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EDITORIAL

Fresh or Frozen Berry Fruits?

Andrei-Serban Gaz-Florea’
Editor

Recent studies suggest that diet rich in fruits and vegetables
could be associated with reduced risk of coronary hard dis-
ease, stroke and even cancer [1]. Both fruits and vegetables
are important sources of vitamins (e.g. group of vitamins B
and C), minerals and fibers. Berry fruits are considered the
healthiest, being also called the “super fruits”. They are rich
in anthocyanins, catechins, ellagic acid, vitamin C, flavo-
noids and antioxidants.

Catechins are flavonols that support the antioxidant
defense system, while anthocyanins (water-soluble colored
pigments that depending on their pH, could have red, blue
or purple color) are associated with a low risk of certain
cancers, prevent aging, improve memory function and the
urinary tract health. Both catechins and anthocyanins have
antioxidant properties [2].

Antioxidants are substances that protect the body by
neutralizing free radicals or unstable molecules of oxygen
that are major sources of disease and aging and can damage
the body cells. They reduce the inflammation, neurodegen-
erative oxidative stress and macular degeneration, improve
cardiovascular functions and decrease the risk of cancer.

However, both anthocyanins and catechins are not
completely stable, therefore after harvesting, these com-
pounds undergo different transformations during process-
ing and storage, which may alter the biological activity [3].
In general, bioactive polyphenols are easily oxidized by
polyphenol oxidase enzymes present in berry fruits (e.g.
blueberries). The enzymes convert the polyphenols to the
corresponding quinones, which furthermore is rapidly
polymerized giving the red, brown or black pigment that
cause fruits browning.

Recent studies assessed the storage effect of berry fruits,
especially blueberries [4,5]. Although freezing of fruits is
considered to be one of the best option for preservation, in
the case of blueberries and bilberries there is a high decrease
in the concentration of total phenols and anthocyanins af-
ter only three months of storage, even at low temperature
(-20°C). In addition, there were no significant differences

* Correspondence to: Andrei-Serban Gaz-Florea
E-mail: andrei.gaz@umftgm.ro

between fruits deposited at -20°C or -50°C, suggesting that
lowering the temperature will not improve the preservation
of bioactive compounds, especially the anthocyanins.

As a conclusion, freezing the berry fruits is not enough
for anthocyanins to be preserved, since there is a retention
of about 50%. On the other hand, no statistically signifi-
cant loss of total polyphenols was noticed in the first 30
days for frozen fruits, while both anthocyanins and total
polyphenols losses were significant at +6°C after less than
15 days (e.g. for total of polyphenols, the retention is about
34%).

Though the berry fruits are considered “super fruits” due
to their high antioxidant properties, it is reccommended to
consume them fresh and to avoid processed fruits as much
as possible.

The article ,Short Period Storage Impact on Bioactive
Constituents from Bilberries and Blueberries” published in
this issue, present the antioxidant and antibacterial effects
of these “super fruits” and the content of their specific bio-
active compounds.

Conflict of interest
None to declare.
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Sibutramine is a chiral anti-obesity drug which decreases food intake and increases energy expenditure. In therapy it is used as a racemic
mixture; however both pharmacokinetic and pharmacodynamic data have revealed enantioselective behavior of sibutramine and its major
active metabolites. Several chromatographic and electrophoretic analytical methods have been published so far for the chiral determination
of sibutramine from pharmaceutical preparations and biological samples. The current paper aims to provide a systematic review of the ste-
reochemical aspects and analytical methods used for the enantiodetermination of sibutramine and its active enantiomers covering the last

15 years.
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Introduction

Sibutramine [(+)-1-(p-chlorophenyl)a-isobutyl-N,N dime-
thyl cyclobutane methylamine hydrochloride] (SIB) is an
oral anorexiant which inhibits central reuptake of serotonin,
norepinephrine, and to a lesser extent dopamine; prescribed
in the treatment of obesity along with a reduced calorie diet.
Unlike other anorexiant agents, like amphetamine, SIB
does not affect the release of neurotransmitters [1].

SIB pharmacological mechanism of action by which
it exerts its weight-loss effect is due to a combination
of feelings of satiety, reduced appetite and induction of
thermogenesis [2]. SIB is prescribed as an adjunct in the
management of exogenous obesity along with exercise and
diet [3].

SIB has a chiral carbon in its molecule and consequently
exists in the form of two enantiomers, R-SIB and S-SIB
(figure 1). The substance is marketed as a racemic mix-
ture, but pharmacodynamic and pharmacokinetic profile
has revealed the enantioselective behavior of SIB, as R-SIB
presents a better anorexic effect than racemic SIB or its S-
enantiomer [4].

cl CH,
S-siB CH,

Fig. 1. Chemical structure of SIB enantiomers

SIB undergoes first-pass demethylation to active me-
tabolites, mono-desmethylsibutramine (MDS) and di-des-

* Correspondence to: Gabriel Hancu
E-mail: gabriel.hancu@umftgm.ro

methylsibutramine (DDS) which are primarily responsible
for its pharmacologic effects (figure 2). The active metabo-
lites are biotransformed further in the liver and excreted
primarily in the urine [5]. SIB metabolites are also chiral,
and exhibit enantioselecive effects; as R-SIB metabolites
exhibit higher potency than the S-SIB metabolites; also R-
SIB metabolites were present at lower concentrations in
the body because of their fast metabolization to hydroxyl-
ated and carbamoylglucuronized forms and their fast uri-
nary excretion [6]. Additionaly, another pharmacokinetic
study demonstrates that R-SIB is biotransformed preferen-
tially over S-SIB in primary cultures of rat hepatocytes and
in rat liver microsomes [7].

3
CH \
Cl 3 CH,
SIB CH, /

x N~

CH,

Cl CH,
DDS &

Fig. 2. SIB metabolism (* denotes the chiral centers)

Initially, at doses of 10-20 mg per day, SIB was consid-
ered to present good safety profile, as it does not induce
cardiovascular adverse effects or pulmonary hypertension,
in comparison with other previously used antiobesity
agents [8]. However, the results of SCOUT (Sibutramine
Cardiovascular and Diabetes Outcome Study) clinical tri-
al, a study designed to evaluate the efficacy/safety ratio of
SIB in high-risk patients, showed that long-term treatment
with SIB exposed patients with pre-existing cardiovascular
disease to a statistically significant increased risk for stroke
and myocardial infarction [9]. The European Medicines
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Agency (EMA) recommended in 2010 the suspension of
marketing authorizations for SIB across EU countries, tak-
ing in consideration reports considering that the cardio-
vascular risks of SIB seems to outweigh the benefits as a
weight-loss agent. In the same year Abbot Laboratories an-
nounced the withdrawing SIB from the US market under
pressure from the Food and Drug Administration (FDA),
citing concerns over therapeutic efficiency coupled with
increased risk of adverse cardiovascular adverse effects [10].

Nowadays SIB is still used in more than 40 countries
from Asia and Central and South America. Also, the il-
licit addition of SIB in counterfeit slimming products has
been reported, which represents a serious public health
problem [11].

The enantioselective behavior of SIB enantiomers and
its two major active metabolites have been of great inter-
est from pharmacodynamic and pharmacokinetic point of
view. For the development of SIB as a chiral drug and for
pharmacokinetic and pharmacologic studies, the enanti-
oselective separation and determination of SIB become of
major importance.

A variety of analytical methods (chromatographic,
electrophoretic) have been reported in the past decade
for the determination of SIB in pharmaceutical prepara-
tions and in biological materials. However the large ma-
jority of the published methods report achiral analysis of
SIB by reversed-phase liquid chromatography (RP-LC)
in pharmaceutical products [12], ultra-high-pressure lig-
uid chromatography with diode-array detection in adul-
terated weight-loss formulations [13], column-switching
high performance liquid chromatography (HPLC) in rat
serum [14] or liquid chromatography—mass spectrometry
(LC-MS/MS) in human plasma [15]. Despite the pharma-
ceutical importance of the stereoselective analysis of this
compound, only a few studies have been reported for chi-
ral separation of SIB and its metabolites.

In the current review, we have summed up the previ-
ously published methods in the literature for enantiodeter-
mination of SIB and its active metabolites.

Determination of absolute configuration

Single crystal X-ray crystallography is considered to be the
most powerful structural method for the determination of
3D structures of the molecules; however while the results
of a routine diffraction experiment provides unambiguous
determination of the relative configuration of the stereo-
genic centers in the molecule, determination of absolute
configuration can be a more challenging task.

In the literature we can find a few reports for the prepa-
ration of SIB or its metabolites enantiomers using: resolu-
tion of the racemate with a chiral acid; asymmetric synthe-
sis and chiral column HPLC separation.

Racemic SIB was resolved with dibenzoyl-p-tartaric
acid, and the absolute stereochemistry of SIB was deter-
mined by single crystal X-ray crystallography of the diben-
zoyl D-tartrate. The major active metabolite, MDS, was

obtained by demethylation of SIB with diethyl azodicar-
boxylate, a complete retention of the configuration was ob-
served. Based on single crystal X-ray structural analysis, the
(+)-isomer of SIB salt has the R configuration, the same
as the (+)-MDS salt obtained by demethylation. Enantio-
meric purity of SIB was verified by HPLC using a chiral
stationary phase column (ES-OVM) [16].

Because of the potentially explosive diethyl azodicar-
boxylate, application of the SIB demethylation method
to the mass production of MDS cannot be viable a solu-
tion. Consequently another synthesis method of the en-
antiomerically pure R-MDS and S-MDS was developed
along with an improved alternative synthesis of the race-
mic MDS. This route was used for kilo-scale production
of enantiomerically pure R- and S- MDS. Racemic MDS
was resolved with either R- or S-mandelic acid, and the ab-
solute stereochemistry of MDS was determined by single
X-ray crystallography of its mandelate salt. Based on sin-
gle-crystal X-ray structural analysis, the same results were
obtained as in the previous study, as the (+)-isomer of the
MDS salt presented R-configuration [17].

In order to find an efficient high yielding synthesis
method for R-MDS, efforts were focused towards the de-
velopment of a catalytic asymmetric method. The key step
in the asymmetric synthesis of R-MDS was the enantiose-
lective catalytic addition of iBuLi to aldimine 3 derived
from methyl amine and 1-(4-chlorophenyl) cyclobutan-
ecarboxaldehyde [18].

The synthesis of the other enantiopure metabolite DDS
was also resolved by combining isolation, purification, and
salt formation resolution in one-step, in which chemically
pure racemic DDS was isolated from the reaction mixture
as a tartaric acid salt, to perform simple crystallizations,

in order to provide both enantiopure R- and S-DDS [19].

Chiral separation of sibutramine

by chromatographic methods

Two HPLC techniques can be used for the chiral sepa-
ration of pharmaceutical substances: indirect and direct
ones. The indirect HPLC technique involves the use of a
chiral derivatization reagent with the formation of two di-
astereomer, which can be separated using achiral chroma-
tographic conditions. On the other hand, the direct HPLC
technique utilizes a chiral selector added either in the chiral
stationary phase or in the mobile phase, and are the most
frequently used methods because of their simplicity and
rapidity [20].

Several reports have been published for the chiral deter-
mination of SIB by HPLC techniques, using protein based
chiral stationary phase [21], Chiracel OD column [22] or
Chiralcel AGP-stationary phase column [23,24].

The enantioseparation of SIB was achieved by di-
rect HPLC on a Chiralcel OD column (250 x 4.6
mm, 10 pm) using a mobile phase consisting of
hexane:ethanol:trifloroacetic acid (93:7:0.05, v/v/v) and a
flow rate of 1 mL/min. The chiral separation of the two
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enantiomers was obtained within 15 minutes with UV de-
tection at a wavelength of 225 nm [22].

A rapid and simple chromatographic method for the
separation of R- and S-isomers of SIB, MDS, and DDS in
rat plasma by LC-MS/MS using a Chiral-AGP stationary-
phase column (chiral stationary-phase based on bonding
to a-acid glycoprotein -AGP) (100 x 2.0 mm, 5 pum) has
been also reported. The enantiomers of SIB and its two
major active metabolites were extracted from rat plasma us-
ing diethyl ether and n-hexane under alkaline conditions.
After evaporation the organic layer, the residue was recon-
stituted in the mobile phase (10 mM ammonium acetate
buffer adjusted to pH 4.03 with acetic acid:acetonitrile,
94:6, v/v). The method was used to characterize the plasma
concentrations of the stereoisomers of SIB and its metabo-
lites in rat plasma, following the oral administration of a
single oral dose of 10 mg/kg of racemic SIB [23].

The same optimized LC-MS/MS method was then ap-
plied for the determination of SIB and its two active me-
tabolites in human plasma. The method was validated in
accordance with FDA regulations for the validation of bio-
analytical methods. The method was successfully applied
to quantify SIB and its metabolites stereoisomers plasma
concentration in healthy volunteers [24].

Chiral separation of sibutramine

by electrophoretic methods

The use of chiral capillary electrophoresis (CE) in enan-
tiomeric separations has gained momentum in the chiral
analysis of pharmaceutical substances, with advantages re-
lated to the rapid method development and high separa-
tion efficiency; CE is also a highly flexible and versatile
analytical method, with a minimal use of chiral selectors
and analytes, and usually uses a direct method of separa-
tion by simply adding the chiral selector to the background
electrolyte [25].

Cyclodextrins (CDs) are the most frequently used chi-
ral selectors in enantiomeric separations by CE, because
several useful properties in chiral CE such as good com-
plexation ability of various analytes, acceptable solubility
in water, low UV absorption, commercial availability, rela-
tively low price and good chemical stability [26].

Capillary zone electrophoresis (CZE) using derivatized
neutral CD - methyl-B-CD (M-B-CD) or derivatized ion-
ized CD - carboxymethyl- B-CD as chiral (CM-B-CD) se-
lectors was the first-choice method used in several studies
for the enantioseparation of SIB enantiomers [27-30].

Separation of SIB enantiomers by CE was accomplished
using a mixed buffer composition containing a mixture of
20 mM phosphate and 10 mM citrate and either 5 mM
M-B-CD (pH 4.3) or 5 mM CM-B-CD (pH 6.5) as chiral
selectors. The separation was achieved on a 50 cm x 50 pm
fused silica capillary, UV detection was used at 223 nm.
During the method optimization, the mixed buffer showed
superior separation results in comparison with single com-

ponent buffers. The stability constants of R- and S-SIB

demonstrated that the resolution of SIB enantiomers was
primarily due to the difference in the stability constants
of the complexes. The optimized CE method was used for
the determination of SIB enantiomers in pharmaceutical
formulations [27].

Proton nuclear magnetic resonance spectroscopy (‘H-
NMR) and CE have been used to discriminate SIB enan-
tiomers using different CD derivatives as chiral selectors.
Possible correlations between 'H-NMR and CE results
were examined; good correlation between the H-NMR
shift non-equivalence data for SIB and the enantiosepara-
tion by CE was observed. Separation of SIB enantiomers
by CE was achieved using a 50 mM of phosphate buffer
at pH 3.0 and 10 mM of M-B-CD as chiral selector. The
CE method was optimized by a complex study regarding
the influence of buffer concentration, buffer pH, CD con-
centration, and system temperature on the chiral resolu-
tion of SIB enantiomers. The analytical performance of the
method was verified; the method was validated according
to ICH guidelines and was applied for the quantitative
determination of SIB enantiomers in pharmaceutical for-
mulations. On a 600 MHz 'H-NMR analysis, enantiomer
signal separation of SIB was obtained by fast diastereomer-
ic interaction with the chiral selector. Using "H-NMR and
2D ROESY studies a structure of the inclusion complex
was also proposed [28].

In another study a complex screening of a large number
of native and derivatized, neutral and ionized CD deriva-
tives was performed in order to establish the optimum chi-
ral selector for the enantiodetermination of SIB. During
the optimization process, the effects of buffer composition,
background electrolyte concentration and pH, CD type
and concentration, applied voltage, capillary temperature
and injection parameters on the chiral resolution were
studied. The best results on a short fused silica capillary
of 30 cm x 50 pm were obtained using a 50 mM phos-
phate buffer containing 10 mM randomly methylated
B-CD (RAMEB) as chiral selector at a pH of 4.50 with
UV detection at 220 nm; the separation of enantiomers
was achieved in approximately 5 minutes [29].

SIB was used as the model substance in order to dem-
onstrate the reversal of enantiomer migration order in CE
separations in correlation with CD concentration. In the
presence of M-B-CD and 2-hydroxypropyl-B-CD (HP-
B-CD) overlapping of migration for SIB enantiomers was
observed, while reversal of enantiomer migration order was
observed in the case of -CD and acetyl-B-CD (A- B-CD)
when increasing CD concentration. The reversal of enan-
tiomer migration order could be explained in terms of the
opposing effects of the stability and the limiting complex
mobility of the SIB-CD complexes while the enantiosepa-
ration of SIB with M- and HP-B-CD was based on the
differences in the binding constants of the SIB-CD com-
plexes while [30].

SIB was one of the ten model compounds used for the
testing of an open-tubular capillary electrochromatogra-
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phy column prepared by chemically immobilized B-CD
modified gold nanoparticles onto a new surface with pre-
derivatization of (3-mercaptopropyl)-trimethoxysilane. To
improve enantioselectivity, B-CD was used as chiral addi-
tive in order to identify synergistic effects and increase chi-
ral resolution [31].

Conclusions

In therapy, SIB has been used as a racemic mixture, while
the pure enantiomers of the compound have not been
available. For efficiency and safety reasons, maybe SIB may
have been developed and administered as a pure enatiomer,
and for the evaluation of pharmacokinetic and pharma-
codynamic profile enantioselective determination of SIB
enantiomers is needed. Without doubt HPLC methods
have proven to be the most reliable and versatile analytical
techniques for chiral measurements of pharmaceutical sub-
stances, however CE has become a viable alternative and a
complementary technique for certain applications because
of its high separation efficiency, relatively short analysis
time, and low consumption of samples and reagents.
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Objective: Transdermal therapeutic systems (TTSs) represent an intensely studied alternative to oral delivery of non-steroid anti-inflammatory
drugs (NSAIDs) in the treatment of rheumatic diseases due to its ability of avoiding the side effects of the oral route. This study aims to pres-
ent the evaluation of the mechanical properties of three NSAIDs (meloxicam, tenoxicam and indomethacin) individually included in four type
of polymeric matrixes, as part of new formulations development process. Methods: 12 products in form of TTS matrixes were prepared by
solvent casting evaporation technique, using hydroxypropyl methylcellulose (HPMC 15000, HPMC E5) and/or ethylcellulose as matrix-forming
polymers. Each of the resulted products was evaluated by determining the water vapor absorption, desorption or transmission in controlled
atmosphere humidity (evaluation of porosity); the elongation capacity, tensile strength and bioadhesiveness (evaluation of mechanical proper-
ties). Results: The analysis of three groups of the experimental data expressed as averages on each group was necessary, in order to identify
the parameters which statistically are critically influenced by the ingredients associated in the TTSs matrix compositions. Analysis by normality
tests, variance and correlation tests (Anova, Pearson) enabled evaluation of the effect of NSAID type vs. the effect of polymer matrix type on
the parameters of the NSAID TTS matrix. Conclusions: Meloxicam incorporated in the structure of HPMC 15000 polymeric matrix favors its
viscoelastic structure. Ethylcellulose functions as plasticizer and supports the matrix bioadhesiveness. HPMC E5 does not meet the require-

ments for TTS preparation in the used experimental conditions.
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Introduction
Transdermal therapeutic systems (TTSs) represent an im-
portant therapeutic progress for both healthcare profes-
sionals and patients, as the absorption of pharmaceutical
active ingredients by the transdermal route has the main
advantage of minimize their side effects [1-3]. The trans-
dermal route is also preferable in case of oral intolerance,
or to enable patients to self-administrate their medication
[4]. Although the efficacy of nonsteroidal anti-inflamma-
tory drugs (NSAIDs) in rheumatic diseases is well known,
their gastric side effects cannot be neglected. Considering
this, in the last years the interest to incorporate NSAIDs
into TTSs has grown, as it results from the latest published
data for: indomethacin [5,6], meloxicam [7,8], tenoxicam
[7,9], lornoxicam [10,11], naproxen [12], ketoprofen [13].
In order to study and describe the dissolution process
of the active ingredient from a TTS, several properties of
the matrix system need to be evaluated, such as: physical
appearance, folding endurance, tensile strength, moisture
vapors absorption, moisture vapors loss. These properties
depend on the composition, compatibility and amount
of used ingredients [14-16]. In addition, the ability of the
NSAIDs to be released from a transdermal therapeutic
system is fundamentally influenced by certain mechanical

* Correspondence to: Nicoleta Todoran
E-mail: nicoleta.todoran@umftgm.ro

properties [14,17] that must be provided to the bioadhe-
sive matrix by a suitable formulation.

This study aims to present the evaluation of the me-
chanical properties of three NSAIDs individually included
in four type of polymeric matrix, as part of the formulation
development process of new TTSs.

Methods

Preparation of NAIDs TTS matrix:
-Chemicals: meloxicam - MX (Techno Drugs & Interme-
diates Ltd. Mumbai, India), tenoxicam - TX (Nantong
Chemding Chephar Co. Ltd. Jiangsu, China) and indo-
methacin - IND (Sigma Aldrich Milan, Italy). Three types
of cellulose ethers polymers were used as matrix formers
in ultrapure water (Millipore Direct-Q S. water distiller):
hydroxypropyl methylcellulose - HPMC 15000 (Metolose
90SH - 15000 mPa-s, Shin-Etsu Chemical Co., Ltd. To-
kyo, Japan), hydroxypropyl methylcellulose - HPMC E5
(Methocel E£5 - 5 mPa-s, Dow Chemical Co., Midland,
USA) and ethyl cellulose - EC 10 (EC 10 mPa-s, Sigma
Aldrich Co., Germany). Auxiliary substances: propylene
glycol - PG (Scharlau Chemie, Barcelona, Spain); tween
20 (Sigma Aldrich Co., France); absolute ethanol and
chloroform (Chemical Company, Romania).

-Formulation of NSAIDs TTS matrix: 12 compositions
containing each 0.5 % of NSAID were formulated using
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three different NSAIDs (MX, TX or IND), each of them
being included in four variants of polymeric liquid disper-
sions (table I).

- T'TS matrix preparation technique: 0.5% NSAID dis-
solved in ethanol - propylene was mixed with 1% tween
20 (previously dispersed in the corresponding amount of
water). The film former polymer/s (dissolved in a mini-
mum amount of chloroform, in the case of EC 10) has
been added to the mixture under continuous stirring to
obtain a homogeneous dispersion which was then poured
into Petri dishes (diameter of 9.8 cm) and kept 24 hours
into an oven at 40°C, for solvent evaporation.

Evaluation of bulk viscoelastic properties (sample size/per-
formed test):

-Samples of 75.39 cm? (O 9.8 cm): Physical appearance
was visually evaluated in terms of appearance, color, clarity
and smoothness of the surface. Weight uniformity — m (g)
was determined by weighing three samples of each product
and then expressed as the calculated average. 7hickness — T’
(mm) was determined using a digital micrometer and ex-
pressed as average of the values determined in five different
points on the surface of the each product.

-Sample of 4.0 cm? (2.0 cm/2.0 cm): Folding endurance
- FE (x) was determined by repeatedly folding the sample
(twice for a pair) in the same place (middle line) and ex-
pressed as the number (x) of fold pairs to which the prod-
uct resisted until the break.

-Samples of 6 cm? (4.0 cm length/1.5 cm width): Tensile
strength - TS (N-mm2) was determined by subjecting the
sample, kept fixed at the upper end, to increasing down-
wards tensile forces generated by 10 g weights successively
attached to the lower end, until the break of the sample. 78
(N-mm2) = (M-g)/(W-T), wherein M - is the weight that
generated the tensile force (Kg), ¢ - the gravitational ac-
celeration (9.8 N/Kg), W - the width of sample (mm) and
T'— the thickness of sample (mm). Elongation to break — Eb
(%): Eb (%) = (Lf- L)-100/L, wherein L, — is the initial
length of sample (cm) and Z,~ the final length of sample
(cm) recorded before break. The pairs of data (elongation
as a result of tensile strength) recorded during each deter-
mination were then used to evaluate the viscoelastic behav-
ior by graphical and statistical correlation analysis.

-Samples of 4.15 cm? (D 2.3 cm): Moisture vapor ab-
sorption - WVA (%) was determined by keeping the sample

for 72 hours in desiccator containing a saturated solution

Table I. Compositions containing 0.5% NSAID proposed in the study

of potassium chloride (relative humidity - RH = 80%)
and expressed as the moisture uptake: WVA (%) = (mf—
m,)-100/m,, wherein m;, - is the initial mass of the sample
(g), m- the final mass of the sample (g). Moisture vapor loss
- WVL (%) was determined by keeping the sample for 72
hours in desiccator containing anhydrous calcium chloride
(RH = 0%) and expressed as the calculated moisture lost:
WVL (%) = (m,— mf)-100/ml., wherein m; - is the initial
mass of the sample (g), my- the final mass of the sample
(g). Water vapor transmission rate - WVIR (g-cm?-h') was
determined by weighting an assemble consisting of a glass
flask (internal volume of 6 cm?) containing 1.000 g of an-
hydrous calcium chloride (RH = 0%), with the opening
sealed with the test sample, before and after maintaining it
to constant mass (72 h) in a desiccator containing a satu-
rated solution of potassium chloride (RH =~ 80%). WV7R
(g-em? k1) = (my— my)-100/t-S, wherein m; - is the initial
mass of the sample (g), - the final mass of the sample (g),
t- time (72 h) and S — the surface of the sample (4.15 cm?).

Evaluation of texture and surface properties: was per-
formed with a CT3 Texture Analyzer (Brookfield Engi-
neering Laboratories, equipped with TexturePro CT V1.5
Software). For each sample, three measurements were car-
ried out and the mean + standard deviation were reported.

-Hardness force (the resistance of TTS matrix to perfora-
tion) - Hf (g) was determined by running the Rupture Test
in the following conditions: the sample placed between the
two plates of the TA-FSF fixture; TA 42 (3 mm Cylinder
Probe) as penetration accessory device; target value - 4500
g, trigger load - 10 g, test speed — 0.20 mm/sec; test target
— Load (recorded value). One cycle includes all recordings
until the rupture of the sample.

-Adhesiveness (the surface stickiness of TTS matrix) - A
(m]) was measured based on the adbesive force - Af (g) de-
termined by running the Compression Test in the follow-
ing conditions: the sample (at two minutes after wetting
with 200 pL distilled water) placed into TA-BT-KIT fix-
ture; TA-AACC36 accessory device covered with a natural
membrane (intestine porcine membrane); target value -
100 g, hold time - 10 sec, trigger load - 0.5 g, test speed - 1
mm/sec; test target - Load (recorded value).

Statistical analysis: were performed with GraphPad
Prism 6 (GraphPad Software, Inc., San Diego, California),
considering the statistical significant difference at p < 0.05,
for the confidence interval (CI) of 95%. The calculated

Meloxicam Tenoxicam Indomethacin

Ingredient (%)

MX 1 MX 2 MX 3 MX 4 X1 X2 X3 X4 IND 1 IND 2 IND 3 IND 4
HPMC E5 3.0 - 3.0 3.0
HPMC 15000 - 1.0 1.5 1.0 1.0 1.5 1.0 - 1.0 1.5 1.0
*EC 10 1.0 1.0 1.0
Ethanol - PG (3:1) 40.0
Tween 20 1.0
Water to 100.0

*dissolved in a small amount of chloroform
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descriptive statistic parameters were the followings: arith-
metic mean; standard deviation (SD) and coefficient of varia-
tion (CV). In order to test the normality of the dispersion
the following inferential tests were applied: Kolmogorov—
Smirnov (KS), D’Agostino & Pearson omnibus and Shapiro-
Wilk. The variance analysis and the correlation for associa-
tion between variables were quantified by: two-way Anova
test; Tukey test; Pearson’s correlation test.

Results

12 products in form of TTS matrix were prepared by cast-
ing on a circular surface of 75.39 cm? each of the homog-
enous aqueous dispersions containing 0.5% NSAID (MX,
TX or IND) in four variants of polymeric composition.
The values of the determined parameters of these labora-
tory products are shown in table II and the texture and
surface properties of NSAID TTS matrix prepared in the
four polymeric films in table III.

Discussion
The TTSs were obtained as four matrix type (1-4) poly-

by the ingredients associated in the TTSs matrix composi-
tions (as independent variables). These grouped calculated
data are shown in table IV.

-The effect of the formulation variables on parameters of
the NSAID TTS matrix, based on the analysis of individual
data (tables II-I1]) vs. the average of total products (table 1V]
group 1):

The average weight (m) of the 12 products is 2.52 +
0.10 g to a surface of 75.39 cm? (& 9.8 cm) and the thick-
ness (T) is 0.32 + 0.04 mm, favorable for cutaneous ad-
ministration. The viscosifying capacity of the used HPMC
type determines the mechanical resistance of the polymeric
matrix. Films based on HPMC E5 have low mechanical
resistance, making impossible to measure any elongation
at tensile strength. Nevertheless, surface properties (hard-
ness force and adhesiveness) were successfully determined,
so the HPMC E5 films were kept in the study. HPMC
15000 combined or not with EC 10 confers flexibility and
mechanical resistance (as FE > 150).

Table lll. Texture and surface properties of NSAID TTS matrix

Determined parameter

meric films with uniform, porous and lightly sticky sur- TTS matrix
o Hf (g) + SD Af (g) + SD A(mJ) = SD
face. The greasy aspect of the EC 10 containing films (type @)= @+ (m) +
. . MX1 402+36 60.5 + 23.0 0.16 + 0.04
4) may be explained by the chloroform used to dissolve
. . MX2 200.7 + 13.1 147.1 £ 26.1 0.31+0.05
the polymer before incorporation. The color of the film
. . . MX3 473.7 £37.0 75.7 +26.7 0.16 + 0.02
depends on the NSAID type included in the matrix: those * * *
. . . . MX4 112.8 +13.8 185.7 £ 1.0 0.36+0.13
containing meloxicam (MX) are light yellow, tenoxicam
. . : . . ™1 272416 83.712.9 019+ 0.01
(TX) intensive yellow, and indomethacin (IND) white- * * *
™ 154.7 + 4.8 184.3 £ 14.0 0.20 + 0.01
yellow.
™3 806.2 + 41.6 63.5+ 5.3 0.21 £ 0.01
. . . ™4 140.7 £ 10.9 93.2 + 44.9 0.12 £ 0.03
Variance analysis of NSAID TTSs matrix parameters: * * *
o ot . IND1 705+ 4.4 1258+ 11.3 0.14 £ 0.01
Taking into account the variability of compositions, the * * *
- . IND2 273.7 + 28 83.5+32.8 0.17 £ 0.04
analysis of three groups of the experimental data expressed
. . IND3 505.2 + 54.5 97.3+21.8 0.12£0.02
as calculated arithmetic averages of data on each group was
. . IND4 227.5+9.8 93.0 £ 25.2 0.17 £ 0.01
necessary, in order to identify the parameters (as depend-
. . .. .. . Hf = hardness force; Af = adhesive force; A = adhesiveness
ent variables) which statistically are critically influenced SD = standard deviation (n = 3)
Table Ill. Bulk viscoelastic properties of NSAID TTS matrix
Determined parameter
TTS matrix
m () + SD T (mm) + SD FE () Eb (%) TS(NmMm2)  WVA(%)  WVL(%)  WIR (gcm2h)
MX1  2523:0125  0.296+0.018 - - - 2.550 15.346 2.0010°
Meloxicam =~ MX2  2537£0.106  0.262 +0.015 >150 67.5 0.3903 5.543 13.230 2.1110%
matrix:
ightyellowish  MX3  2.733+0.129 0380 +0.012 >150 775 0.4900 3114 11.066 2.0510%
MX4 ~ 2.383:0072 03540019 >150 40.0 0.2888 4.068 20.808 1.9110%
TX1  2617£0090 03120015 - - - 2.306 15.179 2.0210%
Tenoxicam | TX2 25370012  0.260 = 0.010 >150 62.5 0.4184 4317 14.753 1.8810
mathé | TX3  2430:0078  0344:0015 >150 67.5 0.3352 4.670 14.124 2.0510%
yellowish
s TX4  2490+0.155 03320013 >150 45.0 0.3080 3.785 20.690 1.8910
IND1  2613+0030 02720013 - - - 2238 14.060 1.8110%
indomethacin  IND2 ~ 2.433+0.067  0.272+0.013 >150 725 0.3999 2.530 12.318 1.69-10%
trix:
yellowishwpite IND3 2565+ 0.119 0356 +0.011 >150 80.0 0.3423 3.078 18.805 2.0210%
IND4  2.388+0109  0.326+0.015 >150 375 0.2635 3.787 23.445 1.9610%
Sample surface: 75.39 cm?2 (9.8 cm) 4 cm? 6 cm2 (4.0 cm /1.5 cm) 4.15cm? (J 2.3 cm)

m = weight uniformity; T = thickness of matrix; FE = folding endurance (x = number of fold pairs until the break); Eb = elongation to break; TS = tensile strength; WVA = moisture vapor

absorption; WVL = moisture vapor loss; WVTR = water vapor transmission rate;
SD = standard deviation (n = 3)
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Table IV. Groups of data and calculated parameters subjected to analysis by statistical tests

Mean value + SD

Parameter Group 1 (total) Group 2 Group 3
P MX T IND TTS 1 TTS 2 TTS 3 TTS 4
" 252 oez 8'172 oo 2.54 2,52 2.50 258 2.50 258 2.42
+0.10 p="2 +0.14 +0.08 +0.11 +0.05  +0.06 +015  +0.06
cp=0.68 cns
T 0.32 oez 8';2 b 0.32 0.31 0.31 0.30 0.27 0.36 0.34
+0.04 p="2 +0.05 +0.04 +0.04 +001  +0.01 +0.02 +0.02
cp=0.67 cns
b 1.07 E p> 8';2 g :: 1.06 1.08 1.08 1.14 1.25 0.94 0.95
+0.14 p=" +0.18 +0.16 +0.13 +0.04  +0.06 +0.01 +0.05
cp=0.16 cns
Eb 61.11 ohz 8':132 oo 61.67 58.33 63.33 i 67.50 75.00 40.83
+16.21 p="2 +19.42 +11.81 + 2068 +5.00 +6.61 +3.82
cp=0.17 cns
ap>0.10 ans
Ts 0.36 o078 oo 0.39 0.35 0.34 i 0.40 0.39 0.29
+0.07 p="2 +0.10 +0.06 +0.07 +0.01 +009 =002
cp=0.88 cns
ap>0.10 ans
3.50 3.82 3.77 2.91 2.37 4.13 3.62 3.88
WVA +1.04 bp=068 bns +1.31 +1.04 +0.68 +016  +1.52 +0.91 +0.16
cp=0.49 cns
ap=0.04 as”
16.15 15.11 16.19 17.16 14.86 13.43 14.67 21.65
WL +3.86 bp=049 bns +4.18 +3.03 +5.01 +070  +1.23 +3.90 +1.56
cp=0.24 cns
ap>0.10 ans
1.95 2.02 1.96 1.87 1.94 1.89 2.04 1.92
WVTR +0.12 bp =026 bns +0.08 +0.09 +0.15 +112  +0.21 +0.02 +0.04
cp=0.49 cns
e 2528 Z P> 8'2)2 i';f 206.9 2822 269.2 46.0 209.7 595.0 160.3
+2323 p="2 i +189.6 +354.0 +179.8 +222  +600  +183.6  +598
cp=0.04 Ccs
Af 107.8 aps 8'2? e 1173 106.2 99.9 90.0 138.3 78.8 124.0
+43.4 p=9 S +59.2 +535 +18.2 +331  +509 +17.1 +535
cp=0.05 Ccs
A 0.19 E p= 8'82 ’;‘)';f 0.25 0.18 0.15 0.16 0.23 0.16 0.22
+0.07 p="2 A +0.10 +0.04 +0.03 +003  +0.07 +005 =013
cp=0.02 CcSs

a = Kolmogorov-Smirnov (KP) test, b = D’Agostino & Pearson omnibus test, ¢ = Shapiro-Wilk test:

ns = statistically insignificant; *statistical significant (p < 0.05, for Cl of 95%)

For the other products, their viscoelastic properties
ensure an elongation of 61.11 % under the action of the
downward tensile forces, while the mechanical resistance
at break is 0.36 N-mm in terms of tensile strength and
252.8 g in terms of hardness force. In the case of the ten-
sile strength, although the value of p>0.1000 calculated by
Kolmogorov—Smirnov normality test suggests a population
with normal distribution, the other two normality tests with
p=0.0360 (D’Agostino & Pearson omnibus normality test)
and p=0.0374 (Shapiro-Wilk normality test) indicate the
contrary. This anomaly can be explained by the significant
influence of composition on the mechanical properties.

Exposed to humidity in form of vapors TTS matrices
bound the water in the percentage of 3.5 %, while in dry
atmosphere they lose 16.15 % of their weight. The wa-
ter vapor loss depends on the composition of the matrix,
as the individual values vary significantly from a normal
distribution (p<0.05, KP normality test). Transmission of
humidity through the matrix from one to the other surface
has a mean rate of 1.95-10-3 g-cm?h"! water vapors, in case
of a moisture loss 5 times greater than the moisture uptake
(WVA vs. WVL) under the given circumstances. These
darta indicate a predominant water loss on the surface ex-
posed to air, even though the other side of the matrix sur-
face is being exposed to humidity.

Adhesiveness of the film surface of 0.19 m] was obtained
by using about 107.8 g adhesive force. The adhesive force
is given by the maximum of the negative force recorded
on the graph, more negative the values of this parameter
meaning better adhesion of the sample. The area under the
curve until the zero line is used to calculate the adhesive-
ness and the force required to break the sample can provide
information relating to the cohesion of the molecules in
the sample.

The statistical normality tests applied reveal that the
individual values of the adhesive force have a significant
deviation from the average (p<0.05, KS normality test),
indicating a powerful influence of films composition on
this parameter. As well as in the case of tensile strength, the
dispersion from the average of adhesiveness values suggests
a normal distribution by KP normality test (p>0.1000),
while in contrary by the other two tests (D’Agostino &
Pearson omnibus test, with p=0.0291; and Shapiro-Wilk
test, with p=0.0190), which also could be explained by the
significant influence of matrix compositions on this depen-
dent variable.

-The effect of NSAID type (table 1V, group 2) vs. the effect
of polymer matrix type (table IV, group 3) on the parameters of
the NSAID TTS matrix, based on the analysis of the variance

between groups:
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For each of the two groups of data arranged in columns
in replicate values in side-by-side columns, the variance of
individual values to the mean was analyzed by Two-way
ANOVA test. Supplementary, each line had been com-
pared (simple effects within columns) by Tukey’s multiple
comparisons test (figure 1).

In case of data grouped by polymer matrix type, the
variance is significantly (p<0.0001, o = 0.05) determined
by the matrix type (3.95%). Type of the film forming poly-
mer influences in an approximately equally measure all the
experimental parameters considered as depended variables
with the exception of hardness force - the highest variance,
adhesive force and elongation to break - with slightly high-
er different variance (by Tukey test).

In case of data grouped by NSAID type, it can be stated
that the effect of the NSAID type is insignificant (0.94%)
and appears in the same measure in the values of the ana-
lyzed experimental data. All the results suggest that hard-
ness differentiates in a statistically significant way the 12
types of TTSs matrix, the rupture test results as average of
data grouped by NSAID type being the following: 206.9 g
for MX, 282.2 g for TX and 269.2 g for IND.

Correlation of NSAID TTS matrix mechanical param-
eters:

Elongation of TTS matrix may be explained by the sliding
capacity of matrix building polymeric layers, simultane-
ously with the resistance to movement of the polymeric
chains, which after the elongation caused by a tensile forc-
es, tend to regain their initial form.

The maximum of elongation previous to the rupture
causing tension have the following values: 67.5 % - 0.40
N-mm? for TTS 2 (HPMC 15000 1%), 75.0 % - 0.39
N-mm-2 for TTS 3 (1.5% HPMC 15000) and 40.8 % -
0.29 N-mm<2 for TTS 4 (1% HPMC 15000 + 1% EC 10),
respectively. The correlation grade of the two mentioned
parameters was established by Pearson test individually for
each product, as it is shown in figure 2.

A significant correlation was demonstrated in all cases,
as all Pearson r values are in the range of 0.9818 (the lower,
in the case of IND4) to 0.9934 (the highest, in the case of
MX3). The average of Pearson coefficients of TTS matrix
grouped by NSAID type shows a superior correlation for
meloxicam independently of the matrix type: r + CV (%)
=0.9905 + 0.2633. On the other hand, in the TTS ma-
trix grouped by polymer matrix type a superior correlation
is shown in the case of TTS matrix 3 (formed by 1.5%
HPMC 15000): with r + CV (%) = 0.9919 + 0.1430.

Conclusions

The texture and the surface properties (resistance to per-
foration and bioadhesivity) of the 12 products prepared
in form of polymeric films are critically (statistically sig-
nificant) influenced by the ingredients associated in their
composition. HPMC 15000 used in concentration of 1 -
1.5 % with 0.5 % MX, TX or IND confers to TTSs matrix
adequate mechanical properties for dermal application.
MX incorporated in the structure of the polymeric matrix
favors its viscoelastic structure. EC 10 functions as plasti-
cizer for the HPMC 15000 matrix and supports its bioad-
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Fig. 1. Effect of polymer matrix type (group 3) vs. Effect of NSAID type (group 2) on the variance of NSAID TTS matrix parameters value

expressed as average of experimental data
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Fig. 2. Elongation of NSAID TSS matrix as function of tensile strength and the statistical significance of correlation by Pearson test: indi-

vidual and average of grouped data

hesiveness. HPMC E5 3% does not meet the requirements
for TTS preparation in the used experimental conditions.
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Objective: the number of alkaloids like morphine and codeine found in poppy seeds used in food industry are monitored by a directive given
by European Food Safety Authority. Based on this regulation the aim of the study was to determine the quantity of morphine and codeine
from several brands of poppy seeds. Methods: an HPLC-UV method (205 nm) was developed to measure the quantity of morphine and
codeine. Sample preparation was made using recipes posted on Drugs Forum by some users. Limits of detection were not determined be-
cause the lowest concentration from the reference (0.1 ug/ml) detected morphine concentrations that are far lower than a limit of toxicological
concern. Results: The concentrations, which were found, ranged between Below the Level of Toxicological Concern (BLTC) - 243.26 mg/
kg for morphine and BLTC - 88.58 mg/kg for codeine using several methods of preparation. Conclusions: one can observe that there are
some brands of poppy seeds which do not respect the regulation about the amount of morphine and codeine. The high amount of morphine
in some samples suggests that there are different varieties of poppy seeds, which can be used for an illicit purpose and can lead to addiction

or even overdose in some cases.
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Introduction

Morphine is one of the principal ingredients of opium, a
drug that has been, by far, one of the most popular and
commonly used and abused drug in human history [1].
Nowadays, it is an opiate narcotic painkiller with a high
potential for abuse. It belongs to narcotic medication as
can cause addiction, overdose and even death [2]. The drug
can be used in clinical pain relief but it can be also used il-
licitly for recreational purpose among drug users. Once ad-
ministrated, the substance enters the blood stream which
carries it to different parts of the body and in brain where
it activates opioid receptors. While some effects are ben-
eficial like pain relief due to the activation of pl receptors
subtype, others are unwanted such as respiratory depres-
sion and addiction due to activation of p2 receptors sub-
type. Because of its severe effects the substance is regulated
worldwide in different classes of risks and it is not available
without a medical prescription [3].

Even if the abuse of morphine is no longer as common
as in the 19% century [4], drug users search for different
methods to obtain morphine without a medical prescrip-
tion. One of the most popular methods is obtaining mor-
phine from poppy seeds [5]. Drug addicts sustain that
making a poppy seed tea is the best solution to obtain
doses of morphine large enough for the euphoric effect [6].
However, the concentration of morphine in poppy seed
tea can vary enormously so the risk of an overdose is high
especially when it is taken with other drugs like benzodiaz-
epines, a combination very popular among the drug con-

* Correspondence to: Ibolya Ful6p
E-mail: fulop.ibolya@umftgm.ro

sumers [7]. Unfortunately, there are death cases reported
worldwide because of the overdoses found in poppy seed
tea. One of the cases found on the internet showed that the
overdose appeared when using 1.5 kg of poppy seeds for
obtaining the tea. Furthermore, it was an unexpected and
undesired effect because the consumer had taken poppy
seed tea several times, always using the exact amount of
seeds and the same preparation method [8].

Based on The European Food Safety Authority's docu-
ment about the alkaloids present in the poppy seeds used
in food industry, we analysed the amount of morphine
from several poppy seeds types available in our country.

The European Food Safety Authority (EFSA) Panel
on Contaminants in the Food Chain (CONTAM Panel)
established a safety factor of 3 to obtain from the lowest
known single oral therapeutic dose of 30 pg morphine/kg
body weight (b.w.) an acute reference dose (AR{D) of 10
pg morphine/kg b.w. The safety factor of 3, applied by the
EFSA in the case of morphine takes into consideration the
acute toxic effect, the lowest active pharmacological dose
ever published and the size and type of the population ex-
posed to the substance [9].

The aim of this study was determine the amount of mor-
phine and codeine in poppy seed tea, made from different
types of poppy seeds, by four different infusion methods,
in order to evaluate if there is a possibility that these pop-
py seeds can be used for a recreational purpose. We also
intended to verify if the regulations regarding the proce-
dures of decreasing the number of alkaloids are taken into
consideration. Literature data shows that using the poppy
seeds tea for recreational purpose is an easily available and

high risk method for opioid users [10].
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Materials and methods

1.1. Equipment and reagents

Merck HPLS system consisting of: quaternary pump Mer-
ck Hitachi L-7100, auto sampler Merck Hitachi L-7200,
column thermostat Merck Hitachi L-7360, detector de
DAD Merck Hitachi L-7455, interface Merck Hitachi
D-7000 I/F solvent degasser Merck Hitachi L-7612,
D-7000 HSM- Manager software, LichroCART 250-4,
Rp- Select B (5 pm) column Merck KgA, Germany.

The following reagents were used: purified water (Mil-
lipore, USA), H;PO, and K,HPO, (Merck KgA, Germa-
ny), morphine hydrochloride (analytical purity), codeine
phosphate (analytical purity); commercially available pop-
py seeds (countries of origin: Romania, Czech Republic,

Spain and Turkey).

1.2. HPLC method
The mobile phase composition, gradient and flow rate are
shown in Table I.

The injection volume was 100 ul and the full “loop”
method was used.

DAD domain: 190-400 nm, best chromatogram ex-
tracted at 205 nm, because this wavelength gives the best
signal-to-noise noise ratio. Peak purity limit: 95%. Analyse
time: 15 minutes.

Retention time:

— morphine 6.70 minutes;

— codeine 10.03 minutes.

1.3. Preparation of the samples

Analyzed poppy seeds recipes are shown in Table II. Four
types of sample preparation were used to reproduce reci-
pes taken from Drugs Forum which are provided by some
consumers [10].

For a better extraction of alkaloids, an acidic medium
(pH = 3) was used for sample preparation. Until analysis,
the samples were frozen at -20°C. There were used four
methods of preparation: in the first one the seeds were sim-

Table I. HPLC pump setup

20 mM phosphate

Time (min) Methanol (%) buffer, pH = 3 (%) Flow rate (ml/min)
0 5 95 1.000
8.0 30 70 1.000
15.0 30 70 1.000
15.1 5 95 1.000
17.0 5 95 1.000

Table Il. The methods of preparation

ply washed, in the second one they were left in contact with
the extraction solvent and washed, for the third method
the seeds were grinded before the washing procedure and
for the fourth method the poppy seeds were grinded and
left 24 hours in contact with the extraction solvent. After
defrosting at room temperature, samples were centrifuged
5 minutes at 5000 rpm, filtered through a 0.5 pm nylon
filter and injected into the HPLC system.

1.4. Method performance testing

1.4.1. Specificity

To assess the specificity of the method we used a sample
of poppy seeds without detectable concentrations of co-
deine and morphine. All methods of sample preparations
showed no peaks with the retention times of morphine and
codeine. A typical chromatogram of a sample is shown in
Figure 1.

1.4.2. Linearity
To assess the linearity of the method, the following con-
centration ranges were chosen (N = 3):

— morphine 0.1-15 pg/ml

— codeine 0.1-15 pg/ml

The coeflicient of correlation (R) was 0.998 for mor-
phine and 0.998 for codeine (Figure 2). All the residuals
(difference between the calculated-from the calibration
curve — and theoretic concentration, expressed as a percent
of the theoretic concentration) were under 10%. Repre-
senting the residuals as a function of the theoretic concen-
tration, no correlating tendency was found.

1.4.3. Accuracy and precision

Spiked sample technique, of a poppy seed type that was
found to have undetectable concentrations of morphine
and codeine, was used for assessing the accuracy and preci-
sion of the method. Three values of concentrations were
used (5 mg/kg, 20 mg/kg, 60 mg/kg of poppy seeds, N =
5). Recovery ranged between 81.13-95.30% and the coef-
ficient of variation ranged between 0.28-0.45%. Similar
results were obtained in the case of codeine, too.

1.4.4. Limit of detection and quantification

The limit of detection and quantification were not deter-
mined. In the case of morphine any peak lower than the
lowest point of the calibration curve (0.1 pg/ml corre-
sponding to 1 mg/kg poppy seed) was considered far below
of the range of toxicological concern (EFSA RfD would

Series 1 Series 2

Series 3

Series 4

-0.3 g poppy seeds homogenized
with 3 ml phosphate buffer pH =3
-vortex for 1 minute

-the solution was centrifuged at 5000
rpm for 5 minutes

-the samples were frozen

-0.3 poppy seeds homogenized with
3 ml phosphate buffer pH = 3 and left
to rest for 24 hours

-vortex for 1 minute

- the solution was centrifuged at 5000
rpm for 5 minutes

-the samples were frozen

-0.3 g grinded poppy seeds homog-
enized with 3 ml phospahte buffer
pH=3

-vortex for 1 minute

-the solution was centrifuged at 5000
rpm for 5 minutes

-the samples were frozen

-0.3 g grinded poppy seeds homog-
enized with 3 ml phospahte buffer pH
= 3 and left to rest for 24 hours
-vortex for 1 minute

- the solution was centrifuged at 5000
rpm for 5 minutes

-the samples were frozen
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Fig. 2. The linearity curves of morphine and codeine

Table Ill. The concentration of morphine and codeine from the dif-
ferent types of poppy seeds (mg/kg morphine / mg/kg codeine)

ES::EI; Series 1 Series 2 Series 3 Series 4
1 0.10/BLTC 2.04/3.83 1.30/BLTC 22.47/88.58
2 13.75/0.22 3.39/BLTC 0.91/BLTC 8.08/BLTC
3 37.03/0.77 44.16/BLTC 13.86/BLTC 29.06/BLTC
4 0.44/BLTC 2.73/BLTC BLTC/BLTC 13.30/BLTC
5 0.81/0.26 3.06/BLTC BLTC/BLTC 28.85/BLTC
6 112.41/16.50  243.26/28.80  117.77/10.51 119.16/9.00
7 7.00/BLTC 8.94/BLTC 8.03/BLTC 42.26/BLTC
8 30.70/3.76 124.84/12.18 98.26/6.59 59.52/BLTC
9 3.82/BLTC 29.90/BLTC 12.00/BLTC 49.43/BLTC
10 8.80/BLTC 15.25/BLTC 4.52/BLTC 29.22/BLTC
11 6.95/0.30 9.61/BLTC 6.81/2.03 11.88/BLTC

Abbreviation: BLTC - Below of Toxicological Concern

be found in 3 kg poppy seeds) and its concentration was
noted with BLTC (Below the Level of Toxicological Con-
cern) The codeine is 10 times less potent than morphine,
therefore this concentration is even less importation.

Results
Concentrations of morphine and codeine measured in the
samples are shown in Table III.

Concentrations for morphine ranged between 0.1 -
112.41 mg/kg for series 1, 2.04 - 243.26 mg/kg for series
2,BLTC-117.77 mg/kg for series 3 and 8.08 - 119.16 mg/
kg for series 4. In the case of codeine the concentrations
ranged between BLTC — 16.50 mg/kg, BLTC — 28.80 mg/
kg, BLTC — 10.51 mg/kg and BLTC — 88.58 mg/kg, for
the series 1, 2, 3 and 4, respectively. For the preparation
of the poppy seeds tea, quantities of 200-2000 g seeds are
most often used.

Discussions

From the results presented above it is obvious that some of
the poppy seed cultivars, easily available on the supermar-
kets, can be dangerous for human health if they are used
in the production of poppy seed tea. Some of the stud-
ied samples can produce an overdose and can be possibly
deadly (series 1, 2, 4). Even if none of the brands analysed
does not contain a quantity of morphine which can have a
recreational effect if used as food, there is a high possibility
of recreationally use the tea produced from certain seeds.
Even overdose and death can result if certain seeds are
used in the highest amount recommended by some users
for poppy seed tea preparation. Moreover, the methods of
preparation are simple and the seeds can be bought freely,
therefore, it is obvious that a drug with high addictive and
toxic potential can be obtained with very little effort in the
lack of a restrictive legislation.

Codeine concentrations in all samples are very low, even
undetectable in many cases, and could not be considered
to contribute to a recreational or toxic effect of the samples
we analysed.

Conclusions

The HPLC method we propose is suitable to detect and
measure the quantity of morphine and codeine from the
poppy seeds. The method can be used even in emergency
situations to confirm the presence of morphine and co-
deine in liquids suspected to be poppy seed teas. Even if
presence of codeine observed in all of our measurements
is not of any toxicological concern, its presence can be
used to differentiate solutions obtained from analytical
purity morphine from those obtained by washing poppy
seeds.

Large variation of the morphine content observed in our
samples is a high risk of overdose and death especially for
young people trying to prepare a poppy seed tea in the lack
of a certain degree of tolerance. The presence of samples
with such high amounts of morphine suggests that some
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poppy seed producers might not wash their products as
requested by European authorities.
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Objective: The study aimed at obtaining and characterizing levofloxacin-loaded, poly(e-caprolactone) electrospun nanofiber formulations to
be used as antibacterial wound dressings. Methods: Drug-loaded nanofibers were obtained by the electrospinning process and their mor-
phology was determined using scanning electron microscopy. Structural analysis of the prepared nanofibers was carried out using differential
scanning calorimetry and dissolution testing was performed in order to determine drug release. Results: Both nanofiberous formulations
(containing 20 % and 50 % w/w levofloxacin) showed dimensions in the range of few hundred nanometers. Thermograms indicated that
the formulation containing 20% levofloxacin was totally amorphized, showing a rapid release of the active, in 20 minutes. Conclusions: The
poly(e-caprolactone)-based electrospun nanofibers, containing levofloxacin presented suitable characteristics for obtaining potential antibac-

terial wound dressings.
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Introduction

Wound dressings can play a major role in the healing
process by ensuring a mechanical protection (to prevent
secondary infection) and adequate conditions for wound
healing. Ideally, wound dressing need to provide a moist
environment while absorbing the excessive wound exu-
dates, ensure adequate oxygen supply by allowing gaseous
exchange and confer low bacterial exposure by incorporat-
ing a broad-spectrum antimicrobial agent [1]. They should
also be non-traumatic and should not adhere to the wound,
thus at dressing change they will not damage granulating
tissue. It is claimed that also the immediate care of skin
wounds is important for prevention of microbial infection
and trans-epidermal water loss [2]. While the passive dress-
ings fulfil very few of the properties of an ideal dressing
and have very limited use as primary dressings, the novel
interactive dressings may stimulate activity in the healing
cascade and speed up the healing process [3].

Nanofibrous meshes prepared from polymeric materi-
als are interesting alternatives to currently available wound
treatments. Being characterized by ultra-fine, fibrous struc-
ture, high-surface area and nanoporosity, these meshes are
excellent contenders for wound-healing applications [4].
Electrospinning is a simple and widely used technique
to produce fibers with diameters in the range of several
micrometers down to the few hundreds few hundreds of
nanometer range from either polymer solutions or melts
[4,5]. In the last decade much attention has been devoted
to this technique, not only for the wide range of fiber-
forming polymers that can be used, but also because it can

* Correspondence to: Emese Sipos
E-mail: sipos.emese@yahoo.com

consistently produce fibers in the submicron size range
and active agents can be easily integrated. The fibers have
smaller pore size and higher specific surface area than the
ones produced with conventional methods and have been
successfully applied in different fields, such as filtration,
protective clothing manufacture, nanocatalysis, optical
electronics and biomedicine [6—8].

Drug delivery systems based on nanofibers are able to
improve therapeutic efficacy, bioavailability, reduce toxic-
ity, and enhance patient compliance by delivering drugs at
a controlled rate over a period of time to the site of action
[9].

The obtained electrospun nanofibrous scaffolds can
be used as a carrier for both hydrophilic and hydropho-
bic agents, where the drug release can be finetuned by
the composition, morphology of the scaffolds and poros-
ity. In the field of wound dressings and tissue engineer-
ing different active agents were successfully incorporated
in electrospun scaffolds based on biocompatible polymers
such as poly(ethylene-co-vinyl alcohol), collagen, polyure-
thane, poly(vinyl-alcohol), collagen-poly(ethylene-oxid),
poly(lactic-co-glycolic acid)(PLGA), polylactic-acid(PLA)
and gelatine [4,10,11].

Studies also suggest that polymer matrices may have
broad applicability in controlled release technology ow-
ing to the simplicity of the electrospinning process and the
wide variety of suitable polymer materials[12—14].

These nanofibrous materials should be durable, stress
resistant, flexible and elastic in order to be employed as
wound dressings. They also should be easy to apply and
remove without incurring any trauma during dressing
change. Poly(e-caprolactone) (PCL) based nanofibrous
mats fulfil the abovementioned requirements and were
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successfully applied as wound dressing in numerous stud-
ies, showing similar or superior efficacy, when compared to
standard therapy [15-17].

The model drug chosen for this research was levofloxa-
cin, which is a water-soluble fluoroquinolone-type antibac-
terial agent, with broad-spectrum antimicrobial spectrum
and enhanced efficacy against Gram-positive and atypical
pathogens [18]. Levofloxacin is especially important be-
cause of its activity on strains that are resistant to other,
widely applied antimicrobial agents. This additional activ-
ity is especially useful for developing novel wound dress-
ings for severe bacterial infections of the skin [19].

The aim of the present study was to obtain and charac-
terize levofloxacin-loaded nanofibrous matrices from PCL
prepared by electrospinning. The drug release profiles, mor-
phology and thermal properties of the scaffolds are present-
ed herein. Results enable us to understand the effects of the
applied polymer and active substance concentrations on the
properties of potential wound dressing materials.

Materials and Methods

Materials

The model drug, Levofloxacin (Figure 1) was provided by

Richter Gedeon Plc. (Budapest, Hungary).
Poly(g-caprolactone) (PCL, 50 kDa, Figure 1), ethanol,

dichloromethane, sodium hydroxide (NaOH) and phos-

phate buffer solution (1M, pH 7.4) were purchased from

Sigma-Aldrich.

Preparation of PCL dispersions with levofloxacin
As a first step, five different formulations were prepared in

order to select a homogeneous PCL dispersion. The exact

Table |. Compositions of different PCL dispersions

compositions of dispersions and their aspects are presented
in Table I.

As only formulation F5 resulted in a homogenous com-
position, only this composition was further used for incor-
porating levofloxacin. The active substance was dissolved
in this formulation, obtaining final concentrations of 20%
and 50%, respectively. All active substance-related procen-
tual concentrations indicated in the present study are ex-
pressed as weight per weight (w/w %).

Electrospinning process

The abovementioned formulations (F5 containing 20%
and 50% levofloxacin) were loaded into a 10 mL syringe,
which was connected through a 30 cm long silicone tube
to a 0.8 mm internal diameter spinneret at the end. The
constant flow of the polymeric solution was provided by
a SEP 10S Plus automatic syringe pump (Aitecs, Lithu-
ania). The electrostatic spinner was equipped with a N'T-
35 adjustable high-voltage DC power supply (MA2000,
Unitronik, Hungary). A vertically-positioned, grounded
collector, covered with aluminium foil was positioned at a
distance of 30 cm from the spinneret. The flow rate was set
at 10 ml/h, while the applied voltage was 35 kV.

Scanning electron microscopy (SEM)

Morphology of the samples was investigated by a JEOL
6380LVa (JEOL, Tokyo, Japan) type scanning electron
microscope. Each specimen was fixed by conductive dou-
ble sided carbon adhesive tape and sputtered by gold
(using JEOL 1200 instrument) in order to avoid elec-
trostatic charging. The diameters of the fibers were deter-
mined with the aid of the software provided by the SEM

analyzer.

Components F1 F2 F3 F4 F5
PLC (9) 1.00 2.00 3.00 1.00 0.60
Ethanol (ml) 8 8 8 8 4
Dichloromethane (ml) - - 8 4
Aspects Inhomogeneous Inhomogeneous Inhomogeneous Gelling Homogenous
0] 0]
F B o ]
OH
L~ ©
A N
N N
n
N o

(A)

Fig. 1. Chemical structure of (A) levofloxacin and (B) PCL

(B)
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Differential Scanning Calorimetry (DSC)

The DSC studies were performed on a Perkin Elmer DSC
7 type device using nitrogen as carrier gas. The weight of
the samples varied between 10 and 20 mg. The tempera-
ture was raised from -5°C to 300°C with a rate of 10°C/
min.

In vitro drug dissolution measurement

The dissolution studies were performed by a Pharmatest
IDS 1000 dissolution apparatus equipped with rotating
paddles (Pharmatest, Germany). Electrospun samples con-
taining 20% and 50% active were placed in the dissolution
vessel filled with 900 ml phosphate buffer solutions with
pH=7.4 maintained at 37+0.5°C and stirred at 50 rpm. At
the predetermined timepoints, 5 mL samples were with-
drawn and analyzed using a Hewlett-Packard HP 8452A
UV-VIS spectrophotometer (Palo Alto,USA) at 288 nm.
Concentrations were calculated based on a calibration
curve (the polymer matrices had no detectable absorbance
at this wavelength).

Results and Discussion

Morphology of the electrospun fibers
After preliminary optimization of the solution composi-
tions, the morphology of the produced fibers were exam-
ined and compared. Figure 2 represents the SEM images of
the PCL fibers without active substance and that of 20%
and 50% drug-loaded fibers. In all cases, the obtained fi-
bers presented diameters in the micrometer to few hund-
reds of nanometer range, suitable for their intended use.

Differential Scanning Calorimetry (DSC) measure-
ments

DSC curves preseted in Figure 3 confirm the crystalline-
amorphous transition of levofloxacin through fiber forma-
tion. The thermogram of levofloxacin presents a sharp
melting endotherm at 235 °C, while the DSC curves of
the nanofibrous material show an endothermic peak at 62
°C, characteristic for PCL melting [20]. The sharp endo-
therm of melting disappears from the thermograms of 20
% drug-loaded nanofibers, while it is greatly reduced and

A Levo 20% 2500x

& 3740 |
i 7oirm |

shifted towards lower temperatures at 50 % levofloxacin
content. One possible explanation of the abovementioned
phenomenon is the amorphisation of the active substance
during the electrospinning process.

Dissolution tests of the levofloxacin nanofibers

Figure 4 represents the drug release profiles of nanofibers
with 20% and 50% levofloxacin carried out in phosphate
buffer pH 7.4.

It can be observed that levofloxacin is totally released
from the polymer matrix within 20 minutes and 4 min-
utes from the 20 % and 50 % levofloxacin-loaded nanofib-
ers, respectively. At the end of the dissolution test, after
the release of the active the PCL matrix remained visually
unchanged, indicating that it could be a suitable wound
dressing, which releases its active content, but does not
deteriorate when comes into contact with liquids or body

fluids.

Conclusions
This study showed that PCL can be a promising matrix
for the preparation of antimicrobial wound dressing. Due

——Levo
1.5 4 ——Levo 20 %
——Levo 50 %
1.0
5 054
=
x
=
[T
= 004
©
[0}
T
0.5
-1.0 . . . T . . . r . . . !
50 100 150 200 250 300

Temperature (C)
Fig. 3. DSC thermograms of levofloxacin (Levo, upper trace, blue),
50 % levofloxacin-loaded nanofibers (Levo 50%, middle trace,
gray) and 20 % levofloxacin-loaded nanofibers (Levo 20%, lower
trace, orange).

Levo 50% 5000x

Fig. 2. SEM photographs of the prepared nanofibers using different magnifications: Nanofibers without active substance (PCL), 20 %
levofloxacin-loaded nanofibers (Levo 20%) and 50 % levofloxacin-loaded nanofibers (Levo 50%)
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Fig. 4 .Comparative dissolution studies of 20 % (Levo 20%) and 50
% (Levo 50%) levofloxacin-loaded nanofibers

to its stable and elastic structure, the polymer can be suit-
able for topical application of the manufactured dressings
as it fully releases the active and does not degrade when
it comes into contact with body fluids. DSC studies con-
firmed the crystalline-amorphous transition of the active
substance during the electrospinning process. The formu-
lated nanofibrous mats may be expected to deliver an at-
tacking dose of levofloxacin, which could be very useful
after surgery or in cases of severe topical infections.
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Objective: The main objective of this research is to find the coordination ratio between AsW, and Ag+, as a preliminary study for synthesizing
anew silver-arsenotungstate complex. Material and method: The ligand:cation molar ratio in complexes was determined by conductometric
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by graphical method gave the ratio 1:1.53. The spectral results confirmed that a AsWq:Ag+ complex was formed since the ligand absorption
maxima values have been changed from 190 nm to 197 nm in the case of using AgNO; and 196 nm for CH,COOAg corresponding to the
W=04 bond, and from 246.5 nm to 274 nm (AgNO,) and 270 nm (CH;COO-Ag*) for the W-O, .-W bond. Conclusions: Silver cation exhibit
a preference for AsW, in a ratio of 3 to 2. This ratio can be associated to a sandwich type arrangement, with two trilacunary Keggin building

blocks incorporating 3 metal cations in a tetrahedral geometry.
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Introduction

Polyoxometalates (POMs) represent a large family of inor-
ganic compounds with a wide range of applications, due to
their redox activity, electronic density, structural and con-
figurational diversity [1-4].

One of the widely-used polyoxometalate-ligand is the
trilacunary Keggin unit. The Nag[HAsW,O,;].17H,0
(abbreviated as AsW, inside the paper) used as ligand in
this study, is an unsaturated arsenotungstate (which is a
subclass of POMs family, with “As” as heteroatom and “W”
as addenda) compound with a trilacunar Keggin structure.
The electronic density of lacunae (one lacunae=six termi-
nal oxygen) enables coordination of different metal cations
(5-8].

Construction of multidimensional polyoxometalates
structures using transitional metal cations as bounders
have shown considerable interest in the research area over
last years. New complexes combine intrinsic properties of
each component as well as new properties arising from the
combination of these components [9].

Among of the reported arsenotungsate complexes, the
classical sandwich-type derivatives consist of two trilacu-
nary Keggin building blocks, linked by 2 up to 6 transition
metal cations at the equatorial plan [10-12].

Two different salts of the silver cation: AgNO;, which is
widely used as a precursor for many silver complexes and
CH;COO-Ag* have been chosen. The silver ion is very ver-
satile in creating supramolecular architectures due to its ac-
ceptor properties and the flexible coordination sphere. This
metal ion can form from 2 up to 8 bonds with various do-

* Correspondence to: Andrei Gaz
E-mail: andrei.gaz@umftgm.ro

nor atoms in a wide range of coordination geometries [13].

The most important oxidation state for silver in com-
plexes is +1. The silver ion can adopt various coordination
geometries such as linear (coordination number CN=2,
the characteristic geometry explained by the ion’s tendency
toward sd-hybridization), trigonal planar (CN=3), tetrahe-
dral (CN=4, as in aqueous ion [Ag(H,0),]*), octahedral
(CN=6), even square antiprism (CN=8) geometry [13,14].
In POM complexes silver is generally found in tetrahe-
dral coordinated geometry, being bounded by 2 terminal
oxygen atoms from each lacunae of two different Keggin
structures.

This paper is focusing on the study of AsW, coordina-
tion with Ag* as a preliminary data for synthesizing new
complexes of this arsenotungstate ligand. The synthesis of
POMs proceeds by self-assembly with a large variety of
structures being obtained, depending on the reaction con-
ditions, the nature and ratio of their constitutive elements,
concentration, pH or T [7,9].

Methods

Materials and apparatus

AsW, used in this study was synthesized as described earli-
er [15]. Metal cation salts (CH;COOAg and AgNO,) were
of analytical grade from Alfa Aesar and Merck and were
used without any further purification. All solutions were
prepared by dissolving samples in purified water (obtained
with NanoPure Diamond System (Barnstead, USA)) at a
concentration of 10°M for ligand (at a pH=7.5-8) and
2,5%102M for cations. UV spectra were recorded on an
Analytik Jena SPECORD 210 spectrophotometer between
A =190 - 400 nm in standard 1 cm quartz cuvettes. Con-



Berta Lavinia et al. / Acta Medica Marisiensis 2017;63(2):70-72 71

ductometric and potentiometric determinations were per-

formed on an INOLAB 740 multiparameter device.

Analysis method

For every determination series, 40 mL of the ligand so-
lution (10°M) was placed in the titration cell while the
conductance and the pH of the solution was measured.
Then, 4 pL 2,5.10-2M cation solution was added drop by
drop in a stepwise manner using a calibrated micropipette.
During titration conductivity and pH value were record-
ed after each addition. Titrations were made at 70-80°C.
These values will be used in determination of ligand:cation
coordination ratio. UV spectra were recorded before and
after every titration to highlight modifications which oc-
curred in each case.

Results

Results obtained by conductometry are presented in Figure
1. The graphic shows the conductivity values depending on
the added titrant solution moles number.

In Figure 2 we have determined the equivalent volume
for both salts by graphical method from potentiometric re-
corded data.

In Figure 3 we have plotted the overlaid recorded spec-
tra of ligand and titrated solutions.

Discussions

By plotting molar conductivity, the
ligand:cation ratio was obtained from the inflexion points
of the curves. In the same manner plotting pH versus add-
ed silver volume we have gathered the equivalence volume

ratio  versus
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59

58 -
—_— 4 ®
357 o o *°
Z 56 «°
= ¢
]
S .
S 54 *
© ]

53 o

52

0 0.5 1 15 2 25 3 3.5 4

ligand:cation molar ratio

b AsWy:AgNO,

conductivity (pS)
w 1%, v w wn w (=
-3 o [<a] ~ o =] o
®
o
@

w1
w

0 0.5 1 1.5 2 2.5 3 3.5

ligand:cation molar ratio

Fig. 1. Determination of inflexion point corresponding to molar
ratio by conductometric titration a) CH;COO Ag, b) AgNO,

which exhibit a 2:3 ratio between ligand and cation. These
ratios are presented in Table I. From the plotted data the
same ligand:cation combination ratio can be noticed for
both salts type.

The structure that correspond to this ratio is an arseno-
tungstate common sandwich-type structure. Each trilacu-
nar Keggin unit has 6 terminal oxygen which can coordi-
nate metal cations. There are 2 trilacunary Keggin units,
one on the top of the other, with 3 silver cations between
them, where each cation bound two terminal oxygen at-
oms per arsenotungstate ligand unit.

The spectral analysis confirm the formation of new
complexes between ligand and cation due to a shifting of
the peak corresponding to W-O, -W bonds. The modified
ligand absorption peak values are presented in Table II.

UV recorded spectra are characteristic to POM and
show intense peak between 185 - 200 nm corresponding to
W=0, bonds. All spectra exhibit only the tail of this peak
(Figure 3). This peak does not show large differences for
W=0, bond in these compounds (all having the same ad-
denda, W). The second peak is wider and is characteristic
to W-Oy -W bonds (Table II). In complexes spectra, these
second peaks move towards higher values of wavelength.
This is due to the influence of coordinated cations especial-
ly on edges-tricentric bonds from AsW, structure 7, 16].

Conclusions

Silver cation exhibit a preference for AsW, in a ratio of 3
to 2 (from conductometry determinations) with a sand-
wich type arrangement. Two trilacunary Keggin building
blocks incorporates 3 metal cations, each in a tetrahedral
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Fig. 2. Determination of equivalent volume by potentiometric titra-
tion a) CH,COO Ag, b) AgNO,
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AsWs - CH;CO00Ag

AsWs - AgNO;
AsWy

Fig. 3. The overlaid recorded spectra for all coordinative com-
pounds and for the starting solutions of polyoxotungstate and Ag*
solutions

Table I. AsW, : Ag* coordination ratio by conductometric and
potentiometric titrations

AsW, : Ag+ coordination ratio

Conductometric titration Potentiometric titration

1:1.59
1:1.5

1:1.51
1:1.56

CH,COOAg
AgNO,4

Table Il. Absorption UV maxima values and the corresponding
bonds

W=04 W-0, W
AsW, 190 nm 246.5 nm
AsW, - AgNO, 197 nm 274 nm
AsW, - CH;COOAg 196 nm 280 nm

geometry and each silver cation being bound by 2 terminal
oxygen atoms from each Keggin structure. Data are con-
firmed by potentiometric analysis where the same ratio was
noticed. These are preliminary data and further research
will be performed to synthesize new arsenotungstate-silver
complexes.
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Objective: To analyze a potential phenotypic variation within the studied group based on the pharmacokinetic profile of atomoxetine and its
active metabolite, and to further investigate the impact of CYP2D6 phenotype on atomoxetine pharmacokinetics. Methods: The study was
conducted as an open-label, non-randomized clinical trial which included 43 Caucasian healthy volunteers. Each subject received a single
oral dose of atomoxetine 25 mg. Subsequently, atomoxetine and 4-hydroxyatomoxetine-O-glucuronide (glucuronidated active metabolite)
plasma concentrations were determined and a noncompartmental method was used to calculate the pharmacokinetic parameters of both
compounds. Further on, the CYP2D6 metabolic phenotype was assessed using the area under the curve (AUC) metabolic ratio (atomox-
etine/ 4-hydroxyatomoxetine-O-glucuronide) and specific statistical tests (Lilliefors (Kolgomorov-Smirnov) and Anderson-Darling test). The
phenotypic differences in atomoxetine disposition were identified based on the pharmacokinetic profile of the parent drug and its metabolite.
Results: The statistical analysis revealed that the AUC metabolic ratio data set did not follow a normal distribution. As a result, two different
phenotypes were identified, respectively the poor metabolizer (PM) group which included 3 individuals and the extensive metabolizer (EM)
group which comprised the remaining 40 subjects. Also, it was demonstrated that the metabolic phenotype significantly influenced atomox-
etine pharmacokinetics, as PMs presented a 4.5-fold higher exposure to the parent drug and a 3.2-fold lower exposure to its metabolite in
comparison to EMs. Conclusions: The pharmacokinetic and statistical analysis emphasized the existence of 2 metabolic phenotypes: EMs

and PMs. Furthermore, it was proved that the interphenotype variability had a marked influence on atomoxetine pharmacokinetic profile.
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Introduction
Atomoxetine is the first nonstimulant medication ap-
proved by the United States Food and Drug Administra-
tion (FDA) for the treatment of attention deficit hyper-
activity disorder (ADHD) in children, adolescents and
adults [1-3]. The agent is a potent and selective norepi-
nephrine reuptake inhibitor with minimal affinity for the
other monoamine transporters or receptors. A second-line
approach for ADHD, atomoxetine can be considered as
first treatment option when anxiety disorders, major de-
pression, tics or substance abuse problems are diagnosed
alongside ADHD and in specific cases in which stimulant
medication is not effective or is poorly tolerated [1,4].
Atomoxetine is rapidly absorbed after oral intake and
peak plasma concentrations (C_, ) are reached in approxi-
mately 1 to 2 hours [3,5]. The pharmacokinetic studies
revealed that three oxidative pathways are involved in
the biotransformation of this compound, respectively
aromatic-ring hydroxylation, benzylic hydroxylation and
N-demethylation. Aromatic ring-hydroxylation is CY-

* Correspondence to: Laurian Vlase
E-mail: laurian.vlase@umfcluj.ro

P2D6-dependent and results in the formation of the main
metabolite, 4-hydroxyatomoxetine, which exhibits similar
pharmacological activity to that of the parent compound.
Following hydroxylation, the metabolite is subsequently
glucuronidated and excreted through urine [3,5,6]. Due to
the fact that CYP2DG is a polymorphic enzyme, differenc-
es were noted between phenotypic groups. For example,
the absolute bioavailability of atomoxetine ranges from
63% for extensive metabolizers (EMs) to 94% for poor
metabolizers (PMs) (3,5). In addition, the mean steady-
state plasma concentrations are about 10-fold higher in
PMs compared with EMs. Regardless of the metabolic sta-
tus, the largest fraction of atomoxetine is eliminated into
urine, principally as 4-hydroxyatomoxetine-O-glucuron-
ide, while less than 3 % of the initial dose is eliminated
unchanged [3,5,7].

Previous studies have revealed that CYP2DG6 genotype/
phenotype may influence atomoxetine pharmacokinet-
ics in various races and ethnic groups [8—10]. Taking into
consideration the complexity of this matter, the aim of
the present study was to evaluate a potential phenotypic
variation within a certain group based on the pharmacoki-
netic profile of atomoxetine and to further investigate and
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confirm the impact of CYP2D6 metabolic phenotype on
atomoxetine pharmacokinetics in Caucasian healthy vol-
unteers.

Material and methods

Subjects

The study was conducted in accordance with Good Clini-
cal Practice guidelines and the principles of Helsinki
(1964) and its amendments (Tokyo 1975, Venice 1983,
Hong Kong 1989). Moreover, the protocol was approved
by the Ethics Committee of the University of Medicine
and Pharmacy “Iuliu Hatieganu”, from Cluj-Napoca (Ro-
mania) and written informed consent was obtained from
each volunteer prior to performing any study-related pro-
cedures.

Forty-three Caucasian males and females were enrolled
in the clinical study. The inclusion criteria required for the
study population to comprise healthy subjects between 18
and 55 years of age and to have a body mass index (BMI)
between 19 and 25 kg/m?. Their health status was assessed
based on their medical history, physical examination and
routine laboratory investigations (hematology, biochemis-
try and serological tests). Subjects were excluded if they
were smokers, they had a history of substance or alcohol
abuse, a history of documented allergy or if they took regu-
lar medication, except for oral contraceptives. Any medi-
cal condition or lifestyle factors that may influence drug
response were also considered exclusion criteria.

Study design

The study was designed as an open-label, non-randomized
clinical trial during which every subject received a single
oral dose of atomoxetine (25 mg). The study drug was ad-
ministered in the morning, after an overnight fast of at least
12 h and with at least 150 mL of water. Alcohol, beverages
or food containing methylxanthines (coffee, tea, cola, etc.)
were forbidden starting with 48 h prior to drug intake and
until the last blood sample collection. Also, subjects were
allowed to drink water only starting 2 h post-dosing and
during their 24-h confinement they were provided with
standardized meals. The pharmaceutical product used was
Strattera® (atomoxetine hydrochloride, 25 mg hard cap-
sules; manufactured by Lilly SA, Hampshire, Great Brit-
ain).

Blood plasma samples collection and bioanalytical
methods
Venous blood samples (5 ml) were drawn before dosing
and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 24, 36 and 48
hours after drug administration and stored in heparin va-
cutainer tubes. After centrifugation, the separated plasma
was stored frozen (-20°C) until analysis.

A validated high-throughput liquid chromatography-
mass spectrometry (LC/MS) method was used to deter-
mine the plasma concentrations of atomoxetine and 4-hy-

droxyatomoxetine-O-glucuronide. The chromatographic
system was an Agilent 1100 series (binary pump, autosa-
mpler, thermostat; Agilent Technologies, Santa Clara, CA,
USA) coupled with a Brucker Ion Trap SL (BruckerDal-
tonics GmbH, Bremen, Germany). In addition, the chro-
matographic column used was a Zobrax SB-C18 (100 mm
x 3.0 mm i.d, 3.5 pl; Agilent Technologies) and the mobile
phase consisted of 2 mM ammonium formate solution and
acetonitrile mixture, elution in gradient: 11 % acetoni-
trile at start, 41% at 2 minutes. The flow rate was 1 mL/
min and the thermostat temperature was set at 48°C. The
mass spectrometry detection was in single ion monitor-
ing mode, positive ions, using an electro-spray ionization
source. The ions monitored were m/z 256 for the parent
dug and m/z 448 for 4-hydroxyatomoxetine- O-glucuron-
ide. The retention times for atomoxetine and its glucuro-
nidated metabolite were 4.1 min and 2.2 min, respectively.
The analytical method was validated in terms of specificity,
linearity, intra- and inter-day precision, accuracy and ana-
lyte recovery. The calibration curves for both compounds
were linear between 8-600 ng/mL, with correlation coef-
ficients (r) 0.9951 + 0.0016 (mean # standard deviation
(S.D.), n = 5) for atomoxetine and 0.9982 + 0.0018 for its
glucuronidated metabolite, respectively. For atomoxetine,
intra- and inter-day precision was less than 8.2%, the ac-
curacy (bias) less than -11.5% and the recovery ranged
between 89-103%, respectively. As for 4-hydroxyatomoxe-
tine-O-glucuronide, intra- and inter-day precision was less
than 10.7%, the accuracy less than 9.3% and the recovery
ranged between 91-105%, respectively.

Pharmacokinetic analysis

The pharmacokinetic parameters of atomoxetine and 4-hy-
droxyatomoxetine (glucuronidated form) were estimated
using noncompartmental methods. The analysis was per-
formed using Phoenix WinNonlin software, version 6.3
(Pharsight Co., Mountain View, Calif., USA). The maxi-
mum plasma concentration (C_,, ng/mL) and the time to
reach C__(t.., h) were obtained directly by visual inspect-
ing the plasma concentration-time profiles. The area under
the plasma concentration—time curve from time zero to the
last measurable concentration (AUC, ,) was calculated by
using the linear trapezoidal rule. Furthermore, the area was
extrapolated to infinity (AUC) by dividing last measurable
concentration by the elimination rate constant (C/ k)
and adding this value to AUC .. kel was determined by
log-linear regression analysis of the terminal portion of the
plasma concentration-time curve and the half-life (t,,) was
calculated using the following formula t,, =0.693/k,;

After defining the CYP2DG6 metabolizer status, the
analysis of variance (ANOVA) was employed to compare
the pharmacokinetic profile of atomoxetine and its main
metabolite, corresponding to each phenotypic group (EMs
versus PMs), with the purpose of identifying any potential
differences. t  was an exception in this case, as the values
corresponding to this parameter were compared by using a
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non-parametric test (Friedman). A p value <0.05 was con-
sidered to be statistically significant.

Statistical analysis
The AUC metabolic ratio (MR_ AUC = AUC atomoxe-
tine/AUC 4-hydroxyatomoxetine-O-glucuronide) was used
as a tool in order to identify the CYP2D6 metabolic pheno-
type. After calculating the MR_ AUC for each subject, the
lower values were associated with the EM phenotype, while
the higher values were attributed to the PM phenotype.
Lilliefors (Kolgomorov-Smirnov) and Anderson-Darling
tests were applied to evaluate whether the MR_ AUC data
are normally distributed or not. A significance level of 0.05
and a two tailed p value was set for all the tests. Moreover,
quantile-quantile plot (Q-Q plot) technique was used to
provide additional insight regarding intersubject variabil-
ity. The statistical analysis was performed in R software en-
vironment for statistical computing and graphics version

3.2.3.
Results

Assessment of CYP2D6 metabolizer status
The results of the phenotypic analysis are summarized in a
series of tables and graphics presented below.

Table I includes the AUC values of atomoxetine and
its active metabolite (glucuronidated form, 4-hydroxyato-
moxetine-O-glucuronide), as well as the MR_ AUC corre-
sponding to each volunteer. Subject no. 5, 15 and 38 pre-
sented considerably higher AUC values for the parent drug
and much lower values for the glucuronidated metabolite
when compared to the remaining 40 individuals. Conse-
quently, the MR_AUC was significantly increased for the
aforementioned volunteers, which hinted to the existence
of two different phenotypic groups in the study population.

The Q-Q plot (Figure 1) offers a visual perspective of
the differences that existed between the calculated AUC,
empbhasizing that the data set was not normally distributed.

Furthermore, the results of the statistical evaluation are
included in 7able I and confirm the intersubject variability,
as p value was < 0.05 for both tests.

The impact of phenotype variability on atomoxetine
pharmacokinetics

The mean plasma drug concentration-time profiles of ato-
moxetine and 4-hydroxyatomoxetine-O-glucuronide, for
each phenotype (EMs and PMs), are illustrated in Figure
2 (parent drug (A) and active metabolite — glucuronidated
form (B)). The plasmatic concentrations of both analytes
suffered notable changes in the PM group, compared to
EMs. More precisely, atomoxetine plasma levels increased,
while the plasma concentrations of 4-hydroxyatomoxetine-
O-glucuronide were reduced as a consequence of the slow
metabolic process. Additionally, the slope of the terminal
linear segment from the semi-logarithmic plot was clearly
different for the two phenotypic groups, which suggested

that in PMs the elimination process of both analytes was
altered.

Further on, the mean pharmacokinetic parameters re-
lated to each metabolizer status, as well as the statistical
interpretation of the results are presented in 7zble 111. 1f
considering the parent drug, atomoxetine, most of the cal-
culated parameters, namely C_,, AUC, , AUC, k,and t,,
presented marked differences between the two phenotypic
groups. As for the glucuronidated form of the active me-
tabolite, statistically significant differences were reported
for all pharmacokinetic parameters.

Discussion

The impact of CYP2D6 polymorphism represents a great
interest for clinical practice as this isoenzyme is involved in
the metabolism of approximately 25% of the drugs avail-
able on the market [11]. This genetic feature is responsible
for interindividual variability in CYP2D6 enzyme activity
which subsequently serves as a criteria for the assignment of
individuals in phenotypic groups as follows: ultrarapid me-
tabolizers (UMs — functional copy number duplications),
extensive metabolizers (EMs - individuals with two ‘wild-
type’ alleles), intermediate metabolizers (IMs - individuals
with one reduced and one loss of function allele) and poor
metabolizers (PMs - those with two loss of function alleles)
[12-14]. In the Caucasian population, these phenotypes
account for approximately 3-5 % (UMs), 70-80 % (EMs),
10-17 % (IMs) and 5-10 % (PMs) [12]. While the major-
ity of people possess a normal CYP2DG6 activity and are
designated as CYP2D6 EMs [3], a study that aimed to ana-
lyze the CYP2DG6 diversity in the world found that Europe
has the highest prevalence of PM phenotypes [11]. Drugs
thought to be primarily affected by the CYP2D6 polymor-
phism are those for which this isoenzyme represents the
major metabolic pathway and include antidepressants (tri-
cyclic antidepressants, selective serotonin reuptake inhibi-
tors), antipsychotics, opioids, antiemetics, antiarrhythmics,
beta-blockers, tamoxifen and atomoxetine [12].

The metabolic status can be evaluated either by genotyp-
ing, a technique by which the metabolic capacity is pre-
dicted after analyzing the functional status of each allele or
by phenotyping, a procedure which allows for the pheno-
type to be established after measuring the metabolic ratio,
respectively the substrate test drug/metabolite’s concentra-
tions in urine or plasma [15]. The downside of genetic test-
ing is that not all mutations and different variants of alleles
are known, which hinders in a certain degree its capacity to
predict in vivo phenotype. Therefore, there are situations in
which the genotype will not accurately predict the pheno-
type. In some cases, predicted EMs (phenotypes predicted
from genotypes) can be phenotypically considered PMs as
a result of drug interaction [15,16]. A phenomenon named
“phenocopying” can be responsible for such a situation.
This process describes the conversion of an EM to a PM as
a result of inhibition of the enzyme by another drug or by
itself [17]. For example, it was concluded that inhibition
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Table I. The individual values of AUC and MR_ AUC corresponding
to atomoxetine (ATX) and its glucuronidated metabolite, 4-hy-
droxyatomoxetine-O-glucuronide (HATX-gluc) (n = 43)

Subject AUC _ATX AUC _HATX-gluc MR_AUC
no. (hr*ng/ml) (hr*ng/ml) (ATX/HATX-gluc)
1 2015.26 5887.55 0.34
2 4132.22 5437.91 0.76
3 1519.93 7321.71 0.21
4 566.48 6318.92 0.09
5 7673.04 2591.11 2.96
6 1000.01 5312.52 0.19
7 3098.07 7994.51 0.39
8 1059.93 7990.74 0.13
9 718.89 4745.92 0.15
10 1161.89 7476.28 0.16
11 955.27 4628.99 0.21
12 2558.22 5478.19 0.47
13 1078.82 5103.49 0.21
14 1615.89 6321.87 0.26
15 7688.97 1167.81 6.58
16 890.76 4156.67 0.21
17 745.38 4413.7 0.17
18 2045.92 4970.07 0.41
19 3050.25 4418.4 0.69
20 281.61 5607.42 0.05
21 1799.88 5268.02 0.34
22 3317.53 5167.65 0.64
23 982.13 5770.4 0.17
24 362.52 4120.32 0.09
25 953.85 6187.12 0.15
26 2118.73 4533.94 0.47
27 861.76 4643.69 0.19
28 1698.9 6342.91 0.27
29 719.85 4596.24 0.16
30 2020.11 5004.72 0.40
31 1715.43 3689.51 0.46
32 2051.61 3285.21 0.62
33 37417 5670.81 0.07
34 398.28 4408.64 0.09
35 458.87 5623.28 0.08
36 1206.36 6373.5 0.19
37 936.4 4842.81 0.19
38 8473.9 3215.38 2.64
39 1748.95 5093.13 0.34
40 1263.36 4672.21 0.27
4 485.17 5233.89 0.09
42 822.01 3748.75 0.22
43 745.5 4151.36 0.18

AUC_ATX - area under the plasma concentration-time curve from time 0 to infinity for
atomoxetine; AUC_HATX-gluc - area under the plasma concentration-time curve from time
0 to infinity for 4-hydroxyatomoxetine-O-glucuronide; MR_ AUC- metabolic

ratio calculated as AUC_ATX / AUC_HATX-gluc

of CYP2D6 by paroxetine markedly affected atomoxetine
disposition, resulting in a pharmacokinetic profile of this
drug similar to PMs of CYP2D6 substrates [18]. Accord-
ing to Shah RR ez al., the genotype-phenotype mismatch
is viewed as an obstacle in achieving personalized medicine
and one approach to avoid this situation is to combine gen-
otype studies with routine phenotyping of subjects [19].

Currently, phenotyping is usually preferred for routine
in developing countries as genotyping is a more expensive
procedure and is not available in most hospitals [20]. De-
fining the phenotype status of a population is especially
important in drug-drug interaction (DDI) studies consid-
ering that DDIs involving enzymatic inhibition can occur
in EMs, but not in PMs as they do not have CYP2D6
enzymes to compete for [21]. According to Frank ez al.,
debrisoquine, sparteine, metoprolol or dextrometorphan
are acknowledged as well-established probe drugs. If the
clearance of a drug depends exclusively on CYP2DG6, this
can be viewed as appropriate to evaluate an individual’s
enzymatic activity [22]. In the present study, atomoxetine
was used as a probe drug considering that it is primarily
metabolized by CYP2DG6 [6]. In 1985, a study conducted
by Farid et al. investigated the pharmacokinetic profile of
atomoxetine and hinted to the potential influence of CY-
P2D6 polymorphism on the metabolism of this agent as a
bimodal data distribution was reported for its clearance in
healthy volunteers [23].

As depicted in Table I, a comparison of the MR_ AUC
values corresponding to each volunteer showed that sub-
jects 5, 15 and 38 presented higher values in comparison
to the rest of the group, which suggested a decreased me-
tabolism of atomoxetine in these particular cases. For this
reason, the study population was considered to comprise
2 phenotypes: PMs (3 subjects) and EMs (40 subjects).
This hypothesis was also sustained by statistics. The 3 ex-
treme values and the right skewed asymmetry of the Q-Q
plot (Figure 1) emphasized the presence of a heterogeneous
group. In addition, the results of the two statistical tests
described in 7able I (p<0.05) showed that the analyzed
data (MR_ AUC values) did not follow a normal distri-
bution. Hence, both the MR_ AUC data set and the sta-
tistical analysis provided enough evidence to support the
existence of two groups within the study population, each
corresponding to a different phenotype. More precisely,
the PM group included 3 individuals (subject 5, 15 and
38), while the remaining 40 subjects were characterized as
EMs. Female subjects using oral contraceptives can be con-
sidered a potential interfering factor for this analysis due to
the fact that hormones such as progesterone, testosterone,
pregnanolone, pregnenolone, 17B-estradiol, and 17- hy-
droxyprogesterone competitively inhibit CYP2D6 activity,
whereas epiallopregnanolone and alfaxalone noncompeti-
tively inhibit the same isoenzyme [24]. In addition, phar-
macological studies revealed that estrogen-induced chol-
estasis can repress CYP2D6 expression and activity [25].
However, although the study protocol did permit the use
of oral contraceptives during the clinical trial, an enquiry
revealed that 50 % of the female subjects were using bar-

Table Il. Statistical tests for normality considering the MR_ AUC data set

Anderson-Darling test

Lilliefors (Kolmogorov-Smirnov) test

MR_AUC (ATX/HATX-gluc) A =9.5941*

p<0.001**

D =0.36037* p<0.001**

AUC - area under the plasma concentration-time curve from time zero to infinity;

MR_ AUC- metabolic ratio (MR_ AUC = AUC atomoxetine (ATX)/AUC 4-hydroxyatomoxetine-O-glucuronide (HATX-gluc)), *A - test result ; D - test result; **p<0.05 — statistically significant
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rier contraceptive methods, while the rest did not report
the use of any birth control method. Therefore, there was
no need of exclusion of any subject and data related to all
subjects was deemed relevant for the present investigation.

Once the metabolizer status of each subject was known,
the present research wanted to reveal potential differences
in plasmatic profiles and pharmacokinetic parameters be-
tween the two phenotypic groups (PMs versus EMs). For
this reason, Figure 2 depicts the plasma concentration-time
profiles of atomoxetine (A) and 4-hydroxyatomoxetine-
O-glucuronide (B) for each CYP2DG6 metabolic status.
This graphical representation showed that the parent drug
presented higher plasma concentrations for PMs than for
EMs. On the other hand, the plasmatic profile of 4-hy-
droxyatomoxetine-O-glucuronide displayed lower mean
plasma levels in the PM group in comparison with the ones
attributed to the EM group. These results demonstrated
that, due to the reduced enzymatic activity of CYP2D6,
the biotransformation of atomoxetine to its active metabo-
lite (4-hydroxyatomoxetine) was clearly impaired.

AUC metabolic ratio

MNormal quantiles

Figure 1. AUC metabolic ratio (MR_AUC) presented as a quantile-
quantile plot

Table lll. The pharmacokinetic (Pk) parameters of atomoxetine (ATX) and 4-hydroxyatomoxetine-O-glucuronide (HATX-gluc) coresponding
to each phenotype (PMs and EMs) and the statistical analysis used to detect potential differences between the groups

Analyte Pk parameters (mean+SD) PMs (n=3) EMs (n=40) *p value (ANOVAa)
ATX Cmax (ng/mL) 344.47+36.22 223.58+94.24 0.043,S
tmax (h) 2.83+2.75 1.46+1.21 Friedman,NS
AUCO-t (ng*h/mL) 5736.14+1076.97 1291.07+812.28 0.000,S
AUC (ng*h/mL) 6235.64+641.4 1373+860.48 0.000,S
kel (1/h) 0.04+0.01 0.22+0.09 0.000,S
tV2 (h) 16.08+2.28 3.95+2.11 0.000,S
HATX-gluc Cmax (ng/mL) 49.6+15.64 697.39+266.53 0.000,S
tmax (h) 9.33x+1.15 2.36+1.09 Friedman,S
AUCO-t (ng*h/mL) 1639.43+561.82 5177.35+1101.06 0.000,S
AUC (ng*h/mL) 1639.43+561.82 5264.73+1113.54 0.000,S
kel (1/h) 0.04+0.01 0.13+0.03 0.000,S
tV2 (h) 21.46+8.71 5.69+1.52 0.000,S
SD - standard deviation; PMs — poor metabolizers; EMs - extensive metabolizers
*p<0.05 - statistically significant (S); NS - non-significant
aANOVA except where stated otherwise
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Figure 2. Mean = SD plasma concentration-time curves of atomoxetine (ATX - (A) and of 4-hydroxyatomoxetine-O-glucuronide (HATX-
gluc - (B)) corresponding to each phenotypic group, respectively extensive metabolizers (EMs) and poor metabolizers (PMs). Insert:

semilogarithmic presentation
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When the pharmacokinetic parameters of atomoxetine
were calculated, a marked variability between the 2 phe-
notypic groups was observed. With regard to the pharma-
cokinetic data displayed in Zable 111, the mean C_, and
AUC values were 1.5-fold and 4.5-fold higher, respectively
the t,, of the parent drug was about 4-fold longer, in sub-
jects characterized as CYP2D6 PMs than in EMs. There
were statistically significant differences for all pharmacoki-
netic parameters, except t, ., between the two phenotypic
groups. Thus, all data suggest that exposure to atomoxetine
is greater in PMs. The role of CYP2DG6 in the metabolic
fate of atomoxetine was previously investigated in a study
conducted by Sauer ez 4/. in healthy men. According to
that research, after single dose intake (20 mg), the AUC of
atomoxetine was 4-fold higher, while the t,, was approxi-
mately 3.5-fold longer in PMs than in EMs [8], results
which are similar with the ones reported in the present
study. In addition, the previous investigation concluded
that after repeated dosing, a 6-fold higher C_, at steady-
state and 8-fold higher AUC values were determined for
the PM phenotype [8].

The pharmacokinetic parameters of 4-hydroxyatomox-
etine-O-glucuronide (7zble IIl) corresponding to each
metabolizer status came to confirm the interphenotype
variability. As expected, a decrease in the rate of formation
of 4-hydroxyatomoxetine was observed in the PM group.
More precisely, for this phenotype, the values of C_, and
AUC were 14-fold and 3.2-fold lower than the ones de-
termined for EMs. Moreover, the following analysis con-
cluded that the differences between the two groups were
statistically different for all the pharmacokinetic param-
eters of the glucuronidated metabolite. With the exception
of C,,,, these results can be viewed as similar to the ones
found by Sauer ez /. In that particular study, an approxi-
mately 4.7-fold decrease in C_, was calculated for the PM
group after the administration of 20-mg repeated doses of
atomoxetine [8]. The exposure to 4-hydroxyatomoxetine-
O-glucuronide was about 3-fold lower in PMs due to the
fact that the clearance of the parent drug was altered [8],
a situation comparable with the one seen in the present
investigation. Additionally, similarities also reside in the
variation of the t,, between the two groups. The mean t,, of
the active metabolite (glucuronidated form) was approxi-
mately 6 h in EMs and 21 h in PMs in the present study.
Meanwhile, in the past, the same pharmacokinetic param-
eter was approximately 7 h in EMs and 19 h in PMs [8].

It is already acknowledged that there are pronounced
differences not only in the prevalence of PMs, but also in
the relative enzyme activity in different ethnic groups. Tak-
ing into account this aspect, the present research provided
additional insight into the impact of CYP2D6 phenotype
on atomoxetine bioavailability and metabolism. Further-
more, according to Teh ez al., the comparison of pharma-
cokinetic parameters between PMs and EMs may suggest
the extent of interaction of a CYP2DG6 substrate and strong
inhibitors of the same isoenzyme and also indicate when

clinical pharmacokinetic studies to investigate this aspect
should be considered useful or not [21].

Although the present study did not intend to assess clin-
ical aspects, information about the consequences of CY-
P2D6 polymorphism and on whether the efficacy and safe-
ty of atomoxetine are influenced by a certain phenotype,
are available in the scientific literature. There is compelling
evidence that while CYP2D6 PMs may have a better re-
sponse to atomoxetine, they may also experience a higher
frequency of adverse events as compared to CYP2D6 EMs
[14]. Fijal ez al. analyzed the differences between CYP2D6
PMs and non-PMs (IMs, EMs and UMs combined) in re-
gard to safety and tolerability in a 12-week open-label study
which included adult patients with ADHD. This research
concluded that PMs had a higher prevalence of side effects
such as decreased appetite, dry mouth, hyperhidrosis, in-
somnia, urinary retention and erectile dysfunction in men.
In addition, significantly higher increases in cardiovascular
parameters (blood pressure and heart rate) and a greater
reduction in BMI were reported for the PM status [26].
Also, Michelson et al. evaluated if differences in CYP2D6
genotype/phenotype influence the clinical response to
atomoxetine in children and adolescents with ADHD. In
terms of efficacy, symptom reduction was greater in PMs
versus EMs and fewer patients with a PM status suspended
atomoxetine therapy due to lack of efficacy. When safety
and tolerability aspects were considered, it was reported
that greater increases in heart rate and diastolic blood pres-
sure and smaller increases in weight were attributed to the
PM group. Moreover, side effects like decreased appetite
and tremor were reported more frequently for PMs [27].

Study limitations
The absence of any reference to the use of herbal medi-
cines and supplements for the exclusion criteria should be
acknowledged as a methodological deficiency and subse-
quently, as a study limit. This aspect needs to be acknowl-
edged in this case as several herbs proved to influence the
activity of CYP2DG6, including goldenseal and dong quai
[28,29]. Still, this interfering factor was later reviewed and
no herbal remedy with potential to influence CYP2D6 ac-
tivity was reportedly used by the study subjects.
Furthermore, lack of genotyping can be regarded as a
study limitation, as this procedure could be useful in or-
der to verify and validate the phenotypic data obtained
in the present study. Another limit refers to the fact that
no clinical monitoring was performed throughout the re-
search. Nonetheless, essential information about the po-
tential clinical consequences associated with atomoxetine
intake by PMs was collected from the scientific literature
and mentioned in the text.

Conclusion

Based on the MR_ AUC values and statistical tests, it was
demonstrated that the study population comprised two
phenotypic groups (EMs and PMs). Atomoxetine bioavail-
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ability and metabolism were subjected to interphenotypic
variation as PMs presented a 4.5-fold higher exposure to
the parent drug and a 3.2-fold lower exposure to its me-
tabolite in comparison to EMs.
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Objective: Letrozole is a highly potent oral nonsteroidal aromatase inhibitor triazole derivative. The aim of this study was to quantify letrozole
from bulk, pharmaceutical formulation, and spiked urine samples by developing a simple, rapid and cost effective capillary electrophoresis
method. Methods: A capillary zone electrophoresis method was optimized and validated. Additionally, an UV spectrophotometry method
was used for comparing results. Results:The capillary zone electrophoresis method using a 90 mM sodium tetraborate background electro-
lyte proved to be an efficient method for determination of letrozole in a very short time, less than 2 minutes, using 20 kV voltage, 50 mbar/2
seconds pressure and 50°C temperature as optimum parameters. Additionally, the UV spectrophotometry method proved to be simple and
efficient to quantify letrozole from bulk material and pharmaceutical formulation with linearity of response between 5 to 20 ug-mL-" concen-
trations. For both methods, validation parameters, including linearity, detection and quantification limits were determined. Also we proved
that our electrophoretic method has potential in analyzing letrozole from biological samples, obtaining encouraging results on estimation of
letrozole from spiked urine samples without any special treatment. Conclusions: To quantify letrozole from bulk material, pharmaceutical
preparations, and spiked urine samples the capillary zone electrophoresis method using a tetraborate sodium background electrolyte has
proven to be simple and appropriate. Also a simple UV spectrophotometric method has been developed and validated for the same purposes.
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Introduction also used by doped athletes as post cycle therapy in order

Letrozole (LET) is a nonsteroidal triazole derivative
(Figure 1) classified as a highly potent and selective aroma-
tase inhibitors [1] from the third generation. LET inhibits
aromatase enzyme which catalyzes the synthesis of estro-
gens from the androgen precursors. Aromatase expression
occurs in many organs, including ovary, placenta, hypothal-
amus, liver, muscle, adipose tissue, and breast cancer itself.
Aromatase catalyzes three separate steroid hydroxylation’s
which are involved in the conversion of androstenedione
(an androgenic precursor) to estrone and testosterone (es-
trogenic hormones) to estradiol [2-4]. LET offer new treat-
ment options for breast cancer [5]. Unfortunately, LET is

N
)

Fig. 1. Letrozole (IUPAC name: 4,4'-((1H-1,2,4-triazol-1-yl)methy-
lene)dibenzonitrile).

* Correspondence to: Aura Rusu
E-mail: aura.rusu@umftgm.ro

to promote restoration of hypothalamic-pituitary-testicu-
lar axis integrity [6]. A topical issue has emerged with the
manufacture of “counterfeit” drugs by unregulated on-line
pharmacies, which are tainted with impurities, contain no
medication, or are potentially harmful [7].

Biotransformation of LET. LET is completely absorbed
from the gastrointestinal tract. The biotransformation oc-
curs by cytochrome P-450 isozymes (CYP2A6 and CY-
P3A4) into carbinol (Figure 2), an inactive metabolite
[8-10]. CYP2AG6 isozyme seems to be the principal clearan-
ce mechanism for LET % vivo [11].

LET is excreted into urine, approximately 70% of the
administered dose is eliminated as unchanged LET (6.0 +
3.8%) or as the glucuronide of the major, pharmacologi-
cally inactive metabolite carbinole (CGP44645) (64.2 +
22.7%) [13,14]. Similar data has been previously obtained
at the administation of a single dose of letrozole (2.5 mg)
with 14C-labeled within two weeks when the recovered
radioactivity from urine was 88.2 + 7.6% (5.0 + 2.4%
unmetabolized letrozole, 63.2 + 11.2% carbinole glucuro-
nide and about 8% other metabolites) [15]. A few capil-
lary electrophoretic (CE) methods for LET determination
have been already reported in the literature, mainly micel-
lar electrokinetic capillary chromatographic (MEKC) [16-
19]. The electrophoretic methods are more advantageous
through accessibility than other expensive analytical meth-
ods as HPLC and RP-HPLC, LC-MS/MS or SPE-UPLC-
MS/MS [20-24]. For determination of LET in bulk and
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CYP2A6, CYP3A4
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Letrozole

‘ urine ‘
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Fig. 2. Biotransformation of LET (*Gluc - glucuronic acid) [12].

pharmaceutical formulations spectrophotometric method
are also frequently used [25-27].

The aim of the present study was to develop and validate
two simple methods for the determination of LET from
bulk materials, pharmaceutical products, and biological
samples by capillary zone electrophoresis (CZE) and UV
spectrophotometry.

Experimental

Analytical instruments. The CE experiments were per-
formed on an Agilent 6100 CE system equipped with
diode-array detector and results were processed with
Chemstation 7.01 software (Agilent). All experiments were
performed using a hydrodynamic sample injection. Unco-
ated fused-silica capillaries of 32.5 x 50 um L.D (effective
length 24,5 cm) (Agilent) was used. An Analytik Jena
UV-VIS Specord 210 spectrophotometer and WinASPECT
software were used for recording UV spectra. The pH
adjustments were performed using a Hanna Instruments
HI2215 pH-meter. The spiked urine samples was centrifu-
ged in a Centurion Scientific Ltd. Centrifuge.

Chemicals and reagents. LET was supplied by Sig-
ma Aldrich and ciprofloxacin hydrochloride (CIP) (used
as internal standard) by Ranbaxy Laboratories Limited.
Pharmaceutical product Letrozole 2.5 mg (tablets) were
supplied from Teva. All chemicals and solvents were of
analytical reagent grade. The deionized water was obtained
using a Millipore Direct-Q™ system.

Standard stock solution preparation.The LET
stock solution was prepared daily at a 1 mg mL! con-

Q\
. Carbinole
(CGP44645)
glucuronidation

Gluc

centration in methanol, treated in an ultrasonic bath for
10 min at room temperature and stored in the refrigera-
tor at +4°C, and diluted to an appropriate concentration
with methanol.

Biological samples treatment. Fresh human urine
samples were acquired from different healthy volunteers.
The urine samples were spiked with LET stock solution,
centrifuged (4800 rpm, 10 minutes) and the supernatant
was filtrated (0.45 pm Whatman filter). The percentage
of solvent (methanol) was identically for all spiked urine
samples as the the ratio solvent:urine (1:4).

Methods

Nowadays, the CZE method is sometimes more attractive
comparative to the more frequently used HPLC methods.
The main advantages of CZE are: rapid method develop-
ment, speed of analysis, and relatively low costs derived
from the low required amount of sample and reagents [20].
Also, to compare the results we developed a simple and
reliable UV spectrophotometry method appliable to esti-
mate the amount of LET in pharmaceutical formulations.

Results and discussion

A. Capillary zone electrophoresis

The detection was carried out in UV at 240 nm, in ac-
cordance with our recorded UV absorption spectra of
LET and data previously reported in literature [25-28]. In
CZE capillary preconditioning is necessary for removing
adsorbed material from the capillary wall [29]. At the be-
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ginning of each day of experiments the capillary was con-
ditioned with 1M NaOH (30 min), deionized water (5
min) and BGE (30 min) than at the beginning of each
experiment was preconditioned with water (1 min) and
BGE (2 min). The preconditioning before experiments is
very important because capillary surface is re-equilibrated
by rinsing with BGE [33].

Preliminary considerations. Regarding the pKa value
of LET there are no published studies in the literature. It
was found only a calculated pKa value 2.17 (strongest ba-
sic) via ChemAxon database [30]. By using MarvinSketch
17.1.2 (ChemAxon) [31] it was found that pKa of LET
is 1.89. LET can accept protons at the nitrogen atoms of
the triazole ring. Thus, major microspecies in the range of
pH 5 - 13 are neutral (100%). It is already known that for
conventional CZE method, phosphate and borate buffers
can be considered suitable because of their low absorb-
ance at the detection wavelength [32]. Initially, we choose
to start with a 25 mM phosphate buffer, an acidic back-
ground electrolyte (BGE), but the electrophoretic signal
of the substance was difficult to detect (low value of area
and height). A standard BGE containing 25 mM borax
(pH 9.3) was than selected, taking in consideration also
previous electrophoretic studies, however the disadvantage
in a basic environment was that LET migrated very close
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to the electroosmotic flow (EOF) [16-19]. Adding sodium
dodecyl sulfate (SDS) in the 25 mM borax BGE did not
resolved the problem.

Optimization of CZE method. To increase the method
performance the external parameters such as BGE charac-
teristics (BGE concentration and pH) and specific internal
capillary electrophoretic system parameters (temperature,
injection time, applied voltage, and pressure) were ana-
lysed and optimezed in order to improve separation (Fig-
ure 3) [33].

Effect of the Ionic Strength of BGE. Generally, the
BGE concentration change the electrophoretic behavior of
the analytes by influencing the selectivity of separation and
EOF velocity [32]. The effect of BGE concentration was
studied between10 mM to 100 mM. The increase of the
BGE concentration lead to an increase of LET migration
times, due to a decrease of EOF with the increase in ionic
strength. The 90 mM concentration was set as optimum
(best height, area and peak symmetry); the use of BGE
with high concentration is limited by the generation of
high currents which leads to instability of the electropho-
retic system.

Effect of the pH of BGE. In order to obtain an adequate
peak the variation of pH was analyzed on a pH interval be-
tween 8.7 — 10.32 by adding small amounts of 1M NaOH

pH variation of BGE
45 |
35 |
25 |
15 |

05 |

8.7 8.83 9.05 9.15 9.36 9.85 995 1032
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18 |
1.7 |
16 |
15 |
14 |
13 |
12 |
11 |
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Fig. 3. Variation of the migration time depending on the A) BGE concentration (applied voltage: + 20 kV, temperature: 25°C, injection pres-
sure 30 mbar/2 sec); B) pH of BGE (BGE 90 mM borax, applied voltage: + 20 kV, temperature: 25°C, injection pressure 30 mbar/2 sec); C)
voltage (BGE 90 mM borax, temperature: 25°C, injection pressure 30 mbar/2 sec); D) temperature (BGE 90 mM borax, applied voltage: +

20 kV, injection pressure 30 mbar/2 sec).
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and 1M boric acid in BGE. The LET migration times in-
creased with pH values. At higher pH values the registered
peaks were very broad. In consequence, the optimum pH
of BGE was set at value 9.36.

Effect of Voltage. The migration times decreased with
the increase of voltage so that we set the optimum value at
20 kV to obtain good peak shapes and amplitudes.

Effect of Temperature. Regarding the influence of tem-
perature on LET migration times slightly decreased with the
increase of cassette temperature, the limiting factors being
the BGE viscosity and the Joule heating which are directly
connected with temperature. The temperature was selected
at 50°C for best shape and high value of the LET peak.

Effect of Injection Pressure and Time. Hydrodynamic
injection mode because is more precise and robust than
electrokinetic injection. In general, analysts prefer hydro-
dynamic to electrokinetic injection, especially when ana-
lyzing biological matrices (e.g. plasma or urine) with vary-
ing composition and conductivity [29].

Injection pressure and time modify the migration time
of the analyes, but we have noticed that these parameters
have influence on the shape of the peaks. Thus, a high
injection pressure (50 mbar) and a short injection time
(2 s) were preferred in order to avoid peak splitting or
broadening.

It was established that LET can be determinate in a very
short time, less than 2 minutes (Figure 4). To obtain the
best peak shapes with the shortest analysis time, 90 mM
borax, 20 kV voltage, 50°C, 50 mbar pressure, 2 seconds
injection time and 50 °C were set as optimum parameters.

CZE method validation. The method was validated and
validation parameters were calculated (Table I). The select-
ed internal standard was CID, a stable compound with a
good signal on sodium borate BGE, which migrates after
LET and EOF [34].

Specificity. LET could be quantified from tablets with-

out any interference with other present components.

Table I. Statistical parameters of CZE method
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Linearity. The linearity response for LET was assessed in
the range 5 - 875 pug mL!. The linear regression equations
were calculated using six concentration levels and three
replicates per concentration. Correlation was over 0.99,
which demonstrates a good linearity of the method. LOD
and LOQ parameters were calculated by using the signal-
to-noise ratio 3:1 and 10:1, respectively.

Precision. The repeatability of migration time and peak
area measurement was performed by six replicate injections
containing 62.5ug-mL-! of LET, three consecutive days.

These results prove that our developed CZE method can
be applied for identification and quantitative determina-
tion of LET from bulk materials. Until now, on a base of
detailed literature survey, it was found that LET could be
estimated along with other compounds only by MEKC
[16-19].

Determination of LET in tablets. A total of 20 tab-
lets were weighed and powdered. An equivalent of about
10 mg LET was weighed accurately and transferred into a

DAD1 B, Sig=240.20

-2.337

LET

> 1667

2 25
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Fig. 4. Electrophoregram of LET. Working parameters: BGE 90 mM
borax, 20 kV applied voltage, 50 mbar/2 seconds pressure, tem-
perature 50 °C, UV detection at 240 nm, capillary: 32.5 cm (24.5
cm effective length) x 50 pm, LET concentration: 62.5 pg-mL-1,
internal standard CIP concentration 125 pg-mL-1.

(working concentration range: 5 - 875 pg-mL-1, internal standard CIP) (T = migration time, A = area, H = height)

Regression equation Correlation coefficient LOD (pg-mL-1) LOQ (ug-mL-)
LET y =486.01x + 22.875 0.9997 20.43 68.10
T A H
Internal standard CIP 125 Average 2.37 57.67 30.43
Hg mL-* (n = 6) SD 0.05 3.24 2.65
RSD(%) 2.05 5.62 8.72
Repeatability LET concentration 62.5 pg-mL-1
n=6 Day 1 Day 2 Day 3
T A H T A H T A H
Average 1.67 46.07 11.96 1.67 40.05 10.86 1.74 44.08 11.10
SD 0.036 1.663 0.537 0.008 1.404 0.197 0.027 2.307 0.316
RSD(%) 2.15 3.61 4.49 0.5 3.5 1.81 1.60 5.23 2.84
LET Intra-day precision (RSD%) n=6 Inter-day precision (RSD%) n=18
concentration Days 3
(ng-mL-) T A H T A H
125 2.34 3.00 2.83 2.40 718 5.67
62.5 1.60 5.23 2.84 2.35 7.19 5.44
31.25 2.47 2.35 2.93 2.28 5.75 6.22
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100 mL volumetric flask with 50 mL methanol. After 30
minutes ultrasonic vibration, the mixture was diluted to
volume with methanol and then filtrated. A concentration
of 100 pg-mL-" of LET was set. The amount of LET from
pharmaceutical tablets and standard deviation (SD) were
calculated using linear regression equation of the standard
curve (Table I) [26]. The recovery (%) from pharmaceuti-
cal formulation was 99.63 + 1.51 (average of three repli-
cates). Therefore our method has potential to be success-
fully used to determine LET from counterfeit drugs.

Determination of LET from spiked urine samples.
Analytical performance of our CZE method was evaluated
on spiked urine from healthy volunteers.

Specificity. LET could be quantified from spiked urine
samples without any interference with other present urine
components (Figure 5).

Linearity and detection limits. The linearity response and
detection limits for spiked with LET urine samples are pre-
sented in Table II.

The linear regression equations were calculated using
six concentration levels and three replicates per concentra-
tion. Correlation was over 0.99, which demonstrates a very
good linearity of the method.

Precision. The precision of our CZE method was inves-
tigated in repeatability and intermediate precision terms
for migration times and peak areas of LET in spiked urine
samples (Table II).

Regarding determination of LET our result was satisfac-
tory as respect to selectivity and had a short migration time.

Our validated CZE method is therefore simple but also
reliable, with the potential of being used to determinate
LET in bulk material, pharmaceutical formulations, coun-
terfeit medicines and urine samples.

B. UV spectrophotometry method
The UV spectra of samples were recorded in methanol in

according with data previously reported from literature
[25-28].

mAU |
DAD1B, Sig=24020 | LET
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Fig. 5. Electrophoregram of LET form spiked urine sample (LET
concentration: 25 pg-mL-1, internal standard CIP concentration 50
pg-mL-1), UV detection at 240 nm and 279 nm. Working param-
eters: BGE 90 mM sodium tetraborate, 20 kV applied voltage, 150
MA current, 50 mbar/2 seconds pressure, temperature 50 °C, capil-
lary: 32.5 cm ( 24.5 cm effective length) x 50 pm.

Determination of A, (nm). A 10pg-mL-! concentration
was prepared from II stock solution by dilution with met-
hanol. This solution was then scanned at wavelength of
190 to 500 nm against blank (methanol). The A, was
found to be at 240 nm. Hence this was considered as

Table Il. Statistical parameters of the CZE method for LET determination from urine spiked samples, internal standard CIP (T - migration

time, A - area, H = height).

Conc. domain (ug-mL-1) Regression equation  Correlation coefficient LOD (pg-mL-) LOQ (ug-mL-)
0.015-0.15 y = 896.82x + 176.49 0.992 14.98 49.94
Internal standard CIP T A H
125 pg mL-t Average 2.37 56.03 29.33
(n=6) SD 0.05 4.29 2.78
RSD(%) 2.05 7.66 9.49
Repeatability LET concentration 75 pg-mL-1
n=6 Day 1 Day 2 Day 3
T A H T A H T A H
Average 1.733 418.8 112.8 1.786 458.9 121.58 1.783 454.81 121.56
SD 0.02 10.76 1.16 0.001 9.215 1.082 0.001 5.26 0.89
RSD(%) 0.13 2.56 1.02 0.06 2.00 0.89 0.10 1.15 0.73
LET concentration (ug-mL-1) Intra-day precision - RSD(%) n=6 Inter-day precision - RSD(%) n=18
Days 3
T A H T A H
125 0.12 3.11 0.92 2.19 6.79 1.76
75 0.13 2.56 1.02 1.43 4.62 3.67
25 0.14 1.86 1.20 1.15 4.56 1.89
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Table lll. Statistical parameters of the UV spectrophotometric method for LET

Conc. domain (pug-mL-1) Regression equation Correlation coefficient LOD (pg-mL-1) LOQ (pug-mL-1)
0.005 - 0.020 y =0.1114x - 0.0239 0.9986 0.99 3.29
Intra-day precision n= 6 Inter-day precision n=18
Days 3
LET concentration (ug-mL-1) Mean SD RSD(%) Mean SD RSD(%)
7.0 0.738 0.010 1.35 0.761 0.022 2.94
10.0 0.976 0.010 1.02 1.014 0.035 3.46
13.0 1.360 0.015 1.14 1.389 0.025 1.79
absorption maxima which was then used for the calibra- ~ Acknowledgement

tion curve.

Preparation of standard stock solution

I Stock solution. LET standard solution was prepared by
dissolving 10 mg of LET in 10 mL methanol (I1mg-mL-!
concentration).

I Stock solution. From I stock solution 1 mL solution
was taken and then diluted up 10 mL with the same sol-
vent in a volumetric flask (100 pg-mL-! concentration).

Linearity study. From II stock solution aliquots were pre-
pared in the range of 5 - 20 pg-mL-".The absorbances were
measured at 240 nm and used for the linearity calibration
plot (Table III). Our experimental detection limits were set
between 1 and 30 pg-mL-'.

Intra-day and inter-day precision study. Aliquots of I
stock solution were taken and respectively diluted to ob-
tain three concentrations of 7.0, 10.0 and 13 pg-mL,
respectively. Triplicate absorbance measurements of each
sample were registered and the mean, SD and RSD calcu-
lated. The selected concentrations for intra-day precision
study were again analyzed the following 2 days and the
standard deviation (SD) and relative standard deviation

(RSD) were calculated (Table III).

Determination of LET in tablets

For the determination of LET from commercial prepara-
tion we prepare the samples similar to previous CZE meth-
od [26]. The recovery (%) from pharmaceutical formula-
tion Letrozol was 97.8 + 0.098 (average of three replicates).

Conclusions

CZE was proven to be a simple, rapid and appropriate
method to quantify LET from bulk material, pharmaceu-
tical preparations and spiked urine samples. The analyti-
cal parameters were optimized to achieve the determina-
tion of LET in a very short time analysis using a 90mM
borax BGE. Validation parameters were also determined,
linearity, LOD, LOQ), inter-day and intra-day precision.
Also for comparing results a simple, rapid and sensible UV
spectrophotometric method for determination of LET in
bulk material and pharmaceutical dosage form has been
developed and validated. Our methods could be useful
in analyzing LET in the pharmaceutical industry, clinical
studies and have potential in identifying counterfeit prod-
ucts marketed on-line used by athletes that doping.
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Objectives: The aim of this study was to assess storage effects on anthocyanin and total polyphenol content in different bilberry and blue-
berry extracts and to evaluate the antioxidant and antibacterial activity of these extracts. Materials and methods: Total phenolic content,
total monomeric anthocyanin content and antioxidant activity were determined in the first month and after three months storage of berries at
either -20 °C or -50 °C. Two different solvents were used (methanol and 50% ethanol). Antibacterial activity was determined for the 3 months
stored fruits using a microdilution method and was expressed as the minimum inhibitory concentration. Results: There were significant dif-
ferences between the concentration in the first month and after three months storage in both types of fruit extracts. Regarding the extracting
solvent, we noticed that total phenols were better extracted with 50% ethanol, while the total monomeric anthocyanin content was higher in
the methanolic extracts. No significant or slightly significant differences were observed between the fruits stored at -20 °C or -50 °C. Ethanolic
extracts showed the highest scavenging activity. Good antibacterial activity was observed on gram-positive bacteria. Conclusions: Storage
conditions are an important factor that can influence chemical composition of fruits. Although freezing is a good option for preservation, our
study showed a high decrease in the concentration of total phenols and anthocyanins after only three months. The fruits have shown a high
antioxidant activity and a good antibacterial effect. Further studies are needed for better understanding the changes that can appear during

the storage.

Keywords: blueberry, bilberry, storage conditions, antioxidants, antibacterial
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1. Introduction
Vaccinium berries are widely consumed worldwide because
of their nutritional properties. As main components they
contain polyphenolic compunds, among them polyphe-
nolcarboxilic acids, flavonoids and anthocyanins, mainly
in their glycosylated form. These berries have been studied
for the last ten years because of their complex composition
and multiple health-beneficial effects [1]. Researches con-
ducted in different geographical areas have revealed great
differences among berries collected from various areas, and
also great differences have been noticed among different
cultivars [2, 3]. This is why it is quite important to evalu-
ate each regional fruit before carrying out any other de-
termination. Bilberries are European wild berries collected
from Vaccinium myrtillus L., they contain a bigger amount
of anthocyanins comparative with the cultivated species.
Blueberries are the fruits of a cultivated species, Vaccinium
corymbosum, also called highbush blueberry. Researches
conducted on the effects of storage conditions on active
constituents from fruits are still unclear. There are many
studies conducted on the storage conditions of different
types of processed berries, but only few of them evaluated
the changes during freezing of unprocessed berries [4, 5].
The aim of this study is to assess whether the freezing

* Correspondence to: Ruxandra Emilia Stefanescu
E-mail: ruxandra.stefanescu@umftgm.ro

temperature influences the composition and the free radi-
cal scavenging activity of two types of fruits from Vaccini-
um species collected from Mures county area, comparative
with the composition and antioxidant activity determined
on the freshly harvested fruits. Antibacterial activity on six
bacterial strains was determined for the stored fruits.

2. Materials and methods

2.1. Plant material

Bilberries (Vaccinium myrtillus L.) were collected from
their natural habitat in Lunca Bradului area, Mures coun-
ty, Romania. Blueberries (Vaccinium corymbosum L.) were
collected from a culture near Trei Sate village area, Mures
county, Romania. The fruits were collected at their com-
mercial harvest maturity according to ground color, in July
2016. After harvesting, the fruits from each species, were
divided in three samples: the first sample was immediately
prepared for analysis (VC 1; VM 1), the second and the
third were stored for three months at either -20 °C (VC 3;
VM 3), or at -50 °C (VCF 3; VMF 3).

2.2. Chemicals

Gallic acid, Folin-Ciocalteu reagent, 1,1-Diphenyl-2-pic-
rylhydrazyl (DPPH) and 2,2'-Azinobis [3-ethylbenzothi-
azoline-6-sulfonic acid] (ABTS) tablets were purchased
from Sigma-Aldrich (Sigma-Aldrich Chemie GmbH,
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Steinheim, Germany). Other chemicals used were of ana-
lytical grade.

2.3. Extraction procedure

Berries were crushed extemporaneously, and the crushed
fruits were mixed with quartz sand (1:1 w/w) at room tem-
perature for 5 minutes. This procedure was based on the
sea sand disruption method (SSDM) [6]. The mixture was
extracted with either methanol (MeOH) or 50% ethanol
(EtOH) with a solid to solvent ratio of 1:10 (w/v, on a
fresh weight basis). The extractions were carried out on an
ultrasonic water bath at 40°C for 30 minutes, after which
they were vortexed at high speed for 10 minutes and the
extract was separated from the residue by filtration through
a 0.45 um filter, giving a number of 12 samples as they ap-
pear in Table L.

2.4. Phytochemical analysis

2.4.1 Total phenolic content

The total phenolic content (TPC) of the extracts has been
measured spectrophotometrically according to a previously
described protocol, using Folin-Ciocalteu reagent and gal-
lic acid as reference. All samples were analyzed in three rep-
licates. The results were expressed as mg gallic acid equiva-
lents / 100 g fresh weight (R = 0,99714) [7,8].

2.4.2. Total monomeric anthocyanin content

Total monomeric anthocyanins (TMAC) were determined
using the pH-differential method [9]. The extracts were
diluted with 0.025 M potassium chloride (adjusted with
HCI to pH 1.0) and 0.4 M sodium acetate (pH 4.5) and
the absorbance was measured at 520 and 700 nm. The ab-
sorbance values were calculated as follows: A = (A, - A)
o1~ (Asy = Asgo) i 45+ TMAC was calculated with the

formula:

A x MW x DF x 1000
ex1

TMAC=

The results were expressed as mg cyanidin-3-glucoside
equivalents / 100 g fresh weight, using the molecular

Table I. List of tested samples

Sample Solvent Abbreviation
1. Blueberries freshly harvested 50% Ethanol VCE1
2. Blueberries freshly harvested Methanol VCM1
3. Blueberries stored at -20 °C 50% Ethanol VCE3
4. Blueberries stored at -20 °C Methanol VCM3
5. Blueberries stored at -50 °C 50% Ethanol VCEF3
6. Blueberries stored at -50 °C Methanol VCMF3
7. Bilberries freshly harvested 50% Ethanol VME1
8. Bilberries freshly harvested Methanol VMMA1
9. Bilberries stored at -20 °C 50% Ethanol VME3
10. Bilberries stored at -20 °C Methanol VMM3
11. Bilberries stored at -50 °C 50% Ethanol VMEF3
12. Bilberries stored at -50 °C Methanol VMMF3

weight (MW) of 449.2 for cyandin 3-glucoside, the dilu-
tion factor (DF), molar extinction coefficient (&) of 26,900
L x mol-! x cm™! and the pathlength (1, in this case). All
samples were analyzed in three replicates.

2.5. Antioxidant activity

2.5.1. DPPH Radical Scavenging Activity

The antiradical capacity of each sample was tested using a
series of dilutions. Briefly, an aliquot of 150 pL of sample
solution at different concentrations was mixed with 3000
uL DPPH solution (0,1 mmol/L in methanol) [10]. The
reaction mixture was incubated for 30 minutes in the dark
at room temperature and the absorbance was measured
at 517 nm. The percentage of DPPH inhibition at dif-
ferent concentrations of each sample was plotted and the
concentration of extract required to inhibit oxidation by
50% (ICs,) was obtained by interpolation. Results were
expressed as mg/ml and all samples were analyzed in three
replicates. Ascorbic acid was used as positive control.

2.5.2. Scavenging effect on ABTSe radical

The scavenging effect of all extracts against the radical
cation ABTSe* was determined according to a procedure
described previously [11, 12]. Briefly, a stock solution of
2,45 mM potassium persulfate was prepared as well as an
ABTS stock solution of 7 mM, which was left to react at
room temperature in the dark for 12 hours. The ABTS so-
lution was diluted with methanol to the appropriate absor-
bance. A volume of 100 pL for different concentrations of
samples was added to 2500 pL diluted ABTS solution and
then, the mixture was allowed to react in the dark at room
temperature for 30 minutes and the absorbance was read
at 734 nm. The controls contained the extraction solvent
instead of the test sample. The percentage of ABTS inhibi-
tion at different concentrations of each sample was plotted
and the concentration of extract required to inhibit oxida-
tion by 50% (ICs,) was obtained by interpolation. Results
were expressed as mg/ml and all samples were analyzed in
three replicates.

2.6. Antibacterial activity

For this determination, ethanolic extracts of the fruits
stored for three months, were used after a prior evapora-
tion of the ethanol, at 40°C using an Ika rotary evapo-
rator RV 05-ST with a vacuum controller, giving a final
concentration of 200 mg fresh fruits/mL. The antibacterial
activity of the extracts was tested on six bacterial strains:
Staphylococcus aureus ATCC 25923, MRSA ATCC 43300,
Enterococcus faecalis ATCC 29212, Escherichia coli ATCC
25922, Kilebsiella pneumoniae ATCC 13883, Pseudomonas
aeruginosa ATCC 27853.

The antibacterial activity was determined by a microdi-
lution method and the minimum inhibitory concentration
(MIC) was interpreted as the last dilution without bacte-
rial growth.
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2.7. Statistical analysis

All the data were statistically evaluated and the significance
of various treatments was calculated. The results were ex-
pressed as mean * standard deviation (SD) and compari-
son between the groups was made by Analysis of variance
(one-way ANOVA), followed by a Tukey-Kramer test, us-
ing GraphPad Prism (version 7.0b, 2016). Pearson’s linear
correlation was calculated using StatPlus:mac (statistical
analysis program for Mac OS°, Version v6 AnalystSoft
Inc.).

3. Results

The results of total phenolic content, total monomeric
anthocyanin, DPPH free radical scavenging activity and
ABTS scavenging activity are presented in Table II and Ta-
ble I1I.

The highest total phenolic content was found in 50%
ethanolic extracts for both bilberries and blueberries, but
the difference between 50% EtOH and MeOH is not sta-
tistically significant. The highest total monomeric antho-
cyanin content was found in the methanolic extracts.

All extracts have shown a high scavenging activity,
which decreases in the following order: VMEI > VMMI >
VME3 > VMEF3 > VMMF3 > VMM3 > VCE1 > VCM1
> VCE3; VCEF3 > VCM3 > VCMF3.

4. Discussion
As it is known, bilberries contain higher amounts of phe-
nolic compounds than blueberries. Regarding the ex-
tracting solvent there can be observed that in both types
of fruits there is no or just a small statistically significant
difference in TPC between methanolic and ethanolic ex-
tracts, but there are significant differences in methanolic
and ethanolic extracts regarding total monomeric anthocy-
anin content, which leads us to the conclusion that antho-
cyanins are better extracted with methanol. This is a long
debate between different studies, some being in accordance
with our results. This could be explained by the different
chemical profile and concentration of phytoconstituents
between fruits collected from different area or from differ-
ent cultivars. Compared with freshly harvested fruits, the
fruits that have been stored for three months have lost a
great percent of compounds. Similar results have been re-
ported by Giovanelli G. et al [13]. In case of further use of
the extracts for animal or human studies, ethanolic extracts
should be used due to the high toxicity of methanol.

Our results (determined per 100 g fresh weight) show
a higher TP and TA content than in other reported data

Table IV. Assessment of MICs for bilberry and blueberry ethanolic
extracts

s . . MIC (maymi
"The susceptibility of bacteria against tested samples are  \y:00rganisms " (mg m)BI X
presented in Table IV. Of the tested gram-negative micro- _ foerry ueberry

. bilberri . Escherichi Ji d Gram-positive
organisms, bilberries were active on Escherichia coli an Staphylococous aureus o5 o5
Klebsiella pneumoniae, while blueberries were active only MRSA 25 50
on Klebsiella pneumoniae. Pseudomonas aeruginosa was not Enterococcus faecalis 25 50
susceptible to any of the samples at the given concentra- ~ Gram-negative
. . . . Escherichia coli 100 -
tion. Both berries had an inhibitory effect on all tested , ,

. R . Klebsiella pneumoniae 50 100
gram-positive microorganisms. Pseudomonas aeruginosa _ i
Table Il. Bioactive compounds and antioxidant activity of Vaccinium corymbosum

Sample TPC TMAC DPPH ABTS
mg GAE / 100 g FW mg C3GE / 100g FW IC50 IC50

VC-E1 427.32 + 14.42 262.08 + 14.292 1.47+0.12 0.139+0.002°
VC-M1 392.73 + 8.72 323.12 + 11.58° 1.85+0.012 0.207+0.0032cd
VC-E3 311.94 + 4.8 170.46 + 2.75¢ 1.91+0.042 0.172+0.0212bc
VC-M3 251.26 + 0.5¢ 267.83 + 13.22 1.99+0.092 0.216+0.022d
VC-EF3 343.27 + 14.7° 172.43 +13.77¢ 1.91+0.062 0.153+0.008¢k°
VC-MF3 306.27 + 14.6 226.66 + 10.372 2.05+0.12 0.236+0.0144
Means sharing the same superscript are not significantly different from each other (Tukey’s HSD, P<0.05).
Table lll. Bioactive compounds and antioxidant activity of Vaccinium myrtillus
Sample TPC TMAC mg C3GE / 100g FW DPPH ABTS
mg GAE /100 g FW IC50 IC50
VM-E1 636.63 + 7.452 520.81 + 9.572 0.175+0.032 0.106+0.0042
VM-M1 534.34 + 3.17° 576.86 + 65.262 0.33+0.032 0.129+0.0052°
VM-E3 484.87 + 23.6° 277.86 + 26.73° 1.03+0.08° 0.138+0.003bc
VM-M3 443.583 + 13.7¢d 396.43 + 8.94¢ 1.19+0.010 0.161+0.002bd
VM-EF3 465.98 + 3.92¢d 293.37 £ 6.13° 1.09+0.120 0.134+0.003¢
VM-MF3 426.32 + 6.984 367.18 + 10.89bc 1.18+0.090 0.166+0.0134

Means sharing the same superscript are not significantly different from each other (Tukey’s HSD, P<0.05).



90 Stefanescu Ruxandra Emilia et al. / Acta Medica Marisiensis 2017;63(2):87-90

from Romanian bilberries [14]. The high difference be-
tween our results and the other results reported could be
explained by the extraction using quartz sand. The extrac-
tion method using quartz sand also known as sea sand dis-
ruption method (SSDM) is a simple and cheap process,
which due to the abrasive character of the sand, facilitates
the extraction [15].

Other factors that could have influenced the chemical
content are the storage period and the time of harvest.
Our own results indicate that the content may decrease
by almost 27% for TP and by 46% for TMA in only three
months. It has been previously reported that increased ma-
turity of fruits influences their chemical profile and their
antioxidant activity [16]. Several researches concluded that
the higher the content of anthocyanins in fruits, the higher
the stability of the extract [17]. In the case of frozen fruits
we recorded the higher lost of anthocyanins in the fruits
with the highest content. The difference in the stability be-
tween extracts and unprocessed fruits could be explained
by the antioxidant activity of the total polyphenols from
the extract.

The concentration determined in our study for IC,, is
lower than in other studies [18], which shows a higher an-
tioxidant activity even in the fruits stored for 3 months.
Using Pearson’s correlation we noticed a highly negative
correlation between DPPH 1Cy, and TPC (r = -0,8247, p<
0,05) in fruit extracts of Vaccinium corymbosum. For Vac-
cinium myrtillus fruit extracts, DPPH ICs, is highly cor-
related with TPC (r = -0,9149, p < 0,05) and TMAC (r =
- 0,868, p < 0,05) while for the ABTS ICs, the correlation
coeflicient shows a highly negative correlation with TPC
(r = -0,9474, p < 0,05). The antioxidant activity of plant
extracts containing phenolic compounds is attributed to
their ability to donate hydrogen atoms or electrons, and
therefore scavenging free radicals.

Regarding the microbiological study, a good antibacte-
rial activity was observed on Gram-positive bacteria, with
a higher activity for bilberry extracts, as it was expected.
Previous studies have shown that phenolic compounds
posses antibacterial activity and it is believed that these
compounds suppress virulence factors of bacterial patho-
gens or have a direct antimicrobial effect [19, 20]. This
antibacterial activity needs to be further tested with more
concentrated extracts for a better evaluation, and also the
bactericidal and bacteriostatic effect should be assessed.

5. Conclusions

This study shows important data regarding the impact of
short time storage conditions on active constituents from
Vaccinium berries. Our results demonstrated that freezing
is not sufficient for anthocyanin preservation; other treat-
ments could be needed to avoid degradation. Regarding
the overall results we may conclude that both types of
berries collected from our area contain a high amount of

polyphenolic compounds, and, although the level of main
active constituents decreased during the storage period, we
could record a high antioxidant activity, and an antibacte-
rial activity. These are important findings for the future use
of our local fruits as nutraceuticals in prevention and treat-
ment of different illnesses.
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Objective: The aim of this study was to verify in our laboratory conditions the performance criteria of a commercial kit (Phagoburst™, Glyco-
tope Biotechnology) as described by the producers. We have also partially altered the use of the available kit by introducing a non-opsonized
Candida albicans stimulus, in addition to the opsonized Escherichia coli stimulus provided by the manufacturer. Material and methods: The
peripheral blood samples of 6 clinically healthy adults were tested in triplicate according to the manufacturer recommendations. The intra-
assay imprecision as well as the ranges of neutrophil and monocyte burst activation triggered by various stimuli were assessed. Results: The
activation range of granulocytes and monocytes was similar to the one described by the producer in the presence of E. coli (granulocytes:
78.45-99.43% versus 99.6-99.95%, average %CV of 1.53% versus 0.1%, monocytes: 54.63-92.33% versus 81.80-96.67, average %CV
6.92% versus 1.1%). The leukocyte range of activation in the presence of non-opsonized C. albicans was comparable to the one triggered
by the fMLP (N-formyl-methionyl-leucyl-phenylalanine) stimulus. Conclusion: The intra-assay precision obtained in our laboratory conditions,
as well as the ranges of activated leukocytes, are comparable to the ones described by the producer when using E. coli as a stimulus. The
present study shows that introducing an extra fungal stimulus for burst oxidation assessment could provide additional information regarding

the non-specific cellular immune response, particularly in patients at risk for candidemia.
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Introduction

The peripheral blood phagocytes (PBP) have long been ac-
knowledged as key factors in bacterial and fungal infections.
As first line of defense, they phagocyte and kill microorgan-
isms through a combination of mechanisms that include
the production of reactive oxygen species (ROS) [1].

Along the years, flow cytometry methods have been de-
veloped in order to quantify the production of ROS using
bacteria as stimulus [2,3]. Different authors have described
methods for burst oxidation assessment in peripheral
blood mononuclear cells (PBMC) using isolated leuko-
cytes and different strains of Candida as stimuli as well as
different incubation periods [4-8]. Recent years have seen
the development of several commercial kits that use whole
blood, not isolated PBMC as many methods used before,
and unlabeled opsonized Escherichia coli as stimulus for
PBP activation besides other chemical stimulants [9]. Up
to the present moment none of the available commercial
kits used fungi as stimulus.

The aim of the present study was to verify in our labora-
tory conditions the performance criteria of the commercial
kit Phagoburst ™ (Glycotope Biotechnology) as recom-
mended by the producers. We have also partially altered
the use of the available kit by introducing a non-opsonized
Candida albicans suspension for testing as stimulus with
the purpose to assess the cellular immune response in fun-
gal bloodstream infections.

* Correspondence to: Floredana-Laura Sular
E-mail: floredana.sular@gmail.com

Materials and methods

We conducted a study that aimed to verify the performance
parameters of the Phagoburst ™ (Glycotope, Biotechnology)
commercial kit in our laboratory conditions and to vali-
date as well the use of a new stimulus — a non-opsonized
C. albicans suspension in order to verify the PBP innate
immune response to fungal stimuli.

The study was conducted according to the World Medi-
cal Association Declaration of Helsinky and was approved
by the Ethics Committee of the Emergency Clinical Coun-
ty Hospital of Tirgu Mures, No.19204/29% of September
2014 as well as the Ethics Committee of the University of
Medicine and Pharmacy of Tirgu Mures, No.53/227 of
April 2015. Informed consent was given by each enrolled
adult.

Blood samples

Whole venous blood specimens were collected from 6
healthy adults on BD sodium heparin tubes as recom-
mended by the producers of the Phagoburst ™ (Glycotope
Biotechnology) commercial kit. The volunteers were cho-
sen by absence of infectious history and clinical signs of
infection. All samples were tested in triplicate within one
hour after collection, being kept meanwhile on a covered
ice bath.

Assay for the evaluation of cell burst activity

Phagoburst ™ was created to investigate the altered oxi-
dative burst activity present in various pathologies and to
evaluate the effects of drugs. It allows quantitative assess-
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ment of PBP oxidative burst. The kit contains an unla-
beled opsonized E. coli bacteria as particulate stimulus, the
protein kinase C ligand phorbol 12-myristate 13-acetate
(PMA) as high stimulus, the chemotactic peptide N-for-
myl-MetLeuPhe (fMLP) as low physiological stimulus,
dihydrorhodamine 123 (DHR 123) as a fluorogenic sub-
strate and necessary reagents.

In order to quantify the production of ROS by PBP
that could be triggered by a fungal pathogen in neonates
which are known to have low opsonin concentration and
degree of activation [10], we introduced an extra fungal
stimulus for testing in the form of a C. albicans yeast sus-
pension. The reference strain C. albicans ATCC 10321 was
cultured aerobically on Sabouraud chloramphenicol agar
for 18 hours at 35°C. An 0.5 optical density inoculum of
C. albicans (approximate cell concentration of 1-5 x 10°
colony forming units/mL) was prepared for each testing
round by Using Vitek2 Densichek densitometer (Biomer-
ieux, France). The yeast suspension was not exposed to any
supplementary opsonins then those present in the 100 pL
whole blood used for testing. The yeast cells underwent
no inactivation prior to exposure to whole blood. May
Grunwald Giemsa stained blood smears performed after
a 10 minutes period of incubation of whole blood with
the yeast stimulus showed no budding, pseudohyphae or
hyphal growth.

Heparinized whole blood (100 pL) within 1 hour after
sampling was incubated with 20 pl of each of the above
mentioned stimuli for 10 minutes at 37°C on a water
bath. The ROS produced during the oxidative burst by
the phagocytes was monitored by oxidation of 20 ul DHR
123 which served as an oxidative fluorogenic substrate. A
volume of 2 ml lysing solution which removed the eryth-
rocytes and resulted in a partial fixation of the leukocytes
was added to stop the burst oxidation reaction. After cen-
trifugation and one washing step, 200 uL DNA staining
solution was added to exclude aggregation artifacts of bac-
teria, fungi or cells. The DNA staining required 10 min-
utes incubation at 0°C, protected from light. Samples were
thus ready for FACS analysis that was performed within 30
minutes following DNA staining.

Flow cytometry analysis
Each blood sample was tested in triplicate. Cells were ana-
lyzed by flow cytometry using a 488 nm argon-ion excita-
tion laser. As recommended by the producer, during data
acquisition a “live gate” was set in the red fluorescence his-
togram on the events that had at least the same DNA con-
tent as a human diploid cell with the purpose of preclud-
ing bacteria or fungi aggregates that had the same scatter
light properties as the leukocytes from analysis. An average
number of 15000 leukocytes per sample were collected.
The percentage of cells that produced ROS (recruit-
ment) as well as their mean fluorescence intensity (MFI)
(activity, amount of cleaved substrate) was quantified. The
relevant leukocyte cluster was gated in the software pro-

gram in the scatter diagram (linear FSC vs linear SSC) and
its thodamine 123 green fluorescence was collected in the
FL1 channel (standard FITC filter set) and analyzed. A
negative control sample without any stimulus was always
run as a negative background control to set a marker for
fluorescence (FL1) so that less than 3% of the events were
positive. The percentage of activated cells in the test sam-
ples was then set by counting the number of events above
this threshold. The mean fluorescence correlates with oxi-
dation quantity per individual leukocyte.

Data collection and analysis

Results for every round of tests of each replicate of the six
samples were collected. For data entry and analysis Micro-
soft Excel® (Microsoft Corporation, Redmond, WA, USA)
and its tools were used. The coefficient of variance of each
sample, as well as the minimum-maximum range of the
percentage of activated cells and their MFI was assessed for
each of the used stimuli.

Results

Figure 1 shows the “live gate” (viability assessment) set on
leukocyte DNA which is meant to distinguish between
those events which have at least the same DNA content as
a human diploid cell thus excluding aggregates of bacteria
and fungi having the same scatter light properties as the
leukocytes. Leukocyte viability decreases as burst oxida-
tion intensity triggered by the used stimuli increases: vi-
ability of the negative control tube (97.87%) is followed
by opsonized E. coli as particulate stimulus (70.43%) and
then by the protein kinase C ligand PMA as high stimulus
(45.93%).
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Fig. 1. Viability of assessed leukocyte population of the control
sample (green), compared to the cell viability of the samples that
were exposed to E. coli (blue) and PMA (red). A “live” gate (M2)
was set on those events that have at least the same DNA con-
tent as a human diploid cell with the purpose of precluding from
analysis bacteria or fungi (M1) which had the same scatter light
properties as the leukocytes.
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Figure 2 row 1 presents typical FSC/SSC dot plot sets of
one of the tested subjects. The gate is set on granulocytes
and monocytes stimulated with E. coli (1A), fMLP (1B),
PMA (1C) and C. albicans (1D).

Figure 2 row 2 displays the degree of granulocyte (R2)
and monocyte (R3) activation (recruitment) and produc-
tion of ROS when using the same stimuli as mentioned
above. E. coli (2A) and PMA (2C) trigger a similar intense
PBP activation, while the burst activation triggered by the
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unopsonized C. albicans (2D) is similar to the one gener-
ated by the presence of low fMLP stimulus (2B). The burst
activity (amount of DHR 123 cleaved substrate) of the two
studied leukocyte populations was also quantified as mean
fluorescence intensity (MFI) for each stimulus as depicted
in Figure 2 3A, 3B, 3C, 3D for granulocytes, and Figure 2
4A, 4B, 4C, 4D for monocytes.
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Fig. 2. Flow cytometry analysis results. Row 1 displays the typical FSC/SSC dot plots when adult PBP cells are stimulated with E. coli
(1A), fMLP (1B), PMA (1C) and C. albicans (1D) (gate set on granulocyte and monocyte populations). Row 2 displays the dot plot lin SSC/
log FL1-R123 of test samples stimulated with E. coli (2A), fMLP (2B), PMA (2C) and C. albicans (2D). Row 3 shows the typical FL1-DHR123
histogram that depicts granulocyte activation of the control sample (pink) compared to activation triggered by E. coli (blue) (3A), fMLP
(green)(3B), PMA (red)(3C) and C. albicans (black) (3D). Row 4 illustrates the typical FL1-DHR123 histogram that shows monocyte activa-
tion of the control sample (violet) compared to burst activation triggered by E. coli (blue) (4A), fMLP (green)(4B), PMA (red)(4C) and C.

albicans (black) (4D).
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laboratory the intra-assay precision, as well as the average
CV that resulted after testing in triplicate each of the 6
whole blood samples as recommended by the producers.

The activation range of granulocytes and monocytes,
though having a broader lower limit in our laboratory con-
ditions, was similar to the one described by the producer
in the presence of E. coli (granulocytes: 78.45-99.43%
versus 99.6-99.95%, average %CV of 1.53% versus 0.1%,
monocytes: 54.63-92.33% versus 81.80-96.67, average
%CV 6.92% versus 1.1%).

We obtained similar ranges of activation as the produc-
ers did for fMLP and PMA in the case of granulocytes,
while for monocytes data for these stimuli were not pro-
vided by the producer.

When assessing the PBP burst oxidation triggered by
C. albicans, our data revealed acceptable variation of mean
%CV for granulocytes (6.46% for oxidizing cells and
7.54% for MFI). Due to low monocytes activation, dur-
ing the 20 minutes incubation time, the resulting average
%CV showed higher but acceptable values for validation
(8.80 % for oxidizing cells and 11.61% for MFI).

Discussion

The Phagoburst ™ (Glycotope Biotechnology) kit that we
used for our study is already validated for in vitro diag-
nostic testing with the above mentioned stimuli. Accord-
ing to professional standards, it is recommended that the
performance criteria of each test to be verified in the user’s
own laboratory conditions. We performed this verifica-
tion and then we tried to validate a new fungal stimulus

by quantifying the intra-assay imprecision and the ranges
of neutrophil and monocyte burst activation triggered by
various stimuli.

According to the Practice guidelines from the ICSH
and ICCS-part V- Assay performance criteria [11] recom-
mended for validation of cell-based fluorescence assays, for
the quantification of the intra assay imprecision, we used
the same assay matrix (whole blood) originating from 6
patients (a minimum of 5 samples being required) tested in
triplicate in a single analytical run [12]. We used samples
only from healthy patients due to the laboratory’s inability
to access samples from patients with altered oxidative burst
activity such as chronic granulomatous disease. We made
this choice in order to be also able to compare our labora-
tory’s results to the ones provided by the producer of the
commercial kit which tested only healthy subjects.

The mean and %CV for each sample tested in tripli-
cate was calculated. As recommended [12], percent CV
(%CV), rather than standard deviation (SD) was used as
acceptance criteria due to the fact that %CV normalizes
variations at lower levels of event detection as it happened
in our case of monocyte activation when using the low
stimuli fIMLP and C. albicans.

The level of acceptable imprecision in flow cytometry
techniques for an reportable result depends upon the fre-
quency of the population and the total number of events
acquired [13]. As stated by the guidelines [11], a desir-
able target for assay imprecision is a CV of less than 10%,
while for less abundant populations (frequency at 1:1000
(0.1%)) a CV of less than 20% is acceptable [14].

Table I. Verification performance parameters of the Phagoburst™ Glycotope Biotechnology commercial kit

Oxidizing cells (%)

GeoMean FL1 (MFI)

Cell Type Stimulus
Producer Own Laboratory Producer Own Laboratory
E. coli (min-max) 99.6-99.95 78.45-99.43 154.5-395.75 400-735
mean 91.96 538
average CV 0.1 1.53 4.8% 6.84%
fMLP (min-max) 1-10 1.53-12.95 320-496
Mean 6.35 NA 387
Granulocytes average CV NA 18.61 4.08%
PMA (min-max) 98-100 95.83-99.77 300-1000 907-1528
Mean 98.57 1215
average CV NA 0.78 NA 6.21%
C. albicans(min-max) 2.18-8.80 371-519
mean NA 5.68 NA 458
average CV 6.46 7.54
E. coli (min-max) 81.80-96.67 54.63-92.33 49.60-88.65 278-349
mean 69.18 307
average CV 1.1 6.92 6.5% 5.57%
fMLP (min-max) 0.61-4.52 236-410
mean NA 2.14 NA 283
Monocytes average CV 56.59 18.23
PMA (min-max) 29.15-95.89 285-383
mean NA 70.89 NA 356
average CV 7.57 4.41
C. albicans(min-max) 1.04-10.63 239-347
mean NA 3.6 NA 299
average CV 8.80 11.61

CV= coefficient of variance (mean of the %CV), min=minimum value, max= maximum value, NA= non-available, MFI=mean fluorescence intensity
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The results obtained in our own laboratory conditions
for the intra-assay precision are acceptable according to the
guidelines [11] when assessing the %CV of oxidizing gran-
ulocytes and monocytes in the presence of E.coli, PMA
and C. albicans. Also the ranges of values for oxidizing leu-
kocytes that we obtained when assessing imprecision were
similar to the ones described by the producer though hav-
ing an acceptable lower reference range.

We did get a high %CV for granulocyte and monocyte
activation as well as a high %CV for monocyte MFI when
fMLP was used as stimulus. This situation that can be
easily explained by the fact that considering the very low
degree of PBP activation, very small variations generated
large %CVs. Nevertheless, a value for fMLP %CV hasn’t
been provided for comparison not even by the kit manu-
facturer. A borderline value of 11.61%, slightly above the
acceptable criteria, was also obtained for the MFI in the
case of C. albicans.

When examining the MFI, in our laboratory conditions
and flow cytometer settings, the value ranges, thought
proportional to the ones described by the producer, were
higher. It is one of the producer’s recommendations that
laboratories should establish their own normal reference
ranges using their own testing conditions.

In the experiment we conducted in healthy adults, the
particulate opsonized stimulus E. coli generated a similar
activation of the PBP as the high stimulus (PMA), though
with larger lower ranges in our laboratory conditions. MFI
in our experiment, as described by the producer, reached
higher values when PMA was used in comparison to the
opsonized particulate stimulus E. coli.

The burst activation generated by incubation with C. a/bi-
cans was similar in granulocytes and slightly lower in mono-
cytes than the one generated by the low stimulus (fMLP).

C. albicans can reside as a lifelong commensal on or
within the human host for a long time. Still, literature
describes a number of pathogenic mechanisms that render
C. albicans virulent when alterations in the host environ-
ment occur [15]. One of these mechanisms is represented
by the robust stress response C. albicans displays against
the oxidative and nitrosative stresses of the phagocyte cells
[16,17]. Studies show that C. albicans mutants that lack
genes that encode regulators of stress response or detoxify-
ing enzymes have an attenuated virulence [18]. The ability
of C. albicans to produce antioxidant enzymes like catalase
Ctal as well as the intracellular and extracellular superox-
ide dismutases (Sods) to counteract the respiratory burst
[17,19], represents a viable explanation of the low activa-
tion and ROS production by neutrophils and monocytes
in our study. Previous studies have shown that Sodl in-
teracts with macrophages while Sod2 is required to resist
neutrophil attack [19]. Sod4, Sod5 [20] and Sod6, along
with the catalase Ctal detoxify extracellular ROS pro-
duced by macrophages [21].

According to previous studies described by Mayer at
al. [17], due to quorum sensing, a low yeast density (<107

cells/mL), as in our case (1-5 x 10¢ cells/mL), favours hy-
phal formation. Though we did not submit the C. albicans
yeast cells to any inactivation process prior to whole blood
exposure, the smears performed after 10 minutes of incuba-
tion at 37°C showed no budding, pseudohyphae or hyphal
growth. Still, hyphae could have formed during the next
10 minutes of incubation with the DHR123 prior to burst
oxidation assessment. Studies have shown that regardless of
the fungal morphology, Sods are expressed: yeast cells ex-
press Sod4 while hyphal forms express Sod5. Neutrophils
also induce the expression of Sod5 although they inhibit
the yeast-to-hyphal formation in C. albicans [19,20].

Other studies have shown the enhanced capacity of the
human neutrophils from healthy patients in the presence
of opsonins to inhibit germination of C. albicans into clus-
ters of hyphae in overnight assays as well as to kill Candida
conidia (2 hours). The killing of the unopsonized C. albi-
cans was found to be dependent solely on the complement
receptor 3 (CR3) and the signaling proteins phosphati-
dylinositol-3-kinase and caspase recruitment domain-con-
taining protein 9 (CARD?Y), but completely independent
of NADPH oxidase activity, as opposed to opsonized C.
albicans whose killing was dependent upon production of
ROS by the NADPH oxidase system [22].

Consequently, all these mechanism could explain the
low production of ROS by phagocytes in the presence of
unopsonized C. albicans.

Study limitations

The lack of supplementary opsonins in our study in the case
of C. albicans stimulus, coupled with the relatively short
incubation time (20 minutes), compared to other studies
that used isolated PBMC might have led to a lower degree
of burst activation than in the case of opsonized E. coli.

Conclusions

The performance parameters for the Phagoburst ™ (Gly-
cotope Biotechnology) kit obtained in our laboratory com-
pared to the ones provided by the producer as well as
the professional guidelines allow us to safely use the kit
for burst oxidation assessment in human PBP. Our study
suggests also that introducing an extra fungal stimulus
for burst oxidation assessment could provide additional
information regarding the non-specific cellular immune
response, particularly in patients at risk for fungal blood-
stream infection.
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