nm.

Recovery, repeatability and precision

Each extract was injected in triplicate on the
same day. The RSD (relative standard deviation, %)
of retention times and peak arrays were used as the
measure of precision. The method of precision was
evaluated by use of intra-day and inter-day tests.
Intra-day experiments were performed by replicate
analysis of three aliquots of the same sample on the
same day, inter-day tests were performed on three
consecutive working days in the same way as
intraassay experiments (16). Peak area of each of the
extract components was measured three times.

Calibration procedure

Each calibration plot was prepared three times
after chromatography of five different concentra-
tions (1, 0.75, 0.5, 0.25, 0.1 mg per 10 mL for all
the flavonoids and chlorogenic acids except
kaempferol-3-rhamnoglucoside, for which the addi-
tional concentration of 0.05 mg per 10 mL. was also

DAD1B. Sig=320.¢ 100 (MALS 0
mAy 2
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Fig. 1. HPLC chromatogram obtained from analysis of the flower of C. ligulare Boiss.
peaks: 1*. chlorogenic acid, 1. apigenin 7-glucoside, 2. kaempferol 3-thamnoglucoside, 3. kaempferol 3-glucoside, 4. apigenin
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used). Quantification was performed by comparing
the chromatographic peak areas for the external
standard. The calibration plots were characterized
by their regression coefficients, the slopes of plots
(b) and the intercepts of the plots with the y-axis
(a). Calibration equations for flavonoids were: api-
genin 7-glucoside y = 487.26x — 355.12 R* = 0.992;
apigenin y = 966.45x — 739.91 R* = 0.9923;
kaempferol 3-rhamnoglucoside y 157.51x -
144.64 R* = 0.9917; and for phenolic acid: chloro-
genic acid y = 646.75x — 629.77 R* =0.9919.

0
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RESULTS AND DISCUSSION

Calibration plots for the phenolic acids were
highly linear (R* > 0.991) in the concentration range
0.05-1.00 mg per 10 mL (n = 3). The obtained
methanol extracts proved to be very rich in
flavonoids, some of which have not been identified.
Therefore, more research is required. In the investi-
gated inflorescences and aerial parts of leaves of
Cirsium decussatum Janka, Cirsium eriophorum (L.)
Scop., Cirsium ligulare Boiss. qualitative HPLC

30730
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Fig 2. HPLC chromatogram obtained from analysis of the flower of C. eriophorum (L.) Scop.
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peaks: 1*. chlorogenic acid, 1. apigenin 7-glucoside, 2. kaempferol 3-rhamnoglucoside, 3. kaempferol 3-glucoside, 4. apigenin
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Fig 3. HPLC chromatogram obtained from analysis of the flower of C. decussatum Janka.
peaks: 1*. chlorogenic acid, 1. apigenin 7-glucoside, 2. kaempferol 3-rhamnoglucoside, 4. apigenin
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analysis was performed for selected identified com-
pounds. Flavonoids, such as apigenin 7-glucoside,
kaempferol 3-glucoside, kaempferol 3-rhamnoglu-
coside, apigenin, and chlorogenic acid were identi-
fied. Because we have not standard of kaempferol 3-
glucoside we do not determinate this compound
quantitatively.

Standard deviation was calculated for all the
results, which allows to claim that the results are sta-
tistically significant. HPLC analysis of extracts
enabled the identification of four flavonoids and one
phenolic acid. Typical chromatograms obtained
from the extracts from inflorescences are shown in
Figures 1-3. The analysis of methanol extracts of
three inflorescences and leaves from the Cirsium
genus, as well as their quantitative analysis were
carried out for the first time. The concentration of
flavonoids was varied in selected investigated inflo-
rescences and leaves. The amounts of all flavonoids
and phenolic acid were estimated by HPLC.
Chlorogenic acid was found in every fraction stud-
ied in different proportions, depending on species
and organ. The acid was predominant in the inflo-
rescences, mainly in the flowers of C. ligulare where

amount was twice higher than in inflorescences of
C. eriophorum (50.28 [mg/g] and 24.92 [mg/g],
respectively). The leaves of C. decussatum were
richer source of this acid (47.01 mg/g comparing to
C. ligulare 26.34 mg/g and C. eriophorum — only
9.73 mg/g) (Table 1.) The results of the study sug-
gest that chlorogenic acid may by responsible for the
activity and applications of plants of the Cirsium
genus. This is important because this acid is known
for its antioxidant activity (16—18). Nazaruk et al.
(19) performed studies concerning simultaneous
identification of eight phenolic acids and three
flavonods aglycones in Et,O-fractions of inflores-
cences and leaves of five species of Cirsium genus —
C. arvense, C. oleraceum, C. palustre, C. rivulare
and C. vulgare. The contents of phenolic acids,
expressed as caffeic acid, determined by the spec-
troscopic method with Arnov’s reagent, were higher
in leaves than in flowers heads.

Flavonoids are also predominant compounds in
inflorescences. The main compound is apigenin 7-
glucoside present in C. ligulare (27.75 mg/g and
23.55 mg/g), respectively, in C. decussatum and in
very small amount in C. eriophorum (3.06 mg/g).

Table 1. Flavonoids’ and phenolic acids content (C) of extracts obtained from the investigated plants.

Apigenin Apigenin Kaempferol Chlorogenic
7-glucoside 3- rhamnoglucoside acid
C 5.29 27.75 3.50 50.28
C. ligulare Boiss.
- rsutare BOIss +SD 6.96 18.24 371 11.70
inflorescences
RSD 0.13 0.065 0.10 0.02
C 0.39 1.91 ND 26.34
i Boiss.
C. ligulare Boiss +SD 1.72 6.23 20.41
leaves
RSD 0.43 0.33 0.08
C 5.24 23.55 3.63 4487
. dec k
€. decussatum Janka +SD 253 3.26 25.32 1114
inflorescences
RSD 0.05 0.01 0.70 0.02
C 0.82 3.97 ND 47.01
C. decussatum Janka +SD 126 25 12 443
leaves
RSD 0.15 0.63 0.01
C 4.24 3.06 4.73 24.92
C. erioph L.
eriophorum (L..) +SD 372 8.62 5.55 29.59
Scop. inflorescences
RSD 0.09 0.28 0.12 0.12
C 0.34 1.23 ND 9.73
C. erioph L.
eriophorum (L., +SD 5.99 8.12 2738
Scop. leaves
RSD 1.78 0.66 0.28

Each value is the mean (mg per 1 g dry sample) from three replicate analyses. SD = standard deviation, RSD = relative standard deviation,

ND = not determined.
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The amounts of kaempherol 3-rhamnoglucoside
were similar in the investigated inflorescences but
was not identified in leaves. Flowers of C. ligulare
and C. decussatum contain the similar amounts of
apigenin. In leaves of C. decussatum concentration
of this flavonoids was higher than in another inves-
tigated species. (0.82 mg/g) (Tablel). These identi-
fied compounds: apigenin-7-glucoside, kaempferol
3-glucoside, kaempferol 3-rhamnoglucoside, api-
genin, may by responsible for the activity and appli-
cations of plants of the Cirsium genus. Flavonoids
are of particular interest because of their various
pharmacological activities (including antianginal,
antihepatotoxic, antimicrobial, antiulcer, spasmolyt-
ic, antiallergic, antiinflammatory, antiviral, anticar-
cinogenic and antioxidant) (1, 8, 15-17).

This is the first report of simultaneous quan-
tification of three flavonoids and one phenolic acid
in inflorescences and aerial parts (leaves) in differ-
ent species of Cirsium. In the investigated aerial
parts of flowering leaves of Cirsium decussatum
Janka, Cirsium eriophorum (L.) Scop., Cirsium ligu-
lare Boiss. have been identified: kaempferol 3-
rhamnoglucoside, kaempferol 3-glucoside, api-
genin, apigenin 7-glucoside and chlorogenic acid.
(Figs. 1-3) The methanol extract is very rich in
flavonoids but some of the flavonoids were not iden-
tified. Therefore, more research is required. The
analysis of methanol extracts as well as their quanti-
tative analysis have been carried out for the first
time.

Calibration plots for the phenolic acids were
highly linear (R*>> 0.991) in the concentration range
0.05-1.00 mg per 10 mL (n = 3).

Standard deviation was calculated for all of the
results leading to a conclusion that the results are
statistically significant. The result of our investiga-
tion enabled us to establish a simple RP-HPLC
method. ASE and SPE proved to be an inexpensive
but very efficient methods for rapid isolation, sepa-
ration and identification of the flavonoids and phe-
nolic acids present in the extracts examined.
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