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In the book is presented a new physically
motivated approach for the modeling of column
apparatus processes in industrial conditions, using
the mechanics of continua. In the Introduction is
presented the contemporary, physically motivated,
mass transfer theory.The proposed analysis shows
that the presented mass transfer theory is not
applicable for the modeling of column apparatus
processes in industrial conditions, because the
velocities in each phase and the phase surfaces in
columns are unknown and practically cannot be
determined.

The modeling of column apparatus processes
in industrial conditions is made, using new type
models as convection-diffusion models (for
gualitative analysis) and average concentration
models (for quantitative analysis), where as an
innovation is the process mechanism identification

on the base of the Guhman’s generalized model
analysis (model analysis in generalized variables).In
the book are presented convection-diffusion and
average concentration models of one, two and three
phase processes.

In the first part of the book are presented the
convection-diffusion models and qualitative analysis
of the chemical, absorption, adsorption and catalytic
processes.

The one-phase processes in column chemical
reactors are analized in the cases of complex
chemical reaction Kkinetics, two components
chemical reactions and pseudo-first-order reactions.
It is shown the influence of the velocity radial non-
uniformity on the conversion degree. As an
innovation is a new explanation of the “back
mixing” effect as a reducing of the average residence
time of the flow in the column.

The two-phase processes in column
apparatuses are analized in the cases of absorption
processes (physical and chemical absorption),
adsorption processes (physical and chemical
adsorption), catalytic processes (physical and
chemical adsorption mechanism).

The absorption processes are presented in co-
current and counter-current gas-liquid flows. As
innovations are the presentation of the interphase
mass transfer as a volume reaction and the
distribution of the interphase mass resistances
between the gas and liquid phases.

The adsorption processes are presented in the
cases of nonstationary process in the solid phase and
quasi stationary process in the gas (liquid) phase. As
innovation is the presentation of the adsorption
process as a volume reaction.

The catalytic processes are presented as
stationary processes in gas-solid systems, where the
adsorption of the first reagent is physically or
chemically. As innovation is the presentation of the
catalytic reaction as a volume reaction.

In the srcond part of the book are presented
the average concentration models and quantitative
analysis of the chemical, absorption, adsorption and
catalytic processes. The innovations in this part are:
1. The presented theoretical  (averaging)

procedure.

2. The ability to be used the average concentration
models for modeling of the processes at an
unknown velocity distribution in the column,
which is introduced in the model by two
parameters, which can be determined from
experimental data.
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3. The explanation of the conversion degree
decrease as a result of the radial non-uniformity
of the velocity distribution.

4. The experimental data, obtained in a short
column with real diameter, are useful for the
model parameters identification.

In the third part of the book are presented
calculation algorithms as innovations.
In many cases the computer modeling of the

processes in column apparatuses, made on the base
the convection—diffusion and average concentration
models, does not allow a direct use of the MATLAB
program. In these cases it is necessary to create
combinations of appropriate algorithms.

Practically, the new type models are
characterized by the presence of small parameters at
the highest derivates. As a result, the use of the
conventional software for solving the model
differential equations is difficult. This difficulty may
be eliminated by an appropriate combination of
MATLAB and perturbations method.

In the cases of counter-current gas-liquid or
liquid-liquid processes the mass transfer process
models are presented in two-coordinate systems,
because in a one-coordinate system one of the
equations has no solution by reason of the negative
value in the equation Laplacian. Thus, a combination
of an iterative algorithm and MATLAB has to be
used for solving the equations set in different
coordinate systems.

In the practical cases of non-stationary
adsorption in gas-solid systems, the presence of
mobile (gas) and immobile (solid) phases in the
conditions of lengthy (long-term) processes leads to
a non-stationary process in the immobile phase and
a stationary process in the mobile phase. As a result
different coordinate systems must be used for the gas
and solid phase models. A combination of a multi-
step algorithm and MATLAB has to be used for the
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solutions of the equations set in different coordinate
systems.

Practically, the waste gases purification in the
thermal power plants uses absorption methods. The
SO, absorption intensification needs a quantitative
description of the process using a suitable
mathematical model, which has to be created on the
basis of a qualitative analysis of the process
mechanism. The new convection-diffusion and
average concentration models lead to the creation of
three patents as innovations.

In the cases of comparable interphase mass
transfer resistances in the gas and liquid phases, an
intensification of the mass transfer should be
realized in two phases. In these conditions a new
patent is proposed, where the process optimization is
realized in a two-zone column, where the upper zone
the process is physical absorption in a gas-liquid
drops system (intensification of the gas phase mass
transfer), while in the lower zone it is a physical
absorption in  liquid-gas  bubbles  system
(intensification of the liquid phase mass transfer) and
the chemical reaction takes place in the column tank.

The waste gases purification from SO. is
solved in a new patent, using a two-step process —
physical absorption of SO, by water and adsorption
of SO, from the water solution by synthetic anionite
particles. The adsorbent regeneration is made by
NH,OH solution. The obtained (NH4).SO;
(NH4HSO:s) is used (after reaction with HNOs3) for
production of concentrated solutions of SO, and
NHiNO:s.

The decrease of the column diameter is
realized in a new patent, where a co-current SO,
absorption is used.

The created methods for modeling of column
apparatus processes are a base for solution of many
industrial problems.
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Circadian misalignment and chronic alcohol intake often occur together and are known to result in decreased
endogenous antioxidant resistance and oxidative stress in human and animal models. This is associated with a myriad of
chronic health consequences and thus may have a large-scale financial burden on society and healthcare system. There
is evidence for the antioxidant activity of ethanol in model solutions. However, some data suggest that ethanol can
display pro-oxidative properties in vivo.

The aim of this study was to investigate the effect of in vitro ethanol supplementation on the oxidative status of rat
blood plasma in models of circadian rhythm disruption (CRD) and chronic alcohol consumption (A). Our results
demonstrated that ethanol exhibited pro-oxidative activity in blood plasma. The plasma oxidant status was impaired in
both models. Moreover, the combination of CRD and A increased malondialdehyde (MDA\) levels nearly twice.

Our data suggest that the combined influence of CRD and A can exacerbate the single adverse effects of each factor on
the plasma oxidative status. The explanation of these observations needs further investigation on mechanisms of

association between circadian misalignment and chronic alcohol consumption.

Key words: chronic alcohol intake; circadian rhythm disruption; malondialdehyde; oxidative stress.

INTRODUCTION

Epidemiological data reveal that disruption of
circadian rhythm due to shift work, jet-lag, sleep
disorders, and other modern life style choices and
work practices is now very common in our society.
Circadian misalignment is associated with a wide
variety of adverse health consequences including
cancer, metabolic disorders, cardiovascular
dysfunction, immune dysregulation, impaired
reproduction and neuropsychiatric conditions [1, 2,
3].

Recent  studies have reported that
disrupted circadian rhythms and increased alcohol
consumption are often related [4, 5, 6]. Moreover, it
has been suggested that the link is bidirectional [7].
Circadian misalignment and excessive alcohol
intake may have considerable harmful effects on
molecular and organismal levels [7, 8]. It has been
proposed that circadian and redox regulatory
systems are  tightly  interconnected  [9].
Experimental evidence demonstrates that circadian
misalignment may cause substantial alterations on
the redox balance and may enhance susceptibility to
lipid peroxidation [10, 11, 12]. In addition, chronic
and acute models of alcohol exposure are reported
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to produce increased oxidative stress [8, 13, 14].

In the literature, there is a controversy about the
pro-oxidative/antioxidative properties of alcohol in
vitro [15, 16, 17]. Interestingly, the effect of the
combination of circadian misalignment and chronic
alcohol intake on plasma antioxidant resistance still
remains unexplored.

The aim of this study was to investigate the
effect of in vitro ethanol supplementation on the
oxidative status of rat blood plasma in models of
circadian rhythm disruption and chronic alcohol
consumption. Endogenous lipid peroxidation was
assessed by  measuring the levels of
malondialdehyde (MDA) in blood plasma.

MATERIALS AND METHODS
Chemicals

All chemicals used in the investigation were
SIGMA and of finest grade (p.a.). The water was
distilled and degassed by sonification, if necessary.
The 10% ethanol solution was prepared using 99%
ethanol.

Animals

Male Wistar rats (220-240) were housed 1 per
standard polypropylene cage and maintained in a
temperature (20£0.5°C) and humidity (65+1%)
controlled room for 6 weeks. The animals had free
access to food (standard rodent chow) and tap water
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or 10% ethanol solution. 2-3 days before the
experiment the animals were handled and then
randomly assigned to four groups (n=5).

Group 1 — Control — normal light/dark cycle +
tap water ad libitum;

Group 2 — Circadian rhythm disruption (CRD) —
exposed to light-at-night + tap water ad libitum;

Group 3 — Alcohol (A) - normal light/dark cycle
+ 10% ethanol solution ad libitum;

Group 4 - Circadian rhythm disruption +
alcohol (CRD+A) - exposed to light-at-night + 10%
ethanol solution ad libitum.

The experiments were carried out in accordance
with the Bulgarian regulations on animal welfare
and in conformance with the European
Communities Council Directive of 24 November
1986 (86/609/EEC).

The blood was collected in EDTA washed test
tubes, and the plasma was separated by
centrifugation at 2000XG (4°C) for 30 min. The
protein content of the samples was determined
using the Biuret method [18]. A 552 UV-VIS
spectrophotometer “Perkin-Elmer” with 2 ml quartz
cuvettes was used for the spectrophotometric
measurements. The in vitro ethanol treatment was
performed at the following conditions: 50 ul of
blood plasma, 300 pl ethanol (10 M) and 1600 pl
PBS were incubated at 37°C for 15 min. The same
amount of blood plasma was incubated at the same
temperature in 1900 ul PBS. Then the MDA was
measured in all samples.

MDA assay

The MDA formation was assessed as described
in [19]. The characteristic absorbance of MDA at
A=245 nm was monitored for 5 minutes at 25°C, in
presence (sample) and in absence (blank) of
supernatant. One ml of the cuvette contained 0.01
ml supernatant, 0.01 ml FeCI,/JEDTA (3 mM FeCl;
and 0.2 mM EDTA in distilled water), BPS (pH
7.4) and 0.01 ml 0.003M H,0,. Molar extinction
coefficient of 13700 M cm™ was used to calculate
the MDA and after removing blank from sample
measurements, the MDA formation was presented
in pmoles/mg protein.

o MDA levels determination in the absence
of alcohol in the sample: 50 ul of blood plasma and
1900 pl PBS were incubated at 20°C for 15 min. 50
ul FeCl; and 10 pl H20O, were added.

o MDA levels determination in the presence
of alcohol in the sample: 50 pul of blood plasma,
300 pl ethanol (10 M) and 1600 ul PBS were
incubated at 20°C for 15 min. 50 pl FeCl, and 10 pl
H>O, were added. For the blank measurement only
FeCl, and H,O, were added to PBS.
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Data presentation

For a better understanding, MDA was presented
by its Activity Index (Al), as a percentage of the
corresponding marker for the Control group (e.g.,
Al=Markerstress*100/Markerconior). The Al for MDA
formation are shown in Figures 1 and 2.

Statistical analysis

Each OS marker was determined three times for
each animal. Thus, an oxidative marker of a group
was estimated using nine parallel measurements.
After elimination of the gross errors via the
Romanowski test [20], the mean values and
standard deviations were calculated. The statistical
significance of the differences between the mean
data was estimated by the INSTAT program
package (Bartlett test for significance of differences
among the standard deviations followed by
ANOVA and Bonferoni post-test).

RESULTS

There were no statistically  significant
differences between the MDA levels in the blood
samples of all animals, exposed to light at night or
receiving ethanol, or both, compared to the control
group (Fig.1). The absolute values of our data were
in agreement with these described in the literature
for a different model of ethanol intake [21]. Figure
2 illustrates that elevated MDA levels were
registered in all experimental groups compared to
the same groups in the absence of alcohol. The
combined effects of circadian disruption and
alcohol caused the highest relative increase of
MDA in the “CRD+A” group.

800 -+
700 A
600
500 A
400 -
300 4
200 4
100 -

0

MDA-AI %

C CRD A

Group
Fig. 1. MDA levels in the blood plasma without
alcohol in the sample.

DISCUSSION

The present results demonstrated that, within our
model of systemic ethanol intake, there were no
significant differences in MDA levels (Fig. 1). The
data in Figure 2 show that ethanol in vitro
supplementation caused increased levels of MDA
in all experimental groups compared to the same
groups in the absence of alcohol. The increased
MDA level indicated more profound lipid
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peroxidation due to inefficient antioxidant defense.
The lowest relative increase of the MDA level was
in the Control group. In agreement with [8] this
may be related with the metabolic transformation of
ethyl alcohol in the blood plasma of the control
animals in conditions of undisturbed antioxidant
defense. Disrupted circadian rhythm and chronic
ethanol intake, alone and in combination, resulted
in a significantly increased level of MDA in rat
blood plasma. This may be because of increased
free radicals formation, and/or diminished
antioxidant defense. Our data also suggest that the
combined influence of circadian rhythm disruption
and chronic alcohol can exacerbate the single
adverse effects of each factor on the plasma
oxidative status.

800
700
600 4
500
400 A
300
200 4

100
0

MDA-AL%

C CRD A (Rl)+\
Group
Fig. 2. MDA levels in the blood plasma in the
presence of alcohol in the sample.

*P=0.0063; **P<0.0001 vs the same group in the
absence of alcohol.

Our previous results showed that light at night
and chronic alcohol consumption induced
significant oxidative stress in the brains of the
experimental animals. Furthermore, our data
proposed that the combination of circadian
misalignment and chronic alcohol might result in
significantly higher MDA levels in the rat brain,
than any of these models alone [22]. In this
investigation, similar effects in rat blood plasma
were observed. It may be assumed that the
combination of circadian misalignment and chronic
ethanol intake compromise the antioxidant defense
and result in a massive lipid peroxidation within the
entire organism of the model animals.

It is believed that oxidative stress plays a major
role in the pathogenesis of a variety of adverse
health conditions. In addition, lots of disorders have
been found to have strong oxidative stress and
circadian rhythm connections, including physical
and psychiatric dysfunctions. Reactive oxygen
species (ROS) and reactive nitrogen species (RNS)
are important regulators of cellular metabolism,
signal transduction, and gene expression and they
are implicated in the regulation of physiological
processes [9]. The exposure to light at night
increases the lipid peroxidation in tissues and

decreases both the total antioxidant activity and
superoxide dismutase activity [12]. It is proposed
that impairment of redox regulation
and circadian rhythms may lead to a number of
adverse effects on human health [23].

One causative pathway between excessive
alcohol consumption and disease may be the
circadian misalignment because they are often
related [5, 24]. Furthermore, high ethanol
consumption significantly enhances endogenous
lipid peroxidation resulting in significantly elevated
MDA and increased oxidative stress [10, 25]. In
addition, exposure of cells to excessive ethanol
result in a significant increase in the ROS
production [16].

On the other hand, there is evidence for the
antioxidant activity of ethanol in experimental
models. For instance, Trevithick et al. [26]
demonstrated antioxidant properties of ethanol in
vivo, associated with anti-atherosclerotic effects.
Also, ethanol protected LDL from oxidation
initiated by superoxide and hydroxyl radicals in
vitro [15]. Additionally, Tyulina et al. [17] reported
that ethanol caused a decrease in erythrocyte
reactive oxygen species levels and displayed
protective activity on erythrocytes in vitro.

These controversial data gave us a reason to
investigate the effects of supplementation of
ethanol to plasma in our experimental models. It is
known that in pathological conditions the
antioxidant system may be overwhelmed. Oxidative
stress occurs when ROS outweigh the antioxidant
defense. In our experiment ethanol exhibited pro-
oxidative activity in blood plasma in vitro. In
agreement with the abovementioned data and our
results, we can speculate that in our models there
was increased lipid peroxidation and decreased
antioxidant resistance in the blood plasma.

Compelling evidence from experimental and
clinical studies links circadian misalignment and
chronic alcohol abuse to disruptions in the
neuroendocrine, immune and oxidative stress
systems. Assessment of various related mechanisms
is still a limited and novel field, but may be of
considerable clinical relevance, having in mind the
increasing number of affected individuals. Our
results suggest an interconnection between
circadian disruption, alcohol intake and imbalanced
oxidative status, due to enhanced lipid peroxidation
and/or reduced antioxidant resistance. The
explanation of these observations needs further
investigation and may contribute to the
development of more efficacious preventive and
therapeutic approaches for endangered patients.
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HAPYIIEHUAT HUPKAEH PUTHM N AJIKOXOJIHUAT ITPUEM ITPOMEHAT
OKCUIATUBHUA CTATYC HA KPbBHA IIVTASMA HA ITJIBX

M. I'. Bapagunosa®, M. JI. Beiuesa-TpaiikoBa

! Kameopa no gpapmaxonoaus u moxcuxonozus, Meouyuncku gpaxyrmem, Meouyuncku Yuueepcumem — Coghus,
bvreapus
2 Kameopa no meouyunckagusuxa u 6uogusuxa, Meouyuncku paxynmem, Meouyuncku Ynusepcumem — Cogpus,
bvreapus

Ioctenuna Ha 16 centemspy, 2015 1. Kopurupana Ha 26 okromspH, 2015 T.
(Pestome)

HapymeHuar nupkageH pUTBM M XPOHWYHUSAT alKOXOJIEH NMPHEM YEeCTO Ce ChUeTaBaT M BOASAT IO IOHMXKEHA
AQHTHOKCH/IAaHTHA 3aIUTa ¥ OKCHIATHBEH CTPEC IPH YOBELIKH 1 )KUBOTHHCKH OITMTHU ITOCTAaHOBKH. ToBa ce aconuupa ¢
penrna XpoHWYHM 3[paBHM IMPOOIEMH, KOMTO OT CBOSl CTpaHa HMMaT CEpUO3HH (MHAHCOBH IOCIEICTBHUS BBPXY
00IIIeCTBOTO M cCHCTEMATa Ha 3/[paBeola3BaHe.

CoiiecTBYBaT JI0Ka3aTeCTBA 332 aHTHOKCHJAHTHA POJI HAa €TaHOJ B €KCIIEpUMEHTATHN Mopaend. ChIeBpeMEHHO,

penuna JaHH! JIEMOHCTPUpAT MPO-OKCHAATHBHU CBOWCTBA Ha JIKOXOJI B in ViVO yCIIOBHSL.
Llen Ha HacTOAmIETO M3cienBaHE O€ Ia Mpoy4yw edeKkTa Ha €TaHOJ in Vitro BepXy OKCHIATHBHUS CTaTyC Ha KpbBHA
IUTa3Ma OT IUTBX IPU MOENH Ha HapymieH mupkageH putbM (HIIP) n xpormuen ankoxosneH npueM (A). Ilomygenunte
pe3yaTaTH mokKa3zaxa Ipo-OKCHIATHBHA aKTUBHOCT HA €TAHOJ B KpbBHA Ia3Ma. OKCHIATUBHUAT CTAaTyC Ha IU1a3MaTa
0e HapyllIeH U NpH ABata Mozena. B nomeiaaenue, mpu komOuHanuara ot HIIP u A HuBata Ha ManoHanangexuna Osxa
YBEIMYEHHU OJIN30 JIBa ITHTH.

HamnTe naHHM NE€MOHCTpPUpAT, Y€ CHUETAHUETO OT HApPYyIIEH HUPKAAEH PUTBM M XPOHMUYEH AIKOXOJEH MpHEM
MOTraT /1a OTEeXHAT CaMOCTOSTEIHHUsS OTpHLATeNeH e(eKT Ha BCEKH OT (AKTOPHTE BHPXY OKCHIATHBHHS OajaHC Ha
KpbBHa Iua3Ma. OOsicHEHHETO Ha Te3M HaONIOJeHWS W3WCKBA I10-HATATBIIHU M3CJIEIBAHUS HAa MEXaHM3MHUTE Ha
B3auMOBpB3Ka Mexay HIIP u npoabkuTeneH alkoXoJleH MPHEM.
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catalyst in water
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A highly efficient and simple procedure for the synthesis of 2-amino-4H-chromene derivatives via one-pot, three-
component reaction from various aldehydes, malononitrile, and a- or s-naphthol in the presence of a catalytic amount of
ilmenite (FeTiOs) is described. The advantages of this novel protocol include good vyield, short reaction time, simple
work-up, low toxicity and environmentally friendly catalyst. According to our results, FeTiOs (10 mol %) can be used
as a catalyst for the synthesis of 2-amino-4H-chromene derivatives in water solvent under reflux conditions.

Key words: FeTiOs, ilmenite, three-component reaction, 2-amino-4H-chromene derivatives, malononitrile, aldehydes.

INTRODUCTION

Multicomponent coupling reactions (MCRS) are
emerging as useful tools for the carbon-carbon and
carbon-heteroatom bond-forming reactions and for
the synthesis of small drug-like molecules with
several degrees of structural diversity [1]. One-pot
multicomponent reactions provide the possibility of
directly synthesizing a complex molecule without
needing to isolate the intermediates, which has
aroused researchers to design such reactions using
different catalysts [2,3].

limenite (FeTiO3) is one of the most common
minerals in the earth crust. FeTiOs is an interesting
wide bandgap (2.58-2.9 eV) antiferromagnetic
semiconductor with potential applications in
spintronics, optoelectronics, high temperature
integrated circuits, chemical catalysts, photo
catalysts, etc. [4].

Aminochromenes and their derivatives are of
considerable interest as they possess a wide range
of biological properties [5], such as spasmolytic,
diuretic, anticoagulant, anticancer and
antianaphylactic activities [6]. In addition, they can
be used as cognitive enhancers for the treatment of
neurodegenerative diseases, including Alzheimer’s
disease, amyotrophic lateral sclerosis, Huntington’s
disease, Parkinson’s disease, AIDS associated
dementia and Down’s syndrome, as well as for the
treatment of schizophrenia and myoclonus [7].

* To whom all correspondence should be sent:
E-mail: aliramazani@gmail.com ; swjoo@yu.ac.kr

Aminochromenes have been prepared by
heating a mixture of malononitrile, aldehydes and
activated phenols or naphthols in refluxing DMF or
acetonitrile in the presence of hazardous organic
bases such as piperidine and triethylamine [8, 9]. In
the literature, a lot of synthetic methods for the
synthesis of 2 amino-4H-chromene derivatives
have been reported so far [10-26], Most of these
methods are associated with shortcomings like the
use of costly, harmful and non-reusable catalysts,
tedious separation procedures, long reaction time,
tedious work up and use of toxic organic solvents.

To the best of our knowledge, the use of water
as a clean solvent in the presence of ilmenite as a
reusable catalyst for the synthesis of 2-amino-4H-
chromene derivatives has not been reported.

In light of the above reports, and in continuation
of our ongoing efforts to develop new methods in
organic synthesis [27-38], herein we report our
results for the synthesis of 2-amino-4H-chromene
derivatives via a one-pot three-component reaction
of various aldehydes (2), malononitrile (3) and a-,
or S-naphthol (1) in the presence of FeTiOs as an
efficient and reusable catalyst in water under reflux
conditions (Scheme 1).

RESULTS AND DISCUSSION

As a part of a continuing effort in our laboratory
towards the development of new methods in
organic synthesis [27-38], in the present paper, a
convenient and green protocol for the one-pot
three-component  synthesis  of  2-amino-4H-
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chromene derivatives catalyzed by ilmenite as a
reusable catalyst in water is described.

To optimize the reaction conditions, the
condensation reaction of «- or p-naphtol (1),
benzaldehyde (2), and malononitrile (3) was tested
as the model reaction using different amounts of
FeTiOsz at 40 or 100 °C under reflux conditions in
the presence of various solvents. As shown in Table
1, FeTiOz (10 mol %) as a catalyst under reflux
conditions afforded 2-amino-4H-chromene

=
[
L

la: X=0H, ¥=H
Ih; X=H, Y=0H

derivatives in 30 min with ( 4a = 87 %, and 5a =
86 %0) of yield in water (Table 1, Scheme 2).

In the next section, in order to assess the
efficiency and the scope of the catalyst for the
preparation of 2-amino-4H-chromene derivatives,
the reaction of a- or p-naphthol with various
aldehydes and malononitrile was examined in the
presence of 10 mol% of FeTiO; as a catalyst. The
corresponding results are displayed in Table 2.
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Scheme 1. Synthesis of chromene derivatives from various aromatic aldehydes, malononitrile and naphthols in

water.
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Scheme 2. Preparation of chromene derivatives from benzaldehyde, malononitrile and naphthols in the presence of

FeTiOsas a catalyst.
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Table 1. Optimization of conditions for the synthesis of 2-amino-4H-chromene derivatives from 4-
chlorobenzaldehyde, malononitrile, and a- or f-naphthol in the presence of different amounts of FeTiOs as a catalyst at
different temperatures.

Yield (%) 20

Entry Solvent Catalyst (mol %) T(°C) Time (min)
4a 5a
1 Ethanol 10 60 35 75 73
2 Methanol 10 60 30 82 81
3 Dichloromethane 10 40 60 52 50
4 Acetonitrile 10 60 40 82 81
Reflux 85 84
5 Water 15 90 79 78
30
80 67 63
Reflux 87 86
30
6 Water 10 90 81 80
80 70 67
Reflux 72 67
7 Water 5 90 64 62
30
80 52 45
8 Water Catalyst-free Reflux 6h 40 36
9 Solvent-free 10 100 60 72 70

8Reaction conditions: a-naphthol (1 mmol), or g-naphthol (1 mmol), benzaldehyde (1 mmol), malononitrile (1
mmol) and solvent (5 mL) in the presence of FeTiO; as a catalyst. ° Isolated yield

O NC. _CN
8]
) N (-\ C
1 CN FeTio, H OG Ar
+ _ — T . H
Ar H g At
W ﬂ' )

‘N

NH,

4a-1

(III) (1)

Scheme 3 A proposed mechanism for the preparation of 2-amino-4H-chromene derivatives from various aldehydes,
malononitrile and a-naphthol.
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Table 2. Synthesis of 2-amino-4H-chromene derivatives using ilmenite as a catalyst?

Entry Ar Phenol Product  Time/min Yield /%" Mp/°C Lit ¢ Mp/°C
1 CeHs a- Naphthol 4a 30 87 209-211  210-211[39]
2 4-CICgH4 a- Naphthol 4b 35 91 231-232  231-232[42]
3 2-CICeH4 a- Naphthol 4c 35 90 237-238  236-237 [11]
4 2,4-Cl,CeHs  a- Naphthol 4d 35 91 220-222  222-224 [46]
5 4-NO2CsH4 a- Naphthol 4e 37 91 230-232  231-234[18]
6 3-NO2CsH4 a- Naphthol af 40 89 208-210 208-211[24]
7 4-FCeHa a- Naphthol 49 40 90 228-230 229-231[42]
8 4-MeOCsHs  a- Naphthol 4h 30 85 194-195  195-196 [10]
9 3-OHCgH4 a- Naphthol 4i 35 83 230-232  228-232 [46]
10 4-BrCsHs a- Naphthol 4j 30 90 243-244  241-243 [41]
11 4-MeCgH4 a- Naphthol 4k 30 84 205-206  205-206 [39]
12 4-HOCsHa4 a- Naphthol 4 35 85 244-246  245-247 [43]
13 CeHs S- Naphthol 5a 30 86 279-280 278-280 [42]
14 4-CICeH,4 S- Naphthol 5b 35 90 209-210 208-210[42]
15 2-CICsH4 S- Naphthol 5c 35 91 237-238  274-276 [11]
16 2,4-Cl,.C¢Hs 8- Naphthol 5d 35 90 220-222  219-222 [47]
17 4-NO,CsHs - Naphthol 5e 40 91 230-232  188-189 [42]
18 3-NO2C¢Hs - Naphthol 5f 50 94 211-213  210-212[41]
19 4-FCgH4 B- Naphthol 59 55 94 231-232  232-233 [45]
20 4-MeOCgsHs4 - Naphthol 5h 30 83 190-192  191-193 [42]
21 4-MeCgH4 B- Naphthol 5i 35 82 205-206  270-272 [40]

8 Reaction conditions: a- or #-naphthol (1 mmol), aldehyde (1 mmol), malononitrile (1 mmol) and water (5 mL) in the
presence of FeTiO; as a catalyst under reflux conditions; ° Isolated yield; ¢ All known compounds were characterized by
comparing their spectral (FT-IR) and physical data with those reported.

As shown in Table 2, the presence of electron-
donating groups on the aromatic aldehydes resulted
in low yields of the corresponding products and the
reaction was sluggish. The presence of electron-
withdrawing groups, however, resulted in shorter
reaction times and higher yields. Using a-naphthol
or B-naphthol had no effect on the reaction time or
yield of the corresponding products.

The proposed mechanism for the preparation of
2-amino-3-cyano-4-phenyl-4H-benzo[h]chromene
from benzaldehyde, malononitrile, and a-naphthol
in the presence of FeTiOs as a catalyst is depicted
in Scheme 3. According to the literature [10-19],
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benzylidene malononitrile, containing an electron-
poor C=C double bond, is formed quantitatively by
Knoevenagel addition of malononitrile to the
aromatic aldehyde in the presence of FeTiOs as a
catalyst. Ortho C-alkylation of the electrophilic
C=C double bond by a-naphthol gives the
intermediate  (I). The latter converts via
tautomerization to intermediate (1) which is then
cyclized by nucleophilic attack of an OH group on
the cyano (CN) moiety to give intermediate (I11).
Subsequent tautomerization produced the 2-amino-
3-cyano-4-phenyl-4H-benzo[h]chromene (4a).
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Reusability is one of the important properties of
this catalyst. In order to check the reusability of the
catalyst, the reaction of  benzaldehyde,
malononitrile and o-naphtol was studied under
similar conditions in the presence of 10 mol% of
FeTiOs (Table 2, Entry 1). After the completion of
the reaction, the catalyst was separated by an
external magnet, and after several washings with
acetone and distilled water the activated catalyst
was reused to assess its efficiency in subsequent
reaction cycles without any appreciable loss of its
activity.

100

87% 87% a5
81%
80
70
60
40
30
20
10
0
1 2 3 4

Reaction cycle

Yield %
«
o

Fig. 1. Recycling of FeTiO3 as a catalyst investigated
for the synthesis of 2-amino-4H-chromene derivatives by
the reaction of benzaldehyde, malononitrile and -
naphthol as a model reaction.

CONCLUSIONS

To summarize, herein, an efficient and eco-
compatible method for the synthesis of 2-amino-
4H-chromene derivatives via a one-pot three-
component reaction of a- or p-naphthol with
malononitrile and aromatic aldehydes in the
presence of FeTiO; as a catalyst was developed.
The operational simplicity, easy work-up, short
reaction time, together with the use of non-toxic
and commercially available catalyst are the
remarkable features of the procedure.

EXPERIMENTAL

Starting materials and solvents were obtained
from Merck (Germany) and Fluka (Switzerland)
and were used without further purification. Melting
points were measured on an Electrothermal 9100
apparatus and are uncorrected. IR spectra were
measured on a Jasco FT-IR 6300 spectrometer. All
obtained products are known compounds and were
identified by comparing their physical and spectral
data (FT-IR) with those reported in the literature.
The progress of reactions was monitored by thin
layer chromatography (TLC).

Synthesis of 2-amino-4H-chromene derivatives
catalyzed by FeTiOs. General procedure: A
mixture of aldehyde (1 mmol), malononitrile (1
mmol), a- or B-naphthol (1 mmol) and FeTiOs (10
mol %) was added to a test tube and was heated in
an oil bath under reflux conditions in water (5 mL)
for the appropriate time (Table 2). After the
completion of the reaction (monitored by TLC), the
mixture was allowed to cool and the catalyst was
removed by an external magnet. Then, the solvent
was evaporated and the solid residue was
recrystallized from ethanol (95%) to afford the pure
2-amino-4H-chromene derivatives.
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The molecular parameters of glucose, pyran-fructose, furfuran-fructose and inulin molecules were investigated by
the density functional theory B3LYP method on the 6-311+g(d, p) basis set level. The calculated results indicate that the
molecular stability order is: furfuran-fructose>pyran-fructose>glucose>inulin. Using the concept DFT method we found
that inulin has the maximum chemical potential, the minimum chemical hardness and the maximum electrophilic index.
The Fukui function scanning shows that the C, atom of the inulin molecule has strong electron-losing ability, so it is the
active site of the inulin molecule. The Egpe calculations show that O»-H is the easiest position which could be broken
off because the bond energy is only 94.65 kcalemol™, which is far less than the adiabatic ionization potential value. A
reasonable theoretical model was established for the pharmacological activity of inulin.

Keywords: Pharmacological Activity, Inulin, DFT and DRFT, FuKui Function.

INTRODUCTION

There is currently a considerable interest to
inulin due to its pharmacological activities [1-6].
Jerusalem artichoke, which is abound of inulin, is a
large-area plant in China. Many kinds of fungi also
contain inulin. We found that the plant containing
inulin is wild reproductive and highly adaptable, so
inulin shows the unique advantage of high
resistance to pest invasion. It is easy to reach
bumper harvest without manual weeding and
fertilization, which attracted many scientists’
attention. Jerusalem artichoke tubers contain
glucose and a large amount of inulin, which has
better resist pest invasion owing to the magical
ingredient. There are many experiments [7-10]
about inulin in order to research its magical
function, but no theoretical research about inulin
has been reported so far.

The clinical pharmacology of non-toxic inulin
includes blood detoxificating, diuretic, detumescent,
antibacterial and antiphlogistic function, so it is
widely used in the cure of diseases such as fever,
diarrhea and many others [11,12]. It has a magical
two-way regulating blood pressure function: when
hypertensive patients are cured by inulin, it
effectively reduces blood sugar concentration;
when hypotensive patients are cured by inulin, it
distinctly raises blood glucose concentration [13].
Stevioside (CAS number 57817-89-7) is a
macromolecular system with the formula CsgHgoO1s

* To whom all correspondence should be sent:
E-mail: usclw2013@163.com

shown in Figure 1(a). Inulin can be obtained by
hydrolysis of stevioside. Chi [14] found that inulin
has good oxidation resistance and it can play
selective catalytic function superior to that of free
radicals as (*OH) and super oxide anion free radical
as (Oz¢) in the human body, but the real process is
not clear. Nieto-Nieto [15] found that a small
amount of inulin can greatly increase (from 13.93
to 22.98 kPa) the compressive stress of the gels
prepared at pH 7 in order to increase the apparent
protein concentration. Aidoo [16] pointed out that
inulin and polydextrose mixtures could be used for
sugar-free chocolate manufacture with satisfactory
physicochemical properties when sweetened with
stevia or thaumatin extracts. Hu [17] also made the
important  conclusion that inulin has good
antioxidant activities against hydroxyl radicals
(*OH), super oxide radicals (O2¢) and DPPH
radicals (DPPHe¢). In short, there are a lot of
experimental reports about inulin, and it is very
essential to do some theoretical chemical research
in order to explain its magical pharmacological
activity.

Predicting drug activity by the theory of
chemical simulation calculation have been widely
reported [18,19]. We chose D-marigold sugar (CAS
number 87-81-0, formula C¢H120s) to research its
pharmacological activity, which can be contrasted
to  glucose, pyran-fructose, fructose, and
furfuran-fructose. We compared the differences in
their pharmacological activity by the concept DFT
activity index [20-21]. The charge scanning of the
inulin molecule was done by the Fukui function
[22], which can predict the active position and
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many different abilities.

&fﬁ ﬁx

Fig. 1. Structure of the five molecules

THEORY AND CALCULATION METHODS

The geometry optimization of each species
selected is carried out using DFT/B3LYP method
with 6-311+g(d,p) basis sets [23]. The vibration
frequencies are calculated at the
B3LYP/6-311+g(d,p) level of theory for the
optimized structure and the obtained frequencies
are scaled by 0.9613 [24]. The other calculations
are performed by the same method with the same
basis set. We found that all vibration frequencies of
each molecule are positive through vibration
frequency analysis, which could certify that all
calculated details are effective and credible.

In order to study the magical structure of the
inulin molecule, taking into account the different
solubility, we chose the PCM model solvent
construction by water. At the same time, we
performed molecular orbital analysis and charge
distribution in the different systems. Also we
obtained the charge value using natural bond orbital
(NBO) analysis [25]. Density functional activity
index is wvery effective in predicting the
pharmacological activity and local selectivity [26].
In DFRT framework, the global reaction indices
such as chemical potential u and chemical hardness
n are defined as:

pu=—y = (GE/ON),
= (0°E/ON?), = (OW/ON)y

E is the total energy of the system, N is the total
number of electrons in the system, v is the external
potential energy, i can be defined as the negative
value of electron negativity y. According to the
principle of Mulliken [27], p= -x = -(I+A)/2.
Pearson [28] suggested that n= I-A, where 1 is the
first ionization potential and A is the electron
affinity. According to the closed shell theory,
I=-Enomo and Az'ELUMO, where Exomo is the
highest occupied molecular orbital energy, and
ELumo is the lowest occupied molecular orbital
energy. Parr and Liu [29] proposed the electric
affinity index as w= p?2n, the force affinity index
as AEq= -A+o = (u+ n)?%/2n, and the electric affinity

index as AEe=I+o=(u—)%2n.

Localized reaction index can be described by
the Fukui function [29] which is the first order
derivative between electron density (R) and the
electron number (N). Because the Fukui function is
discontinuous, we simplified the affinity electric
Fukui function as f(r), the affinity nuclear Fukui
function as f*(r) and the free radical Fukui function
as fo(r).

f(@) = (Gp(r)/On)v

J (@) = pn(r)-pn-1(r)
J7(®) = pn+a(r)-pw(r)
FO=(frotfe)2

where png is the electron density of neutral
molecules, pn-1¢) iS the electron density of cation
and pn+1) IS the electron density of anion. We
studied the chemical activity of hydroxyl in order to
certify the better oxidation resistance of inulin.
There are two kinds of molecular reaction
mechanisms [30,31] about free radical scavenging
tioxide ants: (1) in a nonpolar solvent, the straight
pull hydrogen abstraction reaction could achieve
the purpose, so the theoretical parameter is O-H
bond dissociation energy (bond dissociation
enthalpy, referred to as BDE); when Egpe is lower,
the reaction could take place more easily; (2) in a
polar solvent, a proton-electron transfer reaction
could take place and the theoretical parameter is the
ionization potential (IP), when IP is lower, the
reaction could take place more easily. As the human
body is more complex, oxidation resistance
performance of hydroxyl often need combine the
measurement of Egpe and IP parameters.

Esoe=Hr+Hn-Hp=(SPEr+ZPVEsxv+3/2RT+3/2RT+R
T)+Hn-(SPE,+ZPVE,xv+3/2RT+3/2RT+RT)
=(SPE; +ZPVEsxv) + Hy-(SPE+ZPVEyxv)

IP=Hc - Hp

SPE is the electron energy, ZPVE is the zero
point energy, v is a correction factor of 0.9804, H,
is the enthalpy of the parent molecule, Hy is the
enthalpy of one hydrogen atom (0.49764 a.u.), Hs is
the enthalpy of the free radical obtained when the
parent molecule loses one hydrogen atom, Hc is the
formation enthalpy of the radical cation in response.
All calculations are done by the Gaussian 03
program [32]. Taking into account the really
existent state of molecules, we have constructed the
solvent model (PCM) with water as the solvent.
Part of the images were analyzed and plotted
through Gaussian-view, NBO and Multiwfn 2.5
program [33].
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RESULTS AND DISCUSSION
Geometry Optimization

As shown in Figure 1, a is a stevioside molecule,
e is a D-Marigold-inulin molecule obtained by
hydrolysis from a, b is a glucose molecule, c is a
pyran-fructose  molecule, and d is a
furfuran-fructose molecule. They all have hydroxyl
groups, the molecular formula is C¢H120s, and all
of them can be dissolved in water and be absorbed
into the cell. A carbon atom ring is involved in the ¢
and d molecules, a carbonyl radical (C=0) in the e
molecule, and an aldehyde radical (-CHO) in the b
molecule. In order to compare the different
molecular structures, we chose the
B3LYP/6-311+g(d,p) method combined with the
PCM solvent model (solvent is water) to optimize
the molecular geometrical structure. We also
analyzed the harmonic frequency vibration after the
stable structure has been found. AIll results are
positive which indicates that the molecular
structure is stable.

As shown in Table 1 (the carbon atom number is
shown in Fig.2), we found that the bond lengths in
the four isomeric molecules are almost equal, the
molecules are stable, and the C-C bond lengths in
furan-fructose and pyran-fructose are the same as in
the chain molecule, but the molecular intra angle is
110°. This is close to the straight chain molecule’s
angle of 119°, which leads to molecular stability. It
is shown that the covalent radius of the carbon atom
is 0.077 nm and the covalent radius of the oxygen
atom is 0.066 nm [35], so the bond length of C=0
should be less than 0.143 nm. We found that the
bond length of C;=0O is 0.1200 nm in the b
molecule, the bond length of C,=0 is 0.1220 nm in
the e molecule, both are less than 0.143 nm because
of the different aldehyde radical effects. The bond
angle data differing from 120° near the C, are due
to the group electron attraction of the oxygen atom
in the e molecule. As there are experimental results
[36,37] for these molecules, we found that the error
between calculated data and experimental data [35]
is very small, so our calculations are credible and
reasonable.

Infrared Spectroscopy

After single frequency analysis of the four
molecules by the Gaussian 03 program [32], we
found that all vibration frequencies are positive.
The simple harmonic vibrations are attached by the
Gauss-View program, we drew the infrared spectra
of the four molecules as shown in Figure 3, and the
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results are reasonable. Molecular vibration
fingerprint peaks appeared between 400 and 1300
cm® due to the vibration of the total molecule. The
absorption peaks between 1000 and 1400 cm™ are
due to the stretching vibration of the C-O bond in
the molecules (including primary alcohol,
secondary alcohol and tertiary alcohol). A strong
absorption peak is observed at 1100 cm™ in the c or
d molecules due to the asymmetric stretching
vibration of C-O-C bonds. A similar picture is
observed for the b molecule. There is one strong
absorption peak at 1700 cm™ in the e molecule due
to the vibration of the carbonyl C=0 bond, and
several strong absorption peaks appeared at 2900
cm? in the b molecule due to the vibration of C-H
bonds. There are some uncorrected results at a
frequency about 2820 cm™. There are two areas of
many small absorption peaks after 3000 cm?,
which are mainly due to the expansion of C-H bond
and the stretching of O-H bond.

NBO Analysis

In order to compare the atomic contribution in
the four molecules, we performed atom charged
scanning by the NBO program. The distribution of
natural charges belonging to an atom is shown in
Table 2. It is seen that both the C; atom in the b
molecule and the C, atom in the e molecule show a
strong positive charge owing to the strongly
electronegative attraction of the oxygen atom in the
C=0 bond. The atomic charge of the carbon atom is
accounted for by the connected number of oxygen
atoms and hydrogen atoms. The atomic charge of
the Cs atom is 0.5616e and 0.5492¢ in the ¢ and d
molecule, respectively, which is due to the lack of a
hydrogen atom contributing a positive charge. The
carbon atoms of the primary alcohol generally show
more negative charges because of the steric effect,
such as the C¢ atom in the b molecule and the C;
atom in the e molecule. The oxygen atom shows a
negative charge in all molecules. The maximum
value of the negative charge has the oxygen atom
attached to Cs in the b molecule but not the oxygen
atom in C=0, which is affected by the contribution
of the electron cloud and the steric hindrance. The
oxygen atom in C-O-C at both ¢ and d molecules
shows -0.6114e and -0.5560e respectively, which
indicate that the connection tension between the
ring atoms is suitable. The charge distribution may
not explain the overall stability, and we have to
judge by the natural orbit and the two-order
perturbation stabilization energy, the related data
are listed in Table 3.
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Fig. 2. The carbon atom number in the molecule.
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Fig. 3. Infrared spectra of the four molecules.
Table 1. Partial bond lengths (hnm) and bond angle (°) data.

Length C:-C, C,-C3 Cs-Cs C4-Cs Cs5-Cs C,;-0 C,-0 Cs-O C4-O Cs-0 Cs-O
b 0.1520 0.1550 0.1540 0.1550 0.1530 0.1200 0.1410 0.1430 0.1430 0.1430 0.1430
c 0.1530 0.1530 0.1540 0.1560 0.1530 0.1420 0.1450 0.1430 0.1410 0.1420 0.1430
d 0.1530 0.1530 0.1530 0.1550 0.1540 0.1430 0.1420 0.1420 0.1440 0.1430 0.1410
e 0.1520 0.1530 0.1550 0.1540 0.1530 0.1400 0.1220 0.1430 0.1410 0.1430 0.1420

Angle 2 (O- 2(Cs- 2(Cs- 2(Cy- £2(Co- 2 (Cs- 2 (Cs- £2(Cs- 2(Cs- £ (Cs- 2 (Cs-

Ci-Cy) Cx-0) Cx-C3) C3-0) C3-Cs) Cs0) CsCs) Cs-0) Cs-Cs) Ce-0) Ce-0O)*
b 1249 1102 109.1 1048 1128 109.7 1144 108.0 1147 1064  106.3
c 1105 1084 1151 1074 1031 109.8 1032 1101 1143 106.8 106.7
d 112.7 1093 1093 107.7 1106 1054 1113 1087 1129 1116 1121
e 109.3 1222 1175 1131 109.0 108.7 1112 1127 1131 1102 1103

* from the experimental data in [34].
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Table 2. Natural charge of atoms in the four molecules.

Molecule Cy C Cs Cs Cs Cs
b 0.3936 —-0.0168 0.0635 0.0390 0.0351 —-0.1281
c —-0.1043 0.0635 0.0462 0.0176 0.5616 —0.1252
d —-0.1199 0.0195 0.0474 —0.0063 0.5492 -0.1131
e —0.1581 0.4679 —0.0238 0.0426 0.0423 —0.0981
Molecule C:-O C,-0 Cs-0 Cs-0 Cs-0 Ce-O
b —0.5089 —0.7565 —0.7546 -0.7751 —0.7685 —-0.7768
c —0.7547 —-0.6114 —0.7589 —0.7381 —0.7478 -0.7737
d —0.5560 -0.7737 —-0.7703 —0.7491 —0.7416 -0.7372
e -0.7223 —0.4818 —0.7246 —0.7440 —0.7688 —0.7637

Table 3. Partial results by NBO analysis and the second-order perturbation energy.

Stabilization energy E()

Molecule Donor NBOg; Acceptor NBOy calemol-t
LP (Ci-O) BD*C;:-Cz 21.88
LP (Ci-O) BD*C:-H 21.39
LP (C,-O) BD*Cs-O 12.95
D LP (C3-O) BD*(C»-0O)-H 21.16
LP (C1-O) BD*Cs-O 12.69
LP (C-O) BD*C;-C 12.28
E LP (C-O) BD*C,-Cs 11.26
BD (Ci-H) BD*(Cs-0)-H 10.22

If the two-order perturbation stabilization energy
(E(z) is sourced from an isolated electron pair, this
could indicate that the other repel force of bonds is
small, so the molecular stability is high. The
maximum value of Egp) is followed as Donor
NBO—Acceptor NBOg). It is found that E(
between the lone pair of electrons of the oxygen
atom and the antibonding orbital has the maximum
value in the b, ¢, d molecules which indicate that
the three molecules are stable. E¢ value between
the C:;-H bond and BD* of Cs;-O-H in the e
molecule is as large as 10.22 calsmol™ and cannot
be neglected. So the formation of molecular intra
hydrogen bond on C;-H in the e molecule may
proceed under the effect of the oxygen atom
attached to the Csatom. This influence may bring
the inulin molecule in a stable state.

Molecular Energy and Frontier Orbit

In order to assess the different stability of the
four molecules, we calculated the energy data at 0K
which are listed in Table 4. We found that Eo of the
furan-fructose molecule has the lowest value, which
is because the ring built of six atoms could better
accommodate many electrons. The molecular
energy data indicate that the furan-fructose
molecule is the most stable one, the relative
isomerism energy of the glucose molecule is
50.6721kJemol™?, and the relative isomerism energy
of the inulin molecule is 43.3208 kJemol™. The
reason for this phenomenon is that the linear
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molecule could cause molecular volume expansion,
and the scope expansion of the electronic motion
leads to an energy increase. In order to assess the
electronic transitions and chemical energy, we
calculated the energy level of the frontier molecular
orbital, which is shown in Figure 4. HOMO is the
highest molecular orbital, and LUMO is the lowest
unoccupied molecular orbital. The HOMO-LUMO
gap is used as a direct indicator of kinetic stability.
A large HOMO-LUMO gap implies high kinetic
stability and low chemical activity because it is
energetically unfavorable to add electrons to a
high-lying LUMO orbit [38] or to extract electrons
from a low-lying HOMO orbit [39]. AE is the value
of the HOMO-LUMO gap, and for lower AE the
electron transition is easier and the molecule is
more unstable.

It is shown that the inulin molecule is more
unstable than the other ones because its AE=3.75¢V
which is the lowest value in Figure 4, and one
electron could easily transit from the primary
alcohols at the end of the molecule to the carbonyl
bond (C=0), so the atom of the right hydroxy
radical is the best active site which could easily lose
one electron. The activity of the molecule is mainly
controlled by the aldehyde radical which has a large
contribution to the HOMO orbit and LUMO orbit.
It is shown that the electronic transition of
pyran-fructose is very difficult because its AE=7.51
eV is the maximum energy gap among the others.
The track comparison of LUMO orbit is dispersed,
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covering the total pyran ring, which can indicate
that the molecule has a better ability to accept
electrons. Furan-fructose’s frontier orbit is shown
as d in Figure 4, the HOMO orbital distribution is
relatively dispersed, and the value of AE is 6.81¢V,
so the electronic transition is not easy. LUMO
orbital is almost contributed by the oxygen atom
orbit which is connected to the C4 atom. There is
the same linear structure in the b and e molecules,
but one aldehyde radical in the b molecule differs
from that in the e molecule, so the energies are
different in the b and e molecules. In contrast to the
value of AE, we derived the stability of molecules
as: e<b<d<c; the pyran-fructose molecule is the
most stable one.

Table 4. Electronic energy, zero point energy and
relative energy.

Molecule Eo@u) EzpPE(au) Etot(a.u) AE(gemo ™)
b —687.1257 0.1952 -686.9305 50.6721
C —687.1446 0.1971 -686.9475 6.0387
d —687.1478 0.1980 - 686.9498 0
e —687.1279 0.1946 —686.9333 43.3208
@ a5
- Pf S 2 L
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& % )‘ ®’ LUM¢
e : yadse
v, A e S
",‘#B'IZ".J, R > Tl 1i®

Fig.4. Diagram of the frontier orbital energy.

Concept DFT and Fukui Index Calculations

Recently, concept DFT active index(y, 1, ®, AEn,
AEe) are applied widespread [20,21,40] both in
inorganic and organic chemical field. If the
molecule is in a transition state, the value of
chemical potential p would be the great, and the
value of chemical hardness 1 would be small, so the
molecule is in an unstable state. The opposite case
is when the molecule is in a steady state, then the
value of chemical potential p would be small, and
the value of chemical hardness n would be great.
The electrophilic index ® could show the binding
degree of a molecule with an electrophilic reagent,
also the nucleophilic force differential index AEn.
The electrophilic force differential index AEe is
indicated as the activity degree of nucleophilic or
electrophilic attack. All concept active indices are
listed in Table 5. We found that the volume and the
specific surface area of the ¢ and d molecules
decreased because of the formation of a cyclic

structure in the molecules, but the molecular
volume and surface area of the b and e molecules
are still large because of the straight chain. The
order of the ionization potentials is ¢>b=d>e, and
the ionization potential value of the inulin molecule
is the lowest one. This conclusion is not the same as
the former one, which is a result of not accurate
correction. We also found that the same values of
inulin’s related indices are obtained using different
methods, but this does not effect the final
conclusion. Electron affinity values of ¢ and d
molecules are negative, which indicate that their
energy would decrease after accepting one electron
into the anion, but the electron affinity value of the
e molecule is much larger than that of the b
molecule, which could indicate that its energy
would increase after accepting an electron into the
anion and the stability of the anion has become
weak. The chemical potential p of the e molecule is
the maximum one and the chemical hardness 7 is
the lowest sample, which could certify that the e
molecule is in a relatively stable state; the chemical
potential p of the pyran-molecule is lower and the
chemical hardness n is maximal, which is probably
because the whole molecule structure is unstable
and the tension of the ring is so large that it could
easily accommodate electrons. The electrophilic
index o of the e molecule is maximal, which points
to its best activity and better electrophilic capability.
Comparing AE, and AEe, we found that the value of
AE, of the e molecule is the maximal and the value
of AEe of the e molecule is the minimum, so the
inulin molecule has better nucleophilic ability and it
can become a good antioxidant drug.

In order to comprehensively understand the
molecular activity, we performed local atomic
Fukui index calculation on the inulin molecule, and
the results are listed in Table 6. Obviously, the f ),
o, fm values of the six carbon atoms in the
inulin molecule are different. The f*) value of the
C, atom is maximal, so its ability of gaining one
electron is stronger than that of the other atoms,
while the f* values of the C4, Cs, Cs atoms are
negative, i.e., gaining one electron is impossible.
The f ¢ value of the C; atom is maximal, i.e., losing
one electron is easy, so all carbon atoms except the
Cs atom could lose one electron. In contrast to the
f*n value, the electronic contribution is more
distinct, the total molecule could easily lose one
electron. Analysis of the % values of all carbon
atoms showed that the most active position is at the
C, atom. Both ) value and f* value of the oxygen
atom attached to the Cs atom are the maximal, so it
is able to easily capture one electron. The f*value
of the oxygen atom attached to the C, atom is the
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Table 5. Concept DFT indices of the four molecules.

Molecule \% SA I A p n 0] AE; AEe
Bohr® Bohr? eV eV eV eV eV eV eV
b 1358.18 707.21 6.52 0.36 3.44 6.16 0.96 7.48 0.60
c 1287.23  669.13 6.72 -0.77 3.48 7.49 0.81 8.03 1.07
d 131391 666.31 6.50 -0.29 KRNL 6.79 0.71 7.22 1.00
e 1329.88  708.32 6.45 2.71 4.58 3.74 2.80 9.25 0.09
Table 6. Fukui function analysis of key atoms in the inulin molecule.
Atom PNG) PN-AE) PN+1() 0 ) fo)
Ci 0.1581 0.1698 0.1448 0.0117 0.0133 0.0125
C, 0.4679 0.5677 0.1925 0.0998 0.2754 0.1876
Cs 0.0238 0.0023 0.0088 —0.0215 0.0150 —0.0033
Cs 0.0426 0.0731 0.0701 0.0305 —-0.0275 0.0015
Cs 0.0423 0.0457 0.0490 0.0034 —0.0067 —0.0017
Cs 0.0981 0.1264 0.1081 0.0283 —0.0100 0.0092
C:-O 0.7223 0.7123 0.7316 —0.0100 —0.0093 —0.0097
C,-0 0.4818 0.3757 0.7650 —0.1061 —0.2832 —0.1947
Cs-O 0.7246 0.7175 0.7908 —0.0071 —0.0662 —0.0367
C4s-O 0.7440 0.6914 0.8052 —0.0526 —0.0612 —0.0569
Cs-0O 0.7688 0.7348 0.7926 —0.0340 —0.0238 —0.0289
Cs-O 0.7637 0.5236 0.7756 —0.2401 —0.0119 —0.1260
Table 7. Espe energy of the different hydrogen atoms
SPE¢(a.u.) ZPV; (kJemol ™) O—H Egpe/(kJmol?)
Molecule —687.127937 511.068278 —
1-H —686.459871 470.287437 407.471927
2-H —686.465734 474.290536 396.003258
3-H —686.454712 473.926642 424.585545
4-H —686.459414 473.009817 411.340801
5-H — 686.456683 471.023627 416.563519

lowest one so that it is difficult for the C, atom to
accept one electron but it could lose one electron,
which makes the inulin’s real molecular structure
magical.

Evaluation of the Antioxidant Ability

In pharmacological aspect, the inulin molecule
shows very good antioxidant properties [41,42]. It
is known that inulin could exert pesticide effect by
reacting with the hydroxyl free radical (¢*OH) or the
super oxide anion free radical (O2*). The reaction
mechanism of disposal of free radicals mainly
depends on the role of hydroxyl dehydrogenation,
which could be assessed by the Egpe and IP
parameters. Therefore, we calculated the Egpe
value of the different hydrogen atoms on the basis
of the molecular stable structure which has been
optimized by the B3LYP method. Every hydrogen
atom in the inulin molecule is numbered as shown
in Figure 5, and the Egpe Vvalues of the different

hydrogen atoms are listed in Table 7.

It is shown that the Egpe values of hydrogen
atoms at different positions are different. When the
Espe value is lower, this position can more easily
provide a hydrogen atom, so the antioxidant ability
is stronger. We found that 2-H is most easily broken
because its Egpe value is the lowest one, which is
due to the strong electronic contribution of carbonyl
(C=0). But the Egpe value of the 3-H atom is by
approximately 28.5800 kJemol* higher than that of
the 2-H atom. We calculated the vertical ionization
energy and the adiabatic ionization energy of the
inulin molecule by the same method, the values are
196.5600 kcale mol? and 183.1500 kcalemol?,
respectively. Both ionization energies are very high,
so the Egpe value is reasonable to explain the
antioxidant activity.
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¢
Q.

Fig.5. Hydrogen atom numbers in the inulin
molecule.

CONCLUSIONS

We found that the stability order is
furan-fructose>pyran-fructose>glucose>inulin
through  geometrical  structure  optimization,
frequency analysis, infrared spectroscopy, atom
charge population, NBO analysis, and frontier
orbital energy calculation by the DFT method. On
this basis, we chose the concept DFT activity index
method to analyze the various parameters of inulin
molecule. The chemical potential and the
electrophilic index of the inulin molecule are great,
but the chemical hardness is small. The C, atom is
the active center of the whole molecule because it is
the easiest position for losing one electron through
the Fukui index scanning. Calculations of Egpe
showed that 2-H is the most easily broken off
position because the value is far less than the
adiabatic ionization potential. All these can form a
reasonable theoretical model to explain the magical
pharmacological activity of the inulin molecule.
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TEOPETUYHO U3CJIEABAHE HA ®APMAKOJIOTMTHATA AKTUBHOCT HA MHYJIMH
YPE3 KOMBUHALIMA HA DFT C KOHIEIITYAJIHUA DFT-METOI1

B. Jlour*, U.W. JIn , Ix.C. Ma, .b. Baur

Yuunuwe no xumus u xumuuno unsxcenepcmeo, FOsxcnokumaiicku ynueepcumem, Xeneaue, FOuan, 421001 Kumaii

[octenmina Ha 16 oktomBpH, 2014 1.; Kopurupana Ha 20 maif, 2015 1.
(Pestome)

MorekyTHATE TTapaMeTpH Ha TIIOK03aTa, NHpaHo-ppykro3ara, GpypdypaH-ppykro3ara U Ha HHYIHHA Ca U3CIICIBAHH
¢ momornra Ha DFT —teopusta mo meroma B3LYP na Gazara ma 6-311+g(d, p)-HuBOo. M34nCIHTETHUTE pE3yiTaTH
MOKa3BaT, Y€ peAbT Ha MOJEKylHa crabwiHocT e: (ypdypar-¢ppykTo3a>nupaH-ppyKkro3a>Tmoko3a>uayand. C
nomoiira Ha kourentyanen DFT-meron HamepuxmMe, Ye UHYJIMHBT UMa MAaKCUMAaJICH XUMHUUESH MOTSHIUA, MUHIUMAJTHA
XUMHUYECKa YCTOMYMBOCT M MakcuMmalsieH enekrpoduieH unuaekc. Ckanupanero upe3 ¢ynkius Ha Fukui nokasa, e
C>-aTOMBT B MHYJIMHOBATAa MOJICKYJIa UMa CHITHA CKIIOHHOCT KbM OT/IaBaHE Ha €JICKTPOHHU U 3aTOBa ¢ aKTUBHATA U YaCT.
Egpe —M3umcneHusTa mokaseat, uye Bpb3kara Op-H ¢ Haii-nmecHa 3a paskbcBaHEe MOHEXKE eHeprusta it ¢ camo 94.65
kcalemol™?, koeTo e MHOrO 10-MaJIKo OT MOTEHIMANa 3a aguabaTudHa HoHuzanus. ChCTaBeH e IOAXOAI] TEOPEeTHIEH
Moziel 3a (papMaKoJIOrMYHATa aKTUBHOCT Ha WHYJIMHA.
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Arsenic which is known as ‘Sinkhia’ in Pakistan is notorious as a king of poisons. It is commonly found in water,
mostly originating from geological sources and pollutes the environment. It is the 12" most common element in nature.
It can be found in the earths’ crust, atmosphere, rocks, soil, organisms and natural water. Studies show that 60% of the
arsenic is introduced into the atmosphere by anthropogenic activities. It can combine with other elements to form
inorganic and organic arsenic compounds. The important inorganic species are arsenate (As V) and arsenite (As III).
Inorganic arsenic compounds may include oxygen, sodium, copper, potassium, chlorine, sulphur and iron, while arsenic
combines with carbon and hydrogen to form organic arsenic in plants and animals. The three basic pathways of arsenic
or sources of ingested arsenic include, water, food (fish, sea food, cereals and algae) and air (smelting, coal-fired power
generation). Out of these sources long term exposure to arsenic in drinking water is the greatest threat to human health.
Because of daily and widespread consumption, the presence of arsenic in drinking water has been documented as a
major public health concern in many parts of the world in recent years. The worst health effects due to arsenic are
directly related to the dose and duration of exposure. Dermatological effects are the characteristics of chronic or severe
exposure to arsenic. The dermatological effects include Melanosis (pigmentation) and Keratosis (rough, dry skin
lesions) which may be spotted or diffuse. Arsenic’s chronic exposure may result in neurological, reproductive,
cardiovascular, haematological, respiratory and diabetic effects in humans. Like other parts of the world in Pakistan too,
people are exposed to arsenic by different ways like by the intake of contaminated water or food, by the use of arsenic
containing medicinal preparations, by inhalation or by homicidal or suicidal ingestion of arsenic compounds. Data
regarding arsenic contamination in drinking water is lacking in Pakistan. It is essential that strategies are made available
to tackle the health hazards caused by arsenic contaminated water. This review is an attempt to cover the available data
concerning arsenic contamination, particularly in Punjab and Sindh and generally in Pakistan.

Key words: Arsenic hazards, contaminated drinking water, Arsenic in Pakistan

form inorganic and organic arsenic compounds [4].
The important inorganic species are arsenate (As V)
and arsenite (As Ill) [1]. Inorganic arsenic
compounds may include oxygen, sodium, copper,
potassium, chlorine, sulphur and iron, while arsenic
combines with carbon and hydrogen to form
organic arsenic in plants and animals. Organic
arsenic present in foods is harmless and easily
removed from the body but inorganic arsenic is
very toxic and can result in acute, sub-acute or
chronic affects. Due to long term exposure it can be
deposited in the body and once concentrated it can
cause long term damage [2].

ARSENIC — THE HISTORY

Arsenic has been derived from the Greek word
“Arsenikon” which means ‘Yellow Orpiment’ [1].
It was first discovered by Albertus Magnus in 1250.
Arsenic is a metalloid existing in more than 200
different forms whereby 60% are arsenates, 20%
sulphosalts, sulphides and arsenite, oxides,
arsenide, silicates and elemental arsenic
constituting the remaining 20%, which exhibit
different grades of toxicity [2]. Arsenic which is
known as ‘Sinkhia’ in Pakistan is notorious as a
king of poisons. It is commonly found in water,
mostly originating from geological sources and

pollutes the environment [3]. It is the 12" most
common element in nature. It can be found in the
earth crust, atmosphere, rocks, soils, organisms and
natural water. Studies show that 60% of arsenic is
introduced into atmosphere by anthropogenic
activities. It can combine with other elements to

* To whom all correspondence should be sent:
E-mail: akramcp@gmail.com

SOURCES OF ARSENIC

The three basic pathways of arsenic or sources
of ingested As include:

1.  Water

2. Food (fish, sea food, cereals and algae)

3. Air (smelting, coal-fired power generation)
[5].

Out of these sources long term exposure of
arsenic in drinking water is the greatest threat to
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human health. Because of daily and widespread
consumption, presence of arsenic in drinking water
has been documented as a major public health
concern in many parts of world in recent years [6].
Similarly Bangladesh, in recent years, witnessed a
mass poisoning of population because of arsenic
contaminated ground water [7]. The average
concentration of arsenic in sea water may be as
high as 2.6 pg/L and in fresh water is nearly 0.4
Hg/L [8]. An extreme level of up to 225mg/L, as in
the case of drinking well water in Bangladesh can
also be reached [9].

ARSENIC — A USEFUL ELEMENT

The initial use of arsenic as a medicine was for
curing breathing problems and dates back to around
2500 years ago. Arsenic trioxide (AszQOs), one of
the common forms of arsenic is used in agriculture
and for medical purposes such as the treatment of
promyelocytic leukemia. During 1970 arsenic was
mainly used as an insecticide to kill insects [2].

ARSENIC - A TOXIC, HAZARDOUS
CHEMICAL

The worst health effects of arsenic are directly
related to the dose and duration of exposure. The
dermatological effects are characteristic of chronic
or severe exposure to arsenic. The dermatological
effects include Melanosis (pigmentation) and
Keratosis (rough, dry skin lesions) which may be
spotted or diffuse. Chronic exposure to arsenic may
result in neurological, reproductive, cardiovascular,
haematological, respiratory and diabetic effects in
humans [10]. As arsenic is colorless, odorless and
tasteless so its exposure is mostly un-noticed
especially in drinking water. The International
Agency of Research on Cancer (IARC) has
classified arsenic as a class | human cancerogen.
The skin and many types of intestinal causes like
bladder, liver, kidney, prostate and lungs are also
linked to arsenic ingestion [5]. A variety of
substances coming from different sources can be
added to the soil, water, air and the food chain. It
can easily accumulate in biological samples such as
nails, hair, skin, urine and blood [11]. The nails and
hair are considered as the most acceptable
biomarkers as arsenic can persist in these
biosamples for longer periods of time [12].

DRINKING WATER CRITERIA FOR ARSENIC

The arsenic (As) in drinking water can affect
human health and is considered as one of the most
important environmental causes of cancer in the
world. Thus, it is essential to record the levels of As
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in the drinking water, its chemical composition and
to establish the regulatory standards and guiding
principles [13]. According to FAO (Food and
Agriculture Organization) the health limit for As in
groundwater is 50 pg/L, but in view of recent
incidences of As poisoning in the Indian
subcontinent, a decrease to 5-10 pg/L is being
considered by a number of regulatory bodies
throughout the world. The temporary World Health
Organization (WHO) guideline for As in drinking
water is also 10 pg/L. This is based on the skin
cancer risk, which is much higher than the factor
usually used to protect human health. However, the
WHO states that the health-based drinking water
guideline for As should in reality be 0.17 pg/L [14].

Nevertheless, the current drinking water
guideline for As adopted by both the WHO and the
US EPA is 10 pg/L. This is higher than the
proposed Canadian and Australian maximum
permissible concentrations of 5 and 7 pg As/L,
respectively.

ARSENIC IN PAKISTAN — THE CURRENT
SCENARIO

Though a significant proportion of ground water
in South Asia is contaminated with arsenic,
Pakistan has low levels of arsenic in the ground
water as compared to Bangladesh, India and China
[15]. The expected increase of population in
Pakistan is from 180 million to 221 million by
2025. This represents a threat for the available fresh
water supply which is drops from 5600 m?to 1000
m® per capita. The quality of the water supply in
different cities in Pakistan is also deteriorating fast
[16]. In Pakistan the screening of water for arsenic
contamination started relatively late in the year
2000. It is essential that strategies are built to tackle
the health hazards caused by arsenic contaminated
water. A record of the data with the arsenic
contamination levels in different areas of Pakistan
would be helpful to address further contamination
[2].

Like other parts of the world in Pakistan too,
people are exposed to arsenic by different ways
such as by the intake of contaminated water or
food, by the use of arsenic containing medications,
by inhalation or by homicidal or suicidal ingestion
of arsenic compounds. But the arsenic present in
the water or food does not evaporate into air [15].

In the Southern part of Sindh, Pakistan 61-73%
of the population is facing chronic arsenic toxicity.
Almost the same situation prevails in the Punjab
province. With a huge outbreak of arsenic
contamination in different villages of the Kasur
district. The results of the study show that the water
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supply schemes of Kasur fail to fulfill the water
guality standards and due to the high concentration
of arsenic and the people of Kasur face the threat of
various diseases like skin cancer, skin irritation and
chronic inflammation of the kidneys [16].

Ground water is the main source of drinking
water in Pakistan which is pumped out by electric
pumps or hand pumps [2]. Another important
aspect was revealed in a study which showed, that
geographically, more arsenic containing ground
water and associated diseases are found along the
coastline, suggesting a strong link between arsenic
contamination of the ground water and presence of
the Arabian Sea. It was found that for the coastal
population, the toxicity of arsenic varies with the
health of the people, their meal composition, their
diet as well as the location of their drinking water
storage tanks, overhead or underground. As arsenic
is cumulative, its level can be easily determined in
hair, urine, nails or skin through which it slowly
leaves the body and these studies showed an
increasing risk from arsenic in Pakistan [15].

Matiari a district of Sindh, Pakistan is also
witnessing the presence of arsenic in the drinking
water. As in other parts of Pakistan, here too the
ground water is the main source of drinking water
that can be extracted by motor pump or hand pump.
In this area the presence of arsenic in the ground
water can be related to three theories or facts:

1. Use of phosphatic fertilizer that may
release arsenic due to phosphorus.

2. Oxidation of pyrite

3. Due to a reductive dissolution of metal
oxy-hydroxide desorption of arsenic.

In this area phosphate fertilizers are extensively
used on cotton and sugar cane crops which can be a
reason for the elevated concentration of arsenic as
found in many studies [17]. The emerging health
problems of arsenic contaminated water are more
prominent in Southern Punjab. The most affected
areas are located near the Indus River like Rajan
Pur, Rasul Pur in the district Rahim Yar Khan. In
some rural villages the ‘Curse of God’ name is
given to “Arsenicosis”, indicating the physical pain
and sufferings. Again, the main cause of the arsenic
contamination of the ground water is the extensive
use of fertilizers as Rahim Yar Khan is an
important agriculture production land [18]. Initially
only eight districts out of 34 in Punjab were
screened for arsenic contamination by the PCRWR
(Pakistan Council of Research in Water Resources)
and the UNICEF (United Nations Children's Fund)
and then in 2004-05 all the remaining districts were
also covered. It was found that six districts namely
Bahwalpur, Layyah. Multan, Muzzafar Garh, Okara

and Sahiwal are at high risk. The water samples
collected from these districts had the alarming
arsenic level of 250-500pg/L (Fig. 1) while samples
from 60% of the area of Punjab had an arsenic level
of less than 10ug/L i.e. within safe limits.

O Safe area

0O Bahawalpur
@ Layyah

B Multan

38 Muzzafar Garh
@ Okara

W Sahiwal

Fig.1. Districts at high risk of the arsenic level in
Punjab Pakistan.

ARSENIC IN NEIGHBORING COUNTRIES

The arsenic contamination scenario has changed
remarkably in Asian countries in the near past.
Before the year 2000, only five major incidents of
arsenic contamination of ground water were
reported in Bangladesh, West Bengal, India and
China among Asian countries. During 2000-2005
new sites were reported having ground water
contaminated with arsenic in Mongolia, Cambodia,
Myanmar, Nepal, Pakistan and Afghanistan [19].
Here the main focus is on Afghanistan, India and
Bangladesh. According to the World Health
Organization (WHO) in Bangladesh 42 districts
have ground water contaminated with arsenic,
greater than the permissible limits of 50 pg/L. Nail,
hair and urine samples of the people living in the
arsenic contaminated villages were analyzed and
the people were found to suffer from arsenical skin
lesions. The study revealed that adults can be
afflicted by arsenical skin lesions if the water
contained arsenic above 300ug/L; the average
water intake for adults is 4L/day. Interestingly, if
the nutrition status is poor then even low arsenic
levels can cause arsenical skin lesions, while if the
nutrition status is good even 400ug/L cannot
generate the disease [20].

In Afghanistan, the Water and Sanitation group
(WSG) of Afghanistan did the screening of the
rural water supply schemes for arsenic in different
villages with the help of UNICEF. Under this
program they tested 647 wells out of which 565
were found to be arsenic free, 74 wells contained
arsenic and 56 had arsenic ranging from 10-
500ug/L. The predictable number of people at risk
was about 500,000 [10].

In India, the Lower Ganga plain of West Bengal
was initially found to be severely affected by
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arsenic contamination, but later Bhojpur District,
Bihar which is in the Middle Ganga plain was also
found to be contaminated with arsenic. In a study
conducted in these areas, water from 206 tube wells
was analyzed for arsenic content and it showed that
56.8% had an arsenic concentration exceeding
50pg/L to 300ug/L. In the same study 390 adults
and 160 children were medically examined and
showed that 13% of the adults and 6.3% of the
children had skin lesions, especially the children
were more affected, which can be linked to
malnutrition [21].

LESSONS LEARNT

There is a lot which can be learnt from the
neighboring countries as they fight arsenic
contamination. The public and private sector in
Pakistan can both play a very effective role in this
together so that they could educate and train the
natives of affected areas in taking preventive
measures against arsenic contamination.

An inspiring success story, in this regard, comes
from West Bengal, India. There the Public Health
Engineering (PHE) Department, with the
collaboration of the UNICEF and local NGOs set
up arsenic testing labs. The lab employees and
trainee female members of the local population not
only educate their communities about Arsenic
contamination but also regularly collect samples
from tube wells which are the common source of
drinking and domestic-usage of water for the local
people. If samples from a tube well give positive
results for Arsenic, the PHE teams (trained local
women) inform the local population about it and
encourage them to collectively buy Activated
Alumina Arsenic Filters for the affected tube well.
In addition to employing local women as awareness
and sampling resources, the PHE has also trained
around 300 local women to work as tube well
mechanics. These lady mechanics act on a self-help
basis to repair tube wells and install and replace As
Filters whenever needed. This makes it very cost
effective for the local communities and affordable
to maintain the arsenic free tube wells. This
strategy has really helped the PHE in fighting
Arsenic contamination on a war footing [22].

In Bangladesh, through the conducted survey of
the rural communities the level of awareness was
gauged and prevailed amongst the local community
members as regards arsenic contamination through
the water and soil. Throughout the survey it was
ensured that native members of rural community
were kept on board, educated and consulted to
promote arsenic awareness. Gatherings amongst the
village residents were organized to talk about the
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As hazards and public networks such as radio and
TV were engaged to disseminate information
regarding the adverse long term effects of Arsenic
contamination.  These  activities  drastically
improved the household perceptions about the
health impacts of arsenic  contamination.
Furthermore, different methods and technologies
were identified for fighting arsenic contamination.
Rural residents were not only educated about these
methodologies but were also informed about the
merits and demerits of each. This infused interest
into the community members and encouraged their
positive involvement [23].

The methods and technologies identified to fight
back Arsenic were:

1.  Three Kolshi (Pitcher) Method

2. Dugwell

3. Activated Alumina Method

4. Deep Tubewell
Similar strategies and models can be adopted in the
affected rural areas of Pakistan and with the support
of public-private partnerships.

Apart from Pakistan’s neighboring countries,
lessons can be learnt from other nations which have
been successfully fighting this menace too. In
Cambodia private philanthropists have taken it
upon themselves to discover new ways of
understanding and combating arsenic effectively.
To improve the lives of the local rural community
in this regard, these researchers test all the existing
wells for arsenic contamination. If the test comes
negative, they install another tube well in the
vicinity and hand it over to the local community for
domestic use. In case the test results show positive
signs of Arsenic, the team finances the local
community to buy a locally made rainwater-
harvesting unit. Thus, not only helping them meet
their domestic water needs but also providing them
with a water resource free of arsenic [19].

ENDING NOTE

Keeping in view of the whole scenario, the
following practices should be adopted:

1. Screening of the ground water / tube wells
should be undertaken on a regular basis to keep an
eye on the rise of arsenic contamination.

2. Provision of low cost testing facilities or
apparatus.

3. Areas which are at a high risk like the
Southern Punjab and also some sites in Sindh must
be monitored and the arsenic removal systems
should be made using locally available materials
such as water filtering mediums.

4. Social awareness is a must. It can be done
through print and electronic media. Besides that



M. Parvez, M. Akram: Suffering water of Pakistan: arsenic — A major threat

volunteers should be employed to educate the
masses in the affected villages about the harmful
affects. More importantly the sources/ tube wells/
wells that have been screened and found
contaminated should be marked or painted as ‘Red’
indicating the use of water as risky and those not
contaminated by arsenic should be painted as
‘Green’ indicating ‘safe’ for drinking.

5. As the ground water is more contaminated,
alternative water supply options should be
introduced.

6. To determine the health risks associated
with and caused by arsenic, the Government Health
department should take steps so that the
Epidemiological survey in various areas can be
carried out as early as possible.

7. The health hazards caused by arsenic like
‘Arsenicosis’ and all the related study materials
should be included in the curricula of the medical
institutes.
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BOJHUAT TTPOBJIEM HA ITAKUCTAH: APCEHBT KATO I'JTABHA 3AITJIAXA
M. IMapsest, M. Akpam?”

Ylenapmamenm no xumus, Jamcku npasumencmeen xoneaic, Jlooxpan, Iaxucmar
2 lenapmamenm no exonozuunu nayku, Hucmumym no ungopmayuonnu mexnonozuu COMSATS,Bexapu, Ilaxucman

Moctenuna Ha 11 gekemBpu, 2014 r., xopurupana ua 22 nexemspu, 2015 r.
(Pestome)

ApcensT (u3BecteH karo ‘Sinkhia’ B [lakucran) ce ompenens karto Haii-omacHaTta orpoBa. OOMKHOBEHO TOH ce
cpella BbB BOJUTE, [NIABHO OT I'€0JIOTMYECKU M3TOYHHUIM WM OT 3aMbpCABaHHUS Ha OKONHaTa cpepa. Karto xumuueH
€JIEMEHT TOH € Ha 12-To MACTO 1O pasnpocTpaHeHHe B mpupoaaTa. Hamupa ce B 3eMHaTa Kopa, atMmocgepara, CKanuTe,
KHWBUTE OPraHM3MH W B MNPUPOJHHUTE BoaW. M3crnenBaHmsATa MOKa3BaT, Y€ HAIMYMETO My B arMmocdepara € c
aHTPOIIOTEHEH NPOM3X0oA. ApCeHBT 00pa3yBa HEOPraHMYHH M apCeH-OPTaHWYHM CheAWHEeHus. Haii-BaxHurte
HEOPraHMYHHU BelecTBa ca apcenarute (AsY*) u apcenuture (As''"). Heopranmduure apceHOBH CheMHEHHUs MOTAT 12
BKJIFOUBAT KHCJIOPOJ, HATPUil, MEA, KaJIHH, csIpa M >KeNsi30, a OPraHUYHHUTE ce 00pa3yBaT IPH B3aHUMOJECHCTBHETO MYy C
BBIVIEPO ¥ BOAOPOJ B OPTaHUYHHUTE HA PACTCHUSTA U )KUBOTHUTE. MI3BECTHM ca TpH OCHOBHH IIBTHIIA 32 IIPUEMaHe Ha
apceHa: upe3 Bojara, XxpaHata (puba, MOPCKU XpaHH, )KUTHU KyJITYpPH ¥ BOJOPACiIN) U Bb3IyXa (IUIIaHE, EMUCUH OT
n3rapsHe Ha BbriaMma). OcBeH TIX Haif-cepHo3Ha 3alllaXxa 3a YOBEIIKOTO 3JIpaBe IPEJCTaBISABA ABITOCPOYHOTO
HaJIM4YMEe Ha apceH B MUTEHHHUTE BOAU. B mocienHUTe roIMHE TOBA ce cMATa 3a Hail-rojsMaTa 3ariaxa B MHOTO 4acTu
1o csera. Haii-nommre Bb3A€HCTBUA c€ IBbJDKAT HAa JO3UTE U IMIPOJABIDKUTEIHOCTTA HA BB3IEUCTBUETO. Te ce nposBaBar
JIEPMATOJOTMYHM CMYLICHUS TNpPH XPOHUYHO MM KpaTKOTpailHO H3JaraHe Ha BB3IACHCTBHETO HAa apceH.
Jlepmarosnornunute eeKTH BKIIOYBAT MENaHO3U (MMIMEHTAIMs) U KepaTo3u (BTBBp/sBaHe, 3arpy0siBaHe Ha MecTa OT
KO’kaTa) KaTo TeTHa WIM AU(Y3HO Pa3NpOCTPaHCHHW. XPOHWYHOTO H3JIaraHe Ha BB3ACHCTBHE MOXE Aa MPHIMHU
HEBPOJIOTUYHH, PEIPOIYKTUBHH, ChPACYHO-CHI0BH, XEMAaTOJIOTHIHY, IUXATSITHN U AnabeTHIHN epeKTH BEpXy Xoparta.
Kakto u B npyru mecra mo cera u B IlakucTaH Xopara ca HM3JI0KEHM Ha BB3JCHCTBHETO HA apceHa IO pa3IudHH
HAYMHU: Ype3 pHEeMaHe Ha XpaHa, MEUIMHCKHY TpenapaTy, BaumBaHe u np. B [TakucTan HAMa 10CTaThYHO AaHHU MO
OTHOIIIEHHE 3aMBPCIBAHETO C apceH Ha NUTCiHHMTEe Boau. Te ca HeoOXoouMH 3a M3pabOTBAHETO Ha CTPATETHs 3a
pelaBaHe Ha 37paBHUTE IPOOJICMH, IPUIMHEHN OT BOAMTE, 3aMBPCEHH € apceH. T031 0030p € ONUT 3a Aa ce pasrienaT
JIOCTBITHUTE AaHHU OTHOCHO 3aMbpcsiBaHeTo ¢ apceH B [1yHmxad n Cunax u u3o6mo B [Takucran.
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Three nano-structure azide and thiocyanate zinc and cadmium complexes of a Schiff base ligand were prepared and
characterized by conductivity measurements, elemental analysis, IR, UV—Visible, *H and 3C NMR Spectroscopy and
thermo-gravimetric studies. Detectable changes in the spectral data suggested coordination of ligand to zinc and
cadmium ions. The proposed formula structure of the complexes was found to be MLX,. Nano-size structure of the
complexes was confirmed by transmission electron microscopy (TEM). The average particle sizes of the complexes
were found to be in the range of 25.32 - 85.11 nm. Thermal analyses of the complexes was carried out. The thermal
curves showed that zinc thiocyanate was decomposed via six thermal steps while cadmium azide and thiocyanate
complexes were thermally degraded via three steps. Moreover some activation thermodynamic parameters such as the
activation energy, enthalpy, entropy and Gibbs-free energy of activation and the Arrhenius constant were calculated
based on TG/DTG curves. The antimicrobial behavior with respect to bacteria of Escherichia coli, Pseudomonas
aereuguinosa, Staphylococcus aureus, Bacillus subtillis and a fungus (Candida albicans) was investigated. ZnL(NCS).
was found to have more antifungal activity against Candida albicans than others. Finally, the interaction of the

complexes with DNA (pMalC2X DNA of Escherichia coli) was checked to investigate their cleavage potential.

Keywords: Schiff base, antimicrobial, thermal, transmission electron microscopy, nano-structure.

INTRODUCTION

Metal complexes including a central metal atom
or ion is surrounded by a series of ligands and play
an important role from an inorganic chemistry point
of view especially for elements of the d-block.
Recently various organic ligands containing N, O
and S donor atoms have been used for preparation
of metal complexes. Schiff base ligands have an
important role in the development of the field of
coordination chemistry [1-7]. Such ligands and
their complexes are of interest due to their catalytic
activity in some reactions such as epoxidation,
carbonylation, oxidation and carbon-carbon
coupling reactions. The other reason of importance
of these types of compounds is their biological
activity in containing anti-inflammatory activity,
antibiotic  activity, antimicrobial activity and
antitumor activity. The DNA binding or cleavage
interaction of Schiff base complexes is the other
major application of these compounds in the field
of biochemistry [8-19]. Nowadays the synthesis of
nanostructure coordination compounds is of interest
for many researchers. This interest may be due to
specific properties as compared with bulk
compounds. The notable characteristics of nano-

* To whom all correspondence should be sent:
E-mail: mmzohory@yahoo.com

structure compounds originate from their large
surface area with respect to bulk materials. Various
methods are used for the preparation of nano-
structure compounds and synthesis under ultrasonic
conditions is one of the common techniques.

As part of our continued work in the synthesis of
metal complexes of Schiff base ligands [20-23],
herein we report on the synthesis and
characterization of three nano structure zinc and
cadmium azide and thiocyanate complexes of a
Schiff base ligand (L) with the general formula
MLX,; whereas X= SCN~ and Njs. These
compounds have been characterized by physical
and spectral data including elemental analysis,
conductance data, FT-IR, UV-Vis, H and %3C-
NMR spectroscopy. TEM images were used to
confirm the nano-size structure of all complexes.
Furthermore, the DNA interaction, antimicrobial
activities and thermal behavior of the complexes
were investigated.

EXPERIMENTAL
MATERIALS AND METHODS

All solvents used in the synthesis and analysis of
N'-(2-Amino-ethyl)-ethane-1,2-diamineand 4-nitro-
benzaldehyde were purchased from Aldrich and
Merck and used without any further purification. In
biological tests, Nutrient agar (Merck, Germany)
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was used to prepare nutrient plates while Mueller
Hinton broth (Scharlab) was used for the liquid
culture media. The Escherichia coli(ATCC 25922),
Pseudomonas aereuguinosa (ATCC  9027),
Staphylococcus aureus (ATCC 6538) and Bacillus
subtillis (ATCC 6633) were used for antibacterial
and  Candidalbicans  for the antifungal
investigations. The FT-IR spectra were recorded on
the JASCO-680 model in the range of 400-4000
cm® using KBr discs. Elemental analyses data (C,
H and N) were obtained by a CHNS-932(leco)
elemental analyzer. UV-Visible spectra were
recorded using a JASCO-V570 spectrometer of
DMF solution in the 200-800 nm range. *H and *C
NMR spectra were recorded using a Brucker DPX
FT-NMR spectrometer at 400 MHz in DMSO-ds
using TMS as the internal standard. Molar
conductance data of the ligand and their metal
complexes were measured in DMF (1.0x10% M) at
room temperature using a SelectaLab ECW 312
microprocessor conductivity meter. The ultrasonic
instrument used in the synthesis process was an
ultrasonic bath (Tecno-Gasz SPA, Parma, ltaly)
with a frequency of 40 kHz and 130 W. The
melting points (°C) of the complexes were recorded
on a Kruss instrument. The TG/DTG curves were
obtained from a Diamond TGA PerkinElmer 60 Hz.
The transmission electron microscopy (TEM)
images were recorded on a Zeiss EM900
transmission  electron  microscope  with an
accelerating voltage of 80 kV.

Synthesis of Schiff base ligand

The Schiff base of (E)-N-(4-nitrobenzylidene)-
2-(2-(4-nitrophenyl)imidazolidine-1-yl)
ethanamine(L) was synthesized by a condensation
reaction between 2 mmol of 4-nitro-benzaldehyde
and 1 mmol of N'-(2-Amino-ethyl)-ethane-1,2-
diamine in 30 mL methanolic solution according to
our previous report®, After 2h, the ligand was
filtered as cream precipitate and washed twice with
cooled methanol and then dried on the vacuum
apparatus. The characteristic data of IR, UV-
Visible, THNMR and *CNMR have been tabulated
as table 1, 2 and 3.

Preparation of nano-structure MLX, complexes
(M= zn(Il) and Cd(Il)and X= SCN™and N3’)

At first, ethanolic solution of zinc and cadmium
thiocyanate or azide were prepared by a reaction
between zinc or cadmium nitrate (1 mmol) and
potassium thiocyante or sodium azide (2 mmol) in
20 mL ethanol and then filtration. For preparation
of the nano-structure complexes, 15 mL of fresh
ethanolic solution of MX, was placed in an
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ultrasonic condition at a temperature of 60 °C. Into
this solution, 15 mL of a methanolic solution of the
Schiff base ligand was added drop wise in a 1:1
molar ratio. After 1 h, the precipitate was filtered
off, washed with cooled ethanol and then dried in
the vacuum apparatus.

Antimicrobial activity assay procedure

To investigate the activity of the titled
compounds as antibacterial and antifungal agents in
vitro four bacteria and a fungus species were
selected. The disk diffusion technique was
employed for biological studies on Escherichia coli
and Pseudomonas aeruginosa as Gram negative;
Staphylococcus aureus and Bacillus subtillis as
Gram positive and Candid albicans as a fungus.
The stock solution of each compound was prepared
in DMSO solvent (500 pg/mL). Muller Hinton
broth was used for preparation of the basal media
for the organisms. For preparation of solid media
by the disk diffusion method, 15 mL of sterilized
nutrient agar (NA) and Sabouraub dextrose agar
(SDA) for antibacterial and antifungal studies
respectively were poured and solidified into each
petri plate. The suspension of the test
microorganisms (0.1 mL) was swabbed by a sterile
glass spreader on to individual media plates. A
sterile paper disk (6mm in diameter) was saturated
with a solution of the test compound and placed
over the media surface and the petri dishes were
incubated at 37°C. The diameter of the inhibition
zone was measured after incubation for 24 h. The
minimum inhibitory concentration (MIC) values of
the ligand and its complexes were also determined.
The MIC value is defined as the lowest
concentration of compound that prevents the visible
growth of bacteria after the incubation period. In
the MIC method, test solutions of each compound
in DMSO were prepared by serially diluting the
stock solution (500 pg/mL). A set of tubes
containing Mueller—Hinton broth medium, different
concentration of compounds and inoculums of the
microorganism (18h old culture) were incubated at
37 °C for 24 hours to determine the MIC values.

DNA cleavage experiments

Investigation of the DNA cleavage activity of
the ligand and its complexes were performed by
agarose gel electrophoresis using plasmid DNA of
supercoiled pMalC,X of E. Coli. Plasmid DNA was
extracted using the DNA Mini Prep Extraction Kit
(BIONEER, Korea) according to the manufacturer's
instructions and the plasmid were kept at -40°C for
the following tests. For the extraction of plasmid
DNA, the LB protocol [Pepton water: 10 g/L; Yeast
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extract: 5 g/L; NaCl: 10 g/L and/or Agar: 1.5%]
were used for culturing TG1 strain of E. coli
(carried pMalC2X DNA). 30 mL of LB broth
medium was prepared and autoclaved for 20 min. at
121°C under a pressure of 15 Ib. After cooling, 50
pL of Ampiciline (100ug/ul for 1 liter) and TG1
strain were inoculated and incubated at 37°C for 24
h. After cooling, the seed culture, 50 pL of
Ampiciline was added and incubated for 24 h at 37
°C. The fresh bacterial culture was centrifuged to
obtain the Pellet. The agarose gel for
electrophoresis was prepared by dissolving 500 mg
of agarose in 50 mL of TAE buffer (40mM Tris
base, pH 8.0; 40mM Acetic acid; 1mM EDTA)
under a boiling condition. When the temperature of
the solution reached 55 °C, 10 pL of ethidium
bromide was added and poured into the gel cassette,
fitted with a comb and allowed to solidify. After
solidification, the comb was carefully removed.
The solid gel was placed in the electrophoresis
chamber flooded with a TBE buffer. The gel
electrophoresis experiment was performed by
incubation of the samples containing 4 puL of 5 mg
per mL of each compound in DMSO and 4 pL of
plasmid DNA for 2 h at 37 °C. After incubation, the
samples were mixed with bromophenol blue dye
and along with Plasmid DNA alone, the mixture of
DNA and H;O, and a DNA ladder were carefully
loaded into wells of the instrument. Electrophoresis
was performed at a constant 100 V of electricity for
about 30 min. The resulting bands of
electrophoresis were visualized by UV light and
then photographed.

RESULTS AND DISCUSSION

The nano-structure complexes with the general
formula of [MLX] were synthesized by reaction
between the Schiff base ligand (E)-N-(4-
nitrobenzylidene)-2-(2-(4-
nitrophenyl)imidazolidin-1-yl) ethanamine (L) and
thiocyanate and azid salts of zinc and cadmium
metals under ultrasonic conditions. The Ligand and
its complexes were obtained as stable powders at
room temperature. The titled compounds were
characterized by physical (elemental analysis,
molar conductance values) and spectral (FT-IR, tH
and BC NMR and UV-Visible) data. The molar
conductivity values of the complexes were obtained
in 10 M DMF solutions. Low molar conductivities
of them in the range 5.22-13.97 cm? QM indicate
that the complexes are non-electrolytes and stable
against dissociation in DMF (Table 1) [24]. The
decomposition temperatures of the titled complexes
are in the range of 143-185°C. Figure 1 illustrates
the suggested structures of the free ligand and its

complexes. The experimental data are in good
agreement with the suggested structures for them.
The TEM images of the complexes (Figure 2) well
approve their nano- structure character. TEM
images analyses suggested average particle sizes of
85.11, 25.32 and 39.78 nm for zinc thiocyante, zinc
azide and cadmium thiocyante complexes
respectively.
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Fig. 1. Proposed structure for the azide and
thiocyanate complexes with the general formula of
MLX; wherein M= zinc(II), cadmium(IT) and X= SCN~
and N3~
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Fig. 2.'H NMR (A) and *C NMR (B) of ZnL(NCS);
respectively.

Infrared and UV-Visible spectra

The characteristic IR spectral data of the
complexes as compared with the ligands have been
listed in Table 2. The IR spectrum of the Schiff
base ligand exhibited a sharp peak at 1645 cm?
assigned to the vibration frequency of the
azomethine group [25]. Appearance of the C=N
vibration frequency and absence of the absorption
bands of the starting materials including aldehyde
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and amine at 1703 and 3100-3300 cm™ provides
evidence to successfully synthesis of the Schiff
base ligand. The azomethine signal in the infrared
spectra of all complexes shifted to the lower
frequencies by 6-9 cm™ toward lower energies [26-
28]. The red shift of the azomethine peak indicates
that the imine nitrogen atom is well bound to the
central metal ions. This red shift may be due to n-
back bonding of metal to ligand orbitals after
coordination that reduces the bond order of the
iminic bond leading to vibration at lower energies.
The ligand spectrum shows a stretching vibration
frequency of N-H at 3210 cm™ as a broad peak due
to widely internal hydrogen bonding which is
observed in the complexes spectra at 3216-3268
cmtas a medium intensity band. This change in the
shape and intensity of the vibration frequency of
the N-H peak in the spectra is considered as
confirmation of the coordination of ligand to metal
ions [29]. The absorption peaks at (3101 and 3071),
(2941 and 2886) and 2848 cm™ are assigned to the
stretching frequencies of aromatic, aliphatic and
iminic CH bonds respectively. After coordination,
these peaks shifted to the higher of the lower wave
numbers. The stretching vibration bands of
asymmetric (Vaym) and symmetric (vsym) —NO:
groups were observed at 1518 and 1346 cm [30]
respectively. These strong peaks shifted to another
position after coordination. In the spectra of
ZnL(SCN); and ZnL(Ns),, the absorption peaks at
2077 and (2088 and 2063) were assigned to the
coordination of SCN “(N-coordination) and N3~ to
zinc ions [30-34]. In the IR spectra of the cadmium
thiocyanate complex, the appearance of two
absorption peaks at 2089 and 2066 cm? for
coordinated thiocyanate may be assigned to
coordinated thiocyante in [CAL(NCS).]. Finally, the
appearance of some weak absorption peaks in the
range 482-495 cm™ in the complexes spectra were

assigned to the M-N bond that is considered as
another evidence for the synthesis of the complexes
[35-37].

Electronic spectra of the ligand and its
complexes were recorded in DMF at room
temperature and their spectral data including the
Amax Values are listed in Table 2. A band at 278 nm
attributed to the n- =n* transition (iminic and
benzene ring) is observed in the electronic spectra
of the ligand and after formation of the complexes,
this band shows a blue shift to a lower value of
wavelength at 267 nm suggesting the coordination
of the iminic nitrogen to the metal ions [19-23].
Other possible transitions such as the d-d transition
and the metal to ligand charge transfers (MLCT) or
ligand to metal charge transfers (LMCT) were not
observed probably due to its overlap with the n-*
transitions of the ligand.

'H and *C NMR spectra

'H and *C NMR spectra were recorded at 400
MHz, using DMSO-ds solvent for the complexes
and CDCIs solvent for the ligand. The signal
positions observed in the complexes spectra as
compared with the ligand are given in Table 3. The
'H and **CNMR of the ligand and ZnL(NCS); as
typical spectra are exhibited in Figure 3. The
assignments of *H and 3C NMR spectral data based
on Figure 1, confirm the structures of the ligand
and its complexes. In the *H NMR spectrum of the
ligand, the resonance of Hn, appeared at 4.40 ppm
shifted to 4.37-4.38 ppm in the complexes spectra.
In the ®*CNMR spectrum of the ligand, the signal at
82.37 ppm is attributed to the Cio of the
imidazolidine ring [38] that is blue shifted to 81.24-
81.38 ppm in the azide and thiocyanate complexes
spectra proving the coordination of the ligand with
a retained structure.

Table 1. Analytical and physical data of the Schiff base ligand (L) and its azide and thiocyanate complexes.

Melting . Found (Calcd.) (%) Awm
RUN Compound Color point \E(';I)d C N Y (cm?
(dec.) ’ ML)
1 Ligand cream 108 65 58.3 (58.53) 18.8 (18.96) 5.1(5.18) 5.22
2 ZnL(NCS);, cream 185 78 43.5 (43.60) 17.7 (17.85) 3.40 (3.56) 13.80
3 ZnL(Ns3), cream 143 72 41.5 (41.67) 29.6 (29.70) 3.8 (3.69) 6.20
4 CdL(NCS), cream 153 80 40.2 (40.17) 16.6 (16.40) 3.4(3.20) 13.97
Table 2.Vibrational (cm™) and electronic (nm) spectral data of the Schiff base (L) and its complexes.
. N N vM—
Compound VNH VCHaromA VCHahph VCH|m|n VC_N (-NOZ) (-SCN) V('NS) N xmax
3108, 2929, 1523,
ZnL(NCS), 3259 3070 2881 2854 1638 1346 2077 - 482 267
3108, 1525, 2088,
ZnL(N3), 3216 3062 2918 2879 1639 1342 - 2063 495 267
30104, 1528, 2089,
CdL(NCS), 3268 3064 2929 2871 1636 1344 2066 484 267

212



M. Montazerozohori et al.: Nano-structure zinc and cadmium azide and thiocyanate complexes: Synthesis, characterization...

In the 'H NMR spectrum of the ligand, the
azomethine proton (Hc) is affected by complexation
so that it shifts to the weaker fields from 8.33 to
8.42-8.43 ppm as a singlet indicating coordination
of azomethine nitrogen to metal ions. The signals of
aromatic hydrogens of free ligand were observed in
the 7.69-8.30 ppm that they were found at 7.68-
8.31 ppm in the azide and thiocyanate complexes
spectra.

Ha, « protons were found as a doublet signal at
8.30 ppm due to coupling with Hp, v appearing at
7.88 ppm as doublet signals. In the complexes
spectra, these signals appeared as doublets at
similar chemical shifts or at up/downfield positions.
Ho, o protons were observed as a doublet peak at
8.18 ppm due to coupling with Hy, » and appeared at
7.69 ppm. Shifts of these signals to up or downfield
regions are another evidence for the coordination of
the ligand. Also, the signals of ethylenic hydrogens
were seen in the 2.61-3.76 ppm range as eight
individual multiple peaks due to the formation of a
imidazolidine ring in the structure of the free ligand
while these signals are shown as several multiple
signals in the range of 2.53-3.78 ppm in the
complexes. The signal of Hnw appeared as a
multiple in the range of 2.6-2.78 ppm in the
spectrum of the ligand that shifts to 2.99-3.02 ppm
in the complexes spectra. In the *CNMR spectrum
of the ligand, the iminic carbon resonance was
observed at 159.59 ppm shifts to 159.98-160.02
ppm in the complexes spectra. This difference in
the location of carbon resonance for the complexes
with respect to the free ligand suggests good
ligation to the central metal. The resonances of the
aromatic carbons appeared at 148.56 for Cl and
C14, 141.44 ppm for C4 and 11, 129.98 for C12,
129.81 ppm for C12', 128.70 ppm for C3 and 3/,
123.98 for C2 and 2' and 123.72 ppm for C13 and
13"

Fig. 3. TEM Images of (A) ZnL(NCS),,
ZnL(N3); and (C) CAL(NCS)..

Table 3.*H NMR and **C NMR chemical shifts of ligand and its zinc(l1), cadmium(Il) complexes in ppm.

Compounds Proposed assignment of the protons and carbons

8.42(s, 1H), 8.31(d, 2H, J= 8.80 Hz), 8.11(d, 2H, J= 8.80 Hz), 7.94(d, 2H, J=
IH-NMR | 8.80 Hz), 7.68(d, 2H, J= 8.80 Hz), 4.37(s, 1H), 3.77(m, 2H), 3.63(m, 1H),

ZnL(NCS), 3.29(m, 1H), 3.02(m, 2H), 2.79(m, 1H), 2.65(m, 1H), 2.54(m, 1H).
IC- 160.02, 149.18, 148.44, 147.14, 141,59, 134.86, 129.19, 129.10, 128.77,
NMR 123.87, 123.09, 81.24, 59.88, 53.09, 52.70, 44.76.

8.43(s, 1H), 8.30(d, 2H, J= 8.80 Hz), 8.11(d, 2H, J= 8.80 Hz), 7.95(d, 2H, J=
IH-NMR | 8.80 Hz), 7.68(d, 2H, J= 8.40 Hz), 4.38(s, 1H), 3.78(m, 2H), 3.64(m, 1H),

ZnL(Na), 3.26(m, 1H), 3.00(t, 2H), 2.80(m, 1H), 2.66(m, 1H), 2.53(m, 1H).
C- 160.01, 149.87, 148.44, 147.02, 141.60, 129.28, 129.09, 128.78, 123.88,
NMR 123.06, 81.32, 59.99, 53.28, 52.94, 44.73.

8.43(s, 1H), 8.31(d, 2H, J= 8.80 Hz), 8.10(d, 2H, J= 8.80 Hz), 7.94(d, 2H, J=
IH-NMR |  9.20 Hz), 7.68(d, 2H, J= 8.40 Hz), 4.38(s, 1H), 3.76(m, 2H), 3.64(m, 1H),

CAL(NCS), 3.24(m, 1H), 2.99(t, 2H), 2.80(m, 1H), 2.66(m, 1H), 2.53(m, 1H).
C- 159.98, 150.34, 148.44, 146.94, 141.60, 132.47, 129.04, 128.85, 128.77,
NMR 123.88, 123.03, 81.38, 60.05, 53.39, 53.09, 44.73.
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After formation of complexes, these signals are
shifted to down or up fields and exhibited at 149-
18-150.34(C1), 148.44(C14), 146.94-147.14(C4),
141.59-141.60(C11), 129.04-129.28(C12), 128.85-
129.10(C12"), 128.77-128.78(C3 and 3'), 123.87-
123.88(C2 and 2') and 123.03-123.09(C13 and 13").
The ligand spectrum showed four individual peaks
for C8, C6, C9 and C7 as aliphatic carbons at
61.10, 53.51, 53.46 and 45.30 ppm respectively.
The coordination of the ligand with the metal ions
leads to changes in their chemical shifts so that they
appeared at 57.60-60.05 ppm for C8, 53.09-53.28
ppm for C6, 52.70-53.09 ppm for C9 and 44.60-
44.73 ppm for C7 in the spectra of all complexes.
In the spectrum of ZnL(NCS), and [CdL(SCN),],
the signal of the carbon resonance of —SCN anions
appeared at 134.86 and 132.47 ppm respectively
[19-23]. Finally it is obvious that the resultant data
obtained from the H and *CNMR spectra well
confirms the suggested structure of the complexes
as shown in Figure 1.

Thermal analysis

Thermogravimetric and differential
thermogravimetric analysis (TG/DTG) of the
complexes were studied under an N atmosphere
from room temperature to 900 °C (Fig. 4). Thermal
studies of the solid complexes were performed to
show more insight into the structure of the reported
complexes. The thermal analyses of the data
including the temperature range, the mass loss (%)
and the thermodynamic activation parameters of the
decomposition steps of the complexes are listed in
Table 4. The decomposition of ZnL(NCS),
occurred in six successive thermal steps and in the
final step, the percentage of mass lose was 69.78%.
It seems that the thiocyanate groups and the organic
segment are eliminated respectively. A limited
amount of zinc-organic compound is left at the final
step. Major mass lose of ZnL(NCS), occurred at
510-680 °C with a weight loss of 41.93%. The TG
plots of ZnL(Ns)2 and CdL(NCS). showed three
successive thermal degradation steps and the total
mass loss(%) at the end of the thermal
decomposition was 82.03% and 61.47% and the
major decomposition occurred at the third thermal
step 390-900 °C and 430-600 °C respectively.
Likewise in these complexes, azide and thiocyanate
as well as organic parts are the major lost segments
such that zinc and cadmium metals are major
residuals at the final step. The thermodynamic
activation parameters of the decomposition
processes of the complexes including the Arrhenius
constant (A), the activation energy (E*), enthalpy
(AH*), entropy (AS*) and Gibbs free energy of
214

decomposition (AG*) were evaluated based on
plots using the Coats— Redfern relation [39-41].

The Coats-Redfern equation for the first order
process is in the form:

log[log{W#(W; —W)}/T?]=log [ AR/OE*(1—

2RT/E*)]-(E*/2.303RT) (Eq. 1)

Where Ws is the mass loss at the completion of
the reaction, W is the mass loss up to temperature T;
(Wi=WrW), R is the gas constant, E* is the
activation energy in J mol™?, © is the heating rate.
Since 1-2RT/E*1, a plot vs. 1/T was drawn and E*
was calculated from the slope and the A (Arrhenius
constant) was found from the intercept. Fig. 5
shows the plots of three steps of decomposition for
CdL(NCS)s.
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Fig. 5.Coats-Redfern plots of the three
decomposition steps of CAL(NCS), complex.

The equations used to calculate the activation
entropy 4S*, the activation enthalpy 4H *and the
free energy of activation 4G*are:

AS* = 2.303[log(Ah/KT)R] (Eq. 2)
AH*=E*-RT (Eq.3)
AG* = AH* — TAS* (Eq.4)

where k and h are the Boltzmann and Planck
constants respectively.

The resultant data listed in table 4 is found in the
range 20.64-422.96 k J mol? for energies (E*) at
different steps of thermal decomposition indicating
relative thermal stability for the complexes. Except
for two steps, the entropy of activation (AS*) is
negative and the value of AS* is recorded in the
range -271-509 kJ mol-1. As reported in the
literature, the negative values suggest an associated

mechanism at the rate determining step of thermal
degradation. On the other hand the negative values
may be due to a lower rate of thermal
decomposition than the normal decomposition
process [39, 40]. The values of AH* and AG*are
evaluated in the range 16.055 - 418.591 kJ.mol™!
and 138 - 330 kJ.mol™! respectively. The positive
values for AH* and AG* at all steps indicate the
endothermic character of thermal decomposition for
these compounds.

Antibacterial and antifungal activity

The biological activities of the complexes as
compared with the ligand were investigated by two
methods containing disk diffusion and minimum
inhibitory concentration (MIC) techniques against
Escherichia coli and Pseudomonas aeruginosa as
Gram negative; Staphylococcus aureus and Bacillus
subtillis as Gram positive and Candid albicans as a
fungus. The experimental results have been
tabulated as Table 5. All tested compounds showed
a notable antimicrobial activity. Comparing the
biological activity of the Schiff base ligand with
respect to its complexes showed that metal
complexes potentially have more antibacterial and
anti-fungal activity against the microorganisms as
mentioned above. In general, the metal complexes
are more active than the ligands because metal
complexes may serve as a vehicle for activation of
the ligand as the principle cytotoxic species [42].
According to Overtone's concept and Tweedy's
chelation theory [43, 44], the overlap of the ligand
orbitals and metal ion valence orbitals leads to =-
electron delocalization in the ligand and
considerably reduces the polarity of the metal ion
and therefore increases the lipophilic character of
the compound that causes more diffusion into the
cell membranes. In this way, the growth of bacteria
and/or fungi can be disturbed by blocking the metal
coordination sites of the bacteria and/or fungi
enzymes.The MIC method was also carried out for
all the compounds using 15.63, 31.25, 62.50, 125,
250, 500 pg/mL concentrations. The MIC value of
the ligand for all bacteria is 500 pg/mL. After
coordination of the ligand to metal ions, the most
efficient value was found for CdL(NCS)2(125
pg/mL) with respect to Staphylococcus aureus as
Gram positive bacteria. In the disk diffusion
method, the diameter zone of the inhibitory effect
was recorded in millimeters. For all complexes
against all microorganisms, this value was more
than the parent Schiff base ligand.
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Table 4. Thermal analysis data including the temperature range, mass loss(%) and thermodynamic activation

parameters of the decomposition steps of the complexes

Temperature ~Mass Total Mass
Compound

E'(kdmol™) A(s™) AS*(kJmol™) AH"(kJmol™') AG"(kimol™)

step("C)  loss(%) massloss(%)
230275  2.92 422.96 3.96x10%® 5.09x102  418.591 1.51x102
275315  3.47 102.265 1.07x107 -1.16x10? 97.577 1.63%102
Z0L(NCs), 315430 747 69.78 46.413  1.25x10! -2.30x102 41.368 1.81x102
430-510  3.87 89.532  6.33x10° -1.80x102 83.214 2.20x102
510-680  41.93 167.729 2.00x107 -1.14x102  160.318 2.62x102
680-900  10.12 228.425 2.01x108 -9.72x10'  218.921 3.30x102
120-270  27.07 60.477 7.61x10% -1.75x102 56.520 1.39x102
ZnL(Ns)2  270-385 13.85  82.03 20.641 1.03x107 -2.69x102 16.055 1.64x10?
390-900 41.11 226.319 4.06x10%2 -1.03x10'  220.748 2.28x102
120-260  15.87 56.139  2.14x10° -1.85x102 52.192 1.40x10?
CAL(NCS): 260-430 14.77 6147 20.641 8.49x102 -2.71x10? 16.055 1.65x102
430-600  30.19 160.300 5.40x107 -1.04x102  154.728 2.24x10?

Table 5.Antibacterial and antifungal activities of 25 pg/disks of the Schiff based ligand and its complexes based on
the zone of inhibition, the growth of microorganisms(mm) and MIC(ug/mL).

Gram negative bactria

Gram positive bacteria

. . Pseudomonas . - Staphylococcus Car_ldida
Compound  Escherichia coli aereuguinosa Bacillus subtillis aureus albicans
MIC zone MIC Zone MIC zone MIC zone zone
(Mg/mL) (mm)  (pg/mL)  (mm)  (ug/mL) (mm) (pg/mL)  (mm) (mm)
Ligand 500 11.50 500 6.80 500 14.46 500 10.00 17.40
ZnL(NCS), 250 15.50 500 8.44 250 17.00 250 12.00 24.80
ZnL(N3)2 500 12.20 500 7.90 500 15.00 500 11.50 21.80
CdL(NCS), 250 15.20 500 8.60 500 14.80 125 16.20 18.50

As seen in Table 5, all compounds have the
lowest inhibition effect with respect to
Pseudomonas aereuguinosa among tested bacteria.

The bioassay data for ligands showed maximum
and minimum efficiency with respect to Bacillus
subtillis with inhibition zone of 14.46 mm and
Pseudomonas aereuguinosa with inhibition zone of
6.80 mm respectively. A comparable investigation
between all the complexes indicated that the growth
of bacteria is more inhibited by ZnL(NCS), for
Escherichia coli and Bacillus subtillis. CAL(NCS).
efficiently stopped the growth of Pseudomonas
aereuguinosa and Staphylococcus aureus. The
growth inhibition effects of the ligand and its
complexes with respect to Candida albicansas, as a
fungus, were studied and ZnL(NCS), with
inhibition zone of 24.80 mm was selected as an
efficient antifungal as compared with the free
ligand.

DNA cleavage efficiency

The DNA cleavage ability of the complexes as
compared with the free ligand was monitored by
the agarose gel electrophoresis method with respect
to pMalC>X DNA of E. Coli. Three forms of DNA

containing a supercoiled form (Form 1), open
circular (nicked) form (Form II) and the linear form
(Form 111) were separated based on the difference
in the rate of migration by electrophoresis. When
the original supercoiled form (Form 1) of plasmid
DNA is nicked, an open circular relaxed form
(Form I1) will be exist in the system and the linear
form (Form III) can be found upon further
cleavage. The compact Form | migrates relatively
faster while the nicked Form Il migrates slowly,
and the linearized form (Form IIl) migrates
between Forms | and Il. The nuclease activity of
the complexes as compared with the free ligand
have been assessed by their ability to convert
supercoiled pMalC,X DNA from Form | to Form 11
and Form Ill. All the metal complexes and free
ligands were able to convert supercoiled DNA into
an open circular and linear form of DNA. These
changes were illustrated in gel electrophoresis by
the intensity of the bands. The results of DNA
cleavage are given in Figure 5. In this figure L, X
and C are attributed to the ladder, mixture of DNA ,
H>O> and control DNA respectively. The lanes 1 to
4 are attributed to mixtures of DNA with a ligand,
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ZnL(NCS),,
respectively.

The effect of the compounds in cleavage of the
suppercoiled DNA to the form Il and Il is
determined by diminishing in intensity of the band
of the suppercoiled pMalC.X DNA. It seems that
ZnL(NCS), and CdL(NCS), are more efficient for
the cleavage of the supper coiled form to the linear
form of DNA as compared with the other tested
compounds. The DNA cleavage ability of the
complexes may depend on the binding of the DNA
molecule to the metal complexes. However, the
nature of the reactive intermediates involved in the
DNA cleavage by the complexes is not clear.
According to the experimental data from the DNA
cleavage studies, it may be correct to say that the
cleavage of genome is responsible for the death of

some of the studied microorganisms [45].
L X C 1 2 3 4

ZnL(Ns), and  CdAL(NCS)

Fig. 6. Gel -electrophoresis diagram for DNA
cleavage activity of ligand and its complexes. lane L:
ladder, lane X: DNA + H,0;; lane C: control DNA, lanes
1 to 4: ligand, ZnL(NCS);, ZnL(Ns), and CdL(NCS);
respectively.

CONCLUSION

In this research three new azide and thiocyanate
complexes of an imidazolidine Schiff base ligand
were synthesized and characterized by spectral (IR,
UV-Visible, 'H and C NMR) and physical
techniques. The observable changes in IR and
NMR spectra in the complexes with respect to the
free ligand well suggest the formation of the
mentioned complexes. IR peaks appeared for azide
and thiocyanate well confirm the coordination of
these anions to metal centers in the inner
coordination sphere. The spectral data suggest the
formula structure of MLX; for the complexes. The
nano-size character of the synthesized complexes
was confirmed by the TEM images. Moreover the
thermal behavior of the complexes was studied by
their thermal analysis and then some activation
thermodynamic parameters such as A, E*, AH¥*,
AS* and AG* were calculated based on the thermal
analysis plots of TG/DTG. The antimicrobial

behaviors of the complexes against the Escherichia
coli, Pseudomonas aereuguinosa, Staphylococcus
aureus and Bacillus subtillis and a fungus entitled
as Candida albicans were investigated. Finally, the
DNA interaction of the compounds with pMalC;X
DNA of Escherichia coli was investigated and it
was revealed that ZnL(NCS), and CdL(NCS); are
more successful for the cleavage of DNA that other
compounds.
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HAHO-CTPYKTYPUPAHUN IMHKOB U KAJIMUEB A3 1 THOLIUAHATHU
KOMIUIEKCH: CUHTE3A, XAPAKTEPU3MPAHE, TEPMUYHU, AHTUMUKPOBHU 11 THK-
B3ANMOIAENCTBUA

C. A. Mycasu',M. Monrasepozoxopu’*, M. Hacp-Ecpaxanu®, P. Haruxa?, M.Momnrasep 3oxoyp®

Ylenapmamenm no xumus, Yuusepcumem Hcyoxc, Acyoxnc 75918-74831, Upan
2flenapmamenm no 300102us, 3emedencku paxynmem, Yuueepcumem Hcyooc, Scyoxc, Upan.
SUscnedosamencku yenmup no cenemuxa na neungexyuosuume sabonssanus, Meduyuncku ynueepcumem 6 3axedar,
HUpan

IMocrbnuina Ha 2 siwyapu, 2015 r.; npuera Ha 3 romu, 2015 1.
(Pesrome)

[TpuroTBeHu ca Tpu HAHO-CTPYKTYPHUPAHH a3WJH M THOLMAHATH Ha IIMHKA M KaJMHS U TEXHH KOMIUIEKCH ¢ 6a3n Ha
Schiff kato nuranmu, Te ca oxapakTepu3WpaHH Ype3 U3MEpBaHHUSA Ha MPOBOJUMOCTTA, €IeMEHTeH aHamm3, IR, UV—
Visible, 1H u 13C SMP-crektpockonuss ¥ TEpMO-TPaBUMETPUYHN U3CICABAHMA. 3a0CTICKUMHUTE MPOMECHH B
CHEKTPaJHUTE JaHHW IPENIojaraT KOOpAWHHWPAaHEe HA JIMTAHIUTE KbM IIMHKOBHS M KaaMmueBus atom. Ilpemnara ce
cienHata emnupudHa Qopmyna Ha komiuiekcute: MLX2. Hano-pasmepHara CTpPyKTypa Ha KOMIUIECKHUTE C€
MOTBBPKAaBa Ype3 TpaHCMUCHOHHa eyiekTpoHHa MuKpockonus (TEM). Cpemnuar pa3smep Ha KOMIUIEKCHTE €
omnpesienieH B MHTepBana Ha 25.32 - 85.11 nm. Pe3ynratute oT TEpMUYHHSI aHAINU3 TIOKAa3BaT, Y€ ITUHKOBHUAT U30I[MAHAT
ce pasmaZa Ha IIeCT IOCIEeAOBAaTEeIHM CTBIKH, JOKATO KaJMHEBUTE KOMIUIEKCH ce pa3iarar Ha Tpu erama. Ot
TEPMOIPaBUMETPUYHUTE KPUBHM W OT  JU(PEPEHIHATHO-TEPMOTPAaBUMETPUYHUSI ~ QHAINW3 ca  OMpelelieHH
TEPMOJMHAMUYHU TapaMeTpu, KaTo aKTHBHUpAlaTa CHEeprusi, EHTANIUITa, EHTPOMNMsATAa, CBOOOJHATA EHEeprusl Ha
aktuBaiusg mo ['mbc, kakTo W KOHCTaHTaTa Ha Apenuyc. M3cienBaHa € aHTHMMHKpOOHATa aKTUBHOCT CIIPSIMO
6akrepunre Escherichia coli, Pseudomonas aereuguinosa, Staphylococcus aureus, Bacillus subtillis u reouukure
Candida albicans. ZnL(NCS)2 uma Haii-Bucoka aHTH-rbOMYHa akTuBHOCT crpsmo Candida albicans cpaBaeHue c
ocraHanuTe KomIuiekcH. Haxpas e m3nurano B3ammMogeiictBuero Ha komiuiekcure c¢ JJHK (pMalC2X DNA ot
Escherichia coli) 3a na ce uscnensa norenuana Ha pasKbCBaHe.
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According to the amino acid sequence, the codons of D-aminoacylase gene from Alcaligenes A-6 were super-
seded by the most abundant codon in E. coli. The method is performed to avoid the rare codons and the lower
abund+ance which can affect the expression of heterologous proteins. The total length of the synthesized gene is
1479 bp. 52 oligonucleotides were designed and synthesized by the phosphoramidite four-step chemical method. A
three-stage assembling method was applied to assemble the whole DNA fragment. The reduction of the template
complexity in the reaction system had a significant effect on reducing the number of byproducts to quickly obtain
the synthetic gene. The synthesized DNA was connected to pET32a, and then put into E.coli BL21 (DE3) for ex-
pression. After induction by IPTG, the codon optimized D-aminoacylase gene can be expressed more efficiently in E.
coli BL21 (DE3), accounting for 78% of total bacterial protein compared to 56% of codon unoptimized gene. The
N-acetyl-D-valine amidohydrolase activity was assayed by measuring the D-valine formed using the fermentation
bacterial cell to catalyze the N-acetyl-D,L-valine, the fermentation activity of strain E. coli BL21 (DE3) harboring

pET-dan, which reaches 98 U/ml.

Keywords D-aminoacylase; Alcaligenes A-6; Gene synthesis; Expression.

INTRODUCTION

D-amino acids are involved in the synthesis of
antibiotics, pesticides, and other products
including food and agrochemical industries [1].
D-amino acids occur naturally in bacterial cell
walls, some microbial metabolites including
peptide toxins and antibiotics, plants, peptides
from frogs and molluscs, several insects,
earthworms and other animals [2]. But the
D-enantiomers of amino acids are far less
abundant in nature than the corresponding
L-enantiomers, which are the predominant form
occurring in biological molecules [3]. Since
fermentation is not an efficient method of
producing D-amino acids, the D-amino acids are
produced in two ways, by direct organic
asymmetric  synthesis and by enzymatic
resolution of racemates. In recent years, much
attention has been paid to using N-acyl-D-amino
acid amidohydrolase for the production of
D-amino acids [4]. N-acyl-D-amino acid
amidohydrolase (3.5.1.81) catalyzes the hydrolysis
of N-acyl derivatives of various D-amino acids to
D-amino acids and fatty acids, and is used for the

* To whom all correspondence should be sent:
E-mail: wg_li80@126.com

© 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

optical resolution of DL-amino acids [5, 6].
N-acyl-D-amino acid amidohydrolase
(D-aminoacylase) that acts on N-acyl derivatives
of wvarious neutral D-amino acids has been
reported from  Alcaligenes, Pseudomonas,
Streptomyces, Sebekia, Variovorax.
D-aminoacylase from Alcaligenes xylosoxydans
subsp. xylosoxydans A-6 (Alcaligenes A-6) has
been produced and sold by Amano Enzyme Co. as
a commercial enzyme (D-aminoacylase “Amano”)
for the manufacture of neutral D-amino acids [6].
But the D-aminoacylase gene from Alcaligenes
A-6 using to construct engineering bacteria E.
coli, has some rare codons of host bacteria, which
can affect the expression of heterologous proteins.
Therefore, improving the expression of
D-aminoacylase is a main goal which needs to be
addressed.

The original purpose of this study was to syn-
thesize an Escherichia coli codon optimized
D-aminoacylase gene. After induction by IPTG,
the codon optimized D-aminoacylase gene can be
expressed more efficiently in E. coli BL21 (DE3),
accounting for 78% of total bacterial protein and
contrasted with 56% of codon unoptimized gene.
The N-acetyl-D-valine amidohydrolase activity
was assayed by measuring the D-valine formed
219
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using the fermentation bacterial cell to catalyze
the N-acetyl-D,L-valine, the fermentation activity
of strain E. coli BL21 (DE3) harboring pET-dan
which can reach 98U/ml.

MATERIALS AND METHODS

Materials

E.coli BL21(DE3), E.coli IM109, pUC18,

pET-32a were obtained from ATCC. EcoR I, Xba
I, BamH I, Bgl 11, Xho I, dNTP, T4 DNA ligase,
pfu DNA polymerase, DNA marker were
purchased from Fermentas, USA.

Gene and Oligonucleotide Design

The synthesis of D-aminoacylase gene was
designed according to the literature [3,6] and
retrieved database [7] information.

Chemical synthesis of oligonucleotides

The phosphoramidite four-step method was
applied for chemical synthesis of oligonucleotides,
which uses the reaction of acid-activated
deoxynucleoside phosphoramidites with
solid-phase  tethered deoxynucleoside. The
oligonucleotides were synthesized using the
Biolytic Oligo Synthesizers Dr. Oligo-192 by
BGI-Shenzhen at the 20 nmol scale, and PAGE
method was used for purification.

Enzymatic assembly of oligonucleotides

In each DA-PCR reaction, a mixed solution of 5
uL was used in 50 pL of reaction solution; thus, the
final concentration of each inner oligonucleotide in
the PCR reaction mixture was 40 nmol/L, and the
outer oligonucleotide was 0.2 pmol/L. DA-PCR
reaction was carried out in 25 cycles of denaturing
at 94°C for 30 s, annealing at 53°C for 30 s, and
extension at 72°C for 90 s. In each OE-PCR
reaction, the final concentration of the template
block or fragment in the PCR reaction mixture was
40 nmol/L The two outermost oligonucleotides as
amplification primers, were used at a final
concentration of 0.2 umol/L. OE-PCR reaction was
carried out in 25 cycles of denaturing at 94°C for 1
min, annealing at 58°C for 1 min, and extension at
72°C for 3 min [7-9]. All PCR reactions were
performed on a PTC-200. PCR products were
purified using an agarose gel extraction kit.

Cloning and sequencing

The whole DNA fragment purified by agarose
gel electrophoresis was connected into pUC18,
constructed the pUC-dan recombinant plasmids
and then transformed into E.coli JM109. After
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identification, the positive clones were sequenced
by Sangon Biotech (Shanghai) Co., Ltd. Using
other synthesized amplification primers with Nde
I and Bgl Il restriction sites, the D-aminoacylase
gene was amplified from pUC-dan. Amplification
fragments were purified and cloned into Nde |
and BamH | sites of pET32a. After identification,
the plasmids pET-dan were put into E.coli BL21
(DE3) for enzyme expression.

Induced expression and activity assay

Strain of E. coli BL21 (DE3) harboring
pET-dan, was inoculated into 4 ml LB medium
containing 100 mg ampicillin/L (LB/Amp) and
were incubated at 37°C for 12 h. The inoculum
(1%, v/v) was added to 100 ml LB/Amp and
cultured at 37°C to an ODgoo of 0.6, after which
protein production was induced by adding 0.1
mM IPTG and incubating at 37 “C for 3 h.
N-acyl-D-amino acid amidohydrolase activity was
assayed by measuring D-amino acids formed from
the hydrolysis of N-acetyl-D-amino acids as
previously described [3-4]. One unit of enzyme
activity was defined as the amount of enzyme that
catalyzed the formation of 1 umol D-amino acid per
min.

RESULTS AND DISCUSSION

Gene and oligonucleotide design

D-aminoacylase gene (dan) from Alcaligenes
A-6 has been reported by M. Moriguchi in 1993
[10]. The whole sequence can be found in
GenBank using accession number D45918,
containing 1455 nucleotides, which can be
encoded as 484 amino acids.

To synthesize an Escherichia coli codon
optimized D-aminoacylase gene, the codons were
chosen to have either 1/3 or 2/3 GC content to
ensure that the resulting GC content of the
optimized DNA was between 40% and 60%. The
codons encoding each amino acid were superseded
by the most abundant codon in Escherichia
coli[11] to avoid the rare codons which can affect
the expression of heterologous proteins [12].

Adding the EcoR | and Xba | restriction
endonuclease sites in the 5’ and 3’ end, the whole
DNA fragment was 1479 bp in length. The design
of the synthetically assembled oligonucleotides
was that the length of each oligonucleotide was 50
bases and the overlapping region was 18 bases,
therefore, 14 nt gaps between overlapping regions,
52 oligonucleotides were designed using
Genedesign.
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Oligonucleotide assembly

Chemically synthesized oligonucleotides were
assembled by DNA polymerase based on
polymerase chain reaction. Taq polymerase lacks
3’-5" exonuclease activity and is known to be
error-prone, and therefore, the pfu polymerase is
used in this assembly process. Using a three-stage
assembling method the 52 oligonucleotides were
assembled into a full-length gene. The first stage
used DA-PCR, and the second and the third stage
used OE-PCR. The schematic diagram is shown in
Fig.1.

In the first stage, six single-stranded
oligonucleotides as a group were assembled into
an intermediate fragment forming a block. The
1-48 oligonucleotides were assembled into block
1-8, the last four oligonucleotides 49-52 were
assembled into block 9. In the second stage, three
double-stranded block DNA as a group were
assembled into a longer intermediate fragment
forming a fragment. The 1-9 blocks were
assembled into fragment 1-3. In the third stage,
three double-stranded DNA fragments were
assembled into the whole D-aminoacylase gene

(Fig.2).
Cloning and sequencing

The whole DNA fragment purified by agarose
gel electrophoresis was connected into pUC18,
constructed the pUC-dan recombinant plasmids
and then was transformed into E.coli IM109. After
identification, five positive clones were sequenced
by Sangon Biotech (Shanghai) Co., Ltd. The
sequencing results showed that two of them were
confirmed to be the correct products which have
the accurate sequence with the design.
Unfortunately, one of the five positive clones has
the major bands error after the final amplication
step appeared to be the correct size. There were
total 5 base errors in the sequence of two clones
which have no major bands error. It contained two
base deletions, one single base insertion and two
single point mutations. The average error rate
determined by sequencing was approximately
0.68%eo.

Induced expression

The strain of E. coli BL21 (DE3) harboring
pET-dan, and the strain of E. coli BL21 (DE3)
harboring pET-dan-N (D-aminoacylase gene
amplified from Alcaligenes A-6, codons not
optimized) were induced by 1 mM IPTG in
LB/Amp medium and incubated at 37°C. The
expressed codon optimized and unoptimized
D-aminoacylase genes were detected by 10%

SDS-PAGE (Fig.3).

The codon unoptimized D-aminoacylase gene
efficiently expressed in E. coli BL21 (DE3),
accounted for 56% of total bacterial protein.
Correspondingly, the codon optimized
D-aminoacylase gene synthesized in this paper,
expressed more efficiently in E. coli BL21 (DE3),
accounted for 78% of total bacterial protein (Tab.
1). Another better way is to directly express the
D-aminoacylase gene in E. coli Rosetta 2 which
harbors pRARE2 providing all the rare codon
tRNAs for E. coli. The codon unoptimized
D-aminoacylase gene can be efficiently expressed
in E. coli Rosetta 2, accounting for 64% of total
bacterial protein (Tab. 1). This shows that rare
codon and codon abundance in the host affect the
ex0genous gene expression.

Activity assay

D-aminoacylase from Alcaligenes A-6 acts
preferentially on N-acyl derivatives of d-Met,
d-Phe, and d-Leu, and less effectively on those of
d-Trp, d-Ala, and d-Val. We are using N-acetyl-D,
L-valine as the substrate to assess the recombinant
enzyme catalytic activity of the fermenting
bacterial cell. The N-acetyl-D-valine
amidohydrolase activity was assayed by
measuring D-valine formed from the hydrolysis of
N-acetyl-D-valine. The fermentation activity of
the strain of E. coli BL21 (DE3) harboring
pET-dan can reach 98 U/ml, higher than the wild
type strain Alcaligenes A-6 (Tab. 2). The codon
unoptimized D-aminoacylase gene can be
expressed efficiently in E. coli Rosetta 2, ac-
counting for 83 U/ml (Tab. 2).

Table 1. The expression of D-ANase synthetic
D-aminoacylase gene in E. coli BL21 (DE3).

Number Average

(% of ) 12 3 4 value

Codon 59 51 54 58 58 56

unoptimized

Codon 63 68 65 61 63 64

optimized

Rosetta 78 84 72 76 80 78

Express

Table 2. Fermentation enzyme activity of
D-ANase.

Number (U/ml) 1 2 3 4 5 Average value
Codon unoptimized 68 59 66 74 78 70
Codon optimized 95 101 102 97 95 98
Rosetta Express 80 82 84 8683 83
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Fig. 1. Schematic diagram of the three-stage
assembling method.
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Fig. 2. Oligonucleotide assembly results. (A)
three-stage assembling method. Lane 1: 100bp DNA
marker, lane 2-3: synthesized D-aminoacylase gene;
(B) two-stage assembling method. Lane 4:1000bp DNA
marker, lane 5-6: synthesized D-aminoacylase gene.
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Fig. 3. SDS-PAGE analysis of the codon optimized
and unoptimized D-aminoacylase gene expression.
Lane 1: protein marker; lane 2-4: pET-dan-N induced
by IPTG for 0, 1.5 and 3 h; lane 5-7: pET-dan induced
by IPTG for 0, 1.5 and 3h.

D-aminoacylase chromatographic purification
process

The 100 ml induced expression of E.coli
BL21/pET-dan fermentation broth was centrifuged
at 4000 rpm and 4°C for 10 min. After collecting
the precipitated bacteria and weighing (wet
weight), 20 mmol / L PBS buffer (pH 5.0) was
added according to the proportion of 1g:10 mL.
After mixing in an ice bath for ultrasound break-
ing (breaking conditions: output power 300W,
breaking time 5 s, interval of 5 s times, 200 times),
the supernatant was collected at 10000 rpm and
4°C for 10 min. After the supernatant was filtered
through a 0.45 pm filter, the buffer solution was
used to replace the buffer solution in the 8000 Da.
Non fusion expression of D-ANase was purified
by DEAE-FF anion exchange chromatography,
CM-52 cation exchange chromatography and
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Table 3. Separation and purification of non-fusion D-ANase.

Protein Total ac- Specific Recovery Total Purification

Purification steps content tivity activity rate yield rate

(mg) ) (U/mg) (%) (%)

1. Before breaking 1564.3 6897.5 4.41
2. Crude enzyme 946.7 8254.3 8.72 120 120
liquid
3.DEAE-FF 216.8 2137.8 9.86 26 31 1.13
4. CM-52 63.2 1769.1 27.99 83 26 2.84
6. Superdex-200 13 1489.6 1145.85 84 22 40.93
superdex200  AKTA-FPLC  gel filtration tending) DNA strand. The oligonucleotides

chromatography. D-ANase was purified through
multiple steps of chromatography, the final
product recovery rate was 84% and the specific
activity for 1145.85 (U/mg), purification rate was
40.93 times. The results of the chromatographic
purification and detection of the various stages are
shown in Table 3. The purity of D-ANase protein
obtained by SDS-PAGE was higher, and the
molecular weight of the protein was about 52 kDa

(Fig.3).
CONCLUSIONS

The three-stage assembling method used in this
paper includes a phase DA-PCR and two-stage
OE-PCR [13]. Irrespectively of the stage, the
heating step causes DNA melting of the DNA
template by disrupting the hydrogen bonds
between  complementary  bases,  yielding
single-stranded DNA molecules. Then the reaction
solution became a complex system of
single-stranded DNA molecules, including the
chemically synthesized oligonucleotides, the
longer single-stranded fragments being assembled
by DNA polymerase. The cooling step causes the
primers or the overlapping segments containing
sequences complementary to the target region by
the stable DNA-DNA hydrogen bonds to form a
local double-stranded DNA molecule. The an-
nealing method yielded 3’-3’overlap,
3’-5’overlap and 5°-5’overlap. The DNA poly-
merase bound to the 3’-3’overlap and
3’-5’overlap double-stranded, synthesized a new
DNA strand complementary to the DNA template
strand by adding dNTPs that are complementary
to the template in 5' to 3' direction, condensing
the 5'-phosphate group of the dNTPs with the
3'-hydroxyl group at the end of the nascent (ex-

alternate between sense and antisense directions,
and the overlapping segments determine the order
of the PCR fragments, thereby selectively
producing the final long DNA product.

Considering the length of overlapping region of
only 18 bases in average, the annealing of long
single-stranded DNA molecules may easily
produce a mismatch, so that assembling into
full-length genes containing too many byproduct
bands can be connected into a plasmid. Using the
three-stage assembling method, the nine-block
assembly by OE-PCR splits into two phases, re-
ducing the complexity of the template in the
reaction system, yielding single product bands,
and reducing the workload of screening, by
quickly producing the synthetic genes.
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CHUHTE3A HA I'EH 3A D-AMUHOAIIMIIA3A 110 XUMWYEH 1 KOMBUMHUPAH
EH3MMEH METO/

Ke. Xoy?, k. Jlut, XKaii Hyo!, Y. Pen?, K. Tao™**"

Y Vyunuwe no nayxu 3a scusoma, Ynusepcumem XKunun, Yanzuyn, Ipoeunyus Xumun, Kumaiicka HP
2 Hayuonanua nabopamopus 3a CIIMH-saxcunu, Yuunuwe no nayku 3a scueoma, Yuusepcumem Kunun, Yanzuyn,
Iposunyus Kunun, Kumaiicka HP
3 Kntouoea nabopamopus no MONEKYIAPHA eH3UMON02US U UHICEeHepCmEo, Munucmepcemeo na ob6pazosanuemo,
Yuunuwe no nayxu 3a scueoma, Ynueepcumem Kunun, Yaneuyn, Iposunyus Kunun, Kumaiicka HP

Tlocrernuna Ha 8 tonu, 2015 r.; kopurupana Ha 6 okromBpu, 2015 1.

(Pesrome)

Cropen; CeKBEHIMATa Ha aMHHOKHCEIMHHUTE KOJOHBT Ha reHa 3a D-ammHoamminasa B B mama Alcaligenes A-6 ce
3aMecTBa OT MO-pasnpocTpaneHus kKoaoH B E. coli. [IpencraBeHuAT MeTO O3BOJISABA [ ce H30ETHAT PEAKU KOJIOHU U
¢1aboTO pasnpocTpaHeHHe, KOUTO MOTAT Ja MOBIHSAT Ha EKCIIPECHsTa Ha XeTepPOJIOKHH nmpoTerH. O0LIaTa JbhKUHA
Ha cuHTe3upaHus reH e 1479 bp. [etaecer u ABa OMMIOHYKICOTHIA ca KOHCTPYHPAHU U CHHTE3HPaHH 4pe3 YeTH-
pH-CTeNIeHEeH XUMHYeH MeTox ¢ (docdopamumur. Tpu-cTeleHeH METOJ € MPOJIOKEeH 3a aceMONMpaHEeTO Ha LeNus
JHK-¢dparment. HamansiBaHeTo Ha CIIO)KHOCTTa Ha TEMIUICHTa B PEaKLHMOHHATA CHCTEMa UMa 3HAYUTENICH eeKT 3a
HaMaJsIBaHeTO OpOs Ha CTPAaHUYHMTE MPOAYKTH 32 OBP30TO MOJyYaBaHE HA CHHTCTHYHUS T'eH.

Cunresupanata JIHK e cBbp3ana ¢ pET32a, cien koeto e Bkapana B E.coli BL21 (DE3) 3a excnpecusi. Cren uH-
nykiust ¢ IPTG koJoH-ONTUMU3UpaHUAT TeH 3a D-amuHoaImnasa Moxe aa 0b/e ekcrpecupan mo-epexrusHo B E.coli
BL21 (DE3) ¢ 78% o6u1 6akTepualieH IpOTenH, pu 56% HpH KOJOH-HEONTUMHU3HPaH red. OnpeneneHa e akTUBHOCT-
ta Ha N-anermn-D-panmmH amupgoxumuapoiazaTa 4pe3 u3MmepBaHe Ha D-panmna, oOpasyBaH NpH XWApOJHM3aTa Ha
N-acetyl-D,L-valine ot mama E. coli BL21 (DE3) harboring pET-dan. Konuenrpauusita va D-Banuna moctura 98
u/ml.
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Zinc stannate porous nanostructured compositions of nanoparticles are produced in the form of thin films by means
of the chemical vapor deposition method. The phase, composition and surface condition of the layers as formed by the
above route are investigated. Under the application of an alternating electric field the electrical properties of the layer
change under acetone vapor exposure at room temperature. As a result of this interaction the radius of the semi-circle on
the Nyquist diagram is reduced and the centre of the semi-circle on the plot is shifted to the higher frequency. To
describe the resistance-capacitance properties of the samples the characteristic time of charge accumulation at the
atmosphere and under acetone vapor exposure is estimated. The values of the gas sensitivity in the frequency range
from 1 Hz to 50 KHz is calculated in two ways based on the real and imaginary components of the complex impedance.

Keywords: nanostructures; thin films; impedance spectroscopy; surface properties.

INTRODUCTION

The gas sensors, intended for the detection of
acetone in the air, are widely applied for
environmental monitoring, in criminology, in
military affairs, in mechanical engineering and for
medical non-invasive diagnosis for the analysis of
exhaled breath of patients suffering from diabetes.
Now-a-days, there is still a need for the creation of
nanomaterials for acetone gas sensors, operating at
room temperature.

Most sensor materials show acetone vapor
detection properties at elevated temperatures in the
range 150-450°C [1-6]. There are only a few
publications in the world literature at present,
devoted to research aimed at the creation of
nanomaterials that study the gas sensitive properties
of acetone vapor at room temperature. These are
ZnO nanorods doped with Ni, the sensitivity of
which is enhanced by UV activation [7], CuO
nanocrystalline thick films [8] and TiO2 nanotubes
with a certain deviation in stoichiometry [9]. To the
best of our knowledge, up to now in the scientific
journals there does not exist any information

* To whom all correspondence should be sent:
E-mail: dimitrov2001@yahoo.com

concerning the measurement of the complex
resistivity (conductivity) of a Zinc Stannate Layer
in the atmosphere under acetone vapor exposure at
room temperature.

Impedance spectroscopy is a favorite tool for
materials characterization, useful in gathering both,
the kinetic and mechanistic information. A review
of the recent progress in evaluating the gas
concentration by the impedance change and the
establishment of state of the art of impedance-based
gas sensors is presented in [10]. Despite the well-
known fact that the interaction of the material with
a gaseous medium depends on the microstructure
and the surface states of the sensing material, to the
best our knowledge, alternating current (AC)
measurement has been used for detection of gases
only for a few metal oxides. The most important
advantage of the alternating current (AC)
measurements is that they can distinguish the
individual contributions to the electrical conduction
or polarization arising from different sources like
the bulk and the grain boundaries, the intergranular
contact regions, and the electrode-sample interface
regions whereas direct current (DC) measurements
show only the overall effect of all these
contributions [10, 11]. It is worth mentioning that
the impedance spectroscopy investigation of:

© 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 225
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undoped titanium dioxide (TiO) polycrystalline
thin films as a function of temperature and the
surrounding atmosphere are presented in [13],
zirconia gas sensors [14], zeolite hydrocarbon
sensors with a chromium oxide as the intermediate
layer [15], room temperature gas sensing of
ultrathin SnO; sensors prepared by the Langmuir
Blodgett technique [16], WOs sensors sensitivity
versus time and working temperature [17], SmFeOs
thin-film sensor [18] and a sensing device based on
vanadium oxide (V20Os)/porous Si /Si structure [19].

An improvement of the gas-sensitive properties
can be achieved by using multi-component metal
oxides as the sensor material [20-24]. Increasing
the gas sensitivity is possible in principle in the
case of the cooperative effect as a result of the
separation of the functional properties of adsorption
and complete oxidation of the reducing gases at
different surface centers of the multicomponent
systems. During the last few years there is a
growing interest in investigations of the properties
of nanostructured ZnO — SnO, materials, which are
crystallized into perovskite (ZnSnOsz) [25] and
spineli  (Zn;SnO.) structures [26, 27]. The
formation of such mixed oxides leads to the
modification of the electronic band structure of the
Zn-Sn-0 system. This includes changes in the bulk
and surface properties. The surface properties are
expected to be influenced by new boundaries
between the grains of different chemical
compositions. These could be stoichiometric
ZnSn0Os and Zn,SnO, compounds or composites. It
is anticipated that all these phenomena will
contribute advantageously to the gas sensing
mechanism [28].

Thin films of ZnSnO; structures are very
promising in the creation of new lead free
ferroelectric  materials [29]. Other notable
applications of these nanostructured compounds are
their utilization in lithium ion batteries [30],
piezoelectric  transformers  [31], transparent
conductive coatings and thin film transistors [32—
34], electro-luminescence devices for power
independent memory cells. Among the above
applications, the number of investigations dealing
with the formation of zinc stannate layers that have
a highly sensing performance is increasing
remarkably [35-42]. For such new generation
sensing structures it is necessary to develop and
evaluate the advanced technological aspects for the
formation of nanostructure and nanocomposite
layers, including various nanocomposits, modified
nanowires, nanorods, nanospheres, nanotubes as
well as nanomaterials with hierarchical porous
nanostructures [43-55].
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The development of three-dimensional (3D)
face-centered-cubic ZnSnOs into two-dimensional
(2D) orthorhombic ZnSnOs; nanosheets has been
observed recently [56]. The synthesis from 3D of
2D nanostructures is realized by the dual-
hydrolysis-assisted liquid precipitation reaction and
subsequent hydrothermal treatment. The 2D
ZnSnO3z nanosheets should exhibit excellent gas
sensing properties of acetone vapor, especially
through their ultra-fast response and recovery. The
authors [56] show, that the 2D ZnSnO3 nanosheets
consist of smaller sized nanoflakes. This further
increases the special specific surface area and
facilitates their application in gas sensing.

Never-the-less, in the literature there is a
hitherto unreported study devoted to the sensitivity
of the ZnSnO; layer to acetone vapor at room
temperature under the application of an alternating
electric field. Thus, the main goal of the presented
work is the formation and investigation of the
surface morphology, the electrical and acetone gas
sensing properties under the application of an
alternative electric field at room temperature
formed by a chemical vapor deposition nanosized
ZnSnQOs thin film.

EXPERIMENTAL

The metal oxides layers investigated in the
current work are formed in a laboratory installation
by means of the chemical vapor deposition (CVD)
method. There are two zones inside the quartz
reactor, in both of which there were boats with
inorganic metal salts of tin chloride (SnCl,-2H,0)
and zinc nitrate (Zn(NOs),-6H,0) while the third
zone is the area of location of the holder with the
substrates. The temperature required for the process
IS maintained in the three areas by using
independent heaters. The components of the salts
obtained were transferred to the deposition area in
the reactor. This is done by the transfer of the
vapors of volatile compounds from the areas of the
tin chloride and zinc nitrate boats to the area of the
holder with the substrates.

The sensing layer structures are formed by using
three subsequent processes:

- Decomposition of tin chloride (SnCl,-2H.0)
and zinc nitrate  (Zn(NOs),-6H,0O) at the
temperature of 150 °C under an air flow within the
quartz reactor;

- After decomposition within the quartz reactor
the reaction products are transferred to the
substrates;

- The formation of the ZnSnOs layer at the
temperature of 500 °C from the transferred to the
substrate reaction products;
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Thermally oxidized silicon was used as a
substrate. The thickness of the oxide layer was
about 500 nm. Before application the substrates
were treated in acetone and isopropy! alcohol in an
ultrasonic bath. The thickness of the ZnSnQOs layers,
deposited on the substrates is about 500 nm,
estimated by means of ellipsometry measurements.

The investigations of the phase composition of
layers formed by the above route are done on a low
angle registration electron-diffraction apparatus
(SELMI, Ukraine). Electron diffraction [57, 58] is a
local (small extinction length) an express (high
intensity particle flux) method of structural
analysis. The method of electron diffraction is
indispensable in the study of near-surface regions,
thin films and other nano-objects. The investigation
is evaluated by comparison of the diffraction
patterns of nonelastically scattered electrons in
refraction geometry.

The conductive substrate necessitates the
determination of its phase composition by means of
a low-angle registering electronograph. Because of
this electron diffraction experiments were
performed on ZnSnOs layers deposited on a non-
oxidized silicon substrate. However, to investigate
the gas-sensing properties of the ZnSnOs layers it
was necessary to deposit these on an oxidized
silicon substrate. Silicon oxide is an insulating
dielectric layer between the silicon and the
semiconductor layer of zinc stannate. It was used to
avoid the conductive silicon and contributes to the
gas sensing properties of zinc stannate.

The investigation of the surface condition of the
nanostructured film formed by oxidation of a
silicon dielectric layer is done on a nanolaboratory
instrument Ntegra Terma (NT-MDT, Zelenograd).
It was performed by means of a “semi-contact”
vibrational AFM mode. Probe type sensors with
cantilevers series NSG 01 in the form of a
rectangular cross-section rafter were used in the
investigation. This has a resonance frequency of
150 kHz and was purchased from the NT-MDT
Company.

The electrical  properties of  ZnSnO;
nanostructures are studied by means of impedance
spectroscopy measurments. It is well know that this
method is widely used to investigate the electrical
properties of the grain boundary under the
application of an electrical field with an alternative
frequency. Measuring the frequency dependences
of the complex resistivity modulus and
determination of the phase shift angle between the
current and voltage in the capacitance circuit were
carried out in the frequency range between 1 Hz to
500 kHz with an amplitude of the alternating

voltage equal to 30 mV. On our experimental setup
[59] we were able to measure the electrical
properties of the nanostructure at the atmosphere
and under exposure to acetone vapor in the air. The
concentration of acetone was 100, 200 and 300 ppm
and at a relative humidity of 80 %.

RESULTS OF THE INVESTIGATION OF THE
STRUCTURAL PROPERTIES OF
MESOPOROUS ZnSnOs LAYERS AND THEIR
SENSING PERFORMANCE UNDER THE
APPLICATION OF AN ALTERNATING
ELECTRIC FIELD

The result of electron diffraction for the zinc
stannate layer, deposited on an oxide free silicon
wafer is shown on Fig.1. It presents the typical
dependence of the signal intensity on the
photoelectron multiplier as a function of the
interplanar distance d. The latter is calculated based
on the value of the distance from the central spot.
The diffraction peaks for nonelastic scattered
electrons, corresponding to the crystallized in
perovkside structure nanosructured phase of
ZnSnO; are marked by solid dots. It is clear, that
under the applied technological conditions of
chemical vapor deposition, the corresponding
ZnSnQO; crystal phase exhibits only reflections. An
electron diffraction image for the same sample is
presented in Fig.2.

® 7nSn0O3

1 2 3 4 d A

Fig. 1. Cross-section of electron diffraction pattern at
radius from the central spot toward the interplanar
distance d for the based on ZnSnQO3 layer.

Fig. 2. Electron-diffraction image for the based on
ZnSn0s layer.

In the current work the AFM images were in the
form of a square matrix with the size 256x256 of
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the elements. Based on the AFM investigation it
was estimated that the produced nanostructured
materials are an aggregation of nanoparticles with
sizes in the range of 10-100 nm. Into the matrix of
the nanoparticles, the pores in size less than 10nm
are uniformly distributed. An example for a typical
ZnSnQO;3 nanostructure, deposited on the substrate of
oxidized silicon is presented on Fig.3 for a scanning
area of 1pum x1pm.
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Fig. 3. AFM image of ZnSnO3 layer

The experimental data measured by means of
impedance spectroscopy were evaluated by using a
complex plane on which the impedance value and
other complex quantity is presented in the form of a
dependence of the real and imaginary component of
the complex resistivity. The frequency dependences
of the real and imaginary components of the
complex resistivity for the ZnSnO; nanostructure
are plotted in semi-logarithmic coordinates and
analyzed. It was revealed that the imaginary
component of the complex resistivity is going
through a maximum when wt=1, where ® is the
angular frequency and t the time of the relaxation
polarization.  Nyquist  diagrams  for  the
nanostructured ZnSnOs layer at the atmosphere and
under acetone vapor exposure (100, 200, 300 ppm)
at room temperature were presented in Fig.4.
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Fig. 4. Nyquist diagram for the nanostructured
ZnSnO; layer at the atmosphere and under various
concentrations of acetone vapour exposure.
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DISCUSSION

Basic working principle of operation of the solid
state gas sensors is the alternation of
semiconductive oxide layer electrical properties
under adsorption of gas molecules. Atoms or
molecules adsorbed on the nanostructured oxide
surface can capture electrons from or inject
electrons into the bulk to form localized electron
extrinsic energy state at the surface, which can
change the concentration of charge carriers into
conduction band or valence band. It is known that
acetone is an electron-donor molecule, which has
two electron pairs on highest occupied molecular
orbital (HOMO), which can be donated to form
coordinate bond. The lone pairs are relatively high
in energy, and are responsible for the well known
Lewis base properties of acetone. When the sensor
is exposed to acetone vapor, the gas molecules are
adsorbed on the surface of the gas-sensing layer
and the weak coordinate bonds can be formed
between acetone and Sn (IV) ions from the ZnSnO3
crystal lattice. Similar interaction is in the case
when the PbS sensor is exposed to NO, or NH; gas.
Then the gas molecules are adsorbed on the surface
of the gas-sensing layer and the weak coordinate
bonds is formed between NO, or NH3 and lead(ll)
in PbS molecules [60]. In our case, electrons are
transferred from acetone molecules to the gas-
sensing layer and the thickness of surface space
depletion layer at the grain boundary of ZnSnOs;
crystallites will be decreased. This will modulate
conductive channels at the contacts of the
nanocrystalites. The molecules of acetone will
interact with oxygen, which is unavoidable existing
on ZnSnOs crystallites and adsorb there according
to the reaction below:

0, te +[S] >0,

2gas

where O oxygen molecule in the

2gas
atmosphere, e~ - free electron at the ZnSnO;
crystallites surface, [S] - unoccupied center for

oxygen chemisorptions, O'2 - adsorbed on the

surface one charged oxygen molecule. Acetone
adsorbed on the surface, reacts with the above
mentioned molecular oxygen ions and captured by
it electrons are released into the layer, according to
the reaction:

CH,COCH, + 40, —>3CO, +3H,0 +4¢"

By this way, no matter that adsorption of one
acetone molecule provides two electrons to the
ZnSnOs layer, after its oxidation four electrons are
released into the layer. Consequently,  after
oxidation of the adsorbed acetone the total effect is
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increasing the conductivity of the layer. Under
acetone vapor exposure the radius of the semi-circle
on the Nyquist diagram is reduced (Fig. 4) and the
centre of semi-circle on the plot is shifted to the
higher frequency. The reason for this effect is the
relaxation maximum shift of the imaginary
component of complex resistivity to the area of
higher frequencies.

The equivalent electric scheme is used for
interpretation of observed capacitance-resistance
properties of nanostructured ZnSnOs; layer. A
constant phase element, widely used for modeling
impedance of many electrical systems was
employed. This scheme describes well the
exponential dependence of parameters of chemical-
physics processes, related to overcoming energy
threshold during the charge transfer and impedance
behavior. Also, the scheme is connected to the
appearing of fractal properties of investigated
structures in particular frequency range. Impedance
of the element with constant phase is described by

equation: Z = ]/A(jm)n , Where A - proportionality

factor, j - the imaginary unit, n- exponent index,
giving the information about the phase shift,
—-1<n<1. Frequency independent factor has
physical meaning and dimension of capacitance.

The plotted on Fig.4 impedance hodographs are
evaluated for the circuit, constructed of connected
in parallel resistance R and the constant phase
component. This circuitry can be characterized by
resistance and constant phase component of the
grain boundary of ZnSnOs; crystallites. The
hodographs consist of semi-circles with center
below the horizontal axis. The characteristic time of
charge accumulation for the circuit, constructed
from connected in parallel resistance R and the
constant phase component is expressed by equation
t:(R-A)l/n =1/, Where o is angular frequency
at the point where imaginary component of
complex resistivity having maximum value (at the
point of relaxation maximum on impedance
hodograph).

Let’s consider the impedance hodographs in air
and in the presence of acetone vapor with
concentration of 100 ppm. Values of resistivity R,
frequency independent fore-exponential factor A,
exponent index n, relaxation maximum frequency
fmax @and time of relaxation polarization T at the
atmosphere and under acetone vapor exposure are
calculated. It was revealed that under acetone vapor
exposure value of resistivity R is reduced by factor
of 1.99; value of frequency independent fore-
exponential factor A is reduced by factor of 1.39;

value of relaxation maximum frequency fmax iS
increases by factor of 2.89. It was found that under
acetone vapor exposure value of exponent index n
iIs not changed and is 0.94; value of time of
relaxation polarization 7 is 184 psec in the
atmosphere and 64 psec under acetone vapor
exposure.

Based on the above investigations, the value of
gas-sensitivity is evaluated in two ways: (i) by the
real component of the complex resistivity as

Sge = ReZ,;, /ReZ, where ReZ,, is the real

component of the complex resistivity at the

atmosphere, ReZgas is the real component of the

air

complex resistivity under acetone vapor exposure;
(if) by the imaginary component of the complex

resistivity as Sy, =ImZ, /ImZ where

ImZ_;, is the imaginary component of complex

resistivity at the atmosphere, ImZ_ - is the

imaginary component of the complex resistivity
under acetone vapor exposure. The estimated value
of sensitivity is 2.0, calculated by real component
and is 4.2 while calculated by imaginary
component. It was revealed that in both cases the
maximum of the sensitivity toward acetone vapor is
at frequency low than 140 Hz.

Because in the World wide literature to the best
of our knowledge does not exist any results of
investigation of complex resistivity (conductivity)
of Zinc Stannate Layer at the atmosphere and under
acetone vapor exposure at room temperature we
cannot compare the functional properties of the
produced in this work films with similar films of
the scientific periodic. At the available literature
existing only done at direct current (DC)
measurements of gas-sensitive properties of Zinc
Stannate Layers [37, 38, 40, 41, 56].

CONCLUSIONS

In this work is presented the procedure of
producing  zinc  stannate  based  porous
nanostructured composition by chemical vapor
deposition method. The produced layers are
composed from aggregations of nanoparticles 10-
100 nm in size. Into the nanoparticles matrix pores
are regularly distributed. Under application of
alternative electric field the electrical properties of
the layer change under acetone vapor exposure at
room temperature. Under acetone vapor exposure
the radius of the semi-circle on the Nyquist diagram
is reduced and the centre of semi-circle on the plot
is shifted to the higher frequency. The reason for
this effect is the relaxation maximum shift of the
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imaginary component of complex resistivity to the
area of higher frequencies.
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[{uHK cTaHATHU MOPHO3HH HAHOCTPYKTYPUPAHU KOMIIO3UITMKM OT HAHOYACTHIM ca MOJydyeHH HoJ (opMmaTa Ha
TBHHKU CJIOEBE MOCPEJICTBOM METOJIa XMMHUYECKO OTJIaraHe OT u3napeHus. Ha ¢opmupanure 1mo ropecnoMeHaTHs
HAuMH CJIOEBE ca M3cieBaHU (ha30BHA ChCTaB M ChCTOSHUETO Ha MOBBPXHOCTTA. Ipm mpuiarane Ha IPOMEHINBO
€JIEKTPUYECKO II0JIE E€JIEKTPUUYECKUTE XapaKTEPUCTUKU HA €O C€ U3MEHEHST IIOJ BB3JCHUCTBUE HA U3MAPEHUS OT
aleToOH IIpH cTaiiHa Temmeparypa. Kato pesynrar Ha ToBa B3aMMOJEHCTBHE paJnyca Ha MONYKpbra Ha JuarpaMara
Haiixyucr ce HamansBa ¥ IEHThpa Ha MOJIyKpbra Ha rpauKara ce n3MecTBa KbM I10-BHCOKa decToTa. [Ipu onmcBane
Ha PEe3NCTHBHO-EMKOCTHUTE CBOWCTBA HA MPOOMTE CE OIEHSIBA XapaKTEPHOTO BPeMe Ha aKyMyJHpaHEe Ha 3apsj Ha
BB3/yIIHa aTMocepa W TNpPH H3JIaraHe Ha AaleTOHOBHM u3mapeHus. CTOWHOCTHTE Ha YyBCTBHUTEIHOCTTa KBbM
M3IapeHus Ha alleTOH B yecToTHU o0xBar or 1 Hz no S0KHZz ca nzuncnenu no na HaunHa Ha 06a3aTa Ha pealHu U
MMarvHEepHU KOMIIOHEHTH Ha KOMIUIEKCHHS UMIIEJaHC.
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Bioactive compounds (BAC) such as soluble polyphenols and flavonoids, extracted from plant materials, are
successfully treated by membrane operations, in view of their separation or concentration. In the present study
nanofiltration of ethanolic extracts from tobacco leaves is performed, focusing on concentrating the content of
polyphenols and flavonoids (mainly rutin). Membranes Duramem™ 300 and Starmem 240 with molecular weight cut
off (MWCO) 300 and 400Da have been used. The obtained rejections with both membranes are about 88%, close to the
measured value for the model system rutin-ethanol (92%), and tend slightly to decrease during operation. Observed
average flux for real extracts are close to the values for the model system rutin-ethanol: 4.5 — 5.5 vs. 5.3 L/(m2.h) for
Duramem 300 and somewhat lower for Starmem 240 membrane. The flux vs time evolution for both membranes shows
a similar initial decrease and tends to stabilize during longer operation time. The results prove that the two membranes
are suitable for concentrating (volume concentration factor 2.5-3.5) extracts from tobacco leaves in terms of flavonoids.

Keywords: nanofiltration, solid-liquid extraction, rutin, tobacco leaves.

INTRODUCTION

Bioactive compounds (BAC) as polyphenols and
flavonoids in plant materials, extracted by
appropriate  solvent and further treated by
membrane  operations, are promising and
intensively investigated area of scientific research
in view of BAC separation or concentration. A
large number of potential applications are focused
on organic solvent nanofiltration (OSN) coupled
with solid-liquid extraction of valuable compounds
from plant material [1].

The leaves of Nicotiana tabacum are not only
the most important row material for the tobacco
industry, but also an interesting source of bioactive
natural compounds, among which the group of
flavonoids is increasingly studied [2-5]. Rutin
(C27H30016, quercetin-3-rutinoside) is one of the
major polyphenol components of tobacco leaves
with a number of pharmacological activities [6].
Rutin is a low solubility compound (0.125mg/ml in
water [6, 7]), which further motivates the search of
an optimum extraction method regarding yield and
reasonable cost.

A comprehensive overview of the methods
applied for rutin extraction from plant materials is

* To whom all correspondence should be sent:

E-mail: tsibranska@ice.bas.bg

@ Actual address Institute of Physical Chemistry, Bulgarian
Academy of Sciences, 1113 Sofia, Bulgaria

shown in [6, 8, 9]. Either a HPLC component
analysis, or total phenolics (TP) and total
flavonoids (TF) characterization is used. In the
latter case TP are usually referred to the
concentration of chlorogenic acid, being highest
among the polyphenol compounds in tobacco
leaves. Different solvents are reported: water and
organic solvents such as methanol, ethanol,
acetone, N,N-dimethylformamide etc [10], higher
content of polyphenols being obtained with
increase in polarity of the solvent. The addition of
water (EtOH-H,0, MeOH-H,0 etc.) usually results
in higher polyphenols content than in the pure
solvent [10]. Largely varying liquid-solid ratios
(10:1 to 90:1) and contact times (most often less
than 1h) are reported. Some of the literature data
about rutin extraction from tobacco leaves and
waste are summarized in Table 1.

Concerning membrane techniques application,
concentration of the extract from tobacco leaves has
been realized by electrodialysis in combination
with filtration through membrane with MWCO of
500 Da, as well as by ion-exchange membranes
such as AM-2 and AM-4 [15] (especially for
chlorogenic  acid, scopoletin and  rutin).
Concentration or separation of the valuable
bioactive components by nanofiltration has not
been studied, though OSN has been increasingly
investigated in view of treating plant extracts,
including separation/concentration of polyphenols

232 © 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Table. 1. Details of the extraction of flavonoids from milled tobacco leaves/ wastes.

Time Extracting Analysis of the Liquid to . Ref. and raw
. . . : . Extraction mode -
[min] solvent chemical composition  solid ratio material
TP**: UV-vis, Folin—
C,Hs0H-H,0 Ciocaulteu, ref. . ultrasound [11] tobacco
15 ) i . 10:1 ;
8:2 (vIv) compound:. chlorogenic assisted leaves
acid
i Apigenin, quercetin, [2] waste
CI;::;?(,)I(?//I\/{;O rutin :UV-vis, NMR, - conventional tobacco
' HPLC leaves
(CH3).CO- L . [12] tobacco
1 H0, (v/v) Chlo[j)g/?czg acid 40:1 mg:srsc;\é\;::j/es leaves and
0:1; 3:7; 4:6 waste
" H20 . . [13, 14]
fgo(é%))* C2HsOH Totala)r/]laellds,i\s/velght 15:1 -40:1 conventional tobacco
(96%) ysIs. leaves
EtOACc- . [5] tobacco
30 CH3OH 1:1; HPLC 1gbl_lto uli::i?tggd leaves and
CH30OH ' waste
UV-vis: TP (Folin-
0
60 Cz?;i)v';té?)s % Ciocaulteu , gallic 10:1 heat reflux [4]|;23:§C0
acid), TF** (AICl5)
i 15:1to [7]
%302? CH:OH HPLC 90:1 ”g:fﬁggd cigarettes
(45:1) tobacco

* to reach the plateau of the kinetic curve
** TP- total polyphenols; TF — total flavonoids

and flavonoids [16-26]. The method has advantages
for multicomponent systems, containing sensitive
to elevated temperatures components and allows for
the regeneration of the solvent. The technology is
especially promising when dealing with extracts
from cheap and widely available materials,
containing bioactive components that can be
concentrated by nanofiltration. The content of some
valuable flavonoids (such as rutin) in the tobacco
waste in low concentrations makes them a suitable
object for concentration by this process.

This study concerns the recovery of rutin from
tobacco leaves and waste by solid-liquid extraction
and subsequent concentration of the extract by
nanofiltration. The molecular weight of most of the
important polyphenols components in the extract
from tobacco leaves [5] is over 300 Da -
chlorogenic acid (CiH1809, 354 Da) and its
isomers neochlorogenicacid (5-O-caffeoylquinic
acid) and 4-O-caffeoylquinic acid, and highest for
the flavonoids rutin (quercetin-3-O-rutinoside, MW
610 Da) and kaempferol-3-rutinoside (MW 594). It
is expected that nanofiltration using organic solvent
resistant (OSR) membranes with MWCO >300 Da
will allow the successful concentration of the
extract in terms of flavonoids. In the present study
two OSR membranes were used - Duramem™
(modified polyimide) and Starmem 240 (polyimide)
with MWCO 300 and 400 Da respectively.

EXPERIMENTAL

° Extraction

The plant material for extraction was provided
by Bulgartabac Sofia - tobacco leaves with defined
origin (the region of Petrich) and moisture content
11%. All samples were grounded to powder and
then subjected to extraction with ethanol. After
batch extraction in a stirred wvessel at room
temperature 20£1 -C and intensive mixing (stirring
speed 300 rpm) the extract was filtered and
analyzed. If not additionally treated, the ethanolic
extract from tobacco leaves has slightly acidic pH.
In our study pH of the extract was 5.93, obtained
with liquid/solid ratio 10:1 and 70% ethanol (where
highest content of polyphenols is observed), the
deviation from neutral being less pronounced for
the extracts, obtained with 96% ethanol. The latter
were further used in the membrane separation runs
with two organic solvent resistant membranes.

The extraction kinetics with 96% ethanol was
followed during 12h; the obtained results indicate a
contact time of 3h as needed to reach the plateau of
the Kkinetic curve. The recovered amount of
flavonoids was 0.8 mg/(g solids) at liquid to solid
ratio 10:1. Increasing the latter up to 30:1 allowed
evaluating the maximum extractable flavonoids
concentration as 1.108 mg/g solid. Further increase
of the liquid volume has practically negligible
effect on the amount of the extracted target
component.
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° Spectrophotometric analysis

For the spectrophotometric determination of
total flavonoids concentration a color reaction with
aluminum trichloride was used. According to
Ordonez [27] 0.5 ml of the sample was added to 0.5
ml AICI3 (2% solution in ethanol). After 1 hour in
the dark the absorbance was measured at a
wavelength of 425 nm. Three measurements were
performed for each sample. The concentrations in
the extract (Cs), retentate (C,) and permeate (Cp)
were calculated as rutin equivalent, according eqg.
(1):

Abs=10.953 C (R?=0.997) (1)

where C [mg/ml] is the concentration of total
flavonoids (up to 0.07 mg/ml) and Abs is the
measured absorbance. The calibration curve was
obtained with model solution of rutin-hidrate in
ethanol. Ethanol (96%) was supplied by Valerus
(Bulgaria); Aluminium chloride anhydrous and
rutin (as rutin hydrate > 94%) was supplied by
Sigma-Aldrich.

° Nanofiltration

Batch nanofiltration in dead-end mode was
performed on a laboratory cell (METcell, Evonic
MET LTD, UK) with effective surface area of 54
cm? at transmembrane pressure of 20 bar and
working volume up-to 200 ml. During
nanofiltration flow and rejection evolution over the
time of filtration was measured. The concentration
of equivalent rutin was determined after each 20 ml
permeate.

RESULTS AND DISCUSSION

The permeate flux and rejection evolution
during nanofiltration with Duramem 300 (MWCO
300Da) and Starmem 240 (MWCO 400Da) are
illustrated in Figs.1 and 2 for similar feed
concentrations of rutin (0.022, 0.025 mg/ml
respectively, see Fig.2). An initial pronounced flux
decrease within the first 3 hours is observed with
both membranes. The flux vs time data tend to
stabilize within longer operation time (6h), the final
flux being in the range of 2 - 3 I/(m2.h).

9

ODuramem 300

1.0 + Starmem 240

Flux, l/{m2.h}
O AN WA OO N e

4 6 8 10

o
%]

time, h
Fig. 1. Measured flux versus time of filtration
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A similar tendency is observed in the time
evolution of observed rejections, shown in Fig.2.
An initial increase is better observed with
Duramem 300, corresponding to the more
pronounced flux decrease in this period and
associated with an increasing membrane resistance.
After that the rejection values tend to stabilize and
even a slight tendency to decrease can be observed.
The two membranes show similar rejections values.

£ 1001 o

g - *>

g o O O O -* - » .

r 80l

a— 60

=

5 40 1 + Starmem 240,

'§ Ci=0.022ma/ml

T 20 A O Duramem 300,
Ci=0.025ma/ml

0 T T T T
0 2 4 6 8 10

time, h

Fig. 2. Measured rejections versus time of filtration

The additional membrane resistance is usually
attributed to fouling and related with different
phenomena such as concentration polarization, cake
layer formation, adsorption of solute molecules
inside the pores or pore blocking when the pore size
is similar to the molecular dimensions [28].

The four kinetic models commonly used for
systems showing flux decline are given in Table 2
together with the calculation results for the first 6
hours of filtration. As can be seen from Table 2, the
cake layer formation model gives best correlation,
but a statistically good description of the flux
decline is also obtained with the rest of the tested
models, which rather suggests that fouling
phenomenon is not very pronounced under the
working conditions (range of feed concentrations in
term of flavonoids 0.012 to 0.042 mg/ml).

Similar observations were already reported with
nanofiltration of natural extracts containing
polyphenols and flavonoids [29, 30], based on the
original model, proposed by Hermia to describe the
permeate flux decline during constant-pressure
filtration [31].

The flux dependence on feed concentration is
shown in Fig.3. These results concern average flux
values, obtained with Duramem 300 during the
initial 3h of filtration, where the flux decline is
most pronounced. The volume ratio permeate to
feed was kept in the range of 0.6 to 0.7, which
defines the limits of the achieved degree of
concentration. The feed concentration affects the
measured flux, but the latter remains close to the
measured value for the model system rutin-ethanol:
4.5 -55vs. 5.3 L/m2.h (model system, R?=0.998).
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Table 2. Kinetic models to evaluate flux decline data

Foulln_g Model equation (linearized) [29] | Calculated flux vs time data R?
mechanism
total pore blocking In(J) =In(J,) —kit In(J)= 1.4344-0.0737-t 0.9043
1 — ;
standard pore J1t= .JO"l +k, -t J7= 023544002151 0.9384
blocking model '
intermediate pore -2 _ 741 . 05—
blocking J =Jo5 +k3 t J9°=0.4868+0.0199-t 0.9224
cake layer 2 -2 . 2
formation Jo=J,"+k, -t J?=0.0534+0.0128t 0.9639
7 the variety of observations, obtained in the OSN
61 literature — practically constant [24, 33, 34],
§ i: increasing [35] or decreasing [32] rejections. There
=5 are also different reasons for these observations.
25, The constancy is viewed as indication for low
14 membrane solute interaction and stable membrane
0 - - - behavior towards both solute and solvent [23, 36].
model, Cf=0,012 Cf=0,025 Cf=0,042

Cf=0,0073
feed concentration, mg/ml

Fig.3. Measured average flux vs feed concentration

The average rejections, obtained with different
flavonoids concentrations in the feed are shown on
Fig.4. The increase of the feed concentration has a
slight effect, resulting in decreasing rejection,
whose average value is about 88%. The observed
rejections are close to the measured ones for the
model system rutin-ethanol (92%). This fact
together with the high and approximately constant
rejections proves the suitability of the membranes
Duramem 300 and Starmem 240 for concentrating
natural extracts from tobacco in terms of
flavonoids. Both membranes were previousely used
for nanofiltration of ethanolic extracts from
Sideritis [16], where comparable, though higher
rejections were observed and the possible reuse of
the permeate as extracting agent was proven.

100
80
60

40 B Duramem

Rejectionx 100, %

@Starmem

20

: i

Cf=0.012 Cf=0.022 (f=0.025 <Cf=0.042 model
solution

feed concentration, mg/ml

Fig.4. Measured average rejections vs feed
concentration

The concentration effect on the rejection is
strongly dependent on the mass transfer
characteristics of the system [32], which explains

Membrane compaction could lead to increasing
rejections. Such effect is observed in nanofiltration
of ethanolic extracts from Sideritis with
DuramemTM 500 when the transmembrane
pressure increased from 30 to 50 bar [16]. In [28] a
decrease of rejection is observed and predicted with
the solution-diffusion model. For complex
multicomponent solutions (as natural extracts) the
analysis of the rejection vs concentration profile is
even more difficult to allow for definite
conclusions. In order to check the concentration
effect nanofiltration was performed at high degree
of concentration (permeate to feed ratio up to
Vp/Vi= 0.85), as well as with model system rutin
hydrate - ethanol with maximum feed concentration
(determined experimentally 1.49 mg/ml, close to
the solubility data found for rutin-3 hydrate in
ethanol [39]). In case of pronounced effect of
concentration polarization the solute concentration
at the membrane surface is expected to be different
from the one in the bulk retentate (C;) and this fact
should be taken into account [37]. Otherwise the
calculated rejections by eq. (2) and (3) are expected
to differ essentially, eq.(3) giving lower rejections
than expected from the mass balance [24].

CP
R=|1-—"1.100,%
C

f

)

[m(cr/cf

:100,%
(v, /V, J

3)

Here V: and V, stand for the respective volumes
of the feed and retentate.
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Calculations according to eg. (2) and (3) showed
comparable rejections close to 80% (77.8% and
79.8% respectively), which supports the absence of
an essential concentration effect at the membrane
surface. For higher feed concentrations the
solubility limit was exceeded in the retentate, the
fact being already pointed out in the literature for
rutin extraction [38].

CONCLUSION

Extraction with ethanol of tobacco leaves at
room temperature shows total flavonoids content
1.1 mg/(g solid) rutin equivalent. About 90% of the
flavonoids are extracted during the first 3h, so this
time can be considered as sufficient for practical
applications.

The nanofiltration of the extracts was studied
with OSR membranes Duramem 300 and Starmem
240. Average rejections show small variation with
concentration, difficult to separate from the
experimental error during the measurements, in
view of the solution (natural extract,
multicomponent) and the accuracy of the chemical
analysis (group analysis, spectrophotometric).

The concentration effect is better seen from the
rejection vs time plot. Both membranes show
rejections about 88% and tendency to decrease with
increasing degree of concentration.  This
corresponds to observed and predicted rejections in
the OSN literature [31].

Permeate flow decreases with increasing
concentration, the effect being important in the
beginning (the first 3h of operation). Then the flux
decline is much less pronounced, tending to
stabilize at flux values between 2 and 3 I/m2.h.
Flux and rejections with real extracts are close to
the measured with the model system. The results
prove that the two membranes are suitable for
concentrating extracts from tobacco leaves in terms
of flavonoids.
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KOHLIEHTPUPAHE HA ®JIABOHON/IU B ETAHOJIOB EKCTPAKT OT
TIOTIOHEBU JINCTA YPE3 HAHO®UJITPYBAHE

1. X. lu6panckal, B. 1. Kapa6oxukosa?, K. XKensskos?

Y Unemumym no unoxcenepua xumus, Bvneapcka Axademus na naykume, 1113 Cogpus, Bvneapus
2Kamedpa no unoicenepua xumus, Xumuxo-Texnonoeuuen u Memanypauuen Yuueepcumem, 1756 Cogpus, Bvneapus

IMoctermna Ha 20 HoemBpH, 2014 r. kopurupana Ha 2 GpeBpyapu, 2015 r.
(Pesrome)

MeMOpaHHE THpoLEecH Ha pas3lelsiHe ce INPWIarar yCcHelmHO KbM OWOaKTMBHH BELIECTBA KAaTO pa3TBOPHMHU
nomideHo 1 (IaBOHOMIHM, W3BICYCHH OT PACTHTCIHUM MAaTepPHANH, C OIJIe]] HAa TAXHOTO KOHICHTPUpPAHE WIH
pasnensHe. B HACTOSIIOTO M3Clie[BaHE € MPOBEICHO HAHO(MWITPYBAHE HA €TAHOJIOBH €KCTPAKTH OT THOTIOHEBH JIMCTA C
e KOHLICHTPUpaHe Ha ChIbPKAHUETO Ha mosudeHonu u (GiaaBoHOMIH (IJaBHO PyTHH). M3mos3BaHu ca MeMOpaHU
Duramem™ 300 u Starmem 240 ¢ npar Ha paszgensne chotBetHo 300 1 400Da. HaGmomasano e 88% 3ambpskaHe 110
o0mu raBoHOUIM, OIM3KO 10 M3MEpPEeHaTa CTOHHOCT 3a MOJIENIHA CHcTeMa pyTHH-eTaHol (92%), u ¢ TeHAeHIHs 3a
JIEKO HamajsiBaHe BbB Bpemero. HaOironaBaHuTe CpeHM CTOMHOCTH 3a MOTOKA IepMeaT IpH PeallHi eKCTPaKTH ca
OJIM3KM JI0 TE3M 3a MOJIENIHATA cHCTeMa PyTHH-eTanod: 4.5-5.5 vs. 5.3 L / (m2.h) 3a Duramem 300 1 Majiko No-HUCKa 3a
Starmem 240. Pa3ButueTro Ha NOTOKa BBHB BPEMETO 3a JBETEe MEMOpaHW II0Ka3Ba IOJI00CH XOJ: MbPBOHAYAIHO
HaMaJIsiIBaHE C TEHJICHLMSI KbM CTAOWJIM3UpaHEe NpH MO-ToJIeMH BpeMeHa Ha QuirpyBaHe. Pesynrarure nokassar, ue
JIBeTe MEMOpaHH ca MOAXOIAIIN 32 KOHICHTPUPaHe Ha ()JIAaBOHOMAM OT eKCTPAKTH HA TIOTIOHEBH JIMCTA B U3CIICIBAHHUTE
00eMHH ChOTHOIIICHUSI 3aXpaHBaHe CrpsiMo pereHrar (2.5-3.5).
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TiO2/SiO; and TiO2/SiO2/Ni nanocomposite powders were prepared by a sol-gel technique. Moreover, different
concentrations of dopant were added to investigate the effect of the metal doping effect. Structures were characterized
by IR spectroscopy, Scanning Electron Microscopy (SEM), Energy Dispersive Analytical X-Ray (EDAX) and X-Ray
Diffraction (XRD) methods. Moreover, the absorption coefficients of the samples were analyzed by Tauc's approach
and the direct band gaps also were calculated. The photocatalytic activity of all the samples was investigated under UV
irradiation in an aqueous medium. The results revealed that metal doping plays an important role in decreasing the

particle size. Furthermore, photocatalytic activity improves in the presence of a dopant.

Keywords: Sol-Gel, Nanocomposite, Photocatalytic activity, TiO2/SiO2/Ni

INTRODUCTION

Photocatalytic and self-cleaning properties have
already become a very interesting subject for
researchers and can be wused for practical
applications regarding environmental
decontamination. These properties depend on the
relationship between photocatalysis and
hydrophilicity, which causes more effective
cleaning over the surfaces and is useful for
decomposition of organic contaminants. TiOzis one
of the best materials for self-cleaning purposes due
to its thermostability and photocatalytic properties
[1,2].

Recently, many researchers have reported

replacing TiO; by the TiO,/SiO; catalyst, which is
an advanced material for self-cleaning and
photocatalytic properties, since TiO2/SiO, exhibits
different surface chemical and photochemical
properties compared to TiO2 [3, 4]. In order to
improve the efficiency of the photocatalytic
activity, the TiO./SiO; catalyst can be modified by
the addition of various modifiers, such as metals or
metallic oxides by various methods [5-8].
The metal doping process can be performed by the
sol-gel method or restricted to the surface by metal
deposition. Proportional abundance and low-cost
properties are reasons for choosing Nickel in this
process [8-11]. The photocatalytic properties are
related to the surface structure of the
nanocomposite powder [12]. On the other hand,
organic polymers are used to prevent agglomeration
of TiO, powder and modify its photocatalytic
activity [13, 14].

* To whom all correspondence should be sent:
E-mail: bkhodadadi98@yahoo.com; Khodadadi@qom.ac.ir

Consequently, in this work, we have synthesized
TiO2/SiO, nanocomposites, doped with Ni.
Moreover, we have investigated the effects of the
molar ratio of the dopant on the particle size,
structure and photocatalytic activity.

EXPERIMENTAL
Materials and Equipment

Titanium tetra isopropoxide (TTIP) (AR
analytical grade, Merck Chemical Company) was
used as the titanium source for the preparation of
the TiO, photocatalysts. Nickel (Il). 6 H20,
Hydroxypropyl cellulose (HPC), HNOs; SiO;
colloid solution, absolute ethanol were purchased
from the Merck Chemical Company. XRD
measurements were performed using a Philips X'
Pert PRO MPD diffractometer with CuK, radiation
from 10 to 80 (20) at room temperature. The
morphology and microanalysis of the samples were
observed by a scanning electron microscope (SEM,
SEM-4100, Jeol). Ultraviolet-visible (UV-Vis)
absorption spectra were obtained by means of a
Varian Carry 300. FT-IR spectra were obtained via
KBr pellets in the range 500 to 4000 cm™ using a
Thermo Nicolet 870 FT-IR Nexus
spectrophotometer.

Preparation of the Samples

All samples were prepared by the Sol-Gel
technique using the following procedure:

Preparation of sample 1 (TiO2/SiO-
nanocomposite)

A: Preparation of solution I: 0.2 g of (HPC) was
added to absolute ethanol and stirred until complete
dissolution was achieved. Then, TTIP was

238 © 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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dissolved in this solution (with a molar ratio
TTIP/ethanol = 1/75).

B: Preparation of solution 1l: HNOs3, deionized
water and SiO were dissolved in absolute ethanol
(with a molar ratio ethanol /HNO3s/H;O/SiO, =
43/0.2/1/30).

C: Preparation of the TiO,/SiO, nanocomposite:
Solution Il was added dropwise into solution | and
vigorously stirred for 30 min at room temperature.
The obtained transparent colloidal suspension was
sonicated for 30 min. and aged for 48 h to form a
gel. The sample was dried in an oven at 50°C and
ultimately calcinated at 500°C for 4 hours.

Preparation of samples 2, 3, 4, and 5 (TiO2/SiO4/Ni
nanocomposite)

A: Preparation of solution I: Solution A was
prepared exactly as sample 1.

B: Preparation of solution Il: HNOs, deionized
water and SiO were dissolved in absolute ethanol
(with a molar ratio ethanol /HNOs/H,0/SiO; =
43/0.2/1/30) and then several concentrations of Ni
(NOs3)2 (0.1, 0.3, 0.6) and 1% W/W Ni (NO3)./ SiO;
were added to solution I1.

C: Preparation of TiO2/SiO2/Ni nanocomposite:
Solution Il was added dropwise into solution | and
vigorously stirred for 30 min at room temperature.
The obtained transparent colloidal suspension was
sonicated for 30 min. and aged for 48 h to form a
gel. The sample was dried in an oven at 50°C and
ultimately calcinated at 500°C for 4 hours.

All the above steps have been summarized in a
chart in Fig. 1.

I II

TTIP + EtOH + ] ( EtOH + HNOj; +8i0,+ ’
t Additive Ni(NOj3), + H,O

! |
.

[ Adding IT dropwise into I ]

30 min |Stirring
L
30 min | Sonicating

]

48h | Aging

G

48 h | Drying
A
4 h | Calcinating

[ Nanocomposite Powder ]

Fig. 1. Sample preparation chart

RESULTS AND DISCUSSION
FT-IR spectroscopy

Fig. 2 presents the FT-IR spectra of the samples
investigated. According to these results, in all
samples, wide absorption bands were observed
around 3100-3700 cm™, which can be attributed to
the OH stretching vibration of the surface hydroxyl
group. Hydroxyl bands (3100-3700 cm™) appeared
due to a great amount of propanol present during
the hydrolysis of TTIP [15-20]. Moreover, because
of the physically adsorbed water and hydroxyl
group, absorption bands were observed around
1635 cm™ [19,20].
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Fig. 2. FT-IR spectra of the sample sols. (a)Sample 1,
(b)Sample 2, (c)Sample 3, (d)Sample 4 and (e) sample 5.

The bands at 1117 cm? in the samples
correspond to an asymmetric stretching vibration of
the Ti-O bands [17-21] and the ones at 1073 cm™
are due to the symmetrical vibration of the Si-O-Si
bands [20-22]. The FT-IR spectra show silicate
absorptions at 789, 467 and 464 cm™*, which can be
assigned to Si-O-Si bending and stretching
vibrations [22-24]. The peak at 602 cm™ can be
assigned to a symmetric stretching vibration of the
Ti—O-Ti group [22-25]. Furthermore, a band was
observed at 2366 cm?, which can be assigned to
Ni—TiO>-SiO; [5, 7]. Exhibited broad peaks in the
range of 400-1000 cm? have contributions from
the anatase phase [21-24].
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XRD analysis

X-ray diffraction (XRD) analysis was employed
to determine the crystallite phase and crystallinity
of the samples and the results have been shown in
Fig. 3.
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Fig. 3. XRD patterns of sol-gel synthesized
TiO2/SiO,. (a) Sample 1, (b) Sample 2, (c)Sample 3,
(d) Sample 4 and (e) Sample 5.

According to the XRD evaluation, the
diffraction patterns of each sample are well in
agreement with the anatase phase (the base peak in
the range of 20<26<30 is evidence of an anatase
phase). Sample 1, without Nickel shows less of an
anatase structure than other samples. The XRD
results reveal that the samples show an anatase
phase more than sample 1 after Ni doping and this
leads one to conclude that metal doping is effective
on anatase phase formation. Additionally, there is
no notable shift of all diffraction peaks between the
samples, confirming the successful doping of Ni
into the lattice. However, the intensity of the
diffraction peaks becomes higher with increasing
Ni concentration.
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Scanning Electron Microscopy (SEM) and EDAX
analysis

All samples were identified by Scanning
Electron Microscopy (SEM) analysis and their
images are presented in Fig. 4. According to the
images, in all samples, the nanoparticles are
relatively  uniform, global and  slightly
agglomerated. It is remarkable that the particle size
decreases and becomes monotonous and particle
distribution becomes narrow with the increase in
Ni?* doping concentration. This clearly reveals that
the Nickel ion decreases the grain size. EDAX
analysis has revealed that TiO2, SiO, and Ni are
present in all the samples.

TiKa (3)

TiKb

§iKaTiKa (b)

NiKb

TKb Niica

TiKa

NiKb
TiKb NiKa
il .
8iky TiKa (d)
Tilh NiKb
NiKa
iKa (e)
NiKb
TiKb NiKa

Fig. 4. SEM images for the sample powders. ()
Sample 1, (b) Sample 2, (c) Sample 3, (d) Sample 4 and
(e) Sample 5.

UV-Visible spectra and Band gap calculation

UV-Vis diffuse reflectance spectroscopy was
carried out to investigate the optical properties of
the samples and the results are shown in Fig. 5. It
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can be clearly seen that the maximum of the
absorbance band shifts slightly toward a higher
wavelength due to Ni doping and sample 5 shows
huge absorption intensity in the higher wavelength
region.

14
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Fig. 5. Uv-vis spectra of the samples.

The absorption coefficients of the samples are
analyzed utilizing a Tauc approach [26] and the
direct band gap is calculated using the following
equation:

a=C (hv-Eg*™)?/ hy

Where o is the absorption coefficient, C is a
constant, hv is the photon energy and Eq bulk is the
band gap.

Table 1 shows the calculated band gap of the
samples. According to these results, band gap
decreases with doping Ni and increasing
concentration of dopant. Fig. 6 shows the Tauc
plots of the samples. Extrapolation of the linear
region of the Tauc plot gives a band gap. From Fig.
6, it can be seen that, compared with sample 1, the
band gap of the samples with a dopant decreases. It
can be seen that the band gap slightly decreases
with the increase in Ni concentration and these
results are consistent with the Uv-Vis spectra.

Tablel. Calculated band gap of the samples

deionized water were selected as pollutant solutions
for photodegradation. These solutions were set in
the vicinity of a nano photocatalyst powder (0.5 g
powder in 1L solution) and then placed in the dark
for 24 h in order to eliminate the absorptive effect
of the solution in the catalyst. Finally, the solutions
were placed in the photoreactor and methyl orange
concentration change was recorded by UV
spectroscopy. This photoreactor system consisted
of a cubic borosilicate glass reactor with an
effective volume of 1000 mL, a cooling water
jacket and a 15W UV lamp (Osram) with a quartz
cover positioned inside the solution used as a UV
light source. The reaction temperature was kept at
25 °C using cooling water.

.
2o Al

fneiem)
s o @ 8

Fig. 6. The Tauc plots of samples. (a) Sample 1, (b)
Sample 2, (c) Sample 3, (d) Sample 4 and (e) Sample 5.

The results are shown in Fig. 7.
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([dopant]/[TiO2])% gap(eV)

I 3.05

2 0.1 2.97

3 0.3 2.93

4 0.6 2.86

5 1 2.82

Evaluation of the photocatalytic activity of the
samples

To investigate the photocatalytic activity of the
samples and the effect of metal doping on the
photocatalytic activity, several solutions of methyl
orange (with a concentration of 5 mgL?) in

Decolourization%

=sampleS
20

Time(h)

Fig.7. Decolourization percentage of Methyl orange
solution under UV radiation

According to these results, the photocatalytic
activity increases with the application of metal
doping. It seems that the better photocatalytic
activity responses after Ni doping are due to the
charge-transfer transition from the electron donor
levels formed by the 3d orbital’s of doped Ni?* to
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the conduction bands of the host materials [27].
Sample 5 (containing 1% Ni) has the highest
activity in comparison with other samples.
Therefore, the good photocatalytic ability of this
sample can be attributed to the smaller particle size,
porosity and less agglomerated nanostructure.

CONCLUSION

This research has verified that the photocatalytic
activity of TiO2/SiO, nanocompsite powder can be
improved using metal doping. All samples have
been prepared by the sol-gel method and HPC has
been used as a modifier. SEM pictures have
revealed that the particle size of the nanocomposite
powder with 1% Ni was smaller than that of the
other samples. Furthermore, the XRD pattern
confirmed that the formation of the anatase
structure in this sample is better than in other
samples. UV-Vis diffuse reflectance spectroscopy
showed a red shift with doping and 1% Ni was
more effective than other concentrations. Moreover,
the absorption coefficients of the samples were
analyzed by the Tauc approach and the calculations
confirmed that the application of dopands and
dopant concentrations affect the band gap. The
photocatalytic activity of the samples was
examined for degradation of methyl orange in water
under UV irradiation in a batch reactor. The results
revealed that the photocatalytic activity of the
nanocomposites increased in the presence of Nickel
and according to other results; the sample with 1%
Ni exhibited the best photocatalytic activity.
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E®EKT HA TIOTUPAHE C HUKEJI BEPXY ®OTOKATAJIMTUYHATA AKTUBHOCT HA
HAHOKOMIIO3UTHU OT TiO2/SiO2

b. Xopananu
Jlenapmamenm no xumus, Yuueepcumem 6 Kym, Kym, Hpan

Tloctenmna Ha 24 suyapu, 2015 r.; kopurupana Ha 31 romu, 2015 1.
(Pestome)

IpurotBenn ca mpaxoBu HaHOKOMMO3uTH OT Ti02/SiO2 u TiO2/SiO2/Ni mo 3om-ren meroma. OcBeH ToBa ca
n00aBEeHH Pa3UYHK KOHICHTPALMK HA MPUMECH ca Ja ce u3cieaBa noTupamus edext Ha Metanute. CTpyKTypHTe ca
ycTaHOBeHH ¢ MY-CeKTpOCKOMuUs, CKaHHMpalla eleKTpoHHa Mukpockomus (SEM), mucnepcHoHHa aHANTUTHYHA
pentreHoBa mudpakius (EDAX) u pentrenosa mudpakims (XRD). A6copOruoHHNTEe KOShHUIHMEHTH Ha poduTe ca
aHANM3UPAHH TI0 MOAX0JAa Ha TauC M ca W3YMCICHH AUPEKTHO 3a0paHeHuTe 30HU. M3cienBaHa ¢ (pOTOKATAIUTHIHATA
aKTHBHOCT Ha BCHYKM OOpas3lyl IIOJ YJITPaBHOJETOBO OOJBYBAaHE BBB BOJHA cpema. PesynrTaTthre moKas3BaT, 4e
JOTHPAHETO C METAll WIpae BaXKHA POJIL 3a HaMajsiBaHe pa3MepuTe Ha dacTHiuTe. DOTOKATATUTHYHMAT edeKT ce
mo1o0psBa MpH TOTHPAHE.
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Kinetic investigation of tetrahydrobenzo[b]pyran synthesis in the presence of fructose
as a catalyst via a three-component reaction: an experimental study
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The synthesis reaction of tetrahydrobenzo[b]pyran from the reaction between 4-chlorobenzaldehyde, malononitrile
with dimedone in the presence of fructose as a catalyst were subjected to a kinetic and mechanistic study by a UV
spectrophotometric technique. The effects of various parameters such as the concentration, temperature, solvent
composition and various catalysts on the reaction rate were examined. Experimental data fully matched the second
order fits. The resultant rate constants obeyed the Arrhenius and Eyring equations. The relevant activation
parameters(Ea, AH*, AS* and AG*) were determined from these. In a solvent with a lower dielectric constant the rate of
reaction decreased. In accordance with the experimental observations and steady state approximation, the first step of

the proposed mechanism was recognized as a rate-determining step.

Keywords: Kinetics, Catalyst, Mechanism, Tetrahydrobenzo[b]pyran

INTRODUCTION

Benzopyrans and their derivatives, as a useful
class of heterocyclic compounds, show biological
and pharmacological properties, such as diuretic,
anticancer,  spasmolytic, anticoagulant and
antianaphylactin activities [1]. They can also be
employed as cognitive enhancers for the treatment
of some neurodegenerative diseases, including
Parkinson, Alzheimer, Huntington, AIDS
associated dementia, Down’s syndrome and also for
the treatment of schizophrenia and myoclonus [2].
Furthermore, these compounds can be applied as
potential biodegradable agrochemicals, pigments
and photoactive materials [3-6]. In recent years,
many  studies on the  synthesis of
tetrahydrobenzo[b]pyrans have been reported[7-
11]. Multi component reactions (MCRS) occur in
one-pot and so these reactions are easier to perform
than multistep syntheses reactions [12]. The
considerable benefits due to MCR sconta in low
expenses, avoiding of time-consuming purification
processes and complex synthetic pathways, shorter
times of reaction, high yields and saving the energy
[13]. Three-component reactions have appeared as
a beneficial approach among the multi-component
reactions since the combination of three compounds
to obtain related products in a single step is quite
economical [14-17]. Therefore, an effective and

* To whom all correspondence should be sent:
E-mail: smhabibi@chem.usb.ac.ir

suitable synthesis of tetrahydrobenzo[b]pyrans can
usually be performed via a three-component
reaction of an aromatic aldehyde, an acting
methylene compound and dimedone in the presence
of an appropriate catalyst [18]. In addition to
synthesis, very valuable information about these
compounds is the mechanism and rate of the
reactions, the effect of various parameters can be
obtained from the kinetic studies [19]. In previous
works we have investigated the kinetics of the
synthesis of new organics such as phosphorus
ylides, phosphonate esters and others, both
experimental and theoretical studies [20-24]. In this
work we examine the experimental kinetics and
mechanism of the reaction between 4-
chlorobenzaldehyde 1, malononitrile 2, and
dimedone 3 in the presence of fructose as a catalyst
to attain tetrahydrobenzo[b]pyran 4 (Schemel).
Fructose is a popular, commensurate, stable, cheap
and clean catalyst, dissolvable in water synthesized
by an environmentally desirable procedure.

" fructose
Hz0: BOHG 1)

Schemel. Synthesis reaction of tetrahydrobenzo
[b]pyran, 4-chlorobenzaldehyde, malononitrile, and
dimedone in the presence of fructose as a catalyst.

244 © 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria



H. Yaghoubian et al.: Kinetic investigation of tetrahydrobenzo[b]pyran synthesis in the presence of fructose as a catalyst ...

EXPERIMENTAL SECTION

4-chlorobenzaldehyde 1, malononitrile 2,
dimedone 3, fructose and ethanol were obtained
from Merck (Darmstadt, Germany) and Fluka
(Buchs, Switzerland), these were used without any
purification. All of the experiments were
accomplished by a carry UV-Vis spectrophotometer
as follow:

General procedure

At first, 102 M solution of each compound (1, 2,
3 and catalyst) was prepared in a mixture of 2:1
water: ethanol as a solvent. Then, the spectrum of
each compound was recorded in the wavelength
range 200-800 nm. In the second experiment, 0.2
mL of the solution of the catalyst and each reactant
2 and 3 were added into the cell, respectively (as
there is no reaction between them).Then, 0.2 mL of
reactant 1 was added to the mixture and the
progress of the reaction was monitored at the
ambient temperature (Fig.1).

0.0

BISO BéO 460 4£O
Wavelength (nm)

Fig. 1. The UV/Vis spectra of the reaction between
4-chlorobenzaldehyde 1 (10°2M), malononitrile 2(10°M)
and dimedone 3 (102M) in the presence of the fructose
catalyst (102M) and in a mixture of water: ethanol (2:1),
the upward arrow showing the progress of the reaction

Thereupon, the suitable wavelength at which
reactants 1, 2, 3 and the catalyst have relatively no
absorbance was found to be 380 nm. The full
kinetics and mechanism of the reaction can be
investigated at this wavelength. Herein, in all the
experiments, the UV-Vis spectrum of the product
was measured over the concentration range (102 M
< M product <102 M) to corroborate a linear
relation between the absorbance and concentrations
values. In the third experiment under the same
conditions just as the previous experiment, the
absorbance curve was recorded versus the time at
40°C and 380 nm (Fig.2). Zero, first or second
curve fittings can be drawn using the software
associated with the UV-Vis instrument; also, the
relevant rate constant can be calculated

automatically [25]. As can be seen in Fig. 2, the
experimental absorbance data (dotted line)
accurately fits the second order curve (solid line).
Thus, the overall order of the reaction according to
the rate law expressed in equation (1), can be
written as: o+p+y = 2

Rate= Kovr [1]*[2]" [3]" [cat], (1)

Abs

T T T T 1
o 5 10 15 20 25
Tirmee (minj

Fig. 2. Second order fit curve (solid line)
accompanied by the original experimental curve (dotted
line) for the reaction between compounds 1 (10°M), 2
(102M) and 3 (102M) in the presence of fructose (10°
2M) in a mixture of water: ethanol (2:1) at 380nm

RESULTS AND DISCUSSIONS
The Effect of Concentration

In order to determine the partial order with
respect to each component three experiments were
carried out in which the concentration of one of the
components 1, 2 or 3 was selected much less (5x10°
%) than the others (102%), separately. In other words,
pseudo-order conditions were set for these
reactions. The absorbance curves are shown in
Figures (3-5).

.5

Abs

i
Y

A}

-
1.5+ rd

o 2 H 6 B 10
Tieme {mndn)

Fig. 3. The first pseudo order fit curve (solid line)
along with the original experimental curve (dotted line)
in relation to 4-chlorobenzaldehyde 1, for the reaction
between 1(5x103 M), 2 (102 M) and 3 (10 M) in the
presence of fructose and a mixture of water: ethanol
(2:1) at 380nm
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(10°M) and 3 (5x10-3M) in the presence of fructose (10
2M) in a mixture of water: ethanol (2:1) at 380nm

0.7+

.65 L It is obvious that under pseudo-order conditions,
P P the partial order of the reaction with respect to
= 089 o compounds 1 and 2 is one (Figs. 3, 4). In the other
" hands, a=p=1. Also by matching the experimental
et data with a second order fit (Fig. 5) given the
similarity of the calculated rate constants. From this
5 E 0 15 plot of the rate constants calculated from the graph

e of Fig. 2, we thus say by changing the
Fig. 4. First pseudo order fit curve (solid line) along concentration of compound 3, rate constants have

with the original experimental curve (dotted line) in not changed substantially. So we can rewrite
relation to malononitrile 1, for the reaction between 1(10 equation 1 as follow:

3 M), 2 (5%x10° M) and 3 (10 M) in the presence of
fructose and a mixture of water: ethanol (2:1) at 380nm Rate= Kow[1][2][cat] , Kons=Kovr[Cat] , (2)

119 Rate= Kons[1][2] , (3)
The Effect of Solvent and Temperature

e Several experiments were performed for various
temperatures and solvents under the same

< 097 concentration of each component (102M). The
o relevant rate constants obtained from the software
aadl—" are given in Table 1. The dependency of the rate

constants (Ink and Ink/T) on the reciprocal

temperature showed adaptability with the Arrhenius

e 2 4 8 8 10 and Eyring equations. Furthermore, the linearized

Ve ) form of the Eyring equations was investigated to

compare these methods [13] (Figs. 6, 7). The
activation parameters are given in Table2.

Fig. 5. Second pseudo order fit curve (solid line)
accompanied by the original experimental curve (dotted
line) for the reaction between compounds 1 (102M), 2

Table 1. Values of observed rate constants for the reaction between 1, 2 and 3 in the presence of the fructose
catalyst at 380nm and various temperatures.

kobs(M .m | ITl)

@45.0 @40.0 @35.0 @ 30.0 @ 25.0 @20.0 ®)
A(nm) Solvent oC oC oC oC oC oC 40 0°C
380 Water: ethanol 8.18 6.12 4.33 3.33 2.40 1.75 6.18
(2:1)
380 ethanol 4.36 3.14 1.09 0.42 0.110 0.078 3.13

a: 1 (102 M), 2 (102 M),3 (102 M), catalyst (102M)
b: 1 (102 M), 2 (102 M),3 (5x10-3M), catalyst (10-2M)

Table 2. Activation parameters for the reaction between 1, 2 and 3 in the presence of the fructose catalyst at 380nm.

solvent AH*(kJ.mol 1) ASH(J.mol K1) AGH(kJ.mol ) Ea(kJ.mol?)
@ 45.31 @ -85.64 @ 70.84
Water: ethanol(2:1) ® 45 54 ©) -84 80 ® 70 82 47.86

a: according to the Eyring equation,
b: according to the linearizied form of the Eyring equation
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Fig. 6. Eyring plots for the reaction between 1, 2, 3
and fructose in a mixture of water: ethanol (2:1) at
380nm.
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Fig. 7. An Arrhenius plot for the reaction between 1,

2, 3 and fructose in a mixture of water: ethanol (2:1) at
380nm.

According to the data in Tablel, it can be seen
that the reaction rate increases with increasing
temperature. Moreover, in a solvent with a lower
dielectric constant (ethanol) in comparison with a
higher dielectric constant (mixture 2:1 water:
ethanol) the reaction rate decreased. That can be
attributed to the change in stability of the reactants
and activated complexes in these environments.
Furthermore, the positive value of AH¥(Table2)
indicates that the reaction is needed to obtain a high
value of the activation energy endothermic and a
large negative value of AS* determines a transition
state that is more strongly ordered than the
reactants.

Effect of the catalyst

The reaction between 1, 2 and 3 was repeated in
the presence of agar, sucrose and 1,4-
diazabicyclo[2.2.2]octane(DABCO) as a catalyst in
a mixture of water:ethanol (2:1). The reaction rate
was increased in the presence of agar, sucrose and
DABCO in comparison with the fructose (Table 3).
Agar and DABCO have a poor interaction with a
polar solvent compared to fructose, such that, it has
more freedom to carry out its catalytic role. Also,
due to sucrose it can establish hydrogen bonding
with an oxygen atom in the 4-chlorobenzaldehyde
more than fructose and was more active for the
nucleophilic attack of the malononitrile compound.

Table 3. Effect of Various catalysts on the reaction
between 1, 2 and 3 at 45°C and 380nm.

solvent catalyst Kobs(M.min™)
Fructose 8.18
Water: Agar 10.01
ethanol(2:1) Sucrose 8.84
DABCO 9.36
Mechanism

By using the above results, the proposed
reaction mechanism as a possible comment is
shown in Figure 8:

e

/

o
H.
o

3 fprwdari)

Scheme 2. The proposed mechanism for the reaction
between 1, 2 and 3 in the presence of fructose in a
mixture of water: ethanol (2:1).
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To determine which step of the proposed
mechanism is the rate-determining step, the rate
law was written for the final step of the reaction as:

Rate=k, [ls], (4)

By using the steady state approximation to
obtain the concentration of all intermediates (l4, >
and I3), the rate equation becomes:

_ kyk,[1][2][3][cat]

Rate
ST kL [H,0] T Ky

31 )

This equation is independent of the rate
constants for the third and fourth steps. Thus, these
steps have no chance to be rate determining steps; if
k_, [H,0]<<k,[3]; then, we can conclude:

Rate = k, [1][2] [cat], (6)

Hence, from the comparison between both
equations (6) and (2) and the experimental data

rate = k., [1][2] L (7)

According to this equation, the order of the
reaction with respect to compounds (1, 2and 3) is
1, 1 and zero, respectively and the overall order of
the reaction is two, which was previously
confirmed by the experimental data.

The presence of ki in the rate law (equation (6))
indicates that the first step is a rate-determining
step and step 2 should be a fast step. In this case,
the transition state (Scheme 2, step 1) carries a
dispersed charge; hereupon, the solvent with a
higher dielectric constant can be more effective on
this dispersed charge in comparison with reactants
1 and 2, that do not have any charge. Thus, the
solvent stabilizes the species at the transition state
more than the reactants. Therefore, E. would be
lower and accelerate the reaction rate.

CONCLUSION

The reaction rate was accelerated by the increase
in temperature and was in compatibility with the
Eyring and Arrhenius equations. It also followed
the second-order kinetics and partial order with
respect to compounds 1, 2, and 3 was 1, 1 and 0,
respectively. The first step of the proposed
mechanism was identified as a rate-determining
step and this was affirmed by the steady-state
approximation. Furthermore, in a solvent with a
higher dielectric constant, the rate of the reaction
increased. This pertains to different stabilizing
effects of the solvent on the reactants and activated
complex.
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H. Yaghoubian et al.: Kinetic investigation of tetrahydrobenzo[b]pyran synthesis in the presence of fructose as a catalyst ...

KWUHETHUYHO U3CJIEJJBAHE HA CUHTE3ATA HA TETPAXU/IPOBEH3O[b]ITNPAH B
[MPUCBCTBUE HA ®PYKTO3A KATO KATAJIM3ATOP YPE3 TPUKOMIIOHEHTHA
PEAKIIMA: EKCITEPUMEHTAJIHO U3CJIE/IBAHE

X. SAry6man, C.M. Xabubu-Xopacann™, A. EOpaxumu

Jenapmamenm no xumus, Hayuen cpaxynmem, Yuusepcumem ¢ Cucman u Benyuecman, I1.K. 98135-674, 3axedan,
Toctenmna Ha 23 stHyapu, 2015 r.; kopurupana Ha 13 oktomBpu, 2015 1.

(Pestome)

CunTe3aTa Ha TeTpaxuapobenso[b]nupan npu peakuuaTa Mesxky 4-XI0poOEH3aAEX 1, MATOHOHUTPUI U UME/IOH
B NPUCHCTBHE Ha (PYKTO3a KAaTO KaTanu3aTop. W3BBPIIEHO € KHHETHYHO M MEXAHHCTMYHO M3CNIC/BAHE 4Ype3
YJITPaBHOJIETOBA CMEKTPOCKOMHs. UscieiBan € epeKThT Ha PAsIMYHU MAPAMETPH, KaTO KOHIIEHTPAIMH, TEMIIEPaTypa,
ChCTAB Ha Pa3TBOPHUTENA M Pa3IM4HU KATaIM3aTOPU BBPXY CKOPOCTTAa Ha PEakKIuATa. EKCHEPUMEHTAIHUTE NaHHH
HAITBJIHO CHOTBETCTBAT HA PEAKIMH OT BTOPH MOPSAbK. Pe3yJITaHTHMTE CKOPOCTHM KOHCTAHTH Ce TOIYMHABAT HA
ypaBHeHusTa Ha Arrhenius u Eyring. Chiuectsenure napamerpu 3a aktusauusara (Ea, AHY, AS* u AG?) ca onpenenenu
OT Te3u ypaBHeHHs. CKOPOCTUTE Ha PEAKIMUTE CE TIOHMKABAT B PA3TBOPUTENIH € MO-HUCKA JMENEKTPUYHA KOHCTaHTa. B
CHOTBETCTBUE C €KCHEPUMEHTAIHUTE HAOMIOJEHHS M CTAalMOHAPHO NPUOIMKEHHE € MPHETO, Ye MbPBHAT eTanm Ha
TIPE/UIOKEHHS MEXAHU3BM € CKOPOCTO-OMPEIENSIN 32 001IaTa PEAKIHUS.
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A library of 1,2,3-triazoles, including a series of triazolyl styrenes which have a structural relationship with
resveratrol, was synthesized through a novel solventless method that involves the straightforward treatment by grinding
of several azides and alkynes in the presence of catalytic amounts of copper iodide and N,N-diisopropylethylamine. On
the other hand, when sodium hydroxide was used as the base, a mixture of bistriazoles and triazoles was formed where
1,2,3-triazoles were the major products. This new solvent-free synthesis protocol is carried out under mild conditions

for short times, affording the 1,4-regioisomers in high yields.

Keywords: Triazole, Bistriazole, Alkyne, Azide, Solventless.

INTRODUCTION

Copper-Catalyzed Alkyne-Azide
Cycloaddition (CuAAC) is the best known example
of an ideal reaction for Click Chemistry and one of
the most important methods for molecular assembly
[1], as well as a significant source of potentially
active  compounds  [2-4].  Therefore, the
development of new procedures for this reaction is
highly desirable. Although several groups have
thoroughly studied this reaction, designing catalysts
and optimizing conditions, the research of this topic
is far from complete.

One of the challenges of this reaction,
sustainable by itself, is the exploration of the
reaction conditions close to the principles of Green
Chemistry, avoiding as far as possible, the
generation of dangerous products. In this context,
the development of solvent-free chemical processes
is important and many examples of solventless
chemical reactions are reported in the literature
[5,6].

These

reasons inspired us to start an

* To whom all correspondence should be sent:
E-mail: ecuevasy@uaemex.mx

investigation with the aim of exploring the
possibility to obtain 1,2,3-triazoles and bistriazoles
in high vyields through CuUAAC using solvent free
conditions. This work summarizes our recent
successful efforts in this area.

EXPERIMENTAL
Instrument and chemical materials

The starting materials were purchased from
Aldrich Chemical Co. and were used without
further purification. The solvents were distilled
before use. Silica plates of 0.20 mm thickness were
used for thin layer chromatography. The melting
points were determined with a Fisher-Johns melting
point apparatus and they are not corrected. 'H and
13C NMR spectra were recorded using a Bruker
Advance 300; the chemical shifts (8) are given in
ppm relative to TMS as an internal standard (0.00).
For analytical purposes the mass spectra were
recorded on a Shimadzu GCMS-QP2010 Plus in the
El mode, 70 eV, 200 °C via a direct inlet probe.
Only the molecular and parent ions (m/z) are
reported. The IR spectra were recorded on a Bruker
Tensor 27 equipment.
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Solventless copper-catalyzed cycloaddition of
alkynes and azides.

Typical procedure. Successively added in a
mortar were the corresponding alkyne (1 mmol),
azide (1 mmol), DIPEA (0.01 mL, 0.1 mmol) and
Cul (0.0095 g, 0.05 mmol). The mixture was
homogenized in a mortar during 5 minutes using a
pestle. The mixture was collected and the final
product was purified by crystallization.

1-Benzyl-4-phenyl-1,2,3-triazole  (3). White
solid; mp 130°C (lit. 130-130.9°C) [7] ; IR (ATR):
v =3128, 2927, 1461, 1269 cm*; 'H NMR (CDCI3,
300 MHz) & 7.67-7.60 (m, 2H), 7.55 (dd, J= 5.7,
3.3 Hz, 1H), 7.50 (s, 1H), 7.28-7.21 (m, 4H), 7.19-
7.13 (m, 3H), 5.43 (s, 2H); 3C NMR (CDCI3, 75
MHz)s 147.7 (C), 134.3 (C), 132.0 (C), 130.4
(CH), 130.1 (C), 128.7 (CH), 128.4 (CH), 127.7
(CH), 127.6 (CH), 125.3 (CH), 119.0 (CH), 53.8
(CHy); MS [EI'] m/z (%)235 [M]* (20), 206 [M-
HN:2]* (50), 116 [M - GCeHsNs]* (90), 91
[CeHsCH2]* (100).

1,4-diphenyl-1,2,3-triazole (4). Yellow solid,;
mp 65.0 °C; IR (ATR): v= 2958, 1598, 1462, 1272;
'H NMR (CDCI3, 300 MHz) & 8.22 (s, 1H), 7.95-
7.90 (m, 2H), 7.70 (dd, J=5.9, 3.8 Hz, 1H), 7.63-
7.59 (m, 1H), 7.50-7.45 (m, 5H), 7.41-7.33 (m,
1H); BC NMR (CDCI3, 75 MHz) $145.8 (CH),
130.6 (C), 128.9 (CH), 128.3 (CH), 127.9 (C),
126.7 (CH), 126.5 (CH), 126.1 (CH), 125.9 (CH),
119.7 (CH) ); MS [EI*] m/z (%) 221 [M]* (35), 116
[M — CeHsN2]* (100), 104 [M — C/HsN2]* (50), 77
[CeHs]* (90).

1-benzyl-4-[(4-bromophenoxy)methyl]-1,2,3-
triazole (5). White solid; mp 111.0 °C; IR (ATR):
v= 3138, 2873, 1687, 1581, 1486; H NMR
(CDCI3, 300 MHz) &7.51 (s, 1H), 7.37 (dt, J=5.7,
2.9 Hz), 7.28 (d, J= 3.3 Hz), 6.85 (d, J= 8.9 Hz),
5.53 (s, 2H), 5.15 (s, 2H); *C NMR (CDCI3, 75
MHz) $156.24 (C), 143.14 (C), 133.33 (C), 131.28
(CH), 128.11 (CH) 127.81(CH), 127.06 (CH),
121.54 (CH), 115.61 (CH), 112.45 (C), 61.22
(CHy), 53.23 (CH); MS [EI'] m/z (%)343 [M]*
(35), 314 [M-HN]* (3), 226 [M — CgHsN]" (3), 184
[C/HsBrO] *(4), 91 [CeHsCH2]* (100), 77 [CeHs]*
(35).

4-[(4-bromophenoxy)methyl]-1-phenyl-1,2,3-
triazole (6). White solid; mp 60.0 °C; IR (ATR): v=
3138, 2955, 1584, 1485; H NMR (CDCI3, 300
MHz) 88.05 (s, 1H), 7.68-7.31 (m, 5H), 7.40 (d, J=
8.9 Hz, 2H), 6.92 (d, J= 8.9 Hz, 2H), 5.29 (s, 2H);
13C NMR (CDCI3, 75 MHz) §156.4 (C), 142.7 (C),
133.9 (C), 130.0 (CH), 129.9 (CH), 128.9 (CH),
127.7 (C), 127.1 (CH) 126.9 (CH), 119.7 (CH),
61.3 (CHy); MS [EI'] m/z (%) 329 [M]* (10), 164
[CoHsBrNsO]* (100). Elemental analysis calculated:

C, 54.56; H, 3.66; N, 12.73, found: C, 55.01; H,
3.75; N, 12.80.
4-[(4-bromophenoxy)methyl]-1-p-tolyl-1,2,3-
triazole (7). White solid; mp 98.0 °C; IR (ATR): v=
3139, 2958, 1589, 1518; 'H NMR (CDCI3, 300
MHz) 88.00 (s, 1H), 7.60 (d, J= 8.4 Hz, 2H), 7.40
(d, J= 9.0 Hz, 2H), 7.32 (d, J= 8.5 Hz, 2H), 6.91 (d,
J= 9.0, 2H), 5.27 (s, 2H), 2.42 (s, 3H); 3C NMR
(CDCI3, 75 MHz) $156.1 (C), 142.1 (C), 137.9 (C),
133.4 (C), 131.2 (CH), 129.0 (CH), 119.7 (CH),
119.3 (CH), 115.4 (CH), 112.3 (C), 61.0 (CH,),
19.8 (CHas); MS [EI"] m/z (%) 343 [M]* (40), 314
[M-HNz]* (10), 211 [M — C7H7N3]" (100), 172 [M
— C6H4BrO]* (70). Elemental analysis calculated:
C, 55.83; H, 4.10; N, 12.21, found: C, 56.13; H,
4.50; N, 12.30.
4-phenyl-1-p-tolyl-1H-1,2,3-triazole (8). White
solid; mp 121.0 °C; IR (ATR): v= 3124, 2956,
1605, 1482; *H NMR (CDCI3, 300 MHz) 5 8.16 (s,
1H), 7.67 (d, J= 8.4 Hz, 2H), 7.60-7.42 (m, 5H),
7.34 (d, J= 8.4 Hz, 2H), 2.44 (s, 3H); C NMR
(CDCI3, 75 MHz) 6148.1 (C), 138.9 (C), 134.6 (C),
132.4 (C), 130.85 (CH), 130.2 (CH), 128.9 (CH),
128.3 (CH), 125.9 (CH), 120.1 (CH), 22.6 (CHj3);
MS [EI*] m/z (%) 235 [M]* (20), 130 [M-C;H;N]*
(20), 91 [CeHsCH2]" (100).
[1-(4-methoxyphenoxy)-1,2,3-triazole-4-
yllmethanol (9). Yellow solid; 80 °C; IR (ATR): v=
2956, 2855, 1594, 1485; 'H NMR (CDCI3, 300
MHz) 88.03 (s, 1H), 7.40 (d, J= 9.0 Hz, 2H), 6.91
(d, J= 8.9 Hz, 2H), 5.27 (s, 2H), 4.89 (s, 1H), 3.87
(s, 3H); 3C NMR (CDCI3, 75 MHz) §157.40 (C),
154.70 (C), 142.36 (C), 119.77 (CH), 118.11 (CH),
113.98 (CH), 54.30 (CHa), 53.31 (CH2); MS [EI"]
m/z (%)205 [M]* (20), 149 [M — C3H4O]* (95), 57
[M — CgHsN2O]® (100).  Elemental analysis
calculated: C, 53.35; H, 3.92; N, 11.67, found: C,
53.85; H, 4.10; N, 12.02.
4-[(4-bromophenoxy)methyl]-1-(4-
methoxyphenyl)-1H-1,2,3-triazole ~ (10). White
solid; mp 109 °C; IR (ATR): v= 2958, 2854, 1590,
1485; *H NMR (CDCI3, 300 MHz) 85 7.96 (s, 1H),
7.63 (d, J= 9.0 Hz, 2H), 7.40 (d, J= 9.0 Hz), 7.02
(d, J=9.0 Hz, 2H), 6.91 (d, J= 9.0 Hz, 2H), 5.26 (s,
2H), 3.87 (s, 3H); C NMR (CDCI3, 75 MHz)
8158.7 (C), 156.1 (C), 143.0 (C), 131.2 (CH), 129.1
(C), 121.0 (CH), 119.9 (CH), 115.4 (CH), 113.6
(CH), 112.3 (C), 61.0 (CH>), 54.4 (CHs); MS [EI']
m/z (%)359 [M]* (5), 280 [M — Br]* (100).
4-[(4-bromophenoxy)methyl]-1p-tolyl-1,2,3-
triazole (11). White solid; mp 155°C; IR (ATR): v=
3123, 2921, 1608, 1460; 'H NMR (CDCI3, 300
MHz) 68.11 (s, 1H), 7.94-7.86 (m, 2 H), 7.69 (d, J=
9.0 Hz, 2H), 7.52-7.31 (m, 5H), 7.05 (d, J= 9.0 Hz,
2 H), 3.89 (s, 3H); 3C NMR (CDCI3, 75 MHz)
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8157.40 (C), 154.70 (C), 142.36 (C), 119.58 (CH),
114.19 (CH), 54.39 (CHa), 53.23 (CH2); MS [EI']
m/z (%) 251 [M]* (10), 149 [M — CsHs]* (80), 116
[M — C/H/N20]" (35), 102 [M — C7H/N30]* (15),
77 [CsHs]™ (100).

[1-(4-methoxyphenyl)-1,2,3-triazole-4-
yl]methyl butylcarbamate (12). White solid; mp
100 °C; IR (ATR): v= 3153, 2928, 1580, 1484; 'H
NMR (CDCI3, 300 MHz) §7.99 (s, 1H), 7.62 (d, J=
8.9 Hz, 2H), 7.02 (d, J= 9.0 Hz, 2H), 5.26 (s, 2H),
3.87 (s, 3H), 3.19 (m, 2H), 1.53-1.43 (m, 2H), 1.37-
1.29 (m, 2H), 0.91 (t, J= 7.1 Hz, 3H); C NMR
(CDCI3, 75 MHz) 6159.87 (C), 156.25 (C), 144.06
(C), 130.38 (C), 125.00 (C), 122.20 (CH), 114.76
(CH), 57.57 (CH,) , 55.61 (CHs), 40.82 (CH,),
31.94 (CH), 19.85 (CH>), 13.68 (CHs); ); MS [EI']
m/z (%) 304 [M]" (20), 266 (100). Elemental
analysis calculated: C, 59.20; H, 6.62; N, 18.41,
found: C, 60.05; H, 6.87; N, 18.10.

4-[(4-bromophenoxy)methyl]-1-(4-
bromophenyl)-1,2,3-triazole (13). White solid; mp
127 °C; IR (ATR): v= 3123, 2921, 1516, 1460; H
NMR (CDCI3, 300 MHz) 48.02 (s, 1H), 7.71-7.60
(m, 4H), 7.40 (d, J= 8.9 Hz, 2H), 6.91 (d, J= 8.9
Hz), 5.27 (s, 2H); *C NMR (CDCI3, 75 MHz)
0157.0 (C), 144.7 (C), 135.73(C), 132.8 (CH),
132.3 (CH), 122.5 (C), 121.8 (CH), 120.6 (CH),
116.4 (CH), 113.5 (C), 61.9 (CHy); MS [EI'] m/z
(%) 406 [M]" (10), 239 [M — CsH4BrN]* (4), 211
[M — CgH4BrNs]* (100), 156 [CeH4Br]* (40), 184
[C/HsBrO]* (80). Elemental analysis calculated: C,
44.04; H, 2.71; N, 10.27, found: C, 43.90; H, 2.81;
N, 10.90.

Ethyl 3-(4-chlorophenyl)-2-[4-phenyl-1,2,3-
triazole-1-yl]acrylate (14). White solid; mp 127 °C;
IR (ATR): v= 3137, 2925, 1725, 1645; 'H NMR
(CDCI3, 300 MHz) 67.98 (s, 1H), 7.93-7.88 (m,
3H), 7.84 (s, 1H), 7.48-7.33 (m, 4H), 6.87-6.82 (m,
2H), 4.34 (q, J= 7.1 Hz, 2H), 1.32 (t, J= 7.1 Hz,
3H); ¥C NMR (CDCI3, 75 MHz) §162.7 (C), 148.2
(C), 137.7 (C), 131.5 (CH), 130.8 (C), 130.0 (C),
129.4 (CH), 129.3 (C), 128.9 (CH), 128.8 (CH),
128.5 (CH), 125.8 (CH), 125.6 (C), 121.2 (CH),
62.5 (CHy), 14.1 (CHs); MS [EI'] m/z (%) 354
[M+1]* (2), 324 [M —HN:]* (30), 251 [M-CgHe]"
(40), 102 [|\/|-C11H10C|N302]+ (80) Elemental
analysis calculated: C, 64.50; H, 4.56;N, 11.88,
found: C, 64.00; H, 4.86; N, 10.90.

Ethyl  (2-[4-((4-bromophenoxy)methyl)-1,2,3-
triazole-1-yl]-3-(4-chlorophenyl)  acrylate  (15).
White solid; mp 99 °C; IR (ATR): v= 3144, 1722,
1644, 1590; 'H NMR (CDCI3, 300 MHz) §7.94 (s,
1H), 7.64 (s, 1H), 7.39 (d, J= 9.0 Hz, 2H), 7.16 (d,
J=8.5 Hz, 2H), 6.88 (d, J=8.9 Hz, 2H,), 6.70 (d, J=
8.5 Hz, 2H), 5.30 (s, 2H), 4.30 (q, J= 7.1 Hz, 2H),
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1.29 (t, J= 7.1 Hz, 3H); C NMR (CDCI3, 75
MHz) 8162.6 (C), 157.0 (C), 144.4 (C), 139.2
(CH), 137.7 (C), 132.3 (CH), 131.3 (CH), 129.3
(CH), 129.1 (C), 125.4 (C), 124.6 (CH), 116.8
(CH), 113.6 (C), 62.5 (CHy), 62.0 (CHy), 14.1
(CHs); MS [EI'] m/z (%) 461 [M]* (5), 251 [M —
C11H1oCIO2]"  (4), 154 [M —C14H13CIN3Os]*
(100).Elemental analysis calculated: C, 51.91; H,
3.70; N, 9.08, found: C, 52.19; H, 3.79; N, 9.90.

Ethyl 3-(4-chlorophenyl)-2-[4-((4-
methoxyphenoxy)methyl)-1,2,3-triazole-1-yl]
acrylate (16). Yellow oil; IR (ATR): v= 2957, 2121,
1721, 823; 'H NMR (CDCI3, 300 MHz) §7.94 (s,
1H), 7.63 (s, 1H), 7.16 (d, J= 8.5 Hz, 2H), 6.93 (d,
J=9.1 Hz, 2H), 6.83 (d, J=9.2 Hz, 2H), 6.69 (d, J=
8.5 Hz, 2H), 5.28 (s, 2H), 4.31 (q, J= 7.1 Hz, 2H),
3.78 (s, 3H), 0.92 (t, J= 7.1 Hz, 2H); C NMR
(CDCI3, 75 MHz) 8162.7 (C), 154.3 (C), 151.9 (C),
145.2 (C), 139.1 (CH), 137.6 (C), 131.4 (CH),
130.8 (C), 129.3 (CH), 129.1 (C), 124.4 (CH),
116.1 (CH), 114.6 (CH), 62.6 (CH), 62.5 (CH,),
55.8 (CH3), 14.1 (CHs); MS [EI"] m/z (%) 413 [M]*
(10), 123 [M —Ci14H13CIN3O,]* (100). Elemental
analysis calculated: C, 60.95; H, 4.87; N, 10.15,
found: C, 60.98; H, 4.84; N, 10.80.

Ethyl 2-[4-(2-(butylcarbamoyloxy)ethyl)-1,2,3-
triazole-1-yl)-3-(4-chlorophenyl]  acrylate  (17).
Yellow solid; mp 129 °C; IR (ATR): v= 3156,
1642, 1581, 1487, 1197; *H NMR (CDCI3, 300
MHz) 67.95 (s, 1H), 7.68 (s, 1H), 7.23 (d, J= 8.6
Hz, 2H), 6.75 (d, J= 8.5 Hz, 2H), 5.27 (s, 2H), 4.76
(s, 1H), 4.32 (q, J= 7.1 Hz, 2H), 3.17 (m, 2H), 1.37-
1.21 (m, 6H), 0.91 (t, J= 7.1 Hz, 3H); C NMR
(CDCI3, 75 MHz) 8162.7 (C), 156.0 (C), 144.1 (C),
139.1 (CH), 137.6 (C), 135.2 (CH), 131.4 (CH),
130.8 (C), 129.3 (CH), 128.8 (C), 62.5 (CH8), 57.6
(CHy), 32.1 (CH,), 26.3 (CH,), 23.4 (CHy), 14.1
(CHs), 13.6 (CHs); MS [EI'] m/z (%) 405 [M-1]*
(4), 363 [M-C3H7]* (4), 349 [M-CsHq]* (3), 250 [M
—C7H11N205]* (35), 154 [M —C14H13CIN3Os]* (50),
57 [M —Ci15H14CIN4O4]* (100). Elemental analysis
calculated: C, 56.09; H, 5.70; N, 13.77, found: C,
56.80; H, 5.32; N, 14.01.

Solventless copper-catalyzed cycloaddition of
alkynes and azides with NaOH.

Typical procedure. Successively added in a
mortar were the corresponding alkyne (1 mmol),
the azide (1 mmol), NaOH (0.40 g, 10.0 mmol) and
Cul (0.0095 g, 0.05 mmol). The mixture was
homogenized in a mortar for 5 minutes using a
pestle. The mixture was collected and the final
products were purified by column chromatography
(SiO2, hexane/AcOEt 8:2).
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3,3'-dibenzyl-5, 5'-diphenyl -[4,47 bi [(1,2,3)-
triazolyl (Table 4, Entry 1). White solid; mp 65 °C;
IR (ATR): v= 2953, 2852, 1602, 1456; 'H NMR
(CDCI3, 300 MHz) 67.45 (m, 4H), 7.28-7.20 (m,
6H), 7.14 (m, 2H), 7.09 (m, 4H), 6.81 (d, 4H, J =
8.0 Hz), 5.57 (s, 2H,), 5.26 (s, 2H); *C NMR
(CDCI3, 75 MHz) 8147.52 (C), 132.57 (C), 128.93
(C), 128.66 (CH), 128.52 (CH), 128.47 (CH),
128.41 (CH), 127.87 (CH), 125.49 (CH), 119.59
(C), 52.37 (CH2); MS [EI'] m/z (%) 468 [M]* (40),
349 [M - C/H7N2]* (35), 321 [M - C/H7/N4]* (35),
91 [CeHsCH:]* (100).

3,5,3",5'-tetraphenyl-[4,4bi[(1,2,3)-triazolyl]
(Table 4, Entry 2). White solid; mp 68 °C; IR
(ATR): v= 2957, 2855, 1514, 1461; ‘H NMR
(CDCI3, 300 MHz) 88.27 (d, J= 7.2 Hz, 3H), 7.76
(d, J=8.3 Hz, 4H), 7.55-7.42 (m, 11H), 2.47 (s, 6H);
3C NMR (CDCI3, 75 MHz) §139.12 (C), 133.73
(C), 131.01 (CH), 130.40 (C), 129.82 (CH), 129.34
(CH), 129.12 (CH), 128.25 (CH -35), 123.21 (CH),
121.14 (C), 20.56 (CHzs); MS [EI'] m/z (%) 468
[M]* (40), 349 [M - CsH/N2]* (35), 321 [M -
C7H7N4]* (35), 91 [CeHsCH_]* (100).

3,3"-dibenzyl-5,5'-bis[(4-
bromophenoxy)methyl]-4,4'-bi[(1,2,3)-triazolyl]
(Table 4, Entry 3). White solid; mp 179 °C; IR
(ATR): v= 3063, 2921, 1581, 1484; H NMR
(CDCI3, 300 MHz) 6 7.23-7.33 (m, 10H), 6.87-6.89
(d, 4H), 6.44- 6.47 (d, 4H), 5.01 (s, 2H), 4.96 (s,
2H), 4.47 (s, 4H); C NMR (CDCI3, 75 MHz)
0156.6, 145.5, 133.6, 132.3, 129.1, 129.0, 128.1,
122.1, 116.1, 113.7, 61.1, 52.6; MS [EI*] m/z (%)
686 [M]" (2), 92 [CeHsCHs]* (100).

RESULTS AND DISCUSSION

The first studies were carried out using
phenylacetylene (1) and benzyl azide (2) as starting
materials (scheme 1). Among many plausible co-
reactants to carry out CUAAC under solventless
conditions, we decided to use Cul-DIPEA as a
catalyst system which represents one of the
simplest protocols when this reaction is performed
in the presence of a solvent [8].

Cul I
Ph——== 4 Ph"™" "N, Nhiﬁ
1 7 DIFEA N
Sokentless |\ 3

Fh

Scheme 1. Solventless cycloaddition between azide 2
and alkyne 1.

Moreover, we determined to place the alkyne,
the azide, the copper salt and the base on a mortar
and the resulting reaction mixture was
homogenized by grinding with a pestle for a certain
time. This procedure was essentially the same

during the course of the experiments in solvent-free
conditions, and for this case, the direct reaction
between alkyne 1 and azide 2 yielded 1-benzyl-4-
phenyl-1,2,3-triazole (3) as the only reaction
product. The effect of the concentration of both
Cul and DIPEA was studied, and the results in table
1 show that the reaction is efficient with
concentrations of 5 % mol Cul and 10% mol
DIPEA.

Table 1. Effect of the concentration of Cul and
DIPEA in the synthesis of triazole 3 under solventless
conditions.

DIPEA .
Cul (mmol/ (mmol/ Rea_ctlo vield
Entry mmol n Time
alkyne) mmol (min) (%)
alkyne)
1 0.1 1 2 95
2 0.05 1 2 95
3 0.025 1 2 88
4 0.0125 1 2 83
5 0.1 1 5 98
6 0.05 1 5 98
7 0.025 1 5 86
8 0.0125 1 5 82
9 0.1 0.1 5 98
10 0.05 0.1 5 98
11 0.025 0.1 5 85
12 0.0125 0.1 5 84

In addition, other bases were tested and the
results are presented in table 2. Although triazole 3
was obtained in all cases, the use of DIPEA as a
base afforded the best yields.

cul Ph
__ u I
Ph— + Ph"'ﬂNS — N” ]'L
1 2 Base ‘NL\ 3
Solventless
Ph

Scheme 2. Solventless cycloaddition between azide 2
and alkyne 1 in the presence of a base.

Table 2. Effect of the base in the synthesis of triazole
3 under solventless conditions.

Entry Base Yield (%)
1 DIPEA 98
2 EtsN 88
3 Pyridine 70
4 K2CO3 62
5 Na2C03 52
6 NaHCO; 53

In order to explore the reaction scope, we
performed solventless CuAAC reactions with
diverse alkynes and azides and the results in table 3
demonstrate that this procedure is broad in scope
affording the corresponding 1,2,3-triazoles in high
yields which were fully characterized by the
conventional spectroscopic techniques.
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Table 3. Synthesis of 1,2,3-triazoles under solventless conditions.

Compound R? R? Yield (%)
3 Ph PhCH 98
4 Ph Ph 95
5 4-BrCeHOCH PhCH 57
6 4-BrCgH4OCH Ph 61
7 4-BrCeH4OCH 4-CH3CoHa 75
8 Ph 4-CH3CsH4 92
9 CH,OH 4-CH30CgH4 87
10 4-BrCsH4OCH 4-CH30CsHq 71
11 Ph 4-CH30CeHs 88
12 NBUNHCO,CH, 4-CH30CeHq 91
13 4-BrCeH4OCH 4-BrCeHa 72

N3
14 Ph m 87
CO,Et
Cl 2
N3
15 4-BrCsHOCH, /@A\( 75
CO,Et
cl 2
Vs
16 4-CH3CeHOCH, /@A( 82
CO,Et
Cl 2
N3
17 NBUNHCO,CH, o 80
ol CO,Et

Table 4. Synthesis of triazoles and bistriazoles using solventless conditions.

Entry R? R? % Triazole % Bistriazole
1 Ph PhCH; 30 15
2 Ph 4-CH3CsH4 35 20
3 4-BrCgH4sOCH: PhCH, 27 10

In these examples, triazoles 14-17 derived from
ethyl 2-azido-3-(4-chlorophenyl)acrylate are similar
to other heterocyclic analogs like resveratrol and
have an important activity against lung and colon
cancer cells.

R1
5% Cul M
Rl—= + R2-N i N’:ﬁ
10% DIPEA M
42
Sohentless R

Scheme 3. Synthesis of 1,2,3-triazoles under
solventless conditions.

Other outstanding characteristic of the process is
that the reaction times are short, and in the best of
the cases these do not exceed 5 minutes. In
addition, the purification of the final products is
simple, in accordance with the essence of Click
Chemistry.
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On the other hand, we examined the use of
sodium hydroxide in solventless CUAAC reactions.
Previous reports described the formation of
bistriazoles in the presence of inorganic bases [9],
in particular, through the use of a high
concentration of sodium hydroxide at low
temperatures [10]. Thus, the solventless treatment
of some alkynes and azides with excess sodium
hydroxide and catalytic Cul yielded a mixture of
triazoles and bistriazoles (scheme 4). In these
processes, the yields of bistriazoles did not exceed
20% and in most cases the triazoles were obtained
as only reaction products in low yields (table 4).

N

R Rz_Ng Cul
MNaOH
solventless

Scheme 4. Solventless synthesis of 1,2,3-triazoles
and bistriazoles.



Despite these results, this method offers an
alternative, direct and rapid protocol for the
synthesis of these kinds of compounds with
promising applications and the possibility of
obtaining bistriazoles as major products of these
processes that represent a great motivation to
continue the studies in this area.

CONCLUSION

In summary, appropriately constituted alkynes
and azides are easily converted to the
corresponding 1,2,3-triazoles through a novel
method that does not require the use of solvents in
the presence of catalytic amounts of both Cul and
DIPEA. This process combines short reaction times
and high efficiency. In addition, when NaOH is
used as the base, bistriazoles could be obtained
through a solvent-free process. All the triazoles and
bistriazoles described have biological potential
activities and promise a broad application.
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CHUHTE3A BE3 PA3TBOPUTEJI HA TPUA30JIN U BUC-TPUA30JIN YPE3 AJIKH-
A311‘OBO HUKJIO-ITPUTBKMABAHE, KATAJIM3UPAHO OT MEL

M. Iarepaku?, I'.K. Mopanec-Oprus?, A. Jlonec-I'ycman?, A. ®yenrec-benurec?, E. Kyepac-Suec!”

Y06eounen uscnedosamencku yenmop no ycmoiiyuea xumus UAEM-UNAM, Toryka, LJam Mexcuxo, 50200 Mexcuxo u
Aemonomen ynusepcumem na wama Mexcuxo, Toryka, [lJam Mexcuxo, 50120 Mexcuxo.

[ocreruna va 4 mapt, 2015 T.; mpueta Ha 6 okTOMBpH, 2015 .

(Pesiome)
=M
IE" o1 R Cul 1 5% Cul =X
Rz~ . ZF'Y'N NaOH R1—= 10% DIPEA ZT':"N
. + B
2 [+ M
=X 7 R Lo Solventless R2~N5 snlventless 1o
N R 5 min & min R
Ni

Cunresupanu ca 1,2,3-Tpua3ony, BKIIOYHTETHO CEpUs OT TPHA30J-CTUPEHH, KOUTO MMAaT CTPYKTypHa BpB3Ka C
pecBepaTpoi Ype3 HOB MeTo 0e3 M3I0I3BaHe Ha pa3TBOpUTEL. MeTOIbT BKIIOYBA NPSKO TPETHPAaHE Ype3 CMUJIAHE Ha
HSKOJIKO a3WHHU WM QJIKWHU B NPHCHCTBHE HA KaTanu3aTop oT MeaeH Woxua u N,N-au-m3onpommi-erninamud. OT npyra
CTpaHa, KOraTo Ce M3I0JI3Ba HATPHEBA OCHOBA KATO AJKAIEH areHT ce MOoJIydaBa CMEC OT OHMC-TPHA30JId M TPHUA30IIH,
npu kosTo 1,2,3-Tpuazonure ca riaBHUAT NPOAYKT. T03M HOB IPOTOKOJ Ha CHHTE3aTa CE U3BBPILBA IIPH MEKHU YCIOBHUS
3a KpaTko BpeMme, Joirycka 1,4-TI03UIIMOHHN H30MEPH C BUCOKH JOOHBH.
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Lilies are economically important plants because of their large and attractive flowers. Thus, many wild species of
lilies have been cultivated to produce lilium bulbs or flowers. However, some non-cultivated species are still found in
nature, picked and sold, which damages the natural populations of the species. The easiest and most effective way of
preventing them from being nature picked is the identification of easy and cheap methods of producing them. This study
attempts to determine the ways of producing Lilium artvinense by the use of bulb flakes. 4 hormones (Indole-3-acetic
acid (IAA), Indole-3-butyric acid (IBA), Naphthaleneacetic acid (NAA), and Gibberellic acid (GA3) were used, and 12
hormone applications were made. 3 doses (1000 ppm, 3000 ppm, and 5000 ppm) were used from each hormone. In
addition, a control group was used. Each application was made to the basal, middle, and apical parts of the bulb flakes.
In this way, 39 applications were made in total. The applications to the bulb flakes were compared in terms of 6
characters (i.e. rooting percentage, the number of roots, root height, the number of scions, scion width and height).
Hormone applications can increase the likelihood of success at least two-fold, thus the species can be produced easily

and cheaply.

Keywords: Danger of extinction; Auxins; Gibberellins; Likelihood; Rooting; Sustainable plant.

INTRODUCTION

Lilium belongs to the group Lilieae of Liliaceae
and contains about 120 species [1]. Lilies are
economically important plants because of their
large and attractive flowers [2]. Thus, many wild
species of lilies have been cultivated to produce
lilium bulbs or flowers. Almost all horticulturalists
of lilies are used to flower cutting. Especially
Asiatic and oriental hybrids receive a great deal of
attention at the international market [3].

However, picking especially rare and endemic
species from their natural habitats in some countries
damage the populations of the species in their
natural environment. The easiest and the most
effective way of picking these species from their
natural habitats is the identification of methods of
producing the species in nursery conditions. If such
methods are cheap and practical, they can be put
into practice more effectively. Production with
seeds is of vital importance so as not to damage the
natural populations of endangered species.

“IUCN Red Data BOOK” and “National List of

* To whom all correspondence should be sent:
E-mail: mehmet.cetin@temple.edu

European Threatened Plants List” contain 3 lilium
species from Europe. Lilium artvinense is one of
them [4]. Only found in a limited area, the Lilium
artvinense draws attention with its yellow flowers.
Its natural population is severely damaged when its
bulbs are picked from their natural habitats. To
protect the natural population of the species, easy
and cheap means of producing this species should
be taught to the locals, thereby preventing them
from picking the species from their natural
environment.

Previous research has mostly attempted to
determine the microculture techniques of producing
lilies. However, these techniques are difficult,
expensive, and impractical for the locals. This study
examines the production of Lilium artvinense by
the use of bulb flakes.

MATERIALS AND METHODS

The bulbs belonging to Lilium artvinense used
in the study were picked from Artvin. The bulbs
picked on the 10" and 11 of July were kept by
moistening them in a germination substrate.
Applications were made on the bulbs brought to the
laboratory on the 13" of July.
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Polyethylene tubes of 3x3x15 cm were prepared
in the laboratory by filling 2/3 of them with a
Klasmann sterile germination substrate. Then the
bulb flakes were cut out of the basal parts via a
sterile lancet. Each of the obtained nail-like bulbs
was divided into 3 parts in such a way that the
apical, middle and basal parts would be equal.

These 3 different parts taken from the nail-like
flakes were separately subjected to the solutions of
four different hormones Indole-3-acetic acid (IAA),
Indole-3-butyric acid (IBA), Naphthalene acetic
acid (NAA) and Gibberellic acid (GA3) in 3
different doses (1000 ppm, 3000 ppm, and 5000
ppm). In this way, 13 application groups
(3x4=12+1 [control] =13) were formed in total. The
applications were made by sinking the samples in
the hormones for 3 to 5 seconds. The same
application was made 3 times in such a way that
each time included 15 samples (i.e. 15 apical
samples, 15 basal samples, and 15 middle samples
included). 15 parts were put in each one of the
prepared tubes in a way that prevented them from
touching one another, covered with a germination
substrate of almost 2 cm and moistened
immediately.

The prepared tubes were placed in perforated
boxes that did not receive direct sunlight at a room
temperature of 20 to 25°C. They were irrigated
every other day for 120 days. The substrates
reached the saturation point during irrigation. No
water accumulation occurred in the tubes because
both the tubes and the boxes in which they were
placed were perforated, which made the excess
water flow away. Measurements were carried out
on the 10" of November (i.e. the 120" day). In the
meanwhile, the substrates in the tubes were
discharged onto the bench. The roots were cleaned
carefully. The number of roots was determined
first. Then the average root height was measured
via a digital micro-compass. After that, each sample
was cleaned with water; the number of scions was
determined and scion heights and widths were
measured. All measurements were conducted
through a digital micro-compass with a precision of
0.01 mm. The obtained results were entered in the
table. In this way, the effects of 13 applications on
the rooting percentage (RP), root height (RH), the
number of scions (CCN), scion height (CCH), and
scion width (CW) were evaluated.

These data were subjected to analysis of
variance via SPSS 17.0. Duncan’s test was carried
out for those characters and found to contain a
statistical difference at the minimum 95%
confidence level. In this way, homogenous groups
were created.

The effects of the hormone application on the
rooting percentage, the number of nascent, the
scions, the number of roots, root length, scion
height, scion width and root height were analyzed
via SPSS. The average values, analysis of variance
results, and Duncan’s test results concerning the
characters are given in Table 1.

The values in the table indicate that the hormone
applications had effects on all characters at a 99.9%
confidence level. The highest rooting percentage,
the highest root, the biggest number of scions, the
highest scion, and the widest scion were obtained
from 1AA hormone applications. The largest
number of roots were obtained from IBA hormone
applications. Each hormone dose application was
treated as a separate application in order to
determine the effects of the hormone x dose
interaction on the rooting percentage and the
morphological characters of nascent individuals.
The obtained data were analyzed. The analysis
results are given in Table 2.

As seen in table 2, no rooting occurred in the
1000 ppm GAZ3 application and no scion emerged
in the 1000 ppm NAA application. Rooting took
place in all other hormone applications and the
control group. The statistical analysis results
indicated significant differences at a 99.9%
confidence level between the applications in terms
of all characters. Table 2 demonstrates that the
highest roots emerged at the 1000 ppm IBA
application and the highest roots were obtained at
the 3000 ppm GA3 application. The highest values
were obtained for IAA applications. The highest
rooting percentage (80.22%) was obtained from the
3000 ppm IAA application; the largest number of
scions (0.92) were obtained from the 1000 ppm
IAA application and the highest (6.55 mm) and
widest (4.3 mm) scions were obtained from the
5000 ppm IAA application. The obtained values
indicate that IAA hormone application can increase
the rooting percentage two times more than the
control group. In other morphological characters,
hormone applications can yield 4 to 5 times higher
values compared to the control group.

The apical, middle, and basal parts were taken
from the bulb flakes through division of these nail-
like flakes on the metamorphic underground stem
into three equal parts in order to reveal the
meristematic ability of these parts. These parts’
rates of forming new individuals and the
morphological characters of such individuals were
determined. The average values of the obtained
data, F value obtained through analysis of variance,
and groups formed as a result of Duncan’s test are
given in Table 3.
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The values in table 3 indicate that the apical,
middle, and basal parts have statistically significant
effects on all characters of the nascent individuals
including rooting percentage at the 99.9%
confidence level. Duncan’s test yielded two
homogenous groups in terms of the rooting
percentage, scion height, scion width and three
homogenous groups in terms of other characters.
Individuals consisting of sections taken from the
basal part of the teeth were included in the first
homogenous group in terms of all characters. That
shows that the basal parts obtained from the nail
have quite high rooting percentages, and the
individuals emerging in these parts are more
developed than the individuals emerging in other
parts in terms of morphological characters.

It was seen in the present study that each one of
the apical, middle, or basal parts obtained through
the division of the nail-like flakes on the stem into
3 equal parts has potential meristematic
proliferation ability. Thus, it was found out that the
potential ability of each lilium bulb to form a scion
may correspond to at least 3-folds of the number of
nail-like flakes in the bulb. The values in the table

show that while the sections obtained from the
basal part have the highest values in all characters,
those obtained from the apical section have the
lowest values. That indicates that the meristematic
proliferation ability decreases from the basal area to
the apical area.

RESULTS AND DISCUSSIONS

Many studies have been conducted on the
production of lilies so far. However, these studies
focus on the production of lilies through
microculture techniques. In these studies, IBA and
NAA [5] have been used in Lilium davidii var.
unicolor [6] and Lilium longiflorum; IAA, IBA, and
NAA [7,8] have been used in Lilium davidii var.
unicolor [9], Lilium oritential, and Lilium
longifolorum; 1AA and IBA [2] have been used in
Lilium longiflorum; and BA and GA3 [10] have
been used in Lilium japonicum. However, it is not
reasonable to compare the results of these studies
with those of the present study because of the use
of different methods in them.

Table 1. The effects of the hormone applications on the rooting percentage and morphological characters.

Hormone RP RN RH CCN CCH CwW

IAA 7045 d 1,84 b 73,92 D 0,87 c 5,44 c 3,43 d

IBA 5478 ¢ 220 b 6967 066 bc 286 b 154 b
GA3 17,44  a 1,00 a 539 Bc 0,53 b 3,26 b 2,09 c

NAA 51,82 ¢ 1,79 b 5051 ﬁ‘ 0,26 a 1,12 a 0,60 A
Control 2857 b 1,14 a 3471 A 0,43 ab 1,53 a 0,97 Ab

40,627 9,076** 7,075** 15,800* 30,924** 35,5632*

F Value *k*k * * ** * **

Table 2. The effects of hormone x dose interaction on the rooting percentage and morphological characters.
HOR DOSE RP RN RH CCN CCH CW
IAA 5000 56,64 ef 2,36 e 84,16 fg 082 cd 6,55 f 4,3 G
IBA 5000 56,64 ef 2,18 de 852 fg 091 d 341 cde 2,08 cde
GA3 5000 27,47 c 129 bc 4723 cd 057 bcd 406 de 2,76 ef
NAA 5000 36,36 cd 127 bc 78,77 efg 027 ab 194 bc 099 ab
I1AA 3000 80,22 h 15 bed 7465 efg 086 cd 4,82 e 3,24 f
IBA 3000 64,1 fg 2 cde 6469 def 056 bed 268 bed 1,38 bed
GA3 3000 13,85 b 1,2 b 95,72 ¢ 0,8 cd 4,1 de 2,4 def
NAA 3000 4506 de 221 de 56,32 cde 05 bc 152 ab 086 ab
IAA 1000 71,6 gh 1,77 bcde 64,47 def 0,92 d 5,16 ef 289 ef
IBA 1000 39,1 cd 2,50 e 62,92 def 058 bcd 2,63 bed 1,3 bc
GA3 1000 0 a 0 a a 0 a 0 a 0 a
NAA 1000 72,19 gh 1,77 bcde 20,36 ab 0 a 0 a 0 a
Cont. 0 28,57 c 114 b 34,71 bc 043 b 153 ab 097 ab
F Value 25,564*** 5,837*** 9,265*** 8,591 *** 13,512*** 15,872***
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Table 3. Effect of the fraction position.

Position RP RN RH CCN CCH CW
Apical 6,15 a 0,60 a 2081 A 0,07 a 0,14 a 0,11 a
Medium 27,75 b 1,32 b 5041 B 0,25 b 1,04 a 0,46 a
Basale 67,55 ¢ 2,14 c 72,02 C 0,76 c 411 b 2,50 b
F Value  281,453*** 40,790*** 31,296*** 45,892***  56,398*** 58,096***

Auxin group hormones including IAA, IBA and
NAA are intensely used in rooting works. It is
reported that the use of these hormones on many
species including Melissa officinalis [11], Robinia
pseudoacacia [12], Pseudotsuga menziesii [13],
Oryza sativa [14] and Pisum sativum [15] can
increase the rooting percentage. Gibberelins are the
third most commonly used group among the plant
growth regulators [16]. Although GA3 is mostly
used for enhancing flower yield or plant growth
[17], it also increases the rooting percentage
[11,18].

CONCLUSIONS

Picking the endangered Lilium species from the
nature and selling them damage the natural
populations of these species badly. The most
effective way of preventing them from being picked
is the identification of methods of producing them
in simple environments free of cost. The previous
research has mostly aimed to determine the
methods of producing lilia through microculture
techniques. However, these methods are too
difficult and costly to be implemented by villagers
who pick them. Thus, they are ineffective for the
solution of the problem.

This study made an attempt to identify the
methods of producing lilies by use of bulb flakes in
a simple, cheap, and effective way. It was found out
that the hormones, which can be applied via very
simple mechanisms, increase rooting success
substantially and improve the morphological
characters of the nascent individuals considerably.
Especially IAA application can increase the rooting
percentage minimum two-fold.

Since plants are vegetatively produced by the
use of bulbs, the genetic structure is safeguard.
Thus, the new plants to be produced will be
genetically exactly the same as the rootstock plants.
In this sense, when the individual characteristics
desired have certain features (e.g. high flower yield,
large flower formation, flowers in particular color
tones, individuals resistant to stress conditions) are
produced vegetatively, it is guaranteed that the
desired features are maintained.

The present study showed that a minimum of
150-200 individuals can be produced out of a bulb
of normal size. However, only the bulb flakes

outside the bulk should be taken without picking
bulbs completely, and their internal parts should be
left as they are so that these species do not
disappear, and the natural existence of these
populations is not damaged. At least 2-3 individuals
can be produced out of one flake by cutting the
collected bulb flake with a clean and sharp object.

In the present study, the greatest deal of rooting
occurred for a 3000 ppm IAA application; the
highest roots were formed for a 1000 ppm IBA
application; the biggest number of scions were
obtained for the 1000 ppm IAA application; and the
highest and the widest scion formation took place
for the 5000 ppm IAA application. Based on these
results, the hormone application needed for the
desired character to come to the forefront may be
chosen. For instance, a 3000 ppm IAA application
may be used for a high rooting percentage; a 1000
ppm IBA application may be used for high root
formation; and a 5000 ppm IAA application may be
used for bigger scion formation.
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ED®EKTU HA HAKOU XOPMOHU BBPXY 3PEEHETO 1 MOP®OJIOI'MYHUTE
XAPAKTEPUCTUKU HA 3ACTPAIIEHUA PACTUTEJIEH BU/L Lilium artvinense L.
JIYKOBHWYHH JIIOCIIA

X. Cepux!, M. Jlxetun?"

YVnusepcumem Kacmamony, @axynmem no unscenepcmeo u apxumexmypa, Kameopa no exonozuuno unicenepcmeo,
Kysevixenm, Kacmamony, Typyus
2Vnusepcumem Kacmamony, @axyimem no umngicenepcmeo u apxumexmypa, Kameopa no nanowagpmna
apxumexmypa, Kyzetikenm, Kacmamony, Typyus

TocTenmna Ha 2 anpu, 2015 r.; nmpuera Ha 15 centemspu, 2015 1.

(Pesrome)

JInnuute ca HKOHOMHYECKH BaKHH PACTCHHS IOPAI¥ TEXHUTE TOJIEMHU U IPUBICKATEIHA LBETOBE. [Ipn TOBa MHOTO
IVMBH BUOBE OT JIIJIMKUTE CC KYJITHUBHPAT 32 MPOM3BOJCTBOTO HA JYKOBHIHM U IBeTs. HO MMa U AUBO-paCTSIIIM JIMIINH,
KOUTO ce Oepar M MpoIaBar, KaTo C TOBa CC HAPYIIABAT €CTECTBEHHUTE MM MHOIyJiaiud. Haii-TecHUAT U e(eKTHBeH
HAY{H TOBA 1a Ce PEIOTBPATH ¢ HACHTU(QUKALMATA HA JICCEH M CBTHH Ha4WH 33 IIPOU3BOACTBOTO UM. B Ta3u pabora ce
OpaBd ONUT [a Ce HAMepH Ha4yWH 3a mpous3BogcTBoTo Ha Lilium artvinense wsmon3Baiiku JTyKOBHYHH JIFOCIIH.
W3znonsBanu ca yernpu xopMmona (uHmon-3-onerHa kuceianHa (IAA), uamon-3-maciena kucenuna (IBA), Hadranen-
onerHa kucenuaa (NAA) u rubenepunopa kucenuta (GA3) u ca npuiokenu 12 mpru. M3mosa3Banu ca mo TPH J03H
(1000 ppm, 3000 ppm, 1 5000 ppm) ot Bceku xopMoH. OTAENHO ¢ U3NHUTAHA U KOHTPOJIHA Tpyma. Besko npunarade ce
MpaByd HAa OCHOBHATA, CPEAHATA M ANMKAIHATA YacT HA JYKOBHYHUTE JIFOCHH. 110 TO3M Ha4YuH ca HampaBeHH 0010 39
nabmoaenus. , In addition, a control group was used. Pesynrarure ¢ JIyKOBHYHH JIFOCIIH Ca CPaBHEHH IO IIECT
nokasaresist (IIPOLICHT Ha KOPEHH, Opoil Ha KOPEHHTE, BUCOYMHA Ha KOPESHHUTE, OpOii Ha KaJeMHTe, TAXHATA IIUPOYMHA U
BHCO4YMHA). [IpUIaraHeTo Ha XOPMOHU MOXKE JIa TIOBHIIH YCHCIIHATE ONHUTH HOHE ABOMHO, KATO IPH TOBAa PACTCHHETO
Ce MPOU3BEXKIa JISCHO M CBTHHO.
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In the study, effects of pH and temperature on the equilibrium and the kinetics of bovine serum albumin (BSA)
adsorption onto commercial and modified activated carbon were investigated. Activated carbon was modified firstly by
treatment with Na,COs, secondly thermally treated by microwave technique, and finally subjected to treatment with
HCI. The modified activated carbon samples were characterized by Fourier Transform Infrared (FTIR) and BET
analyses. The results indicated that it was possible to increase the surface area of the commercial activated carbon
(CAC) after the modification process (MAC) with an enhancement percentage of 59%, compared to initial untreated
CAC sample. The adsorption capacities decreased at pH values lower and higher than the isoelectric point value; and
increased with increasing temperature for both activated carbon samples. Moreover, adsorption isotherm and kinetic
data were well explained by the Langmuir isotherm and pseudo-second order kinetic models, respectively.

Keywords: Bovine serum albumin, activated carbon, microwave treatment, modification, adsorption, isotherm models,

Kinetics.

INTRODUCTION

The adsorption of proteins from solution onto
solid surfaces is a vital and very active research
field because of its application in protein
purification, drug delivery systems, biosensors,
design of food processing equipment and artificial
implants. This process is complicated and involves
various interactions. Most proteins are known as
amphipathic molecules and this property makes
them surface-active molecules. Hence, different
results are obtained from the adsorption process
because of the characteristic features of surfaces
such as hydrophobicity and hydrophilicity. The
adsorption process results in a change in
physicochemical properties. The affinity of a
protein for an interface is affected by the structural
stability of the protein, the ionic strength and pH of
the solution, and the surface properties of the
sorbent [1-4].

Bovine serum albumin (BSA) is a globular
blood plasma protein. It has a high conformational
adaptability and is often used as a reference protein
for adsorption experiments. Sustainability of the
osmotic pressure and pH of blood, and transport of
various compounds are the most important
physiological functions of serum albumin. The

* To whom all correspondence should be sent:
E-mail: elcindemirhan@gmail.com

isoelectric point of BSA is about pH 4.5-5.0 [5-8].

Activated carbons (AC) are widely used as an
effective adsorbent for the removal of organic
pollutants such as dyes and heavy metals from
aqueous solutions due to their large porous surface
area, controllable pore structure, thermo stability
and low acid/base reactivity. The physical and
chemical properties of AC depend on their internal
pore structure and surface functional groups. The
commercial activated carbons are generally
produced from wood and coconut shells. However,
recently, other lignocellulosic materials, which are
generally considered as a waste, have been used as
precursors in the synthesis of this adsorbent for
specific  applications.  The utilization  of
lignocellulosic biomass like rice hulls, bran,
sawdust and fibers is very important for the
economy, and simultaneously brings a solution to
the waste problem [9-11].

In literature, the protein adsorption has been a
subject of interest for various scientists and many
studies have evaluated the adsorption of proteins on
various adsorbents. In the present study, modified
and non-modified activated carbons were used as
adsorbents. For evaluation of the protein adsorption
ability of the activated carbon samples, bovine
serum albumin (BSA) was chosen as the target
protein. The aims of this study were: i) to modify
the surface properties of commercially available
activated carbon; ii) to investigate the effect of pH
and temperature on the adsorption of BSA from

© 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 261
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aqueous solution; iii) to perform modelling studies
to represent the adsorption isotherms and kinetics.

MATERIALS AND METHODS
Materials

Commercial activated carbon was obtained from
Altek A.S., Istanbul. Bovine serum albumin and
other chemicals of analytical grade were purchased
from Sigma Aldrich.

Modification of activated carbon

Commercially available activated carbon
Acticarbone-CPW (produced from marine pine
wood by chemical activation with phosphoric acid)
was used in this study. Commercial activated
carbon (CAC) was modified using the method
described by Jiang et al. [10] with some
modifications. Firstly, CAC was impregnated with
a solution of 10% Na,COs at a ratio of 5:1 (weight
of impregnation reagent/weight of activated carbon)
and kept at room temperature for 24 h. Afterwards,
the mixture was subjected to microwave treatment
for 7 min at 540 W of microwave output power.
The mixture was cooled to room temperature and
then was boiled with 10% HCI solution for 30 min.
After the boiling procedure, the mixture was
washed several times with distilled water; and was
dried at 100°C for 24 h. The modified activated
carbon sample obtained from this treatment was
named MAC.

Characterization of the modified activated carbon

In order to determine the physical and chemical
changes of activated carbon after the modification
treatment, the modified activated carbon (MAC)
was characterized by Fourier Transform Infrared
(FTIR) and BET analyses. Pore size distribution of
CAC and MAC samples was analysed by the BJH
desorption method. While FTIR was used to
identify the chemical structure, surface structure
was examined by BET analysis. FTIR spectra of the
samples were collected using a Perkin Elmer Pyrisl
FT-IR spectrometer. The KBr pellets were prepared
containing 1/2 g of the activated carbon sample.

Protein adsorption studies

Adsorption experiments were carried out to
evaluate the adsorption capacities and isotherms of
activated carbon samples at different pH (4-7) and
temperature (25-40°C) values. The experiment was
initiated by the addition of adsorbent to 50 mL of
BSA solution at the desired pH and temperature.
Buffer solutions were used to keep the pH value
steady. The mixture was shaken for 60 min at 100
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rpm in a shaking incubator. During the processing
time of 60 min, the samples were taken from the
mixture at timed intervals and centrifuged to
remove the particles. The protein concentration in
the supernatant was determined by the Lowry
method [12]. The amount of protein adsorbed on
the adsorbent was calculated by the mass balance
before and after adsorption. For each sample, the
assay was carried out in triplicate and the average
was taken. In this study, all experiments were
carried out at least in duplicate and the
reproducibility between trials was within £5%.
Adsorption capacities were calculated by using the
following equation:

_(Co=C)-V

m

where ¢e is the equilibrium adsorbed concentration
(mg/g), Co and C. are the initial and equilibrium
protein concentrations (mg/L), respectively. V is
the volume of the solutions and m is the weight of
adsorbent (g).

e

Adsorption isotherm models

Langmuir, Freundlich and Temkin isotherm
models were used to evaluate the data obtained
from the BSA adsorption experiments:

Langmuir model:

1 1 N 1

q. Q*b*C, Q
where ¢e is the equilibrium adsorbed concentration
(mg g?), Ce is the equilibrium protein concentration
(mg L), Q is the maximum sorption capacity (mg
gl and b is the adsorption equilibrium constant.
Freundlich model:

Ing, =InK; +1InCe
n

where Ke is the Freundlich affinity coefficient, n is
the Freundlich exponential coefficient.
Temkin model:

RT RT
q,=—Ind; +—InC,
br br
where Ar and bt are the Temkin coefficients.

Adsorption kinetics of protein

Several methods are available to study the
adsorption mechanism. In this study, in order to
determine the adsorption kinetics, the data obtained
from the BSA adsorption process were analysed
with the pseudo-first order, pseudo-second order,
Elovich and intra particle diffusion models.
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Pseudo-first order model:
- kit
log qe qt — 1

q, 2.303
where ¢ is the adsorbed amount at equilibrium (mg
gh); qris the adsorbed amount at time t (mg/g); ki is
the pseudo-first order adsorption kinetic parameter
(min)

Pseudo-second order model:

t 1 t
= + —

q; kzqez q.
where k; is the pseudo-second order adsorption
kinetic parameter (g mg™* min™).

Elovich model:

The Elovich equation is valid for chemisorption
kinetics and systems in which the surface is
heterogenous.

a :%In(aﬂ)+%lnt

Where o, is the initial adsorption rate (mg g* min); B
is a constant related to the extent of surface
coverage and activation energy consumption (g mg
D)
Intra particle diffusion model:
q, = kito'5 +C,
where ki is the intra particle diffusion Kkinetic

parameter (mg g* min2); Ciis a constant related to
layer thickness (mg g?).

RESULTS AND DISCUSSION
Characterization of the modified activated carbon

The FTIR results of CAC and MAC are shown
in Fig. 1 (a-b). As can be seen from these figures,
there is no significant difference between the FTIR
spectra of these two activated carbon samples. This
could be explained with the neutralizing effect
between Na,COs and HCI used for modification of
the activated carbon. According to literature, the
peaks observed around 3400 cm™ were stretches
arisen from —OH groups [11, 13-15]. When two
spectra of activated carbon were compared, it was
observed that the —OH stretching intensity of MAC
sample slightly decreased due to the treatment with
Na,COs.

On the other hand, in both spectra, peaks were

present around 1155 cm™, which pointed to C-O
stretching [15]. Moreover, it was considered that
the observed peaks around 1565 cm™ contained
multi groups and these groups were referred to as
C=C and —COOH groups, as stated in the literature
[11, 15-17].
The results of surface structure analyses of CAC
and MAC are given in Table 1. Pore size
distribution of CAC and MAC samples analysed by
the BJH desorption method is presented in Figure 2
(a,b). Generally, the surface areas of these two
activated carbon samples were high because of
numerous micropores on the surface structure. The
findings showed that the surface area of modified
AC increased up to 2492 m?/g compared to the
initial untreated AC sample surface area of 1572
m?/g. On the other hand, it was found that the
mesoporous surface area increased from 1014 to
1653 m?/g with an enhancement rate of 1.63.

o)\
M W"
o |

20
w00 3000 2000 1500 1000 4500

b)
Fig. 1. FT-IR spectra of a) CAC b) MAC.

Table 1 BET surface analysis results of CAC and MAC samples

SBET Smes Vtot \Y mic \% mes Ravg

Sample (m/g) (m?/g) (cm¥/g) (cm¥/g) (cm¥/g) (nm)
CAC 1572 1014 1.608 0.256 1551 2.026
MAC 2492 1653 2.427 0.402 2296 1.948
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Fig. 2. Pore size distribution in a) CAC b) MAC.

Moreover, as a result of micropore intensity
increase in the MAC sample, it was observed that
the average pore diameter decreased from 2.026 nm
to 1.948 nm. According to the literature, pores with
a diameter of 2<r<50 nm are defined as mesopores.
The increase in the average pore diameter of MAC
samples (mesopores) was similar to that of CAC
samples. This obviously showed that although
diameters of mesopores were r>2 nm, these values
were very small to increase the pore diameter. In
other words, the diameter of the obtained
mesopores was similar to that of micropores.

Adsorption of BSA on the commercial (CAC) and
modified (MAC) activated carbon

Effect of pH on BSA adsorption

pH is one of the critical and most important
parameters for determining the adsorbent's surface
characteristics and the adsorption equilibrium in the
adsorption process. It affects the chemical
speciation of ions and the ionization of active
functional sites on the sorbent surface. The effect of
pH on the adsorption of BSA onto commercial
(CAC) and modified (MAC) activated carbon
samples was assessed in the pH range from 4 to 7
and the pH dependence of BSA adsorption is
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presented in Figure 3. As can be seen from this
figure, maximum adsorption capacities are
observed at pH 5 for both activated carbon samples,
which is near to the isoelectric point of BSA. The
adsorbed amount of BSA decreased at pH values
lower and higher than the isoelectric point value.
This decrease could be explained by the bilateral
electrostatic repulsion of protein molecules since
they are with the same electric charge. Protein
molecules at the pl are natural, and the repulsion
force between BSA molecules becomes almost zero
[2,18,19]. Therefore, according to these results, the
optimum pH value was found as 5.0 for BSA
adsorption.

90

80 -

70 A

60

q. (mg/g)

50 A

40

30 T T T T
3 4 5 6 7

o
-1

pH

Fig. 3. Effect of pH on the BSA adsorption capacity
of activated carbon samples (¢ CAC; ¢ MAC).

Effect of temperature on BSA adsorption

In order to investigate the effect of temperature
on the adsorption of BSA onto CAC and MAC
samples, the experiments were performed in the
temperature range from 25 to 40°C. The BSA
adsorption capacity of CAC and MAC in respect to
temperature is presented in Fig. 4. The results
showed that the temperature of solution extremely
influenced the BSA adsorption. The adsorption
capacity of all samples increased with increasing
temperature. This increase might be due to the
increase of the diffusion on adsorbent surfaces with
increasing protein activity. The same result was
stated in the studies of BSA adsorption 0 on TiO;
[5], BSA adsorption on SBA-15 [20] and BSA
adsorption on monodispersed hollow silica
nanospheres [18].
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Fig. 4. Effect of temperature on the BSA adsorption
capacity of activated carbon samples (e CAC; ¢ MAC)

Adsorption isotherm modelling

Three classic adsorption models (Langmuir,
Freundlich and Temkin isotherm models) were
used to describe the equilibrium adsorption data of
the BSA onto activated carbon samples. Among
these isotherm models, Langmuir isotherm model
was determined as the most appropriate one for the
BSA adsorption data with high values of the
correlation coefficient (R?) and low values of the
standard error (o). This result indicates that BSA
adsorption occurs as a monolayer onto the
homogenous adsorbent surface. The estimated
parameters of these models are presented in Table
2.

As can be seen in Table 2, the maximum
adsorption capacity of CAC and MAC for BSA

adsorption was found as 134.77 mg/g and 136
mg/g, respectively, at 40°C and pH 5. It was
observed that the adsorption capacity decreased at
pH 7 and pH 8. This showed that the maximum
adsorption occurred at pH 5 near its isoelectric
point, where it is neutral. This could be explained
with the hydrophobic interactions between BSA
and activated carbon. Furthermore, it was known
that BSA was negatively charged at pH 7.5. So,
above this pH value, the adsorption was limited
because of the electrostatic repulsions between the
negatively charged activated carbon and BSA
molecules [21].

On the other hand, the maximum adsorption
capacity values of MAC were slightly higher than
those of the CAC samples. This slight increase was
explained with the large molecular size of BSA to
enter the micropores. As explained in the previous
section, the mesopore diameter of the MAC sample
was similar to that of the micropores. So, these
mesopores were not sufficient to increase the
adsorption capacity of the MAC sample. The same
behaviour was observed in the adsorption of BSA
onto materials with different pore size in the
literature [22-23].

Additionally, the mineral residue remaining on
the surface of the activated carbon increased the
hydrophilicity of the MAC sample, which could
prevent the increase of the adsorption capacity [24].

Table 2. Estimated parameters and statistical values of isotherm models for BSA adsorption onto CAC and MAC

samples (pH= 5.0, T=40°C).

CAC Sample
Langmuir Isotherm
Q (mg/g) b (L/mg) o R?
134.77 0.02703 0.00077 0.9359
Freundlich Isotherm
KF (mgl-llnLllng-l) n o RZ
41.99 5.7060 0.07896 0.9172
Temkin Isotherm
Ar (L/g) br (J/mol) c R?
1.1737 131.9671 10.8043 0.8842
MAC Sample
Langmuir Isotherm
Q (mg/g) b (L/mg) c R?
136.00 0.01884 0.00057 0.9433
Freundlich Isotherm
KF (mgl-llnLllng—l) n o RZ
36.50 5.1647 0.06207 0.9437
Temkin Isotherm
Ar (L/g) br (J/mol) c R?
0.6562 123.2266 8.1491 0.9213
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Adsorption kinetics modelling

Evaluation of the adsorption kinetics and
adsorption equilibrium is very important to plan
and control the adsorption process. In order to
describe the adsorption kinetics, the pseudo-first
order, the pseudo-second order, Elovich and the
intra particle diffusion models were used for the
evaluation of Kinetic data obtained from the
adsorption experiments. The adsorption kinetics
experiments were carried out at different
temperature and pH values. The estimated
parameters and statistical data of these models are
presented in Tables 3 and 4.

As can be seen from the tables, among these
models, the second order kinetic model was found
as the most appropriate one for all experimental
data with high values of the coefficient of
determination and low standard error values.
Therefore, because of the fact that the pseudo-

second order kinetic model suggests that the
adsorption process incorporates chemisorption
mechanism, it may be concluded that adsorption of
BSA molecules onto activated carbon samples
consists of chemical adsorption. The result obtained
was in agreement with the studies published in the
literature, and several authors have stated that the
pseudo-second order kinetic model was better for
BSA adsorption onto monodispersed hollow silica
nanospheres [18] and Fe3O4 magnetic nanoparticles
[19].

A summary of the BSA adsorption capacity of
several adsorbents studied by several authors is
given in Table 5. The adsorption capacities of CAC
and MAC were higher than the results proposed in
the literature for BSA adsorption except for silica
gel, sepiolite and activated carbon.

Table 3. Statistical values of adsorption models for BSA adsorption onto CAC and MAC samples for various

temperature values (pH=5.0).

CAC Sample
Pseudo-first order ~ Pseudo-second order Elovich Intraparticle
(OTC) R? o R? o R? IS R2 o
25 0.9662 5.9986 0.9937 0.0287 0.9280 8.6661 0.8432  12.3238
30 0.9716 5.0766 0.9927 0.0318 0.9215 8.3377 0.8887 9.8437
35 0.9856 4.1337 0.9978 0.0150 0.9749 5.4351 0.8450  13.0579
40 0.9837 4.5692 0.9976 0.0148 0.9621 6.9312 0.8732  12.3885
MAC Sample
Pseudo-first order ~ Pseudo-second order Elovich Intraparticle
(°-EZ) R? o R? o R? o R2 o
25 0.9757 4.5804 0.9975 0.0186 0.9638 5.5739 0.8685  10.3576
30 0.9739 4.9770 0.9941 0.0278 0.9373 7.6453 0.8769  10.5424
35 0.9797 5.0747 0.9974 0.0157 0.9542 7.5709 0.8794  12.0425
40 0.9810 5.0075 0.9980 0.0135 0.9653 6.7349 0.8737  12.5541

Table 4. Statistical

values (T=40°C).

values of adsorption models for BSA adsorption onto CAC and MAC samples for various pH

CAC Sample
Pseudo-first order Pseudo-second order Elovich Intraparticle
pH R? c R? c R? c R? c
4 0.9522 5.5017 0.9787 0.0684 0.8556  9.4456 0.8976 8.0669
5 0.9837 4.5692 0.9976 0.0148 0.9621  6.9312 0.8732  12.3885
7 0.9378 4.8705 0.9671 0.1236 0.8562  7.2486 0.8067 8.2916
8 0.9357 3.9330 0.9829 0.0929 0.9071  4.6951 0.8939 4.9982
MAC Sample
Pseudo-first order Pseudo-second order Elovich Intraparticle
pH R? c R? c R? c R? c
4 0.9861 2.7174 0.9973 0.0254 0.9767  3.5281 0.8132 9.5382
5 0.9810 5.0075 0.9980 0.0135 0.9653  6.7349 0.8737  12.5541
7 0.8638 8.6977 0.9409 0.1297 0.7757 10.8938  0.8233 9.7983
8 0.9410 3.0856 0.9836 0.1190 0.9073  3.8342 0.8512 4.7872

266



M. B. Taskin et al.: BSA adsorption onto commercial activated carbon modified by microwave assisted chemical activation

Table 5. Adsorption capacities of various adsorbents compared with the present study.

Experimental Conditions Adsorption Ref.
Adsorbents Temp. capacity
PH °C) (mg/g)
Sepiolite 7.0 25 2194 [1]
Kaolinite 7.0 25 29.1 [1]
Expanded perlite 7.0 25 2.3 [1]
Unexpanded perlite 7.0 25 1.1 [1]
Activated carbon 7.0 23 134 [9]
Silica coated MnFe;04 3.8 25 100 [14]
Activated carbon 7.0 40 3.2 [26]
Activated carbon 5.7 25 312 [27]
Activated carbon 5.3 25 27.3 [28]
Silk fibroin microspheres 74 37 16 [29]
TiO; 5.0 40 82 [30]
Silica gel 7.0 25 228 [31]
Hydroxyapatite 6.8 30 49 [32]
Commercial activated carbon 5.0 40 134.8 Present study
Modified activated carbon 5.0 40 136 Present study

CONCLUSIONS

Commercially available AC powder was
modified by treating with chemical activation
agents such as Na>CO; and HCI, followed by heat
treatment applying microwave technique. After the
modification process, the surface area of the
modified AC increased up to 2492 m?/g compared
to the initial untreated AC sample surface area of
1572 m?/g.

Adsorption experiments were carried out using
adsorption equilibrium and kinetics to investigate
the adsorption ability of the commercial and
modified activated carbon samples.

The maximum adsorption capacities for CAC
and MAC samples were obtained at pH 5, near to pl
of the protein where the repulsion force between
adsorbed proteins is minimal. The amount of
adsorbed BSA increased  with increasing
temperature for CAC and MAC samples, which
indicates that the adsorption of BSA on activated
carbon samples is an endothermic process. The
isotherm data for BSA adsorption on activated
carbon fitted well the Langmuir isotherm model.
The maximum adsorption capacity of CAC and
MAC for BSA adsorption was found as 134.77
mg/g and 136 mg/g, respectively, at 40°C and pH 5.
Furthermore, kinetic data fitted the pseudo-second
order kinetic model. Hence, it can be concluded
that activated carbon samples can be employed as
effective adsorbents for adsorption of proteins.
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AJZICOPBLIMA HA AJIBYMUH OT I'OBEX/I CEPYM (BSA) BbPXY ThPI'OBCKU
AKTUBEH BBI'JIEH U MOJNPULIPAH C XUMUYHO AKTUBUPAHE C
MHUKPOBBJIHOBO BB3/IEMUCTBUE

M.B. Tamxsn?, C. Hos6ex?, E. Jlemupxan'”, b. Ho36ek!

YTexnuuecku ynusepcumem Hondws, [enapmamenm no xumuuno unsicenepcmeo, Ecennep, Hemanoyn, Typyus
2Vuueepcumem I'edux, Jenapmamenm no memanypaus u mamepuanosuanue, Kapman, Heman6yn, Typyus

Iocrenuna Ha 15 anpun, 2015 r., npuera Ha 10 okromBpu, 2015 T.

(Pe3rome)

B macrosmara pabora ca m3cieaBanu epexture Ha PH u TemmepaTypara BEpXy paBHOBECHETO M KMHETHKaTa Ha
ajcopOuust Ha anOyMuH OT roBeskan cepyM (BSA) BBpXy THPrOBCKH W MOTU(MHUIIMPAH aKTHBEH BBIJICH. AKTHBHHUSAT
BBIJICH Oeme MOAU(HUIMPAH C MHUKPOBBIHOBA TEXHHKAa CBC CIEJBAIIO TPETHPAaHE CBC COJIHA KHCEIHHA.
MomuduinupaHusaT akTHBEeH BbIUIeH Oerie oxapaktepusupan ¢ @ypueposa NU-ciekrpomerpus (FTIR) u BET ananu3u.
PesynraTure mokasBaT, 4e 10 TO3M HAYMH € BB3MOXHO J]a CE€ MOBHIIHM HOBBPXHOCTTA HA THPTOBCKUS AKTUBEH BBIJICH
(CAC) crnen momudukarmusara 1o (MAC) ¢ 59%, B cpaBHenue c¢ koutponnata npoba (CAC). AncopOiuoHHUST
KanmanuTeT HaMaisBa INMpH HUCKK PH, HO € IMO-BHCOK OTKOJIKOTO B H30-€JIEKTpHUYHAaTa Touka. Toi HapacTtBa ¢
TeMIIepaTypaTa ca JBaTa H3cielnBaHM BbIuIeHa. OCBEH TOBa, aJCOPOIMOHHATA M30TEPMa M KHHETHYHHTE ITaHHHU Ce
o0sicHsIBaT 100pe ¢ n3oTepMaTa Ha Langmuir u KHHETHYHO ypaBHEHHUE OT IICEBIO-BTOPH TOPSIBK.
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EPR study of gamma - irradiated homeopathic medicines
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The EPR studies of homeopathic medicines from plant (aconite, arnica, belladonna, bryony, dulcamara, symphytum
and eupatorium) and animal (cuttle) origin before and after gamma-irradiation are reported. Before irradiation all
samples are EPR silent. After gamma-sterilization however they all exhibit a specific “sugar-like” EPR spectrum due
most probably to sucrose used as an excipient. These stable free radicals can be used to identify radiation processing a

long time after irradiation.

Keywords: homeopathic pills; gamma — irradiation; EPR.

INTRODUCTION

Gamma rays have been intensively used to
sterilize drugs, medical devices and foodstuffs [1].
One of the main advantages of the process is the
opportunity for sterilization of the products even in
their final packages [2]. This process however must
be under control. Electron Paramagnetic Resonance
(EPR) spectroscopy is an unambiguous technigue
for determining the origin and stability of the
radiation induced free radicals in the solid state.
Thus, it has been accepted by the European Union
as a standard procedure for identification of
irradiated foods [3; 4; 5]. As for foodstuffs, it could
be interesting to be able to prove whether or not a
drug has been irradiated [6]. In view of this a wide
variety of gamma-irradiated antibiotics were
studied by EPR [7]. The character and stability of
radicals in drugs following ionizing radiation varies
depending on their structure and the propensity of
the solid matrix to free radical trapping. The decay
rates of gamma-induced free radicals in drugs that
have a wide application in anticancer [8] and anti-
asthmatic therapy [9] have been investigated. The
EPR spectroscopic properties were determined and
suggestions concerning the possible structure of
gamma induced radicals for anti-emetic [10] and
antipyretic drugs [11] have been made. In these
samples however there is only one substance — an
active pharmaceutical ingredient (API). Most of the
other pills are a mixture of an APl which varies
from 2 -10% of the weight of the pill and the
remaining 98 — 90% are excipients [12]. This case
is similar to the homeopathic pill case in which the

* To whom all correspondence should be sent:
E-mail: kati@ic.bas.bg

API is extremely low and thus the identification of
the radiation sterilization is possible only from the
EPR spectra of the excipients. Therefore, previous
research [12, 13] on the stability of the induced
radicals by irradiation and mechanical treatment in
some excipients will be very useful.

In the present communication we report the EPR
spectra obtained before and after gamma irradiation
of some homeopathic medicines in order to prove
the samples have been irradiated or not. Also, the
stability of the radiation induced free radicals is
determined.

EXPERIMENTAL
Materials

Homeopathic pills from different plant (aconite,
arnica, belladonna, bryony, dulcamara, symphytum
and eupatorium) and animal origin (cuttle) were
purchased from a local pharmacy and were divided
in two portions. The first batch was passed for
irradiation, the second was separated as control
samples. After gamma-irradiation the samples were
kept under normal environmental conditions
(temperature 19-22 °C, humidity 70-80%),
available in the laboratory.

Irradiation

Homeopathic pills were simultaneously gamma-
irradiated by the “Gamma 1300 irradiator with a
single dose of 10 kGy. The irradiation was
performed at room temperature and in the air. All
further manipulations of the irradiated samples
were performed at least 72 h after irradiation in
order to avoid any interference by the radiation
induced short living paramagnetic species.

© 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 269
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Instrumentation

EPR measurements were performed at room
temperature on a JEOL JES-FA 100 spectrometer
operated in the X-band. Standard cylindrical cavity
operating in the TEo1; mode was used. All samples
were accommodated in quartz EPR sample tubes
(i.d.fo.d. 4/5 mm). The parameters used to record a
single scan EPR spectrum of each sample were:
microwave power 1 mW; modulation frequency
100 kHz and amplitude 0,25 mT; sweep width 10
mT, sweep time 2 min. and time constant 1 sec.

RESULTS AND DISCUSSION
EPR spectra

Before irradiation all studied pills do not show
EPR spectra.

After irradiation all homeopathic medicines
exhibit a typical EPR spectrum (Figure 1). It is
worth to note that the same EPR spectrum was
recorded from sucrose, white and brown sugar [14].
This feature, as well as its independence of the
origin of the sugar [15] is very important from a
dosimetric point of view because EPR can be used
also for emergency radiation monitoring. The
previous ENDOR [16] and high-frequency EPR
studies [17] of irradiated sucrose show that the
spectrum shown in Figure 1 is complex. At least
three separate EPR spectra due to different
paramagnetic species are superimposed on it [17].
In homeopathic pills sucrose is most probably used
as an excipient. This is in accordance with the well-
known fact that to reach the homeopathic
concentrations, a preparation selected starting
substance or compound is serially diluted in water
or ethyl alcohol. Thus we cannot record any EPR
spectrum from an active ingredient.

Lo \ /
Ji

Fig. 1. EPR spectrum of homeopathic medicines after
gamma-irradiation.

270

Study of the stability of radiation induced free
radicals

The fading kinetics of the radiation induced EPR
signal is an important characteristic of the materials
because after irradiation it limits the time interval in
which the identification of radiation processing is
unambiguous. Since typically, for the given
excipient this period strongly depends on the
structure of the material under study, its storage
conditions before and after irradiation, the
humidity, exposure to air, light and temperature. In
order to find the stability of radiation-induced EPR
signals in homeopathic pills their kinetics were
studied for a period of 200 days after irradiation.
The studies show that radiation induced radicals in
sucrose remain stable (Figure 2). Each point of
Figure 2 is an average of at least three
measurements. This result is imported in direction
of emergency purpose because it is known that
sucrose is found to be a very promising radiation
sensitive material for gamma-irradiation with
respect to both retrospective and reference solid
state EPR dosimetry [18].

3200
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Fig. 2. Kinetics of the stability of a radiation induced
signal in homeopathic medicines.

CONCLUSION
The results of EPR studies on homeopathic pills
from: aconite, arnica, belladonna, bryony,

dulcamara, symphytum, eupatorium and cuttle
show that gamma-irradiation induce free radicals of
sucrose, which is used as an excipient. No EPR
spectra from active substances were record most
probably due to their low concentration. Thus, the
gamma-induced free radicals in sucrose present as
excipient can be used for identification of radiation
processing a long time after irradiation.
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EITP U3CJIEABAHE HA ' AMA-OBJIBYHEH XOMEOITATUYHU JIEKAPCTBA
K. 1. Anexcuesa*, H. ]I. ﬂopﬂaHOB

Monexynen kamanusz ¢ yenmwp no EIIP cnexmpockonus, Hucmumym no kamanu3s, Beaeapcka akademus na Haykume,
yia. ,,Akao. I'. bonueg* 0. 11, Cogus 1113, Bvacapusa

[MocTenuna Ha 22 ampun 2015 ., npuera Ha 26 okromBpu 2015 .

(Pestome)

IIpencraBenu ca pesynratu ot EIIP u3cnenBaHe Ha XOMEONATHYHHU JIEKApCTBAa OT pacTUTENCH (CaMaKHTKa, apHUKA,
GenamoHa, TMBa THKBA, YEPBCHO KYYEIIKO IPO3JIE, YePEH OMaH U €yNaTOPUyM) U )KHUBOTHHCKH MPOU3X0/ (cemnusi) mpeau
u ciep rama-obapuBane. [Ipean ob6npuBane He ce peructpupa EIIP crnextsp. Cien rama-crepuian3anus NPH BCHYKH
mpoOu ce aeTeKkTupa CrenuUuIHUsIT T. Hap. ,,3axapononobeH” EIIP cnexThp, KOWTO Hal-BEPOSTHO C€ ABIDKH Ha
3axapos3a, M3IO0JI3BaHa KaTO MBJIHMTEN. Te3u CTaOWIIHM pajuKalid MOXe Jia ce W3MOJ3BAT 3a WASHTU(HUIMpaHEe Ha
panuanoHHaTa 00paboTKa IBJIT0 BpeMe ciiel 00IbUBaHETO.
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A novel series of quinazolines incorporating a biologically active 4, 6-dimethylpyrimidine, 1, 2, 4-triazine,
benzo[d][1,3]dioxol, morpholinophenyl, quinoline, sulfonamide and thioureamoieties9-14, 15,16,19, 20 and 2-
hydrazinylquinazoline derivative 22were designed and synthesized using methyl 2-isothiocyanato derivative2 as
strategic starting material. The structure of the newlysynthesized compounds was confirmed by elemental analyses and
spectral data. All the prepared compounds were evaluated for their invitro anticancer activity against breast cancer cell
lines. It was found that quinazoline carrying free amino group at 3-position with sulfa-phenazolegroup at 2-position20
and thioureido derivative bearing sulfa-phenazolel6 with ICsovalues (2.64 and 4.60 pg/mL) showed better activity
thandoxorubicin as positive control. In addition compounds 14, 12 and 15 are nearly as active as doxorubicin as
reference drug, while compounds 9, 13, 11 and 19 exhibited a moderate activity. On the other hand, compounds 10 and

22 showed no activity.

Keywords:Synthesis, DihydroquinazolineDerivatives,Anti-breast Cancer Activity.

INTRODUCTION

Natural and synthetic quinazolinone derivatives
constitute an important class of fused heterocycles,
which influence numerous cellular processes. These
scaffolds as a core unit have been extensively
studied in a number of biologically active
compounds because of their broad range of
biological medicinal, physiological and
pharmacological applications [1-8]. In recent years,
guinazolines, as an important pharmacophore, have
emerged as a versatile template for inhibition of a
diverse range of receptor tyrosine kinases [9-13].
The most widely studied of these is the epidermal
growth factor receptor (EGFR), with the small-
molecule inhibitor gefitinib being the first agent
from this class to be approved for the treatment of
Non-Small Cell Lung Cancer [14-18]. Subsequent
research aimed at further exploration of the SAR of
this novel template has led to the discovery of
highly selective compounds that target EGFR such
as Erlotinib, Lapatinib and Vandetanib [19-21]
(Fig. 1). These compounds act via competing with
ATP for binding at the catalytic domain of tyrosine
kinase. Later on, a great structural variety of
compounds of structurally diverse classes have
proved to be highly potent and selective ATP-
competitive inhibitors [22-25].
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Fig. 1. EGFR-tyrosine kinase inhibitors.
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Based on the good performance of quinazoline
derivatives in  anticancer  application, the
development of novel quinazoline derivatives as
anticancer drugs is a promising field. Varied
biological activities have been attributed to
sulfonamide compounds, including carbonic
anhydrase inhibition, antitumoral, antimalarial and
antimicrobial activities [26-28]. In the design of
new drugs, the development of hybrid molecules
through  the combination of  different
pharmacophores may lead to compounds with
interesting biological profiles [29]. In view of the
above mentioned knowledge based facts of
different pharmacophores and in continuation of



M. M. Ghorab, M. S. Alsaid: Anticancer evaluation of novel quinazolines carrying a biologically active pyrimidine...

our research programme [30-40], we have
synthesized quinazoline carrying a biologically
active 4, 6-dimethypyrimidine, 1, 2, 4-triazine,
benzo[d][1,3]dioxol, morpholino-phenyl, quinoline,
sulfonamide moieties to evaluate their anti-breast
cancer activity.

MATERIALS AND METHODS

Melting points (uncorrected) were determined in
open capillary on a Gallen Kamp melting point
apparatus (Sanyo Gallen Kamp, UK). Precoated
silica gel plates (Kieselgel 0.25 mm, 60 F254,
Merck, Germany) were used for thin layer
chromatography. A developing solvent system of
chloroform/methanol (8:2) was used and the spots
were detected by ultraviolet light. IR spectra (KBr
disc) were recorded wusing an FT-IR
spectrophotometer (Perkin Elmer, USA). 'H-NMR
spectra were scanned on a NMR spectrophotometer
(Bruker AXS Inc., Switzerland), operating at 500
MHz for H- and 125.76 MHz for **C. Chemical
shifts are expressed in &-values (ppm) relative to
TMS as an internal standard, using DMSO-ds as a
solvent. Elemental analyses were done on a model
2400 CHNSO analyser (Perkin Elmer, USA). All
the values were within £ 0.4 % of the theoretical
values. All reagents used were of AR grads.

CHEMISTRY
Synthesis of quinazoline derivatives 9-14.
General procedure

A mixture of methyl-2-isothiocyanatobenzoate
2(1.93g, 0.01mol) and aromatic amines (0.012mol)
in dry dimethylformamide(10mL) containing 3
drops of triethylamine was refluxed for 12h., then
left to cool. The solid product formed upon pouring
onto ice/water was collected by filtration and
recrystallized from dioxane to give 9-14,
respectively.

4-(2-Phenylquinazolin-4-
ylamino)benzenesulfonamide (9)

Yield, 84%; m.p. 172.5 °C. IR: 3381 (NH), 3081
(arom.), 2971, 2828 (aliph.), 1691 (C0O),1610 (CN),
1281 (CS).'H-NMR: 2.2 [s, 6H, 2CHj3], 6.5 [s, 1H,
CH pyrimidine], 7.0-8.2 [m, 4H, Ar-H], 8.6
[s,1H,NH]. *C-NMR: 26.7 (2), 112.6, 114.6, 118.7,
122.8, 125.4, 130.6, 136.9, 161.2, 164.8 (2), 167.1,
173.6. Anal. Calcd. For CisH12N4OS (284.34): C,
59.14; H, 4.25; N, 19.70. Found: C, 59.46; H, 4.55;
N, 19.39.

3-(5, 6-Dimethyl-1,2,4-triazin-3-yl)-2-thioxo-2,3-
dihydroquinazolin-4(1H)-one (10)

Yield, 88%; m.p. 95.9°C. IR: 3411 (NH), 3056
(arom.), 2917, 2837 (aliph.), 1686 (CO), 1621
(CN), 1272 (CS). *H-NMR: 2.4, 2.8 [2s, 6H, 2CHg],
6.9-8.2 [m, 4H, Ar-H], 8.5 [s,1H,NH]. **C-NMR:
16.3, 18.7, 113.6, 118.0, 125.4, 126.1, 130.8, 140.3,
146.2, 161.3, 162.6, 168.5, 175.7. Anal.Calcd.For
C13H11NsOS (285.32): C, 54.72; H, 3.89; N, 24.55.
Found: C, 54.98; H, 4.13; N, 24.22.

3-(Benzo[d][1,3]dioxol-5-ylmethyl)-2-thioxo-2, 3-
dihydroquinazolin-4(1H)-one(11)
Method A:

A mixture of 2 (1.93g, 0.01 mole) and
benzo[d][1,3]dioxol-5-yImethanamine (1.51g, 0.01
mole) in dry dimethylformamide (15 mL )
containing 3 drops of triethylamine was refluxed
for 3 h. The obtained solid while hot was separated
and recrystllized from dioxane to give 11.

Method B:

A mixture of 2 (1.93g, 0.01 mole) and benzo[d]
[1,3]dioxol-5-ylmethanamine (1.51g, 0.01 mole) in
dry dimethylformamide (15 mL) was stirred at
room temperature for 2 h. The obtained material
recrystllized from dioxane to give 11 (m.p and
mixed m.p).

Yield, 79%; m.p. 281.5°C. IR: 3261 (NH), 3100
(arom.), 2928, 2844 (aliph.), 1691 (CO), 1263 (CS).
'H-NMR: 55 [s, 2H, CHz], 59 [s, 2H, CH:
pipronyl], 6.8-7.9 [m, 7H, Ar-H], 12.9 [s, 1H,
NH].**C-NMR: 48.3, 100.8, 107.9, 108.2, 115.6,
120.9, 124.5 (2), 127.2, 130.3, 135.5, 139.0, 146.1,
146.9, 159.3, 175.7. Anal.Calcd.For C1sH12N203S
(312.34): C, 61.53; H, 3.87; N, 8.97. Found: C,
61.81; H, 4.09; N, 8.62.

3-(4-Morpholinophenyl)-2-thioxo-2,3-
dihydroquinazolin-4(1H)-one(12)

Yield, 93%; m.p. 392.4 °C. IR: 3261 (NH), 3081
(arom.), 2966, 2881 (aliph.), 1679 (CO), 1260
(CS).'H-NMR: 2.7- 3.3 [m, 8H, 4CH;], 6.8-7.8 [m,
8H, Ar-H], 8.0 [s, 1H, NH]. C-NMR: 51.2 (2),
62.6 (2), 112.6 (2), 116.7, 120.1, 121.7, 123.8 (2),
125.1, 128.2, 133.0, 141.2, 144.3, 162.2, 173.6.
Anal.Calcd. For CigH17N30.S (339.41): C, 63.70;
H, 5.05; N, 12.38. Found: C, 63.40; H, 5.31; N,
12.05.

3-(Quinolin-3-yl) -2-thioxo-2,3-dihydroquinazolin-
4(1H)-one(13)

Yield, 72%; m.p. 341.8°C. IR: 3167 (NH), 3062
(arom.), 1699 (CO), 1620 (CN), 1265 (CS).! H-
NMR: 7.0- 8.1 [m, 10H, Ar-H], 8.3 [s, 1H,NH].**C-
NMR:114.6, 117.0, 126.7 (2), 127.3, 127.4, 127.8,
128.4, 128.7, 130.3, 135.5, 137.4, 139.0, 141.8,
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163.6, 176.3. Anal.Calcd. For Ci7H11N3OS
(305.35): C, 66.87; H, 3.63; N, 13.76. Found: C,
66.52; H, 3.95; N, 13.47.

N-(5, 6-Dimethoxypyrimidin-4-yl)-4-(4-oxo-2-
thioxo-1, 2-dihydroquinazolin-3(4H)-
yl)benzenesulfonamide(14)

Yield, 77%; m.p. 178.4°C. IR: 3246 (NH), 3100
(arom.), 2943, 2861 (aliph.), 1670 (CO), 1618
(CN), 1338, 1199 (SO,).'H-NMR: 3.8, 3.9 [2s, 6H,
20CHs], 7.0-8.3 [m, 9H, Ar-H], 8.7 [s,1H,
NH],11.0 [s,1H, SO.NH]. *C-NMR: 54.1, 55.6,
113.2, 118.7, 119.6, 120.1, 121.3, 125.8, 127.3 (2),
129.1, 130.3, 133.4, 134.1, 140.8, 152.6, 153.1,
162.3, 164.6, 174.8. Anal.Calcd. For CxH17Ns05S;
(471.51): C, 50.95; H, 3.63; N, 14.85. Found: C,
51.19; H, 3.37; N, 14.58.

Methyl-2-(3-(4-
morpholinophenylthioureido)benzoate (15) and
methyl-2-(3-(4-(N-(1-phenyl-1H-pyrazol-5-yl)-
sulfonyl)phenyl)thioureido)benzoate(16)

A mixture of compound 2 (1.93g, 0.01 mole)
and 4-morpholinoaniline and/ or sulfa-phenazole
(0.01 mole) in dry dimethylformamide (15 mL) was
stirred at room temperature for 2 h. The obtained
solid upon pouring into ice water recrystallized
from ethanol to give compounds 15 and 16,
respectively.

15: Yield, 69%; m.p. 381.3 °C. IR: 3261, 3189
(NH), 3057 (arom.), 2981, 2861 (aliph.), 1678(CO),
1246 (CS). 'H-NMR: 2.7-3.7 [m, 8H, 4CH;], 4.1 [s,
3H, OCHjs], 6.8-8.0 [m, 8H, Ar-H],13.0 [s, 2H,
2NH]. ¥ C-NMR: 48.4 (2), 52.3, 66.0 (2), 114.9 (2),
121.2, 123.6, 125.5, 126.7 (2), 130.0, 132.6 (2),
141.0, 144.6, 162.2, 173.2. Anal.Calcd.For
C19H21N305S (371.45): C, 61.44; H, 5.70; N, 11.31.
Found: C, 61.14; H, 5.44; N, 11.65.

16: Yield, 82%; m.p. 187.3°C. IR: 3312, 3277
(NH), 3086 (arom.), 2976, 2831 (aliph.), 1682
(CO), 1618 (CN), 1371,1156 (CS).*H-NMR: 3.7 [s,
3H,0CHs], 6.6-8.2 [m, 15H, Ar-H], 11.0
[s,1H,SO.NH], 11.9 [s, 2H, 2NH].*C-NMR: 52.6,
103.7, 118.1, 120.7 (2), 122.0 (2), 124.4, 12438,
125.1, 127.6 (2), 128.1 (2), 129.3, 130.8, 133.6,
134.7, 138.1, 139.5, 140.2, 142.9, 166.0, 176.3.
Anal.Calcd. For C24H21Ns0.S; (507.58): C, 56.79;
H, 4.17; N, 13.80. Found: C, 56.48; H, 4.50; N,
14.07.

3-Amino-2-(4-morpholinophenylamino) quinazolin-
4(3H)-one(19) and 4-(3-amino-4-oxo-3, 4-
dihydroquinazolin-2-ylamino)-N-(1-phenyl-1H-
phenyl-1H-pyrazol-5-yl) benzenesulfonamide(20)
A mixture of compounds 15 or 16 (0.01 mole)
and hydrazine hydrate (0.012 mole) in absolute
ethanol (20 mL) was refluxed for 15 h (after

274

evolution of all HzS). The reaction mixture was
poured on to ice water and the obtained solid
recrystallized from dioxane to give compounds 19
and 20, respectively.

19: Yield, 86%;m.p. 184.6°C. IR: 3408, 3366,
3219 (NH, NHy), 3088 (arom.), 2937, 2843 (aliph.),
1688 (CO), 1622 (CN).*H-NMR: 3.1- 3.7 [m, 8H,
4CH], 5.6 [s, 2H, NH], 6.2-8.3 [m, 8H, Ar-H],
9.1[s,1H,NH].’3C-NMR: 48.8 (2), 66.2 (2), 116.4
(2), 1175 (2), 121.5, 124.8, 126.8, 127.2, 130.6,
133.9, 134.0, 148.5, 160.9, 161.0. Anal.Calcd. For
C1sH19NsO» (337.37): C, 64.08; H, 5.68;N, 20.76.
Found: C, 64.33; H, 5.39; N, 20.48.

20: Yield, 85%; m.p. 331.3°C. IR: 3448, 3275,
3205 (NH, NH), 3100 (arom.), 1666 (CO), 1620
(CN), 1346,1172 (SO2).'H-NMR: 5.8 [s, 2H, NH],
6.2-8.4 [m, 15H, Ar-H], 9.2 [s, 1H,NH], 11.2 [s,1H,
SO,;NH]. ®*C-NMR: 103.6, 112.0 (2), 117.6, 120.8
(2), 124.1, 124.8, 125.2, 126.3, 128.6 (2), 129.0,
129.6 (2), 131.4, 134.0, 137.1, 140.7, 145.9, 146.0,
161.2, 167.1. Anal.Calcd. For CyHigsN;/OsS
(473.51): C, 58.34; H, 4.04; N, 20.71. Found: C,
58.05; H, 4.30; N, 20.98.

3-(Benzo[d][1,3]dioxol-5-ylmethyl)-2-
hydrazinylguinazolin-4(3H)-one(22)

A mixture of compound 11 (3.12g, 0.01 mole)
and hydrazine hydrate (1g, 0.02 mole) was refluxed
for 24 h (lead acetate paper). The obtained solid
while hot was recrystallized from ethanol-
dimethylformamide to give compound 22.

Yield, 89%; m.p. 154.6°C. IR: 3376, 3261 (NH,
NH,), 3059 (arom.), 2951,2873 (aliph.), 1688 (CO),
1617 (CN).'H-NMR: 5.1 [s, 2H, N-CH;], 5.9 [s,
2H, O-CH,-O], 6.8-8.0 [m, 7H, Ar-H], 8.9
[s,1H,NH], 9.5 [s, 1H,NH]. *C-NMR: 42.3, 101.0,
107.8, 108.5, 120.6, 121.7, 124.4, 127.0, 127.1,
133.6, 134.2, 147.7, 148.6, 151.7, 161.3, 162.0.
Anal.Calcd.For C16H14N4O3 (310.30): C, 61.93; H,
4.55; N, 18.06. Found: C, 61.64; H, 4.23; N, 17.88.

IN-VITRO ANTICANCER EVALUATION

The cytotoxic activity was measured in vitro for
the newly synthesized compounds using the
SulfoRhodamine-B stain (SRB) assay [41]. The in
vitro anticancer screening was done at the
Pharmacology Unit, the National Cancer Institute,
Cairo University. Cells were plated in 96- multi-
well plates (10* cells per well) for 24 h before
treatment with the compound, to allow attachment
of cells to the wall of the plate. Test compounds
were dissolved in DMSO and diluted with saline to
the appropriate concentration. Different
concentrations of the compound under test (10, 25,
50 and 100 pg/ml) were added to the cell
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monolayer. Triplicate wells were prepared for each
individual dose. Monolayer cells were incubated
with the compound(s) for 48 h at 37 °C and in an
atmosphere of 5% CO,. After 48h cells were fixed,
washed, and stained for 30 min with 0.4% (m/V)
with SRB dissolved in 1 % acetic acid. Excess
unbound dye was removed by four washes with 1
% of acetic acid and attached stain was recovered
with a Tris-EDTA buffer. Color intensity was
measured in an enzyme-linked immunosorbent
assay ELISA reader. The relation between the
surviving fraction and drug concentration is plotted
to get the survival curve for the breast tumor cell
line after the specified time. The molar
concentration required for 50 % inhibition of cell
viability (ICsp) was calculated and the results are
given in (Table 1).

RESULTS AND DISCUSSION
Chemistry

The aim of this work was to design and
synthesize novel quinazoline incorporating a
biologically active 4, 6-dimethylpyrimidine 9, 5,6-
dimethyl-1,2,4-triazine 10, benzo[d][1,3]dioxol-5-
ylmethan 11, 4-morpholinophenyl12, quinolone 13
and benzenesulfonamidel4, thioureido derivatives
15 and 16, 3-aminoquinazoline derivatives 19, 20
and 2-hydrazinylquinazoline derivative 22 to
evaluate their anti-breast cancer activity. Thus,
interaction of methyl-2-isothiocyanatobenzoate 2
with 2-amino-4, 6-dimethylpyrimidine, 2-amino-
5,6-dimethyl-1,2,4-triazine, benzo[d][1,3]dioxol-5-
ylmethanamine, 4-morpholinoaniline, 3-
aminoquinoline and sulfadoxinein dry N,N-
dimethylformamide containing triethylamine as
catalyst affordedthe corresponding quinazoline
derivatives is presented in 9-14(Scheme 1).

The IR of compound 15 showed the absence of a
N=C=S group and the presence of the characteristic
bands at 3261, 3189 cm?® (NH), 3057 cm
(aromatic) 1678 cm? (CO), 1246 cm? (CS). The
H-NMR of compound 15 exhibited signals at 4.1
ppm assigned to the OCHj3; group, 13.0 ppm due to
2NH groups. The IR of compound 16 revealed the
absence of the N=C=S group and the presence of
characteristic bands at 3312, 3277cm™ (NH), 1682
cm? (CO), 1618cm™? (CN), 1371, 1156 cm™ (SO,),
1256 cm? (CS). The H-NMR of compound 16
revealed signals at 3.7 ppm attributed to the OCHjs
group, 11.0 ppm assigned to the SO,NH group,
11.9 ppm corresponding to 2NH groups. In addition
the interaction of compound 15 and 16 with
hydrazine hydrate in refluxing ethanol furnished the
corresponding 3-aminoquinazoline derivatives 19

and 20. Compounds 19 and 20 were obtained
through the formation of the intermediated 17 and
18.

o
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Scheme 1: Formation of quinazoline derivatives 9-14
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The structures of the obtained compounds were
established on the basis of elemental analyses and
spectral data. The IR spectra of compounds 9-14
showed the absence of N=C=S group and the
presence of absorption bands for (NH), (aromatic),
(aliphatic), (CQO), (CN), (CS) and (SO2) in
compound 14. H - NMR exhibited singlets
assigned to the NH group which were exchanged
upon deuteration. Also, the interaction of
compound 2 with 4-morpholinoaniline and/or sulfa-
phenazolein  dimethylformamideat at room
temperature furnished the corresponding thioureido
derivatives 15 and 16, respectively. The structure of
compounds 15 and 16 was elucidated on the basis
of microanalysis, IR, 'H-NMR and ¥C-NMR
(Scheme 2).

The reaction was proceeding via the elimination
of 1 mole of H,S. The structure of compound 19
and 20 was confirmed on the basis of elemental
analyses, IR, *H-NMR, and C-NMR. The IR of
compound 19 revealed the absence of a OCHs;
group and the presence of the characteristic bands
at 3408, 3366, 3219 cm?(NH, NH,), 1688cm™
(CO), 1622 cm* (CN). The *H-NMR of compound
19 exhibited signals at 5.6 ppm assigned to the NH,
group, 9.1 ppm attributed to the NH group. The IR
of 20 showed characteristic bands at 3448, 3275,
3205 cm? (NH, NH,), 1666 cm™*(CO), 1620cm™
(CN), 1346,1172cm*(SO;). H-NMR of 20
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revealed signals at 5.8 ppm due to the NH. group,
9.2 ppm corresponding to the NH group, 11.2 ppm
attributed to the SO,NH group. When compound 2
reacted with benzo[d][1,3]dioxol-5-ylmethanamine
in absolute ethanol at room temperature the
unexpected cyclic 3-aminoquinazolie 11 was
obtained instead of the expected thioureido
derivative 21 (Scheme 3). The corresponding 2-
hydrazinylquinazoline 22 was obtained in good
yield via the reaction of compound 11 with
hydrazine hydrate in refluxing ethanol. This

reaction was proceeding through the elimination of
one molecule of H.S (lead acetate paper). The
structure of compound 22 was proved on the basis
of elemental analysis, IR, *H-NMR and *C-NMR.
The IR of 22 revealed the absence of the CS group
and presence of characteristic bands at 3376,
3261cm*(NH, NH.), 1688cm™*(CO), 1617cm
L(CN). H-NMR of 22 exhibited signals at 5.1 ppm
attributed to the N-CHz group, 5.9 ppm assigned to
the O-CH»-O group, 8.8 ppm due to the NH group,
9.5 ppm corresponding to the NH group.

o DMF o~
+ Ar-NH, —— > HN—Ar
r.t )
N=—c=—s H
0] (15,16)
EtOH | NH,-NH,. H,O
Q NH,
o //—;
~H
NH
v - HpS ( S—H
)\ —
N NH
| (17, 18) ,L
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15, 19, Ar = —@»n 0
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i @
16, 20, Ar = OS—NH O

o

Scheme 2: Formation of thiourea and quinazoline derivatives 15, 16 and 19, 20
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Scheme 3: Formation of 2-hydrazinylquinazoline derivative 22
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IN-VITRO ANTICANCER EVALUATION

The newly synthesized compounds were
evaluated for their in vitro anticancer activity
versus the human breast cancer cell line (MCF7).
Doxorubicin was used as the reference drug in this
study. Table 1 shows the in vitro cytotoxic activity
of the newly synthesized compounds. Some of the
tested compounds exhibited significant activity
compared to doxorubicin. It was found that
guinazoline carrying the free amino group at the 3-
position with a biologically active sulfa-phenazole
at 2-position 20 and thioureido having a
biologically sulfa-phenazole 16 (with ICso values of
2.64, 4.60 pg/ml) exhibited higher anti-breast
cancer activity than the reference drug (with 1Cso
value of 5.40 pg/ ml). Further, quinazoline bearing
the biologically active sulfa-doxine at the 3-
position with the thione group at 2-position 14,
guinazoline incorporating morpholinophenyl at 3-
position with the thione group at 2-position 12 and
thioureido carrying morpholinophenyl moiety 15
(with ICso values 5.68, 8.62, and 9.66 pg/ml) are
nearly as active as doxorubicin. On the other hand,
compounds 9, 11, 13 and 19 revealed slightly lower
activity than that of doxorubicin. It is clear from the
present data that the comparison of the cytotoxicity
of the quinazoline derivatives against the breast
cancer cell line (MCF7) (Table 1) has showed that
the cell killing potency follows the order
20>16>Doxorubicin >14>12>15>9>13>1>19with
ICso values (2.64, 4.64, 5.40, 5.68, 8.62, 9.66,
16.63, 19.06, 24.20, 24.31 pg/ml). The biological
screening of the tested compounds could offer an
encouraging framework in this field which may
lead to the discovery of potent anti-breast cancer
agents.

Table 1. In vitro anti-breast cancer (MCF-7) activity
of newly synthesized compounds

Compound. No. ICso (Mg / mL)?
MCE-7
Doxorubicin 5.40
9 16.63
10 NA
11 24.20
12 8.62
13 19.06
14 5.68
15 9.66
16 4.60
19 24.31
20 2.64
22 NA
2Cso value: Concentration causing 50% inhibition of cell

viability.
NA: No activity.

CONCLUSION

In this work, novel quinazolines having a
biologically active 2,3-dihydroquinazoline, 1,2-
dihydroquinazoline, quinazoline-4(3H)-one and
3,4-dihydroquinazoline derivatives were
synthesized and their in-vitro anti-breast cancer
activity was evaluated among the tested
compounds, two candidates (20 and 16) showed
effectiveness on the breast cancer cell line, the
active compounds could be considered as useful
templates for further development to obtain more
potent anti-breast cancer agent(s). Also, compounds
14, 12 and 15 are nearly as active as doxorubicin as
a reference drug. In addition, compounds 9, 11, 13
and 19 exhibited a moderate activity. Compounds
10 and 22 showed no activity.
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OLIEHKA HA TTPOTUBOTYMOPHATA AKTMBHOCT HA HOBU XNHA3OJIMHU,
CBHABPXKAUIN BUOJIOTUYHO AKTUBHU IMMPUMUVH, TPUA3WH, BEH30 [d][1,3]
JAMOKCOJI, MOPOOJIMHO®EHNUII, XUHOJIMH U CYJIOOHAMUIU

M.M. I'opa6'?", M.C. Ancaun*

Y lenapmamenm no gpapmarozuosus, Konesxc no papmayus, Ynusepcumem ,, Kpan Cayo“, Puao 11451,
Cayoumcka Apabus
2[lenapmamenm no paduono2uuHu usciedéanus Ha nexapcmsama, Hayuonanen yenmvp 3a paouonosuyHuu3cIe06aHus.
u mexuonozuu, Cnyscoa no amomua enepeemura, Hacp Cumu, Kaiipo, Ecunem

IMomy4ena Ha 25 anpui, 2015 ., Kopurupana Ha 5 1onn, 2015 1.
(Pesrome)

HoBa cepust XWHAa30JMMHM, BKIIOYBAIIM OWOJNIOTHYHO akTWBHA  4,6-mumerwmnupunnd, 1,2,4-tpuaswuH,
6en3o[d][1,3]auokcoi, MopdoauHoheHT, XUHOMKH, CyahoHaMuI U THOKapOaMuanu chetaBku 9-14, 15,16,19, 20 u 2-
XHJ[PA3HHUI-XHHA30JIMHOBO MPOU3BOIHO 22 ca KOHCTPYUPAHH C U3IMOI3BAHETO HA METHII 2-U30IHAaHATO- IIPOU3BOIHO 2
KaTo CTPaTerHYecKH OCHOBHO BemiecTBO. CTpyKTypaTa Ha HOBO-CHHTEC3HpAHHWTE CHEIUHCHUS O€ MOTBBpPICHA C
€JIEMEHTEH aHaJlu3 U CIIEKTPAIHM JAaHHU. BCHUKM MPHUTOTBEHH CheJAMHEHHUS Ca OIIEHEHHW 3a TsAXHaTa in Vitro mpoTuBo-
paKkoBa aKTHBHOCT Cpelly KICThYHHM JHHHU 33 paKk Ha rbpaaTa. HamepeHO e, 4e XHMHA30JIMHBT ChC CBOOOIHA
aMHMHOTpyIa Ha 3-TO MACTO ¢ cyida-peHasonosa rpyna Ha 2-po mscto (20) U THOKapOaMHIOBUTE IPOU3BOIHH,
Hocenw cyida-penaszon 16 ¢ ICsy - croitnoctu (2.64 u 4.60 pg/mL) nokassaT mo-106pa akTHBHOCT OT JTOKCOPYOHIIMHA
KaTO MOJIOXKHUTEJIEH KOHTPOJI. JIOmbIHUTENHO cheauuenusTa 14, 12 u 15 ca GiiM3ku 10 aKTHBHOCT 10 JOKCOPYOHUIMHA
KaTo CPaBHUTEIIHO JIEKApCTBO, MoKato cheaunuenusta 9, 13, 11 u 19 mokasear ymepena aktuBHOCT. OT Apyra cTpaHa
crenuHeHusnTa 10 u 22 He moKa3BaT aKTUBHOCT.
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Comparison of the components of the volatile oils from leaves of Ziziphus jujuba
extracted by changing the solvent system and the separation methods
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Quantity and quality of the components of volatile oils are highly dependent on the conditions of extraction. In this
study, the volatile components of the leaves of Ziziphus jujuba in the flowering period were investigated by changing
the extraction solvent and the method of extraction. At first, the volatile components were extracted by changing the
type of the extraction solvent in the simultaneous distillation-extraction (SDE) method. Then, the effects of the
extraction method on the quality and quantity of the extracted compounds were studied using the hexane solvent via
two methods of SDE and percolation. The extracted volatile oils were separated and identified using GC/MS and
GC/FID. The extraction method itself, proved to have the most effect on the number and type of the compounds of the
volatile oils. Also the mean of molecular weight and solubility of the compounds of the extracted volatile oils in water,

were so different from one another.

Keywords: Ziziphus jujuba; Separation method; Volatile oil; Simultaneous distillation-extraction; Cold percolation

method

INTRODUCTION

Aromatic plants have been known for a very
long time and the use of them in the food and
perfume industries have a long history [1].

Ziziphus is a genus of the family Rhamnaceae
which consists of about 40 species and is a small
spiny shrub,  distributed in  warm-temperate
zones and subtropical regions throughout the world
[2].

In Iran, Ziziphus is mostly found in the central
regions and Khorasan and Golestan provinces.

The drupe and the flesh of Ziziphus contain its
most medicinal properties, also the leaves have
shown healing properties. The infusion of the
leaves is usually gargled to treat sore throat,
bleeding gums and joint pain [3-5].

Kuriharaet al. [6] extracted the saponin,
ziziphin, from the dried leaves of Z. jujuba. Leaves
of Z. jujuba due to the existence of the active
substance of ziziphin, can suppress the sweet taste
sensation in flies (Pharma regina), rats and
hamsters [6].

In a study conducted by Shirdel and
Mirbadalzadeh [7] it was determined that the
ethanolic extract of leaves of Z. jujuba has a
hypoglycemic effect in diabetes mellitus patients
and its effect is similar to that of glibenclamide [7].

The anti-allergic activity of the water extract of
leaves of Z.jujubawas studied by measuring its

* To whom all correspondence should be sent:
E-mail: haj_aghajani@yahoo.com

inhibitory effect on the activation of hyaluronidase
(bovine testes) in vitro; and Z. jujuba proved to
have strong anti-allergic activity [7].

El Husseiny and ElI Kholy [8] evaluated
insecticidal properties of different extracts of the
leaves of Z. jujuba. They showed that Petroleum
ether extract of the leaves of Z. jujuba is able to
reduce the population dynamics of Culex pipiens;
either directly through larval kill, or indirectly
through its latent effects expressed in reduction of
egg hatchability, inhibition of adult emergence,
interruption of life stages and the effect that it has
on sex ratio [8].

Due to the fact that plant extracts usually are a
combination of various types of bioactive
compounds, their separation, identification and
characterization of those bioactive compounds still
remain a big challenge in the way of the processes
[9].

In the traditional methods of extracting natural
compounds from plants such as water or steam
distillation and extraction with organic solvents
such as soaking, there are some disadvantages such
as loss of volatile components, degradation of
compounds and remaining toxic solvents [10, 11].
Due to the increasing usage of natural compounds
in the recent years, the effects of different
extraction methods and types of solvent on the
quality and quantity of volatile compounds,
extracted from the leaves of Z. jujuba during the
flowering season were studied.
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MATERIALS AND METHODS
Materials

Leaves of Z. jujuba were collected from one of
the central provinces of Iran (Qom province) during
the flowering period in 2014. The plant materials
were authenticated by the Department of Botany of
Islamic Azad University, Qom Branch.

Samples were dried and subsequently ground in
a blender to obtain fine powder. All reagents and
chemicals used in this study were from Merck or
Sigma Companies.

Extraction methods

Extraction by SDE method

The volatile oils of Z. jujuba were extracted
from dried leaves samples via hydro-distillation,
using the simultaneous distillation-extraction (SDE)
method [12]. Also the organic solvents of n-hexane
and ethyl acetate were used in the extraction
process. The extraction process took 2 h. Then the
solvent was removed and the solution was dried
over anhydrous sodium sulfate. The extracted oils
were stored at 4°C in a sealed vial until analyzed.

Extraction by cold percolation method

The plant extracts were prepared by the cold
percolation method. Ten grams of dried powder
were added to 300 ml of solvent in a conical flask
and the mixture was kept for 48 hours with
intermittent shaking. After that, the extract was
filtered through Whatman No. 1 filter paper; then
the solvent was removed using a rotary evaporator
and subsequently dried, until a constant weight of
each extract was obtained. The residues were stored
at 4°C for further use [13].

Gas chromatography analysis

Analytical gas chromatography of the volatile
oils was carried out using a Hewlett-Packard 5975B
series gas chromatograph with Agilent HP-5
capillary column (30 mx0.25 mm, f.t 0.25 pm);
carrier gas He; split ratio 1:10 and using a flame
ionization detector. The column temperature was
adjusted at 50°C which was unchanging for 10 min
and was programmed to rise up to 240°C at a rate
of 4°C/min and then stay constant at that
temperature for 15 min. GC/MS was performed on
an HP 5975B with a Hewlett—Packard 5973
guadrupole detector, on capillary column HP-5 (30
mx0.25 mm; f.t 0.25 pum).

The MS was operated at 70 eV ionization
energy. Retention indices were calculated using
retention times of n-alkanes that were injected after
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the wvolatile oil at the same chromatographic
conditions. Quantitative data were obtained from
the electronic integration of the FID peak areas.

The components of the oils were identified by
comparing their mass spectra and kovats indexes
with Wiley library and published books, data bases
available and credible websites [14].

RESULTS AND DISCUSSION

In this study, qualitative and quantitative
characteristics of the components of the volatile oil
of the leaves of Z. jujuba in the flowering season
were evaluated after changing certain parameters
such as the extraction solvent and the extraction
method.

At first the components of the volatile oils were
extracted by changing the type of extraction solvent
in the SDE method. Ethyl acetate and hexane as the
polar and aprotic solvents, with different dipole
moments were used (D Hexane =0.08, D Ethyi acetate
=1.88).

In the second segment, by using the hexane
solvent but changing the extraction method from

SDE to cold percolation, the effects of the
extraction method on the quality and quantity of the
extracted compounds were studied.

Other important matters to take into
consideration are the type and number of the
extracted compounds. The compounds separated
using the hexane solvent and the SDE method have
a noticeable difference compared to the compounds
separated by the percolation method; that is to say
Eugenol, trans-B-Ionone, o-Farnesene and 2-
Hexenal are some of the main compounds in the
SDE method which were not separated in the
percolation method. Likewise o- Pinene, Linoleic
acid and Diisooctyl adipate were some of the
separated constituents of the percolation method
which were not obtained in the SDE method.

Some compounds such as palmitic acid and
phytol, exist in both of the separation methods but
their percentages are different. From the SDE
method while using the hexane solvent, 34
compounds were obtained; but this number for the
ethyl acetate solvent with the same method is 30
(Tables 1 & 2). When the SDE method and the
hexane solvent were used, 34 volatile compounds
were extracted while only 11 volatile compounds
were obtained from the percolation method with the
same solvent. As it can be seen, in separation of
compounds by the SDE method, there is only a
little difference in the number of extracted
compounds after changing the solvent but, when
the separation method is changed, this difference is
much greater.
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It was previously reported that volatile oil
content of medicinal plants is influenced by the
extraction method. Gavahian and his colleague
demonstrated that essential oils obtained by
hydrodistillation and steam distillation, were
almost similar in their physical properties and
chemical compositions [15] but Xie et al. showed
that among the three extraction methods, the
solvent extraction method could extract compounds
with low volatility and high molecular weight.
They proved that both of the methods of headspace

solid-phase microextraction and steam distillation,
could extract volatile components [16].

In order to study the extracted compounds,
parameters such as solubility in water and the
boiling point were used. According to the results
demonstrated in Table 3, the mean of solubility
values of the extracted compounds in water (in
20°C) by the SDE method when using the ethyl
acetate solvent, was 2414.01 ppm; while this value
for the hexane solvent was 882.22 ppm.

Table 1. Chemical composition of the volatile oils of the leaves of Z .jujuba extracted by the SDE method

extracted solvent:

extracted solvent:

Cc
No Components Ethyl acetate 2 (%) Hexane ° (%) R
1 Octane - 9.10 <800
2 n-Hexanal 2.45 - 800
3 (E)-2-Hexenal 26.31 11.26 852
4 Xylene 1.38 - 870
5 6-Methyl-5-hepten-2-one - 1.80 991
6 a-Toluenol 0.96 - 1044
7 cis-Linalool oxide - 1.04 1092
8 trans-Linalool oxide 0.67 - 1093
9 Terpinolene - 2.26 1104
10 (3E)-6-Methyl-3,5-heptadien- i 0.61 1110
2-0ne
11 Naphthalene 14.21 - 1191
12 Fenchol - 0.95 1197
13 a-Terpineol 1.40 - 1198
14 Dodecane 1.70 - 1200
15 Tridecane 1.34 - 1300
16 Eugenol - 9.58 1367
17 Cyclohexane - 5.00 1396
18 Tetradecane 2.01 - 1401
19 Dihydropseudoionone - 1.67 1456
20 trans-p-lonone 2.83 5.55 1493
21 Pentadecane 2.26 - 1501
22 a-Farnesene - 6.13 1511
23 5-Cadinene - 6.31 1528
24 Dihydroactinolide 1.88 1.27 1540
25 E-Nerolidol 1.27 2.85 1569
26 (E)-3-Eicosene 1.05 - 1593
27 Hexadecane 2.17 - 1601
28 Benzophenone 1.86 - 1639
29 Benzyl benzoate 3.60 - 1776
30 Hexahydrofarnesyl acetone 1.33 - 1849
31 1-Butyl 2-isobutyl phthalate - 0.56 1968
32 Diisobutyl phthalate 2.20 0.92 1877
33 Dibutyl phthalate 2.74 - 1972
34 Palmitic acid 3.28 2.55 1980
35 Phytol 9.57 16.63 2118
36 Diisooctyl adipate 1.23 - 2400
Total 89.70 86.04

aCompounds extracted with hexane by the SDE method; "Compounds extracted with hexane by the percolation method
°RI: Relative retention indices to C8-C24 n-alkanes on HP-5 MS column
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Table 2. Chemical composition of the hexane extract of the volatile oils of the leaves of Z .jujuba extracted by the
SDE and Percolation methods

No Components SDE method (%) Percolation method °(%) RI°
1 Octane 9.10 - <800
2 (E)-2-Hexenal 11.26 - 852
3 6-Methyl-5-hepten-2-one 1.80 - 991
4 cis-Linalool oxide 1.04 - 1092
5 Terpinolene 2.26 - 1104
6 (3E)-6-Methyl-3,5-heptadien-2-one 0.61 - 1110
7 Fenchol 0.95 1197
8 Eugenol 9.58 - 1367
9 Cyclohexane 5.00 - 1396
10 Dihydropseudoionone 1.67 - 1456
11 trans-p-lonone 5.55 - 1493
12 a-Farnesene 6.13 - 1511
13 3-Cadinene 6.31 - 1528
14 Dihydroactinolide 1.27 2.08 1540
15 E-Nerolidol 2.85 - 1569
16 a-Pinene - 7.90 1841
17 Z-11-Tetradecenoic acid - 1.47 1848
18 1-Butyl 2-isobutyl phthalate 0.56 - 1968
19 Diisobutyl phthalate 0.92 - 1877
20 Dibutyl phthalate - 3.63 1972
21 Palmitic acid 2.55 18.42 1980
22 Phytol 16.63 31.70 2118
23 Linoleic acid - 13.54 2154
24 Diisooctyl adipate - 8.03 2400
25 Pentacosane - 3.68 2495

Total 86.04 90.45

aCompounds extracted with hexane by the SDE method; "Compounds extracted with hexane by the percolation method; °RI: Relative
retention indices to C8-C24 n-alkanes on HP-5 MS column

Fig. 1. The category of the compounds extracted from the volatile oils of the leaves of Z .jujuba by the SDE and
Percolation methods
A: Compounds extracted with Ethyl acetate by SDE method
B: Compounds extracted with Hexane by SDE method
C: Volatile compounds extracted with Hexane by percolation method
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Table 3. Comparison of the compounds extracted
from the volatile oils from the leaves of Z .jujuba by the
SDE and percolation methods using three measured
parameters

Parameter measured A B C
Average molecular 53 15 18351 26594
weight
Average solubility in
water (In 25 °C, ppm)
Average boiling point
(In 760 mm Hg ) 237.23 284.11

A: Compounds extracted with ethyl acetate by SDE method;
B: Compounds extracted with hexane by SDE method;

C: Volatile compounds extracted with hexane by percolation
method.

241401 882.22 68.63

260.86

The mean of the boiling points of the extracted
compounds for the ethyl acetate was 260.86°C and
the mean of the boiling points of the extracted
compounds for the hexane solvent was 237.23°C.

The results showed that the boiling point and
solubility of the extracted molecules in water have
a direct relationship with the dipole moment of the
extraction solvent. It can be concluded that the
ethyl acetate solvent in comparison with the hexane
solvent, has extracted compounds with higher
dipole moment values. This result is compatible
with the existing difference between the numbers of
extracted oxygenated compounds (Figure 1).

The second segment of this study investigated
the extraction methods by which the volatile
components were extracted by the hexane solvent
using the two methods of SDE and percolation and
then, the results of these methods were compared to
each other.

According to Table 3, the mean solubility of the
extracted compounds in water (in 20°C) using the
percolation method was 68.63 ppm; while this
value for the SDE method was 882.22 ppm. Also,
the mean molecular weight of the compounds
extracted by the percolation method was 265.94 u
and for the SDE method it was 188.61 u. These
results clearly confirm the ability of the SDE
method in separating compounds with higher dipole
moments and lesser molecular weight compared to
the percolation method.

CONCLUSIONS

Due to the fact that volatile oils are used in
different industries, finding the best extraction
methods in order to improve their quality and also,
to obtain the most suitable chemical compounds for

any particular application is crucial. According to
the changes in quality and quantity of the volatile
oils that can be observed in tables 1-3 and figure 1,
it can be concluded that the SDE method can
separate compounds with higher dipole moment but
lesser molecular weight in comparison with the
percolation method. Also as it was expected, these
results reveal this fact that the compounds separated
by the ethyl acetate solvent are more polar than the
compounds separated by the hexane solvent.
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CPABHABAHE HA KOMIIOHEHTUTE HA JIETJIMBU MACJIA OT JINCTATA HA
Ziziphus jujuba YPE3 TTPOMSHA HA PA3BTBOPUTEJIA U METOJA HA PA3AEJISIHE

3. Arasiau , A. A. Enrame-Baxen

Henapmamenm no xumus, Ucaamcku ynusepcumem ,,A3a0 “, Knon 6 Kym, Kym, Hpan
Toctenmna Ha 12 anpu, 2015 r., Kopurupana na 3 Hoemspn, 2015 1.

(Pesrome)

KomnmuecTBara u KagecTBaTa Ha KOMITIOHEHTHTE HA JICTIIMBUTE MAcJia CHIIHO 3aBHCST OT YCJIOBUSTA HAa EKCTpakims. B
HacTosimaTa pabota HUe W3CIIeaABaXMe JICTIMBUTE KOMIIOHCHTH B JicTata Ha Ziziphus jujuba B mepnona Ha medrek,
MPOMEHSIMKA €KCTparcHTa W METOla Ha eKCTpakius. Hal-Hampen, HHe eKCTpaxvupaxMe JICTIUBHTE KOMIIOHEHTH Ypes3
MPOMSIHA Ha Pa3TBOPUTENS Upe3 eIHOBpeMeHHa aectuianus u ekctpakuus (SDE); BbB BrOopaTa yacT, M3MON3Baiiku
XeKcaH KaTo pasteopuTten 1o asa Metoga (SDE u nmepkonanus), HUue uscieaBaxMe e)eKTa Ha METOAA Ha €KCTPaKIHs
BBbpPXY KOJIMYECTBOTO M KAYECTBOTO Ha E€KCTPAXMPAHHMTE CheIUHEHHWs. EKCTpaxupaHuTe Macjia 0sxa pasieleHd U
unentudunupann upe3 GC/MS u GC/FID. Haii-roasma pasnuka ce HaOIr0IaBa, KOTaTO METOIBT HA eKCTpakuus Oe
NPOMEHEH 10 HayMH, IIPU KOWTO OpOST M TUIBT Ha ChEJAWHEHUSTA APACTHYHO ce mpoMeHs. ChIIO Taka cpeaHaTa
MOJIEKYJIHA Maca U CPeIHaTa Pa3sTBOPUMOCT Ha KOMIIOHEHTHTE Ha €KCTPaXMPaHWUTE JIETIMBU MACia ca Pa3inuHH.
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This study attempts to discuss the influence of Bi alone and its combination with Sb and Sn on the electrochemical
performance of the PAM of lead acid batteries. The different additives were added in the electrolyte as cations. PAMs
were prepared by electro formation of cured battery plates in the presence and absence of a dopant (non-doped sample
ND). The results from different analyses showed that bismuth alone gives a remarkable improvement of the capacity.
The highest performance of PAM is obtained when bismuth is mixed with tin together as dopants.

The incorporation of bismuth and tin cations leads to an increase of the quantity of structural water in PAM. This
increases the hydrated and amorphous zones within the PbO, particles and leads to an improvement of the

electrochemical capacity.

Key words: Lead acid battery, Positive active mass, Bismuth, Tin, Antimony, Capacity.

INTRODUCTION

The active mass of the positive plate of the lead-
acid battery is a gel-crystal system that conducts
electricity by electrons and protons in hydrated
areas of the gel zones [1]. The properties of the
active material were modified by the introduction
of dopants, but few reports in the literature deal
with these investigations [2-7]. The effect of the
addition of ions of the elements of group V
(Arsenic, Antimony and Bismuth) introduced in the
spin alloy or in the solution during the rebuilding
process of the active material structure and the
PbO, powder density were investigated. The results
showed that these dopants decrease the value of the
critical density [8]. H.Y. Chen et al. [9] found that
bismuth improves the capacity and cycle life. In our
previous works, we studied the effect of the doping
of lead dioxide with some metallic ions on the
composition of PAM gel zones and its relationship
to battery performance. The results showed that the
quantity of water present in the gel zones and PAM
discharge capacity are mainly dependent on the
nature of the dopant [10, 11].

The aim of this work is the study of the
physicochemical properties of the lead acid battery
positive active mass, modified by adding Bi alone
and combined with Sb and Sn at different
concentrations and their electrochemical

* To whom all correspondence should be sent:
E-mail: nchahmana@yahoo.fr

performances. The study was based on chemical
analysis, X-ray diffraction (XRD),
thermogravimetry (TG) and scanning electronic
microscopy (SEM). The capacity of the different
PAMs is determined by galvanostatic discharge.

EXPERIMENTAL
Plate preparation

In order to investigate the effect of bismuth on
the positive active mass, four kinds of positive
electrodes were prepared. Lead dioxide was
prepared by electroformation of industrial cured
battery plates (with grids cast from a Pb-5wt. % Sb
alloy) in acidic solution according to the method
described by Voss and Freundlich [12]. The cured
plates were soaked in 1.40s.g. H2SO, solution for
18h and then formed in 1.05s.g. H.SO4 solution.
The dopants were dissolved in the electrolyte as
Bi»Os, Sh,Os and SnCl,. Table 1 shows the
concentrations of dopants.

Table 1. Concentrations of the different dopants
added to the PAM.

Dopant Concentration, ppm
Bi 25

Bi-Sh 25-50

Bi-Sn 25-100

The formed plates were washed in running water
for several hours to remove the excess of sulfuric
acid. Then they were dried overnight at 110°C. Part
of the active mass was removed from the grids,
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washed with a hot saturated acetate ammonium
solution to remove the PbSO, traces, dried and
ground to a powder.

The positive active materials were characterized
by XRD analysis using an APD-15 Philips 2134
diffractometer. The changes in relative intensity of
the X-ray characteristic diffraction lines for the
different phases in PAM were adopted as a measure
of the phase changes in the PAM with the effect of
additives.

The thermal analysis tests were performed using
an instrument supplied by MettlerToledo:
TGA/SDTA 851e. All measurements were carried
out in a nitrogen atmosphere at a gas flow-rate of
50cm®mint and at a constant heating rate of
10Kmin™.

The SEM observations were performed by a
scanning and transmission electron microscope
JEOL 200 CX (Japan).

Electrochemical tests were performed with a
classical three electrode cell. The working electrode
is a PAM powder hand pressed on a conductive
graphite collector. A platinum sheet was used as a
counter-electrode. The non-doped and doped
electrodes were discharged at a constant cathodic
current of ImA and the potential versus capacity
curves were recorded using a Hg/Hg.SO./saturated
K>SO reference electrode. All the experiments
were carried out at room temperature in 1.28 s.g.
H>SO, solution.

RESULTS AND DISCUSSION:
Chemical analysis

Table 2 summarizes the chemical composition
of the PAM samples formed in solutions with
different additives. The data show that traces of
bismuth, tin and antimony are present in the active
mass. The highest percentage of Bi is obtained for
the solution containing Bi and Sn. Small quantities
of unconverted PbSO, were found in the majority
of the samples.

Table 2. Results from chemical and ICP-AES
analyses of doped and non-doped PAMs.

3 Bi 108 3
samples 7?92 ppso, ppo SM10° Bi10° Sb10

% % % %

ND 8950 324 519 O 0 0

Bi 86.07 125 589 O 4.0 0

Bi-Sb 86.37 258 655 0 5.6 5.0

Bi-Sn  85.90 1.87 8.80 4.0 9.7 0
XRD analysis

All detected peaks in Fig.1 were identified to be
B-PbO,. No differences in the spectra were
observed, but changes in peak intensity were
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clearly detected between the modified PAMs and
unmodified one.
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Fig 1. XRD patterns of doped and non-doped PAMs.

The average crystallite size was calculated from
the full width at the half maximum (FWHM) of
[110] diffraction lines using the Sherrer equation.
The crystallite size values showed that more
amorphous particles of PbO, were obtained in
solutions containing the different additives. As a
consequence we can deduce that Bi, Sn and Sb tend
to diminish the crystallinity of the PAM particles.
The crystallite sizes calculated for the different
PAMs are reported in Table 3.

Table 3. Average crystallite sizes calculated for
doped and non-doped PAMs.

Samples Size (nm)
ND 21.9
Bi 18.2

Bi-Sh 18.2
Bi-Sn 184

Thermal analysis

The changes in water content in the PAMs are
measured by thermal analysis. The thermo
gravimetric (TG) curves are shown in Fig. 2. The
values for the structural water are reported in Table
4. It is clear that the additives increase the water
content in the PAMs. The highest amount of
structural water is obtained for sample containing
Bi-Sn mixture.

Table 4. Values of structural water in PAMS.

Structural water
Samples

(%)

ND 0.58
Bi 1.39
Bi-Sb 2.13
Bi-Sn 241
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Fig 2. TG curves of doped and non-doped PAMSs.

Fig.3 presents the obtained DTG curves - the
first derivative of the TG curves normalized toward
the mass of the samples. The DTG curves for all
samples have characteristic peaks in the range from
50 to 300°C that are related to the evaporation of
water in different parts of the PAM. The peaks at a
temperature higher than 300°C are related to the
degradation of PbO; to PbO. The DTG curve for
the non-doped sample features two characteristic
peaks in the range from 50 to 300°C. The first one
at 100°C is related to the evaporation of the
physisorbed water and the second one is related to
the evaporation of the structural water from the gel
zone of the positive active mass. In the temperature
range from 100 to 300°C the two additional peaks
appear for doped PAMSs. These peaks are indicative
of different types of bounded water in the PAMs
gel zones and confirm that the dehydration of
PAMSs occurs in three stages. We can deduce from
the thermal analysis that the addition of Sn
increases the quantity of the structural water as
described earlier [11].

0,00+

-0,05

dm/dT (mg/°C)

-0,10

T T T T T T T
0 100 200 300 400 500 600 700
T(°C)

Fig 3. DTG curves of doped and non-doped PAMs.
SEM morphology

Fig.4 presents the scanning electron
micrographs of different PAMs. The micrographs
show that the morphology of the positive active

material is not bismuth
incorporation.

i)

affected by the

20 ae19e

Fig 4. SEM micrographs of the PAMs with dopants.

Electrochemical properties

Fig.5 shows the discharge curves of modified
PAMs compared to the positive active mass without
additives (ND). Bismuth incorporated in the PbO;
gel zones improves its electrochemical activity. It is
clear that the capacity of PAM with bismuth alone
is considerably better than a non-doped one. In
order to see the effect of the synergy of bismuth, tin
and antimony which have proved their positive
influence on PAM in earlier studies, we have
introduced mixtures of Bi-Sb and Bi-Sn in the
PAM. The best capacity is obtained for PAM
formed in H;SO,4 containing the mixture of Bi-
Sn(100-25 ppm). Fig.6 presents the variation of the
PAM’s capacity versus the amount of structural
water in the samples. The data show that the
highest capacity is obtained for the PAM doped by
a Bi-Sn mixture, which contains the greatest
amount of structural water and the higher
percentage of Pb'V.

The doping of PAM leads to the incorporation
of bismuth, antimony and tin cations which
increase the quantity of the structural water in
PbO,. This obviously leads to PAMs with more
hydrated and amorphous zones, consequently the
capacity increases. The improvement in the
percentage of the capacity of PAM is mentioned in
Table 5.
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Fig 5. Comparison of the electrochemical behavior of
non-doped PAM (ND) and ones with Bi alone and
mixtures of Bi-Sh and Bi-Sn.

Table 5. Capacity (%) of different PAMs.

Bi Bi - Sb Bi-Sn

Capacity

%) 14.16 19.46 25.57

Water loss %

75 80 85 90 95
C (mAh/ g)

Fig 6. Evolution of the discharge capacity of
different PAMSs with the loss of structural water.

CONCLUSIONS

The objective of this work was the development
of a battery with improved properties. The different
results have shown that bismuth vyields a
remarkable  increase in  capacity. Better
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performance for PAM is obtained when Bi and Sn
are added together in the electrolyte. This can be
explained by the fact that a mixture of Bi and Sn
modifies the hydrated and the gel parts of PAM
leading to more amorphous and small sized
hydrated particles. Hence the capacity increases and
a synergy is obtained when the positive active mass
is doped by a mixture of Bi and Sn. The
incorporation of the different metallic cations leads
to an increase in the quantity of a structural water
which improves the electrochemical activity of
PAM. These results should be applied in the
process of lead acid battery technology.
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OU3NKOXUMHWYHO 1 EJJEKTPOXMMHNYHO U3CJIEJABAHE HA
ITOJIOXKUTEJIHATA AKTHUBHA MACA B OJIOBEH AKYMVIJIATOP,
MOINOULINPAH YPE3 IOBABAHE HA BUCMYT

H. Yaxmana*!, M. Matpakosa?, JI. 3epyan*

Ylabopamopus no enepeemura u enexmpoxumus na mevpoomo msano, Yuueepcumem ¢ Cemuqh, Cemucp, Anorcup
2Uncmumym no enekmpoxumus u enepuiinu cucmemu ,, Axao. Eeézenu Bydescku, Bvieapcka akademus Ha HayKume,
Cogpus, Bvreapus.

(Pe3srome)

Wzcnensa ce BIMAHAETO HA OMCMYT, KAaKTO M HETOBUTE KOMOMHAIIMN C aHTHMOH U KaJai, BBPXY €ICKTPOXUMHIHHUTE
CBOWCTBA HAa TIIOJNIOKWUTENTHATa aKTHBHA Maca B OJIOBHHA aKyMmynaTop. Pa3nmyanTe M00aBKM ca HAIpaBeHH B
€JNIeKTPOJIHTA U ca moJ (hopMaTa Ha KaTiHoHU. [10JOKHUTETHUTE aKTUBHE MACH Ca MOJy4YeHHU cienl GopMUpaHe Ha 3peiu
IUIOYM B NPUCHCTBUEC WIIM OTCHCTBHE Ha J00aBKH. Pe3ynraTuTe OT pa3lIMUyHU aHAJW3U MOKAa3BaT, 4e¢ OUCMYTHT KaTo
CaMOCTOsATEeNIHA JOOAaBKa 3HAYWTEIIHO YBEIIMYaBa KalalUTeTa Ha KJIETKaTa. XapaKTCPUCTUKUTE Ha MOJIOKHTETHATA
aKTHUBHA Maca ca Haii-100pH, Korato 100aBKaTa ¢ KOMOMHAIMS OT OMCMYT U Kalaii.

IMpuckcTBHETO Ha iHWoHWTe Ha Bi m Sn crmomara 3a mnoBHIIABaHE KOJMYECTBOTO HAa CTPYKTYpHa BOJaB
MOJIOKUTETHATA aKTHBHA Maca. Taka ce yBenn4aBar 30HHUTe ¢ Xxuaparupanute amopduu dactuiu PhO,, koeto Boau 10
YBEJINYaBaHE HAa KanalluTeTa.
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Hydrogen energy is considered at worldwide scale as a substitute to replace fossil fuels and to establish clean and
secure energy future. Hydride based hydrogen storage, for instance sodium borohydride (NaBH,), has acknowledged
substantial concern as a potential hydrogen source for portable fuel cell applications. The present paper highlights the
kinetic studies of the NaBH4/CoCl,/H,0 system and the factors affecting the hydrogen generation rate (HGR) - NaBH,
concentration, NaOH concentration and temperature. It also reports the results on addition of alumina nanoparticles to
the NaBH4/CoCl,/H,O system, for accelerating the hydrogen generation rate, owing to better reactivity of the
nanoparticles. Cobalt chloride is extensively used as a catalyst, being a reactive and cost-effective non-noble metal that
expedites NaBH4 hydrolysis reaction. Kinetic studies show that the hydrolysis reaction of NaBHy, is of first order. The
rate increases with respect to sodium borohydride and decreases with respect to sodium hydroxide. It is also observed
that the rate increases with the increase in temperature. Characterization of residue is performed by SEM, EDS and
XRD analysis that confirmed that the particles agglomerate together. Boron, sodium, cobalt, chlorine and oxygen are
present with weight percentages of 78.46%, 3.41%, 0.05%, 0.07% and 18.01%, respectively. The diffraction peak at

26 = 45° predicted from XRD analysis shows the presence of Co,B in the residue.

Keywords: Hydrogen energy; Sodium borohydride; Cobalt chloride; Alumina, Nanoparticles

INTRODUCTION

Inquisitiveness in hydrogen as a fuel has grown
and numerous advances in hydrogen production
and utilization have been made. Technologies for
hydrogen storage ought to be significantly
advanced if a hydrogen based energy system,
particularly in the transportation sector, is to be
acknowledged [1]. Storing hydrogen is relatively
difficult because of its low density and critical
temperature. Presently, there are three ways to store
hydrogen: (a) as a compressed gas, (b) as cryogenic
liquid hydrogen (LH-) and (c) solid-state hydrogen
storage [2, 3]. The main drawback of compressed
gas and cryogenic liquid hydrogen storage is the
low volumetric density of the system. Solid-state
hydrogen storage involves storage of hydrogen in
complex chemical hydrides. These hydrides have
high hydrogen content and hydrogen can be
released through several chemical pathways.
Hydrolysis of chemical hydrides takes place at
comparatively low temperatures and gives
promising theoretical hydrogen storage efficiencies
[4, 5].

Among diverse chemical hydrides, sodium
borohydride (NaBH.) has been considered as the
most attractive hydrogen storage material. It is a
safe practical means of producing hydrogen and has

* To whom all correspondence should be sent:
E-mail: er.arsh87@gmail.com

high hydrogen content (10.7 wt %) [6, 7].
Hydrolysis of sodium borohydride is a heat
releasing reaction. No side reactions or volatile
byproducts are formed and the generated hydrogen
is of high purity (no traces of CO and S) and
humidified (heat generates some water vapor).
Additionally, sodium borohydride is the least
expensive metal hydride commercially available.
Furthermore, it is safe to use, handle and store.
Egn. 1 gives the hydrolysis reaction of NaBH,.
NaBH; + 2H,0O — NaBO; + 4H> (1)
Rate kinetics of the above reaction is slow
without a catalyst that affects the hydrogen release.
Therefore, for the fast kinetics of the hydrolysis
reaction of NaBHs, a highly reactive catalyst is
obligatory. Many catalysts like RuCls, RhCls,
CoCl,, H,PtCl,, FeCl,, and PdCl, are used for
NaBH, hydrolysis. In terms of reactivity and cost,
CoCl; is the most favored one [8]. As compared
with other non-noble metal catalysts like nickel,
maximum hydrogen generation is reported with
cobalt based catalysts [9]. Catalytic potential of
cobalt (I1) and (111) salts has been studied in the
literature and CoCl, showed the preeminent
performance as a catalyst for hydrolysis reaction of
NaBH, [10-13]. It is also found that the catalytic
active phase of CoCl, as a catalyst in NaBH.
hydrolysis is cobalt boride that could be formed as
CoyY or CoxBy [14]. Heat of hydrolysis of sodium
borohydride is lower when compared with other
chemical hydrides as shown in Table 1 [15].
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Hydrogen storage as high pressurized gas or
liquid cannot fulfill future storage goals.
Chemically or physically combined storage of
hydrogen in other materials has various advantages
over other storage methods. Intensive Kkinetic
studies have been done on complex hydrides for
progression of hydrogen generation (HG) properties
[4].

Efficiency of hydride based hydrogen storage
systems can be improved if the particle size is
reduced to the low nanometer range. Hydrogen
desorption rate increases due to the high surface-to-
volume ratio of the nanoparticles, which further
reduces the external energy required for hydrogen
desorption [16]. Studies are also carried out on
hydrogen generation with a combination of
nanoparticles of alumina with NaBH; due to a
mutual promoting mechanism that exists between
hydrolysis of NaBH4 and Al,Os/H,0 reactions [17,
18]. The constituted dual fuel system exhibited
complementary attributes, such as eminent
hydrogen density, reduced material cost and
adequate controllability of the reactions at moderate
temperatures, making it promising for mobile and
portable hydrogen source applications [17].

The present kinetic study reports on the
reactivity of the NaBHs-CoCl; system and the
effect of Al.Os nanoparticles on the hydrogen
generation rate for the NaBH4-CoCl; system.

MATERIALS AND METHODS

The chemicals used in the investigation were
sodium borohydride powder (purity 97%), cobalt
chloride salt powder in hexa-hydrate form (purity
of 98%) procured from Loba Chemie Ltd., and
sodium hydroxide pellets (purity 97%) procured
from CDH Laboratory and Al.O; nanoparticles (20
nm, 99% purity) from Sigma Aldrich.

The schematic experimental setup used for the
study is shown in Fig.1. It consists mainly of a

three-port reactor, the left-hand port of which is
equipped with a thermowell for placing a
thermometer; the middle port is connected to a
dropping funnel and the right-hand port guides the
generated hydrogen gas to a water-replacement
system. The water-replacement system consists of a
measuring cylinder filled with water and a water
container to submerge the cylinder. The volume of
the hydrogen generated is measured using the
measuring cylinder. To adjust the reaction
temperature in the reactor, thermostatically
controlled water bath is used.

Pressure equalizing Measuring cylinder

furnmnel

0

o
o
]

Thermometer ||4

o
Hydrogen gas

(&)

Water replacemnet system

Eeactor —

Fig.1. Schematic diagram of the experimental
setup.

Dried NaBH,4 and CoCl; are put in the reaction
flask. Then 10 mL solution of NaOH and water is
added with a pressure-equalizing funnel and guided
to the reactor. Hydrogen gas is collected in the
measuring cylinder by downward displacement of
water and the volume of hydrogen produced is
monitored with time.

The residue left after hydrolysis reaction of
NaBHjy is kept in an incubator at 60-70°C overnight
for drying. The black solid obtained after drying is
characterized by SEM (scanning electron
microscopy), EDS (energy dispersive X-ray
spectroscopy) and XRD (X-ray diffraction)
analysis.

Table 1. Comparison of chemical hydrides with heat of hydrolysis reaction [5]

Sample Hydride Heat of hydrolysis
No. Name % H- by weight % H- in stoichiometric mixture (Liiﬁ:;;g Hy)

1. LiBH.4 18 8.5 -90

2. LiH 13 8 -145

3. NaBH. 10.5 7.5 -80

4, LiAIH,4 10.5 7.5 -150

5. AlH; 10 7 -158

6. MgH: 7.5 6.4 -161

7. NaAlH. 7.2 6 -140

8. CaH: 4.9 51 -140

9, NaH 4.9 4 -150
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The morphology of the residue was observed on
a scanning electron microscope (JEOL JSM-6510
LV) equipped with an integrated silicon drift
detector (SDD) technology to carry EDS analysis.
The specimens were coated with 50 pum thick gold
film in an automatic sputter coater (Polaron) to
avoid charging under an electron beam prior to
SEM.

Structural characterization of the residue was
carried out by recording its X-ray diffraction
patterns  using  PANalytical X’Pert  Pro
Diffractometer operated at 45 kV and 40 mA with
monochromatic Cu—Ko radiation (A=1.5406 A), in
the 26 range of 20 - 80°.

ANALYSIS

Qualitative analysis of hydrogen gas is done by
pop test and the presence of hydrogen gas is
confirmed by a squeaky pop sound. Quantitative
analysis test is conducted by gas chromatography
on AIMIL-NUCON gas chromatograph. The
analysis confirmed the presence of hydrogen gas
with a purity of 85%, the rest being nitrogen from
air as per recovery basis from the sample. The rate
eqgns. describing the relation between the rate of
hydrogen generation and the concentration of
sodium borohydride are given below.

fy, = Cnan, 2)
Here r,, is the rate of hydrogen generation in
moles/L.sec, C gy, IS the concentration of NaBH.

in moles/L, and a is the reaction order. Hydrogen
generation rate (HGR) linearly decreases with the
increase in NaOH concentration at a fixed NaBH,
concentration and temperature. As a result,

1
B, =————— (3
e (1+ kl CNaOH ) ( )
where, Cnaon IS the concentration of NaOH in
moles/L and ki is a proportionality constant.
Combining egns. (2) and (3), the rate of hydrogen
generation is obtained assuming k to be another
proportionality constant [19].

. KC * nasH, ()

r, =
’ l+ le NaOH

RESULTS AND DISCUSSION

In the present study, the factors affecting the rate
of sodium borohydride hydrolysis reaction: sodium
borohydride concentration, sodium hydroxide
concentration and temperature were observed. The

hydrolysis reaction is given below [20].
CoCl, +2NaBH, +3H,0 — (5)
0.5CO,B | +2NaCl + 1.5HBO, + 6.25H, T

292

Effect of NaBH4 concentration on the rate

In a series of experiments by varying the initial
concentration of NaBH, and keeping the NaOH
(0.25 moles/L) and CoCl. (0.02 moles/L)
concentrations constant, the effect of NaBH4 on
HGR was determined. On increasing the
concentration of sodium borohydride, the number
of collisions between the molecules increases,
consequently increasing the rate of the reaction.
According to Fig. 2, the HGR increases with
increase in NaBH. concentration at constant NaOH
and CoCl, concentrations. The solution becomes
more viscous at higher concentrations of NaBH,4
due to the conversion of NaBH; to sodium
metaborate [21].

0.7 4

0,6 -
035 -
0.4 -

1 12 14 1.6 1.8 2

HGR (moles/L.sec)
5 e e

2 w
5

NaBH, (moles/L)

Fig. 2. Effect of NaBH, concentration on HGR.
Effect of temperature on the rate

The temperature is a measure of the Kkinetic
energy of a system. Higher temperature implies
higher average kinetic energy of molecules and
more collisions occurring per unit time.
Acceleration of H*, OH,, BH* and CI** ions is
directly related to the temperature of hydrolysis
reaction [22]. The reaction rate increases with the
increase in temperature as indicated by the slope of
the line shown in Fig. 3.

Readings are taken at NaBH, equal to 1.38
moles/L and CoCl, 0.02 moles/L. Activation energy
calculated for NaBH4/CoCl./H.O system from the
Arrhenius equation is E = 37.931 kJ/mol and
A =1254 x 108 sec™.
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Fig. 3. Hydrogen generation with time at different
temperatures
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Effect of sodium hydroxide (NaOH) concentration
on the rate

To increase the shelf life of NaBH. solutions
and to suppress its self-hydrolysis, NaBH. solutions
were maintained at alkaline conditions by adding
NaOH. According to Fig. 4 (a, b), HGR initially
increases with the increase in NaOH but decreases
beyond 0.25 moles/L. These experiments were
conducted at 1.14 and 1.38 moles/L NaBH. and
constant CoCl, (0.02 moles/L) concentration at
45°C.

R
= 05
s 04
03
£ 02
T ood
0
0 0,2 0,4 0,6 0,8
NaOH (moles/L)
Fig. 4(a). Variation of HGR with NaOH

concentration at 1.14 moles/L NaBH3.

g 09
a 0.8
5 0.7
2 06
= 03
£ 04
T 03

02

0.1
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NaOH (moles/L)

Fig. 4(b). Variation of HGR with NaOH

concentration at 1.38 moles/L NaBHa.

These observations were made at relatively low
concentrations of NaOH and it was observed that at
higher concentrations of NaOH, HGR decreases
due to high alkalinity of the solution.

REGRESSION ANALYSIS

It is assumed that the maximum hydrogen
generation rate is the initial value of hydrogen
generation. The parameters (k/(1 + kiCnaon)) and a.
in Egn. (4) can then be determined by regression
analysis and are given in Table 2. To determine the
rate constants k and ki, Eqgn. (4) was modified to
Eqgn. (6).

i = EC + ﬁCNﬂ
NaBH,
er k k NaBH,

, (6)

Table 2. Kinetic parameters at different temperatures.

Sample Templerature NaOH klk(/:(Nla:H) o

No. (°C) (moles/L) i 2/mol.sec)

1 o5 0 0.165 128
2 35 0 0.270 1

3. 45 0 0.324 13
4. 25 0.25 0.246 1.03
5. 35 0.25 0.343 117
6. 45 0.25 0.527 1.04
7 25 0.70 0.29 13
8. 35 0.70 0.3 127
9. 45 0.70 0.479 12

The order of the reaction with respect to NaBH4
concentration o equals to 1 with an experimental
error of + 0.2 (Table 2). Plot of inverse of
hydrogen generation rate (1/r,_ ) versus the ratio of

NaOH and sodium borohydride concentration
(Cnaon / Crapn, ) gives a straight line, as shown in

Fig. 5. The intercept on the y axis gives
(1/k Cggn, ) and the slope gives (ki/k), from which

both k and ki may be determined as shown in Table
3.

el

e

T T T
0.0 03 06
Con (MOleS/L)/IC . (moles/L)

1/r (L/moles)

o
>

0.0

Fig. 5. Effect of NaOH/ NaBHj, ratio on the rate.
Table 3. Rate constants k and ki

Sample  NaBH,  Temperature k k1

No. (moles/L) (°C)

1. 1.14 25 0.604 3.03
2. 1.14 45 2.009 5.843
3. 1.14 65 3.02 588
4. 1.38 25 0.875 2.85
5. 1.38 45 209 3.76
6. 1.38 65 381 811
7. 1.61 25 076 1.13
8. 1.61 45 194 296
9. 1.61 65 431 6.20
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CHARACTERIZATION OF THE RESIDUAL
SUBSTANCE

The morphology of the black colored solid
residue formed after hydrolysis reaction of NaBH4
in presence of CoCl; catalyst was analyzed by SEM
and the images are shown in Fig. 6 (a, b, ¢ and d).
The particles are observed to agglomerate together
and the rough surface indicates the presence of
cobalt [10].

Fig. 6. (a, b, ¢ and d) SEM images of the residual
material.
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EDS analysis of residual material’s surface
(Fig.7) provides quantitative information about its
elemental composition. Elemental percentages of
byproducts of NaBH. hydrolysis are given in Table

’ VW i i
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LY & . E, »
. ALE SR
% Spectrum 19 ";‘
R

oy

LW

800um ! Electron Image 1

Fig.7. Sectioned area of residual material for EDS
analysis

It is observed that boron (78.46 wt%) is present
in maximum percentage in the residue followed by
oxygen (18.01 wt%), sodium (3.41 wt%), chlorine
(0.07 wt%) and cobalt (0.05 wt%)

Table 4. Elemental percentages of NaBH, hydrolysis

byproducts.
Element Weight (%)  Atomic (%)
B 78.46 85.04
O 18.01 13.19
Na 3.41 1.74
Cl 0.07 0.02
Co 0.05 0.01

According to literature, cobalt boride (Co:B,
CosB) and other Co-B compounds with different
degrees of oxidation are expected to be present in
the residue obtained after hydrolysis of NaBH, in
presence of CoCl, catalyst. These compounds are
reported to be an amorphous mixture of Co-B based
catalysts having varying cobalt, boron and oxygen
contents [23]. The diffraction peak around 26 range
between 40° and 50° is assigned to cobalt borides
(CoxB) or metallic Co° phases [8, 24]. Similar
results are observed by XRD analysis (Fig. 8) of the
residual material. Diffraction peaks around 26 = 45°
confirm the presence of Co.B (Ref. Code 01-089-
1994) [14]. Another Co-B based compound like
cobalt borate C0,B,0s (Ref. Code 01-073-1772 and
Na based byproducts like sodium borate hydrate
oxide (Na:B:O7;. 10H:0, Ref Code 01-088-1411
and sodium boride (NasB:0O, Ref. Code 00-012-0)
are also present in the residue.
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Fig.8. XRD analysis of the residual material

Hydrogen generation rate (HGR) studies using
Al,O3 (nanoparticles) in the NaBH4/CoCl./H,0
system

Experiments were performed to study the effect
on HGR of the addition of Al,O3; (nanoparticles) to
the NaBH4/CoCl, system. As shown in Fig. 9,
HGR increases with NaBH4 concentration at all
concentrations of Al,Os. Readings are taken for
1.008, 1.26, 1.49 and 1.73 moles/L NaBH, at 0.046,
0.065 and 0.083 moles/L Al,O3 for constant CoCl,
(0.02 moles/L) concentration. The addition of
Al;0O3 nanoparticles is found to improve the
kinetics of NaBH, hydrolysis [22].
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Fig. 9. Effect of NaBH. concentration on HGR.

The addition of alumina nanoparticles to the
NaBH4/CoCl2/H,0 system results in high HGR thus
improving the system storage density. Due to the
supporting mechanism existing between NaBH.
hydrolysis reaction and Al.Os/H,O reaction,
hydrogen generation performance is increased [17].
Studies are still in progress to understand the actual
role of alumina nanoparticles for the increased
performance characteristics of the examined
system.

CONCLUSIONS

Hydrolysis reaction of sodium borohydride with
cobalt chloride as a catalyst is a first-order reaction.

Hydrogen generation rate increases with the
increase in temperature, sodium borohydride
(NaBH.) concentration and decreases with sodium
hydroxide (NaOH) concentration.

The rate constant ‘k’ with respect to sodium
borohydride and the rate constant ‘k;” with respect
to sodium hydroxide increase significantly when
the temperature is increased from 45 to 65°C.

The gas chromatography analysis indicates that
the hydrogen gas has a purity of 85%, the rest being
nitrogen.

The residue of the NaBH. hydrolysis reaction is
characterized by SEM, EDS and XRD.

According to SEM and EDS analysis, the
particles agglomerate together with maximum
percentage of boron in the residue. XRD analysis
shows the presence of Co-B and Na based
compounds in the residue.

The hydrogen generation rates are found to be
higher for the hydrolysis in the
Al;0s/NaBH4/CoCl>/H,O system compared to the
NaBH./CoCl2/H:0 system.
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KMHETWUYHU U3CJIEABAHUA BbPXY CUCTEMATA 3A CbXPAHEHUE HA BOJIOPO/
NaBH4/H20 C CoCl, KATO KATAJIM3ATOP

A. Kayp”, JI. l'anrauaprony, I1.K. Bamxnau
Jenapmamenm no xumuuno unxcenepcmso, Yuusepcumem Tanap, [lamuana, Hnous

Tlosnyuena na 28 anpmi, 2015 r., kopurupana na 26 cenrtemspu, 2015 r.

(Pesrome)

BomopoxsT ce mpreMa B CBETOBEH Mamad KaTo 3aMECTHTENI HA W3KOMAeMUTE TOpHBA M J1a YCTAHOBU YHCTO W
CHUT'YPHO eHepruiiHo Obaeie. ChbXxpaHeHHETO Ha BOAOpOa Kato xuapuan (Hanpumep Hatpues 6opoxuapun (NaBH,) e
CpEIIHAJIO CePUO3HA 3arPIKEHOCT KaTo MOTEHIUAJICH U3TOYHUK Ha BOJIOPO/ 3a MIOPTaTUBHU ycTpoiicTBa. Hacrosiara
paboTa 3acsra KuHeTHYHH u3cneaBanus Bbpxy cuctemara NaBH4/CoCly/H0 u dakropute, Bausenn Ha CKOPOCTTa Ha
reHepupane Ha Bogopon (HGR): konnentparusra Ha NaBHa, Ha NaOH u Temneparypara. B Hest cbIiio ce cho01iaBa 3a
pesynratuTe 3a J00aBAHETO HAHO-YACTHIM OT JuanyMuHueB Tpuokcua kbM cuctemara NaBH4/CoCly/H20, 3a
YCKOPSIBAHETO HA CKOPOCTTa HA FeHEpUpaHe Ha BOAOPOJ, JBJDKAIM CE Ha M0-100para peakTHBOCIIOCOOHOCT Ha HAaHO-
gactunure. KoOanToBHAT XJIOPHI € MIMPOKO W3IMON3BAH KaTO HM3TOJEH KaTaau3aTop ¢ HeONIaropoieH MeTas, KOHTO
yckopsiBa xuaponu3ata Ha NaBH4. Kunetnunnrte u3cienBanus mokassaT, de xuaponu3ata Ha NaBHs ce ommcsa ot
ypaBHEHHE OT MBPBU MOPIIbK. CKOPOCTTa HapacTBa C HATPHEBHs OOPOXUIPWA W HaMajsBa C HATpHeBaTa OCHOBA.
OcBeH TOBa ¢ HAONIOJaBaHO Y€ CKOPOCTTa Ha peakIusATa HapacTBa ¢ Temreparypara. OxapaKkTepHU3WpaHETO Ha
ocraTtbka ¢ m3BbppmeHo upe3 SEM, EDS u XRD, npu koeto ce ycraHOBsiBa, 4e YaCTHIUTE Ce arjoMepupar. B
ocTaThKa Ce ChIbpKAT OOp, HATPHIL, KOOAJIT, XJIOP U KHCIOPOJ B TErVIOBHH MPOLEHTH ChOTBeTHO 78.46%, 3.41%,
0.05%, 0.07% u 18.01%. Judpaxumonuust nuk npu 20 = 45°, yctaHOBEH OT PEHTTEHOCTPYKTYPHHS aHAIN3 MOKa3Ba
Hannurero Ha C02B B ocrarbka.
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Humidity sensors have several applications in both industrial processing and environmental control. Pure and
doped hematite has proved to exhibit remarkable humidity sensing properties. The aim of this investigation is to study
the effect of doping of some metal ions (Li*,Mg*?, Ba*?, Sr*2, and Na*) onto the crystalline hematite and to determine
their sensitivity towards relative humidity (RH). The obtained crystalline samples were characterized by X-Ray
Diffraction (XRD) combined with Field Emission Scanning Electron Microscopy (FESEM). The doped sodium metal
ions (Na*) hematite sample showed a significant response towards relative humidity at room temperature.

Keywords: Doping, Hematite, Humidity sensors.

INTRODUCTION

Measurements and/or control of humidity are
important not only for human comfort but also for a
broad spectrum of industries and technologies.
Humidity sensors have several applications in
industrial processing, domestic applications and
environmental control [1-4].

Adding metal ions to humidity sensing materials
have been widely reported in literature due to their
abundance in nature hence, efforts were made to
denote their effects [5]. Doping of metal ions
affects the microstructure and creates surface
defects or oxygen vacancies of the sensing material
[6-8].

Ferric oxide has a wide range of applications as
a magnetic material [9]. In addition it is very
sensitive to humidity and can be used as a humidity
sensor [10]. a-Fe;03 is an n-type semiconductor, it
is the most stable iron oxide under ambient
conditions, nontoxic, corrosion-resistant, low cost
and abundant. These features render it suitable for
numerous promising applications, such as
catalysts/photocatalysts [11-13], contrast
reagents/drug delivery [14] and gas sensors [15].

Nanocomposite materials containing o-Fe.O3
doped with noble metals (e.g., Pd, Pt, and Au) can
lead to a synergetic effect depending on the
preparation conditions, chemical composition,
sintering temperature, sintering time and doping

* To whom all correspondence should be sent:
E-mail: Ahmed.Afify@polito.it

with various additives [16]. Different techniques
were used for producing hematite films on the
solid substrate like sputtering [17], laser
ablation[18], electrodeposition [19], spray pyrolysis
(SP) [20, 21], ion beam induced chemical vapor
deposition (IBICVD) [22], plasma enhanced
chemical vapor deposition (PECVD) [23] and
aerosol- assisted chemical vapor deposition
(AACVD) [24]. The aim of this study is to
investigate the doping effect of some metal ions
(Mg*?, Ba*?, Sr*?, Li*, and Na*) onto a crystalline
hematite and to determine their sensitivity to
humidity. The sensors studied were prepared by a
screen printing technique.

EXPERIMENTAL

Powder synthesis

All reagents were ACS grade from Sigma-
Aldrich. 1 mole of a-Fe,O3 powder (Aldrich >99%,
particle size distribution lower than 2 um) was
dispersed in distilled water, then a dispersing agent
was added (Daraven 2 wt% of the used powder).
The solution was then ultrasonicated for 2 h. The
prepared dispersed solution was mixed stepwise
with 1.0 L aqueous solution of the salts (for
precipitation of metal hydroxide as the pH was
adjusted with NaOH): Li,COs, MgCOs, Ba(NO3),,
Sr(Nos)2 and Na2CO:s.

The dispersed solution was ultrasonicated again
for 1 h, the solid content in solution was diluted to
4 wt% by adding distilled water. Finally, the
dispersion was dried at 115°C overnight.
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The dried powder was treated at 800°C for 1 h
with a heating ramp of 2°C/min. The powders were
then manually grounded by means of an agate
mortar and an agate pestle before the screen
printing process.

Powder characterization

Particle size distribution was determined after
powder calcination by means of a laser
granulometer (Malvern 3600D) and after dispersion
in ethanol and sonication for 10 min. X-ray
diffraction patterns were collected on powders by
means of an X'Pert High Score Philips Analytical
Diffractometer, equipped with a Cu anticathode (A
Cu Ko anticathode= 0.154056 nm). Samples were
scanned at a rate of 0.02°/ s in the range from 5° to
70° in 26 after calcinations of the prepared powder.
Finally, samples were chromium sputtered for
FESEM (Field Emission Scanning Electron
Microscopy, Zeiss Merlin) investigations.

Humidity sensor preparation and testing

The sensors were screen printed onto a- alumina
substrates with platinum electrodes fired at 980°C
for 20 min. (with a heating ramp of 2°C/min.) [25,
26]. Screen printing inks were made of the doped a-
Fe.0; powders and an organic vehicle (Terpenol),
which acts as a temporary binder for the unfired
film and confers the appropriate rheological
properties to the paste.

After deposition the samples were dried in air at
room temperature prior to being heat treated at
800°C, (with a heating ramp of 2°C/min.) for 1h.
The humidity sensors were tested in a laboratory
apparatus made of a thermostated chamber, operated
at 25°C, in which the relative humidity (RH) could
be varied between 0 and 96% [27].

The laboratory apparatus for testing the sensors
was calibrated to ensure a constant air flow during
the electrical measurements and RH was varied by
steps, each one of 3 min. An external alternating
voltage (V = 3.6 V at 1 kHz) was applied on each
tested sensor, acting as a variable resistance of the
electrical circuit described above. A 2000 series
Keithley digital multimeter was used to measure the
tension Vpc at the output of the circuit.

The sensor resistance was determined by a
calibration curve drawn substituting the sensors, in
the circuit, by known resistances. The sensor
response (SR), expressed in %, was defined as the
relative variation of the starting resistance,
compared with the resistance measured under gas
exposure (eg. 1):
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SR(%) = 100@

0
Where Ro and Ry are the starting (in the absence
of the test gas) and the gas exposed measured
resistances of the sensors, respectively.

(eq. 1)

RESULTS AND DISCUSSION
Materials characterization

Particle size distribution

Commercial o-Fe;O; has a particle size
distribution lower than 2 um. Generally, doped
metal ion—-hematite samples thermally treated at
800°C for 1 h present a larger particle size
distribution as shown in Table 1. This could be
attributed to particle’s agglomeration during the
drying process. Moreover, the variation in size is
due to their atomic radius.

The cumulative weight below 50% of the
hematite doped metal ions particle size is less than
40 pm, means it could be passed through the
opening of the screen-printing mesh. Sieving was
performed for Sodium and Barium doped hematite
to obtain a size less than 40 pm as shown in Fig.1.

100 <

A0

6l <

40 <

Cumulative Wt. Below (%)

1] 20 40 il b 10 120 140
Diameter of Particle (pm)

Fig. 1. Particle size distribution of metal ions doped
onto hematite powders.

XRD measurements

For the sake of comparison with the metal-ions
doped hematite, the XRD pattern of a commercial o-
Fe>O3 (JCPDS card n°33-664) is shown in Fig. 2a.
XRD patterns of the different doped a-Fe;O3
powders presented in Fig.2b, 2c, 3a, 3b showed well
crystallized phases.

Sodium doped hematite was crystallized in
NaFeO, form according to (JCPDS card n°1-74-
1351), the structure of NaFeO. is a layer ordered
rock salt type structure [27].
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Table 1. Diameter of the doped metal ions hematite powders (um)

Cumulative Na* Li* Sr?* Ba?* Mg?*
wt% ((X-FEzOs) ((I-Fezo3) ((I-Fezo3) ((I-Fezo3) ((I-Fezog)
[um] [um] [um] [um] [um]
10% 7.03 5.58 5.61 14.55 1.92
50% 91.13 25.36 13.19 122.62 4.7
90% 149.2 85.33 65.88 220.72 19.19
© -~ i’ doped a-Feylry < T 5r2+ doped a-Fes(y

= I_iI"e_‘()“ (1T=11%)

b 7 Na' doped a-Fes(y
o NaF H':lz{'l =T4=-13%1)

Intensity CPS

1 :III .!-III -I:u slu ﬁlu T
2 Thetn (Degree)
Fig. 2. XRD pattern of a) a-Fe,O3, b) sodium-doped
hematite and c) lithium-doped hematite

LiFesOg (JCPDS card n°17-115) with a cubic
spinel structure derived from lithium-doped
hematite [28].

The SriFesO13 phase obtained according to
(JCPDS card n° 1-78-2403) from a strontium doped
hematite sample, the phase formed when the powder
calcined above 775°C which matches the thermally
treated powder at 800°C [29].

BaigFe1002s (JCPDS cards n°54-966) and
Fe1sM@o1603 (JCPDS cards n°1-70-2674) are
detected in barium and magnesium doped hematite,
respectively.

FE-SEM observation and microanalysis
FESEM micrographs of unfired, fired at 800°C
commercial hematite as well as Na* doped hematite
heat treated at 800° are shown in Figs.4a, 4b and 4c
respectively in order to distinguish the
morphological difference between all of them.
According to the FESEM analysis, unfired
hematite appears denser with less porosity than
fired hematite (see Figs 4a, and 4b). Fired Na*
doped hematite powder has the biggest grains size
in comparison with the particles size of the fired
and unfired hematite (see Figs 4a, 4b and 4c). This
could be attributed to the diffusion of sodium ions
into the crystalline hematite.
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Fig.3. XRD pattern of a) barium-doped hematite, b)

magnesium-doped hematite and c) strontium-doped
hematite

FESEM data also showed that the fired sodium
doped hematite film is characterized by well
distributed porosity, which makes this material
appropriate as a gas sensor. Energy dispersive x-ray
(EDX) analysis of sodium doped hematite showed
that Na* and Fe*? were well distributed in all the
samples (see Table 2. and Fig. 5) which is in a good
agreement with the XRD data for the NaFeO,
phase.

Table 2. EDX of the fired Na-doped hematite sample
at 800°C.

Metals At% Wit%
Na 8.42+1.2 3.65
Fe 91.58+3.2 96.35

Sensitivity towards relative humidity

Fig. 6 illustrates the sensors’ response to RH.
Among the different investigated samples, Na*
doped hematite showed a significant response to
RH at room temperature starting from 32% RH.
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Fig. 4. FESEM micrographs of a) unfired hematite
powder, b) hematite powder heat treated at 800°C for 1 h
and c¢) Na* doped hematite heat treated at 800°C for 1 h.

[Fill scae conntc M Basefl| Comee NI hY
(1

Fig. 5. EDX maps of fired sodium -doped hematite at
800°C
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Fig. 6. Sensors response to relative humidity
changes.

While the other metal ions doped hematite
samples show a poor sensitivity to RH. Fig.7 shows
the change in Vpc as a function of time for Na*
doped hematite sensors. The response times (the
time taken by a sensor to achieve 90% of the total
resistance change in the case of gas adsorption) and
the recovery times (the time necessary to reach
90% of the total resistance changes in the case of
gas desorption) are reported in Table 3. These
response and recovery times are quite fast.

18

RH T3% RH 5%
35 RH 55% —
144 | C
2.2+
|'-' 1
= 104
Z 18]
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- :,_.. i - r—
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Fig. 7. Changes in Vpc as a function of RH changes
at room temperature for Na* doped hematite sensor.

Table 3. Response and recovery time of the Na*
doped hematite based sensor

Humidity 0-55% 0-75% 0-85%
change RH RH RH
Response 25 2.1 1.2
time (min.)
Humidity 55-0% 75-0% 85-0%
change RH RH RH
Recovery 1.0 25 25
time (min.)
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CONCLUSION

A simple and low cost chemical method was
used to synthesize hematite doped with different
alkali and alkaline-earth metals. The screen printing
technique was applied to realize humidity sensors
from the prepared powders.

Doping of hematite with metal ions can create
surface defects or oxygen vacancies that possess a
high local charge density which increases the
adsorption sites for water vapor. The investigated
Li*, Mg*, Ba*?, and Sr*? doped hematite based
sensors exhibit a low sensitivity to RH.

While, Na* doped hematite based sensors show
a significant response towards RH and their
response and recovery time were quiet fast. Further
work should be devoted to improve the sensitivity
of the sodium doped hematite in order to obtain
novel RH sensors and to examine its sensitivity to
other gases such as NOy and Ha.
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BiraroBute ceH30pH HAMHUPAT IIHPOKO MPUIOKEHHE, KAKTO B HHAYCTPHUATHOTO MMPOU3BOJICTBO, TAKa M 32 KOHTPOJ Ha
okosHaTa cpena. JJokasano e, ye xemMatutsbT (0-Fe203), KaKTO HeMOTHPaH, Taka U JAOTHUPAH C Pa3IHMYHU METAIHH HOHH
MoKa3Ba 3a0eJIe)KUTEITHI CBOWCTBA KAaTO BIAroB ceHsop. llenTta Ha HACTOSIMIETO U3CIEABAHE € [a ce U3y4d edekTa Ha
notupane ¢ Metannu ¥onu (Li*, Mg*2, Ba*?, Sr*2 u Na*) Ha KpHMCTalHM BIaroBH CEH30PY Ha OCHOBATa Ha XEMATHT.
[Mony4yeHnTe MaTepUaIl ca OXapaKTePU3UPAHHU Ype3 PEHTEHO(A30B aHANM3 M CKAHUpAIa eJICKTPOHHA MUCKPOCKOITHS.
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Ha Bb3/yXa IIpU CTaliHa TeMIeparTypa.
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C-Geranyl flavonoids have received considerable attention as a simple flavanone with antioxidant, anti-
carcinogenic, and anti-inflammatory effects. Influenza virus infection causes thousands of deaths and millions of
hospitalizations worldwide every year and the emergence of resistance to anti-influenza drugs has prompted scientists to
seek for new natural antiviral materials. In this study, we screened six natural flavonoids from different sources to
identify the most potent antiviral flavonoid A/PR/8/34 (H1N1) against human influenza. The two methoxy group
flavonoids including 3'-O-methyl-5’-O-methyldiplacone showed potent anti-influenza activity. Therefore, 3'-O-methyl-
5'-O-methyldiplacone may be of value as a virus-protector to healthy tissue surrounding influenza A during
chemotherapy to obtain better antiviral control with a significant dose.

Key words: C-Geranyl flavonoids, anti-influenza, influenza A, virus-protector.

INTRODUCTION

Influenza viruses affiliated to the
Orthomyxoviridae family have caused significant
morbidity and mortality in humans through
epidemic or pandemic diseases [1]. Influenza virus
infection remains an important health problem,
particularly for babies, young and elderly people,
and imposes significant social-economic costs [2].
The main strategies for dealing with influenza
involve vaccination and antiviral drugs. Even
though annual vaccination is the core preventive
strategy for influenza infections, natural antiviral
drugs development is necessary to provide
additional preventive and therapeutic benefits [3].
Paulownia tomentosa (Thunb.) Siebold&Zucc. ex
Steud. belongs to the family Scrophulariaceae in
deciduous trees distributed throughout Korea,
China, and Japan. Previous publications have
reported polyphenolic compounds, such as iridoids,
phenolic glycosides, flavonoids, and
phenylethanoids in the MeOH and EtOH extracts of
P. tomentosa. Iridoids, lignans and flavonoids have
been reported as bioactive compounds of P.
tomentosa [4,5]. Among them, geranylated
flavonoids are known as the main bioactive
constituents. In fact, most of the substances that
have been isolated so far are polar, usually
glycosides [6]. Diplacone (6-C-geranyl-
eriodictyol), is a prenylated flavonoid, a simple
flavanone, among four geranyl falvonoids that have

* To whom all correspondence should be sent:
E-mail: himun68@dau.ac.kr

been known for inhibitory effects on inflammations
and/or cancer. Furthermore, we reported that the
hydroxylation patterns of the flavonoid B ring play
a critical role in the cellular function of the C-
geranyl flavonoids group [7]. Maclura pomifera
commonly called osage orange in deciduous trees
including cudrania and other genera of Moraceae
and flavonoids has been reported as a bioactive
compound of Maclura pomifera. Among them,
prenylated isoflavones are known as the main
bioactive constituents. Previous publications have
reported polyphenolic compounds, such as o0sajin
and pomiferin in the MeOH and EtOH extracts of
Maclura pomifera [8]. In this study, we tested the
efficacy of the flavonoid B ring of C-geranyl
flavonoids against the influenza A virus.

EXPERIMENTS AND EQUIPMENT
Preparation of the C-geranyl flavonoids

Diplacone analogues (PT1~PT4) were kindly
provided by Professor Karel Smejkal of the
University of Veterinary and Pharmaceutical
Sciences Brno as standards for isolation from
Paulownia tomentosa [6]. Osajin (PT5) and
pomiferin (PT6) were recrystallized from the
methanolic solution after preconcentration under
vacuum from Maclura pomifera [9]. PT1~PT6
were diplacone, 3'-O-methyl-5"-hydroxydiplacone,
3’-0-methyl-5'-O-methyldiplacone,  3'-O-methyl
diplacol, osajin and pomiferin. A 50 mM stock
solution of PT1~PT6 was made in absolute ethanol,
and working dilutions were prepared directly with
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dimethyl sulfoxide (DMSO; Sigma-Aldrich).
Tamiflu (oseltamivir) was kindly provided by the
Immunogenetics  Laboratory, Department of
Animal Biotechnology, Konkuk University. The
control vehicle was culture media containing
amounts of DMSO equivalent to those present in
PT1~PT6.

Virus, cells, and reagents

Influenza virus A/Puerto Rico/8/34 (A/PR/8/34)
was Kkindly provided by the Immunogenetics
Laboratory, Department of Animal Biotechnology,
Konkuk University. Madin-Darby canine kidney
(MDCK) cells were obtained from the American
Type Culture Collection (ATCC CCL-3) and
maintained in minimum essential media (MEM;
Gibco, USA) supplemented with 10% fetal bovine
serum (FBS; HyClone, USA) and 100 U/mi
penicillin/streptomycin  (Gibco). Before virus
infection, MDCK cells were washed with PBS and
cultured in virus growth medium (MEM without
FBS) supplemented with 10% bovine serum
albumin  (Sigma-Aldrich, USA), 100 U/ml
penicillin/ streptomycin, and 2 pg/ml trypsin TPCK
(Gibco).

Cell viability and antiviral assays

MDCK cells were seeded in a 96-well plate at 2
x104 cells/well for the determination of cell
viability. When the cells reached confluency 24 h
after seeding, they were washed twice with PBS
and treated with the indicated concentrations of
flavonoid. After incubation at 37°C for 48 h in a
5% CO- incubator, cell viability was determined
using an MTT assay kit (Sigma-Aldrich) and an
XMarkTM spectrophotometer (Bio-Rad, USA) to
measure absorbance at 490 nm. For the antiviral
assay, cells were infected with A/PR/8/34 virus at
100 TCID50 when they reached 80-90%
confluence. Two hours post-infection, the virus-
containing medium was replaced with virus-free
growth medium containing flavonoids. Cell
viability was determined 48 h post-infection by a
MTT assay using a spectrophotometer to measure
absorbance at 490 nm.

Statistical analysis

The results were expressed as the mean + SE.
Each value represents the mean of at least three
independent experiments in each group. The
statistical significance of the difference between
two cell populations was determined using the two-
tailed Student's t-test (Origin software; OriginLab).
P values equal to or less than 0.05 and 0.01 were
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considered significant. A difference was considered
to be significant at P<0.05.
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Fig. 1. Screening for antiviral flavonoids with
antiviral assays. Structure of the two methoxy group
flavonoids showing the positions of the free hydroxyl
groups located on the B ring on the PT-3.MDCK cells
infected with A/PR/8/34 virus at 100TCID50. Two hours
post-infection, the medium was replaced with virus-free
growth medium containing C-geranyl flavonoids. The
MTT assay was performed 48 h after infection
(*P<0.05).
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RESULTS AND DISCUSSION

Antiviral effect of the C-geranyl flavonoids. To
screen for antiviral flavonoids, we first assessed
cell viability after treating cells with the six
flavonoids listed in Fig.1. The C-geranyl flavonoids
(diplacone, 3'-O-methyl-5'-hydroxydiplacone,3’-O-
methyl-5'-O-methyldiplacone, 3'-O-methyldiplacol,
osajin and pomiferin) and Tamiflu increased the
viability of MDCK cells (Fig. 1). We then tested
the antiviral effect of the six flavonoids, which have
free hydroxyl groups positioned at different
locations on the B ring (Fig. 2). The 3'-O-methyl-
5’-O-methyldiplacone (PT-3) exhibited a more
potent antiviral effect than the other C-geranyl
group flavonoids (Fig. 1). The antiviral effect of the
two methoxy group flavonoids was quantified using
the selectivity index (SI), which was calculated
using the 50% cytotoxic concentration (CC50) (Fig
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1). The results indicate that the two methoxy group
3’-O-methyl-5'-O-methyldiplacone, PT-3 may be an
effective natural antiviral compound.
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AHTU-I'PUITHA A-AKTUBHOCT HA C-I'EPAHNJIOBU ®JIABOHOUJIN, U30JINPAHU OT
Paulownia tomentosa I Maclura pomifera

X. U. Myn'* 1. B. Kum?, C. K. Kum?®
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2lenapmamenm no buonpomumnenu mexnono2uu, Yuusepcumem Konxyx, Ceyn 143-701, Penybnuxa Kopes
3 [lenapmamenm no soonozus u mexnonozus, Ynusepcumem Konxyx, Ceyn 143-701, Penybauxa Kopes

[Mony4ena Ha 16 cenremBpy, 2015 r., kopurupana Ha 16 nexemspu, 2015 r.

(Pe3tome)

C-repaHni-()1aBOHOUANTE Ca 3aCIyKWIH 3HAYUTCIHO BHUMAHUE KAaTO MPOCTH (DJIaBaHOHHM C aHTHOKCHIAHTHA,
aHTH-KapIMHOTCHHA U TPOTUBOBB3MAJIUTEIHO JeHCTBHE. [ pUITHUTE BUPYCHM HMHQEKIUH NMPUYUHIBAT BCSKA TOIMHA
XWISAA CMBPTHH CIYYad U MUIMOHU XOCIHTAIM3AIUH 10 cBeTa. HeoOX0UMOCTTa OT MPOTUBO-TPHUITHU JIEKAPCTBA €
HaKapajga YYeHUTEC Ha THPCAT HOBU NPUPOJHU NPOTHBO-BHPYCHHU BellleCcTBa. B Tasu pabora Hue moabpaxme miect
ecTecTBeHH ()JIABOHOUAM OT Pa3IMYHM W3TOYHHIM M HACHTH(UIUpaXxMe HaW-MOIIHUS AHTUBUPYCEH (IABOHOU]
A/PR/8/34 (HIN1) cpemy rpuma mpu xopa. J[Ba (haaBoHONIa ¢ METOKCH-TPYIIH B MOJIEKYJIUTE CH, BKIIFOUHTEIHO 3'-O-
MeTHI-5"-O-MeTHIIINIUIaKOH oKa3Ba BHCOKA AHTH-TPHITHA aKTHUBHOCT. 3aroBa 3'-O-meTni-5'-O-
METWIIUIUTAKOHBTMOXKE J1a O'bJIe MOJIE3eH KaTO BUPYC-IPOTEKTOP Ha 3[paBUTE ThKAHH CPEIY BUPYCUTE OT TpUll A 10
BpeMe Ha XeMOTEpAIHATA 32 M0-J00bpP MPOTHBO-BUPYCEH KOHTPOJI NPH 3HAUHUTEIHA /1034.
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Abstract: 24 endophytic fungi were isolated from four kinds of plants of the Meconopsis genus: M. chelidonifolia, M.
punicea, M. henrici and M. integrifolia. Intracellular and extracellular polysaccharides were extracted from the 24 fungi
after fermentation. Hydroxyl radical scavenging, DPPH test and reducing power assays were used to screen the
antioxidant activity of the polysaccharide samples. The results showed that 8 strains of extracellular polysaccharides
produced by fermentation were in amounts higher than 100 mg per 500 ml fermented liquid; the 48 kinds of

polysaccharide samples possess low antioxidant activity.

Key words: Meconopsis, Endophytic fungi, Polysaccharides, Antioxidant.

INTRODUCTION

Meconopsis is a genus of flowering plants of the
family Papaveraceae. There are about 40 species
grown in China. Meconopsis integrifolia and
Meconopsis nepaulensis are important herbal plants,
which have been used in traditional folk medicine
for the treatment of cough, detoxication, etc. So far,
its endophytic fungi antioxidant activity has not
been investigated [1-3]. We isolated 24 fungus
strains from four kinds of the Meconopsis plant. In
order to obtain strains of strong antioxidant activity,
we subjected the fungi to liquid fermentation,
extracted the polysaccharides and compared their
antioxidant activity.

MATERIALS AND METHODS

24 strains of fungi were isolated from
Meconopsis chelidonifolia, Meconopsis punicea,
Meconopsis henrici Bur. et Franch and Meconopsis
integrifolia (Maxim.) Franch.

Extraction of polysaccharides

The fungi liquid and thallus was separated and
was fermented in 500 ml PD medium, vacuum spin
steaming the liquid from 500 to 60 ml. Three
volumes of 95% ethanol were added. After the
keeping the mixture in a refrigerator at 5-10°C for
12 h, the active polysaccharide fully precipitated.
The polysaccharide was washed 2 times with

* To whom all correspondence should be sent:
E-mail: yanglin-401@163.com

anhydrous ethanol, acetone and ether, respectively
and was dried at 60°C for 2 h. The dry thallus was
grinded and passed through a 60 mesh sieve. A 20
fold volume of water was added to extract
intracellular polysaccharide at 98°C for 2 h. The
procedure was repeated twice and the extracts were
merged. Impurities in the protein were removed by
the Sevag method.

Analysis of the content of polysaccharides

Add 0.1 mL, 0.2 mL, 0.4 mL, 0.6 mL, 0.8 mL
and 1. mL, respectively, of a glucose solution
(0.2mg/mL) into tubes, and fill with water until 1
mL. Use 1 mL water as a blank. Add 1 mL phenol
solution (5%) and 5 mL concentrated sulfuric acid
to each tube. Heat in a boiling water bath for 15
min, then cool to room temperature. Measure the
OD value of each tube at 490 nm. In this way the
standard curve was prepared (Figure 1). Each
sample was analyzed in triple. Polysaccharide
content (PD)=x50mL/5mgx100%

y=8.538x-0.027

1 Polysaccharide standard curve
¥l
=
kS
=05 ¥ =8.538x%-0.027
Y R2=0.999
T

0

0 0,050 ncentratidhl 0,15

Fig. 1. Polysaccharide standard curve.
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Fig. 2. V¢ standard curve.

Screening for antioxidant activity.
Determination of hydroxyl radical scavenging
activity

To a polysaccharide sample (1 mg/L) in a test
tube add 1 mL FeSO, solution (6mmol/L), 1 mL
salicylic acid-ethanol solution (6mmol/L), 1 mL
sample solution, 1mL 0.1% H,O, and 4 mL

distilled water, shake well in a 37°C water bath for
30 min. Cool to room temperature and measure the
absorbance value of each tube at 51 nm.

Clearance (%):[1'(Asample' Acontrast)/ Ablank]xloo%.

DPPH (1,1-diphenyl-2-picrylhydrazyl) free
radical scavenging activity

To a polysaccharide sample (1mg/L), in a test
tube add 2 ml of 0.025 mg/L ethanol solution of
DPPH, shake well at room temperature for 30 min.
Measure the absorbance value of each tube at 517
nm [4].

Inhibition of DPPH radical (%)=[1-(Asample-
Acomrast)/ Ablank] x100%.

Table 1. Results of endophytic fungi polysaccharide content determination

Sample QMP(mg) A  PC(%) QP(mg) Sample QMP(mg) A  PC(%) QP(mg)
YLI01 966 082 9999 966 QL204 1213 038 4780 580
YL1011 120 082 9956 120 QL204 42 057 7010 29
YL201 3472 078 9534 3310 QL205 1362 081 9828 1339
YL2011 107 078 9535 102  QL205 00106 0.08 1290 0.0014
YL202 3905 013 1875 732  QS102 02064 070 8621  0.26
YL2021 123 012 1828 22  QS1021 01036 068 8305  0.086
YL203 436.5 019 2566 1120 BS101 423.2 025 3339 1413
YL2031 137 078 9535 131 Bslotl 159 011 1688 27
YL204 165 019 2578 43  BS102 545 041 5213 284
YL2041 254 061 7567 192 BS1021 180 022 2088 54
YL205 351 003 774 27  RL20l 1967 053 6560  129.0
YL2051 271 011 1688 46 RL2011 167 043 5406 90
YLLE 361 025 3304 119 RL202 294 045 5658 166
YLLI 70 014 1981 14 RL2021 166 042 5272 88
YL2E 347 042 5307 184 RL203 308 082 9999 308
yL2 | 260 030 3936 102 RL2031 284 082 9980  28.4
YSIOLE 8874 082 9980 8856 RL204 5746 012 1781 1023
ysio1l 122 079 9640 118 RL2041 157 003 751 12
YR202 445 0.13  18.40 8.2 RS202 55.4 062 7614 423
YR202I 311 009 1441 45 RS2021 134 04l 5183 6.9
QL201 2129 016 2238 476  RS203 147 069 8422 124
QL2011 260 005 985 26 RS2031 165 072 87.85 145
QL202 684 033 4194 287 RS302 2302 040 5037  116.0
QL2021 176 019 2625 46  RS3021 343 068 8329 286

Notes: | intracellular polysaccharide, E extracellular polysaccharide; MP quantity of mixture polysaccharide; PC
polysaccharide concentration; QP quantity of polysaccharide; A average absorbance of three parallel sets.
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Table 2. Results of the determination of hydroxyl radical scavenging activity.

Sample Asample  Acontrast  Avlank  Clearance(%) Sample Asample  Acontrast  Ablank Clearance(%)
YL101E 0431 0.001 30.86 QL204E 0.1213 0.381 20.58
YL101 1 0.564 0.023 13.02 QL2041 0.0042 0.571 19.29
YL201E 0.578 0.000 7.07 QL205E 0.1362 0.812 19.29
YL201 1 0.570 0.012 10.13 QL2051 0.0106 0.083 7.56
YL202E 0.538 0.001 13.67 QS102E 0.2964 0.709 19.13
YL202 | 0.600 0.009 4.98 QS1021 0.1036 0.682 6.59
YL203E  0.597 0.004 4.66 BS101E 0.4232 0.258 11.25
YL203 | 0.534 0.023 17.85 BS1011 0.0159 0.117 12.22
YL204 E  0.307 0.013 52.73 BS102E 0.0545 0.418 36.82
YL204 | 0.555 0.016 13.34 BS1021 0.0180 0.228 14.31
YL205E 0.433 0.017 33.12 RL201E 0.1967 0.533 11.58
YL205 1 0.512 0.004 18.33 RL2011 0.0167 0.434 3.54
YL1E 0.543 0.006 0.622 13.17 RL202E 0.0294 0.456 0.622 30.55
YL1I 0.527 0.016 17.88 RL2021 0.0166 0.423 8.68
YL2E 0.547 0.007 22.19 RL203E 0.0308 0.826 46.30
YL2 1 0.534 0.022 8.20 RL2031 0.0284 0.825 9.81
YS101E  0.455 0.007 27.97 RL204 E 0.5746 0.125 7.88
YS101 | 0.575 0.021 10.93 RL2041 0.0157 0.037 -
YR202E 0.506 0.012 20.58 RS202E 0.0554 0.623 -
YR202I 0.520 0.000 16.40 RS2021 0.0134 0.415 -
QL201E 0.447 0.013 30.23 RS203E 0.0147 0.692 7.23
QL2011 0.530 0.019 17.85 RS2031 0.0165 0.723 -
QL202E 0.354 0.004 43.73 RS302E 0.2302 0.403 26.37
QL2021 0.568 0.013 10.77 RS3021 0.0343 0.684 10.61

Note:- no hydroxyl radical scavenging activity

Reducing power assay

Different extracts and a standard (1 mg/mL) in 1
mL of distilled water were mixed with phosphate
buffer (2.5 mL, 0.2 mol/L, pH 6.6) and potassium
ferricyanide (2.5 mL, 1% wi/v) was added to the
mixture, which was then centrifuged for 10 min at
3000 r/min. The upper layer of the solution (2.5 mL)
was mixed with distilled water (2.5 mL) and FeCls
(0.5 mL, 0.1% w/v) and the absorbance was
measured at 700 nm on a spectrophotometer [5].
High absorbance value of the reaction mixture
indicates a high reductive potential. Draw the
standards of different concentration of vitamin C
curve. (Figure 2.)

RESULTS AND DISCUSSION

10 kinds of polysaccharide contents are below
20% of the samples. The polysaccharide samples
still contain a lot of impurities which should be
removed Dbefore application. Polysaccharide
contents are shown in Tablel.
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The experimental results showed that the
polysaccharide from the fermented liquid of YL204
has the highest activity of hydroxyl radical
scavenging (52.73%). Thallus polysaccharide in
RL204,RS202 and RS203 has no activity of
hydroxyl radical scavenging. Results are shown in
Table 2.

The results showed that thallus polysaccharide
and polysaccharide from fermented liquid in
YL202 have higher DPPH (1,1-diphenyl-2-
picrylhydrazyl) free radical scavenging activity
(45.50% and 42.78%, respectively). 12 samples
displayed no activity (Table 3).

The results showed that all 48 samples have
ability of reducing power. YL202 and YL2 have
stronger ability equivalent V. (0.0210 mg/ml and
0.0216 mg/ml, respectively). Results are shown in
Table 4.
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Table 3. Results of DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging activity

Sample  Asample  Aconrast  Avlank  Clearance(%) Sample  Asample  Acontrast  Awlank  Clearance(%)
YL101E 0.315 0.017 18.80 QL204E 0.308 0.062 32.97
YL1011 0.473 0.084 - QL2041 0.370 0.019 4.36
YL201E 0.356 0.037 13.08 QL205E 0.304 0.016 21.53
YL2011 0.288 0.018 26.43 QL2051 0.701  0.285 -
YL202E 0.208 0.008 45.50 QS102E 0.397 0.103 19.89
YL2021 0.306 0.096 42.78 QS1021 0.489 0.113 -
YL203E 0.292 0.005 21.80 BS101E 0.302 0.002 18.26
YL2031 0.287 0.049 35.15 BS1011 0.449 0.160 21.25
YL204E 0.458 0.025 - BS102E 0.284 0.017 27.25
YL2041 0.381 0.031 4.63 BS1021 0.257  0.025 36.78
YL205E 0.480 0.052 - RL201E 0.280 0.010 26.43
YL2051 0.350 0.017 0.367 9.26 RL2011 0.380 0.015 0.367 0.54
YL1E 0.299 0,029 26.43 RL202E 0.433 0.160 25.61
YL11 0.352  0.026 11.17 RL2021 0.367 0.017 4.63
YL2 E 0.417  0.067 4.63 RL203E 0.286  0.006 23.71
YL2 1 0.496  0.103 - RL2031 0.346 0.022 11.72
YSI01E 0.631 0.152 - RL204E 0.303 0.006 19.07
YS1011 0.366  0.042 11.71 RL2041 0.401 0.027 -
YR202E 0.531 0.051 - RS202E 0.554 0.177 -
YR202I 0.431 0.038 - RS2021 0.664 0.241 -
QL201E 0.336 0.019 13.62 RS203E 0.342 0.010 9.54
QL2011 0331 0.037 19.89 RS2031 0.330 0.011 13.08
QL202E 0.346  0.049 19.07 RS302E 0.483 0.197 22.71
QL2021 0.278 0.014 28.07 RS3021 0.296  0.040 30.25
Notes: - no DPPH free radical scavenging activity
Table 4. Results of reducing power assay.
Sample  Asample \E/(:(ur:]\g:z:])t Samples  Asample \E/?(un'q\gj:i?)t Sample  Asample \E,‘:E’n'q\g’}l:ﬂ)t
YL101 E 0.158 0.0140  YSI101E 0.139 0.0115 BS102E 0.150 0.0129
YL101 | 0.147 0.0125 YS101 | 0.130 0.0103 BS102 | 0.175 0.0162
YL201 E 0.114 0.0082 YR202E 0.142 0.0119 RL201E 0.191 0.0183
YL201 | 0.129 0.0102 YR202I 0.117 0.0086 RL201 | 0.158 0.0139
YL202 E 0.125 0.0097 QL201E 0.180 0.0169 RL202E 0.184 0.0174
YL202 | 0.212 0.0210 QL2011 0.149 0.0128 RL202 | 0.151 0.0131
YL203 E 0.172 0.0158 QL202E 0.177 0.0165 RL203E 0.153 0.0133
YL203 | 0.148 0.0126 QL202 | 0.133 0.0107 RL203 | 0.149 0.0128
YL204 E 0.165 0.0149 QL204E 0.157 0.0138 RL204E 0.156 0.0137
YL204 | 0.140 0.0116 QL204 | 0.133 0.0107 RL204 | 0.140 0.0116
YL205 E 0.173 0.0159 QL205E 0.149 0.0128 RS202E 0.125 0.0096
YL205 | 0.172 0.0158 QL205 | 0.141 0.0117 RS202 | 0.129 0.0102
YL1E 0.144 0.0121  QS102E 0.165 0.0148 RS203 E 0.174 0.0161
YL 0.132 0.0106 QS102 1 0.158 0.0139 RS203 | 0.162 0.0145
YL2 E 0.216 0.0216  BSI101E 0.137 0.0112 RS302E 0.185 0.0175
YL2 1 0.135 0.0110 BS101 | 0.131 0.0104 RS302 | 0.143 0.0120
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From the three different assays used, we got
some previous information of endophytic fungi in
the Meconopsis plant. Especially the endophytic
fungi in Meconopsis chelidonifolia displayed high
guality of polysaccharides and excellent antioxidant
potential. Intracellular and extracellular
polysaccharides in YL202 fungus possess the
highest antioxidant capacity in DPPH free radical
scavenging activity. This method is considered as
the most accurate method used to assess the
antioxidant activity of samples and the widely used
assay. Different samples showed inconformable
antioxidant capacity in the different assays. Besides,
we found that samples’ hydroxyl radical
scavenging activity is due to more than 30% to
extracellular polysaccharide. The results of this
study showed that Meconopsis endophytic fungi

may become a potential source of natural
antioxidants. This first report study provides
information and basic work on the bioactivity and
compounds of Meconopsis endophytes.
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AHTUOKCUJAHTHA AKTUBHOCT HA TIOJIN3AXAPUIN OT ®PEPMEHTHUPAHU
Meconopsis Vig. EHIO®UTHU ®YHI'U

JL Aur, . Xya, V. Ix. Yaur, AM. dur, M.U. Oy

Koneswc 3a nayku 3a srcusoma u unscenepcmeo, Texunonoeuuen ynugepcumem 6 Jlanocoy, Jlansxcoy 730050, Kumaii
Kniouosa nabopamopust no ckputinune, oyenka u nosu npoyecu no TCM u mubemcka meduyuna, /lenapmamenm no
obpasosanue Iancy

[Monyuena na 16 centemBpy, 2015 r., kopurupana Ha 17 oktomBpu, 2015 r.

(Pesrome)

HBanecer u yetupu eHA0GUTHH rbOMYKE (QyHrH) Osixa U3oaMpaHu oT 4 Buaa pacteHus oT poxa Meconopsis: M.
chelidonifolia, M. punicea, M. henrici u M. integrifolia. Or rpOHukUTE ca W3BIEYEHH BBTPE-KIECTHYHU U
W3BBHKJICTHYHM TONU3axXapuan cien 24-dacoBa (epMeHTalus. AHaIW3U 110 OTCTPAHSABAHE Ha XUIPOKCUITHHUTE
pagukamy, DPPH-TecT M HamajeHa MOIIHOCT ca HM3MOJ3BAaHHM 33 CKPUMHHHI HAa aHTHOKCHJIAHTHATa aKTHBHOCT Ha
oOpasiure oT nonu3axapuante. PesynraTure nmokassar, ue npH 8 ama eKCTpalenyJapHUTe MOJIU3axXapu I, MOJyYeHH
npu pepmenrarus ca noseue oT 100 mg 3a 500 ml ¢pepmenTaunonHa cpena; 48 Buaa nonm3axapuin MPUTEKABAT HUCKA

AHTUOKCHAAHTHA aKTUBHOCT.
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CdSe nanometerials: kinetics, thermodynamics, antioxidant activity and application
to Denim fabric
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For the first time in this study, the kinetics and thermodynamics of the CdSe nanomaterials were determined by
spectral measurements. In addition, as a contrubution to the literature, antioxidant activity, application to denim fabric
and testing of finished fabric for antimicrobial activities of CdSe nanomaterials were investigated. According to
absorbance measurements, the activation energy (Ea) and other activation thermodynamic parameters (AS, AH and AG)
were determined. The study showed that the process was endothermic and was a nonspontaneous process during
activation. The presence of nanoparticles on denim fabric surfaces was confirmed by Scanning Electron Microscope
(SEM).The nano CdSe impregnated denim fabric (100% cotton) showed excellent antibacterial activity against
Staphylococcus aureus and Escherichia coli. Additionally, the CdSe nanomaterials demonstrated significant antioxidant

activity.

Keywords: CdSe Nanomaterials, Kinetics, Thermodynamics, Antioxidant Activity, Antibacterial Activity

INTRODUCTION

Nanotechnology is regarded as a key technology
which will not only influence technological
development in the near future, but will also have
economic, social and ecological implications. The
technology can be used in engineering desired
textile attributes, such as fabric softness, durability,
breathability, water repellency, fire retardancy and
antimicrobial resistance [1]. With the advent of
nanotechnology, a new area has developed in the
realm of textile finishing. Nano coating on the
surface of textiles and clothing enhances the UV
blocking, antimicrobial and self clening properties
of the material [2].

The inherent properties of textile fibers provide
room for the growth of micro-organisms. Besides,
the substrate structures and chemical processes may
induce growth of bacteria. Infestation by bacteria
causes cross infection by pathogens and
development of odor where the fabric is worn next
to skin. With the use of nano sized particles, the
number of particles per unit area is increased, and
thus antibacterial effects can be maximized [3].

Nanomaterials are tiny particles with particle
size mainly below 20 nm, as the optimum size
guantity can be attained below this range. It is
reported that optimum size variation in CdSe
nanocrystals due to quantum confinement is from 1
to 11 nm, which means it contain 10-10.000 atoms.

* To whom all correspondence should be sent:
E-mail: ozlenaltun@yahoo.com, nbecenen@yahoo.com

As the size decreases, number of atoms on the
surface may result in loss of optical properties and
shift in absorption frequency to the red region of
the visible spectrum due to increase in particles [4-
6].

CdSe has attracted great interest due to its high
photosensitivity, its attractive application to photo
conducting cells and the dependence of its
properties on size [7]. Traditionally, CdSe
nanomaterials have been prepared through a solid-
state reaction between elemental cadmium and
selenium at relatively high temperatures [8, 9].
Various chemical methods have been introduced to
synthesize  CdSe  nanomaterials, such as
solvothermal synthesis [10],laser ablation[11] and
hard template [12].

In the previous studies, the effect of CdSe
nanomaterials on humans are reported, such as
cytotoxic [13], toxic [14], genotoxic [15]. For
example, in the study by Young and colleagues
[15], the genotoxic effect of CdSe/ZnS
nanomaterials is measured in human cancer cells by
comet and micronucleus assays. Treatment with
CdSe/zZnS nanomaterials resulted in the most
severe extent of cell death.

The main of this research study is kinetics,
antioxidant activity, application to denim fabric and
testing of finished fabric for antimicrobial activities
of CdSe nanomaterials. In addition, as a
contrubution to the literature, for the first time in
this study, the kinetics and thermodynamics of the
CdSe nanomaterials are determined by spectral
measurements.

© 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 311


mailto:ozlenaltun@yahoo.com

O. Altun, N. Becenen: CdSe nanometerials: kinetics, thermodynamics, antioxidant activity and application to Denim fabric

EXPERIMENTAL
Material and measurements

All reagents were purchased from commercial
sources and used as supplied. UV/Vis spectra were
measured with a Shimadzu UV-1700 Pharma
spectrophotometer in the 200-800 nm range. Bruker
X Flash XRD-6110 and Shimadzu XRD-6000 were
employed for the XRD analyses. For the SEM
analysis, nano finished samples were mounted on a
specimen stub with double sided adhesive tape
coated with gold in a sputter coater and examined
with a Scanning Electron Microscope (SEM) model
ZEIS LEVO LS 10.

Synthesis of the CdSe nanomaterials [16]

30 mg Se and 5 mL of 1-octadecene were mixed

and 0.4 mL of trioctylphosphine was added. The
solution was stirred. It was warmed as necessary to
speed up the dissolution of Se. The stock solution
was storred at room temperature. Then, 17.4 mg
cadmium acetate and 0.6 mL oleic acid were added
in 10 mL octadecene and heated. When the
temperature reached 225 °C, 1 mL of selenium
solution at the room temperature was transferred
into the cadmium solution. The orange- red-brown
reaction mixture was cooled to room temperature
followed by addition of 10 mL of toluene and and
was stirred at room temperature for half on hour.
The reaction mixture was then centrifuged and
washed with the same solvent to obtain orange or
brown povder.
Yield (%): 88, UV-Vis (Mnm): 431 and 458, IR
(cm™/KBr): 2923(sym —CH,), 2854 (asym —CH,),
1450 (8.s—CHs-), 1600 (=CH), 1700-1720 (C=0),
TGA (°C, a rate of 10 °C / min under nitrogen
atmosphere): 250-330 (organic capping), 800
(CdSe), XRD (26): 23.89473, 25.39343, 41.98555,
45.80425 and 49.67800.

Kinetics and thermodynamics procedure

There is no paper in the literature on the kinetics
of the synthesis reaction of CdSe nanomaterials
[17-21]. Rate formulas are derived from the
experimental data. The rate formula is [22],

INC/Co=-kt, (1)
where t is the time, C is the concentration at the
time t, Co is the concentration t = 0, and k is the rate
constant.

According to the Beer-Lambert law [23],
because absorbance is proportional to the
concentration, equation 1 can be rearranged as
follows,

InA/A=-kt (2)
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where A is the absorbance at time t, Ao is the
absorbance at t = 0.
The activation energy can be determined by the
Arrhenius equation [22]:
k=A e—Ea/RT, (3)
where K is rate constant, A is the frequency factor
or the Arrhenius Arrhenius constant, Ea is the
activation energy, R is the universal gas constant
(8.314 JK*mol?) and T is absolute temperature.
According to  transition  state  theory,

thermodynamic parameters are assigned an
activated complex as follows [24]:

A=RT/NherS /R (4)

AH=Ea—-RT, (5)

AG = AH - TAS, (6)
where N is the Avogadro constant (6.022 x 10%
mol?), h is the Planck constant (6.626 x 103 Js),
AS is the activation entropy, AH is the activation
enthalpy, and AG is the activation energy or the
Gibbs energy of activation.

Antioxidant activity procedure

The antioxidant activity [25-28] of the CdSe
nanomaterials was determined in vitro as described
with slight modifications as follows: The
compounds were serially diluted in DMSO to
obtain a concentration range of 1.25-20 mM on a
96 well plate. The reaction mixture consisted of
100 uL of 0.5 mM 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH), and 100 uL. of each concentration
of the test compounds using DMSO as the solvent.
For positive control, 2,6-di-tert-butyl-4-
methylphenol (BHT) was used at a concentration
range of 0.0625-2 mM in methanol. The solvents,
DMSO and methanol, were used as blanks.
Duplicate experiments were performed. The plates
were covered with aluminum foil and kept in the
dark for 20 minutes after which the absorbance was
read on a Tecan-PC infinite M 200 Pro Plate reader
at the absorbance wavelength of 517nm. The
percent antioxidant activity was calculated as
follows:

Antioxidant (%) : 100 x (Ao— A1/ Ao) , (7)

where A is the absorbance of the blank and A; is
the absorbance in the presence of the sample or
positive control.

General procedure for application to denim fabric

The denim fabric used in the experiments was
100 % cotton, weight was 247 g/m2, the warp was
dyed blue and the weft yarn wasn’t dyed. CdSe
nanomaterials were sprayed on denim fabric by
using a spray gun [29, 30].
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Nanomaterials were applied on the face side of
the fabric with concentration 1%, material to liquor
ratio 1:20, and acrylic binder 1%. The 100 % cotton
denim fabric was cut to a size of 30 x 30 cm. This
fabric was coated with CdSe nanomaterials by
using a spray gun. The hand spray gun was filled
with a dispersion of nanomaterials. The fabric
substrate was fixed on a vertical board. The
nanomaterials solution was evenly sprayed over the
fabric by maintaining a constant distance between
the fabric and spray gun nozzle. The excess
solution was squeezed using a padding mangle.
After padding, the fabric was dried naturally.

Antibacterial activity procedure

To investigate the in vitro antibacterial activity,
denim fabric impregnation was done with CdSe
nanomaterials  separately.  Antibacterial  test
AATCC-100 [31-33] was carried out against
Staphylococcus aureus (Gram positive bacteria)
andEscherichia coli (Gram negative bacteria). The
percentage reduction of bacteria by the 100 %
cotton denim fabric is reported as R,

R (%) =100 x (A-B/A), (8)
where R is % reduction, A is the number of bacteria
on the untreated fabric after 24 hours and B is the
number of bacteria on the antibacterial treated
fabric after 24 hours.

RESULTS AND DISCUSSION
Kinetics and thermodynamics results

During the measurements of the absorbance,
The orange- red-brown reaction mixture was cooled
to room temperature followed by addition of 10 mL
of toluene and was stirred at room temperature for
half an hour. Then, all kinetic experiments were
carried out at temperatures of 60, 70, 80 and 90 °C.
The absorbance values determined are tabulated in
Table 1. Decreasing absorbance values show that
the the particle growth is a logaritmic function of
time and temperature. At first, the particles grow
fast, but then, the growth rate slows down.

Rate formulas are derived from the experimental
data. If In A vs. t is plotted according to equation
(2), the slope gives k (Fig. 1). The values of the rate
constant k in equation (2) are as follows [t (°C), k
(min?)] : 60 °C, 5.11x10%3, 70 °C, 5.29x107%, 80 °C,
5.45x1073, and 90 °C, 5.60x103. According to Fig.
1., reaction is first order.

os
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Fig. 1. The plot of In A vs, t for the CdSe
nanomaterials.

Where In Kk is plotted against the reciprocal of
the temperature (1/T), -Ea/R represents the slope,
and the intercept gives In A (Fig. 2). The values of
Ea and A were calculated as 3289 J and 1.676 x 10°
2min?t=2.79 x 10“ s, respectively.
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Fig. 2.The plot of In k vs, 1/T for the CdSe
nanomaterials.

Table 1. Absorbance values of CdSe nanomaterials at different temperatures

Absorbance(hm)

t (min) T =60 (°C) T=70(°C) T =80 (°C) T =90 (°C)
0 2.383 2.383 2.383 2.383
15 2.207 2.201 2.196 2.191
30 2.137 2.130 2.123 2.116
45 2.086 2.077 2.068 2.060
60 2.043 2.033 2.024 2.014
75 2.007 1.996 1.985 1.975
90 1.974 1.962 1.951 1.939

105 1.944 1.932 1.919 1.908
120 1.917 1.904 1.891 1.879
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Thermodynamic parameters at 60, 70, 60 and 90
°C were calculated by means of equations (4), (5,)
and (6). These values are given in Table 2.

Table 2. The thermodynamic parameters for the
CdSe nanomaterials.

T (°K) AH AS AG
(@mol?) (I moltK? (J mol?)
333 520.818 -148.022 49812.144
343 437.678 -147.775 51124.503
353 354.538 -147.540 52436.158
363 271.398 -147.307 53743.839

The positive value of AH shows that the process
is endothermic and a certain amount of energy is
received during activation. The negative value of
AS and the positive value of AG show that the
process is a nonspontaneous process from a
physicochemical respect. The enthalpy and entropy
values decrease with increasing temperature while
Gibbs free energy values increase, as can be seen
from Table 2.

Antioxidant Activity

The antioxidant results of the CdSe
nanomaterials are given in Fig.3. According to
Fig.3, the antioxidant activity increased
significantly. As reported, the increased antioxidant
activity is a result of the electron withdrawing
effect of the metal ion which facilitates the release
of hydrogen to reduce the DPPH radical. CdSe
nanomaterials also show significant free radical
scavenging ability when tested against DPPH.

100

—= BHT
60 ——Cde

Artioddant Activity (%)

g T T T T
&a 0.5 18 1.5 20 25

Concentration(phi)
Fig. 3. Percent antioxidant activity of CdSe
nanomaterials.

Analysis of the finished denim fabric with CdSe
nanomaterials using SEM

The surfaces of the treated fabric were observed
by SEM microscopy. Fig. 4 and Fig. 5 the SEM
micrographs show SEM image of the untreated 100
% cotton denim fabric and the nano scaled CdSe
nanomaterials on 100 % cotton denim fabric
samples, respectively. In Fig. 5, the nanoparticles
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are well dispersed on the fabric surfaces, although
some aggreated CdSe nanomaterials are still
visible. The particles size plays a primary role in
determining their adhesion to the fabric. It is
reasonable to expect that the largest particle
agglomerates will be easily removed from the
fabric surface, while the smaller particles will
penetrate deeper and adhere strongly into the fabric
matrix.

Date 115 Nov 2013
Tirne :11:51:67

EHT = 30,00 k¥
WD = 4.0mm

Signal A= VPSE G3
Photo No. = 284

Fig. 4. SEM image of the untreated 100 % cotton
denim fabric.

C SN
7 f:{
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=
Fig. 5. SEM image of 100 % cotton denim fabric
treated with CdSe nanomaterials.

Also in Fig. 6 and Fig. 7 SEM micrographs
show that the presence of Cd and Se metals on the
denim fabric. Red and green points demonstrate
that the presence of Cd metal and Se metal,
respectively.

Map data 75 :
MAG: 130x HV: 17.4kV_WD: 10mm

Fig. 6. Colorful SEM image of 100 % cotton denim
fabric treated with CdSe nanomaterials. Red points
demonstrate that the presence of Cd metal.
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Se

Map data 76
MAG: 130x HV: 17.4kV_WD: 10mm

Fig. 7. Colorful SEM image of 100 % cotton denim
fabric treated with CdSe nanomaterials. Green points
demonstrate that the presence of Se metal

Antibacterial Activity

The results for the AATCC-100susceptibility
tests recorded in Table 2 show that the CdSe
nanoparticles have significant antibacterial activity
against Staphylococcus aureus and show moderate
activity against Escherichia coli. As a result, CdSe
nanomaterials are preferable to other inorganic
forms of cadmium because of its higher efficiency
in preventing infection.

Table 3. Antibacterial activity of CdSe nanomaterials
treated denim fabric.

Fabric Staphlococcus Escherichia
sample aureus coli
Untreated No reduction No reduction
Denim fabric 80.20 % 20 %
CONCLUSION
In the present study, the Kkinetic and

thermodynamic parameters such as the activation
energy (Ea), the activation entropy (AS), the
activation enthalpy (AH), and the Gibbs energy
(AG) of CdSe nanomaterials was determined by
spectral measurements. The activation energy is
found to be approximately 3289 J. The rate
constant does not depend on temperature due to the
lower activation energy. That is, lower activation
energy signifies that the rate constant does not
change rapidly with temperature. Finally, the
reaction is entropy controlled and the enthalpy
contribution changes slightly with change in
temperature.

It was shown that the nano-CdSe impregnated
on denim fabric showed excellent antibacterial
activity against two representative bacteria
Staphlococcus aureus and Escherichia coli. This
work provides a simple method for CdSe nano
composites and their application onto denim fabric

to impart antibacterial function. Additionally, the
nano CdSe demonstrates significant antioxidant
activity.
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HAHOMATEPUAIJIN OT CdSe: KUHETUKA, TEPMOJMHAMUKA, AHTUOKCUJAHTHA
AKTHUBHOCT U ITPUJIOXXEHUE B DENIM-TBKAHUTE

M. Antyn”, H. Bepkenen
Tpaxuticku ynusepcumem, Henapmamenm no xumust, 22030 Oopun, Typyus
[ocrpnuna Ha 8 aBryct, 2015 r.; kopurupana Ha 10 centemBpu, 2015rt.
(Pestome)

3a mpBB BT ca W3CICABAaHH KMHETHKATA M TEPMOJAMHAMHKATa Ha HaHomaTepuann oT CdSe ¢ momomira Ha
CIIEKTPaJIHA MeTOAW. JIONBIHUTENHO ca W3CICIBaHN aHTHOKCHIAHTHATAa U aHTUMHUKpOOHara akTuBHOcT Ha CdSe —
HaHOMAaTepHaNIUTe HaHeCeHH BBbpPXy denim-texctmi. OmnpeneneHn ca akTuBupamarta eHeprus (Ea) um gpru
TepmoauHaMuyuHK apametpu (AS, AH u AG) ¢ nomorira Ha u3MepBaHus Ha abcopOIoHHN criekTpH. V3cnenpanusTa
MOKa3BaT, Ye MPOLECHT ¢ CHIOTCPMHUYCH M He € CIIOHTAHEH 10 BpeMe Ha aKTUBHpaHeTo. Hanmnuuero Ha HAHOYACTULN
BbpXy Oenim-TbkaHWTee MNOTBBPACHO CbC CKaHHpalla eleKTpoHHa MuKpockomus (SEM). Hmnpernupanute c
Hanowactunn ot CdSe denim-tekanu (100% mamyk) moka3BaT OTJIHYHA AHTHOAKTEPHUATHA AKTHBHOCT CIIPSIMO
6akrepunte Staphylococcus.
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Effect of 6-hydroxy-7,4’-dimethoxyflavone on antidiabetic effects in normal and
streptozotocin-induced diabetic rats
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Kaempferia parviflora is a famous endemic Thailand species of the family Zingiberaceae. MeOH extract of
Kaempferia parviflora was consecutively partitioned with organic solvents such as CHCI; EtOAc and BuOH. CHClIs
fractions were diluted with distilled water and extracted with n-hexane and CHCl,. Five methoxyflavone compounds
were isolated from the CH,Cl, fractions with column chromatography. The structures of the isolated compounds were
identified as 3,5,7,3’,4’-pentamethoxyflavone (KP1), 5,7-dimethoxyflavone (KP2), 5,7,4’-trimethoxyflavone (KP3),
3,5-dihydroxy-3’-methoxyflavone (KP4) and 6-hydroxy-7,4’-dimethoxyflavone (KP5) by D H-NMR spectral analysis
and comparison of spectral data with literature values. KP5 showed significant hypoglycemic activity in streptozotocin-
induced diabetic rats for 28 days. It significantly decreased the serum glucose and triglycerides while it increased the
serum insulin in diabetic rats but not in normal rats (p < 0.05; at doses of 50, 100 and 150mg/kg for 28 days). It had no
effect on C-peptide (ECLIA). Further structure-activity relationships of position 6 in the aromatic ring B will be
reported in due course.

Keywords: Kaempferia parviflora, o-glucosidase inhibitory activity, streptozotocin-induced diabetic rats,
methoxyflavone

INTRODUCTION

Kaempferia parviflora (KP) is a species of the
genus Kaempferia which involves 35 species and
belongs to the family of Zingiberaceae. There are
indigenes in Thailand which are spread in Loei,
Pitsanulok and Phetchabun. They are called kra-

group decreases the inhibitory activity. Non-
insulin-dependent diabetes mellitus (NIDDM) is
one of the main adult diseases [6]. Type 1 leads to
destruction of the pancreatic langerhans p-cells
producing insulin. Type 2 is a secretory decrease in
insulin from pancreatic langerhans p-cells or

chai-dum or Thai black ginger [1]. KP is a plant
that grows relatively low to the ground. It is a
understory plant which has short fleshy rhizomes
dark purple in colour, tuberous roots, straight and
curved leave ends and white with violet small
blooms under the leaves [2]. KP extracts in ethanol
or methanol are effective to visceral fat
accumulation, hyperinsulinemia, glucose
intolerance, hypertension, diabetes, antiobesity,
peripheral neuropathy, anti-gastric ulcer and
Alzheimer's disease [3]. 5,7,4’-Trimethoxyflavone
and 5,7,3’4’-tetramethoxyflavone display
antiplasmodial activity; 3,5,7,4’-methoxyflavone
has antifungal and low-level antimycobacterial
activity  [4];  5,7-dimethoxyflavone  affects
multidrug resistance associated proteins (MRP) -
mediated transport in A549 cells [5]. Among the
structures, the 5,7-methoxy groups lead to
significant inhibitory activity while the 5-hydroxy

* To whom all correspondence should be sent:
E-mail: himun68@dau.ac.kr

© 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

lowering of insulin resistance due to excess glucose
absorption [7]. Hyperglycemia and hyperlipidemia
are involved in the development of microvascular
and macrovascular complications of diabetes,
which are the major causes of morbidity and
mortality due to diabetes [8]. The current study
describes the isolation of five methoxyflavones
from Kaempferia parviflora. In the context of our
natural product chemistry program dealing with the
development of new potent antidiabetic agents, we
examined the 6-hydroxy-7,4’-dimethoxyflavone as
a lead for novel antidiabetic agents.

MATERIALS AND METHODS
General experimental procedures

'H NMR spectra were recorded with an Agilent
MR 400 DD2 400MHz spectrometer in CDCls and
DMSO-ds solution and chemical shifts (3) are
reported as parts per million (ppm). Coupling
constant (J) is reported in hertz (Hz). Melting points
were measured using a Fisher-Johns melting point

317



H.1. Moon et al.: Effect of 6-hydroxy-7,4 -dimethoxyflavone on antidiabetic effects in normal and ...

apparatus and are uncorrected.  Column
chromatography was conducted using silica gel 60
(40-63 and 63-200 um particle size, Merck) and
RP-18 (40-63 um particle size, Merck)

Plant Material

Kaempferia parviflora rhizomes were kindly
provided by Professor Kim Soo-Ki from the
Animal  Sciences Department of Konkuk
University. The rhizomes of Kaempferia parviflora
were identified by Prof. Hyung-In Moon. A
voucher specimen (No0.2012-0405) has been
deposited in the Herbarium of the Dong-A
University (Busan, South Korea).

Extraction and fractionation

The rhizomes of Kaempferia parviflora (5 kg)
were sliced. Reflux extraction was performed with

9 L of MeOH, three times at 5°C. The MeOH
extracts (198 g) were combined and concentrated in

vacuo at 40°C. The MeOH extract was diluted with

distilled water (0.9 L) and then partitioned with
CHCI; (0.6 Lx3). CHCls-soluble part was
evaporated (84.3 g) and diluted with distilled water
(1L). CHCls-soluble part, diluted with distilled
water, was partitioned with n-hexane (0.9 Lx3),
CHCl; (0.7 Lx3), EtOAc (0.8 Lx3) and BuOH (0.8
L). The CH.CI, extract (49 g) was separated by
silica gel column chromatography. A mobile
gradient (from 30:1 to 0:1 v/v) was used and 12
fractions were obtained (K1-K12). The mobile
phase for K1 to K8 was CHCI3:MeOH (30:1 v/v).
For K9 CHCI3:MeOH (10:1 v/v) was used. For K10
and K11 CHCI;:MeOH (5:1 v/v) was used. For K12
CHCI3:MeOH (1:1 v/v) was used. All fractions

were recrystallized at -20°C from MeOH. Each

recrystallized fraction was separated by filtering.
The recrystallized compounds were dried at room
temperature and the MeOH-soluble fractions were

evaporated at 40°C. KP1 (5.6 g) was recrystallized

from the K5 fraction. KP2 (3 g) was recrystallized
from the K6 fraction. KP3 (2.7g) was recrystallized
from the K4 fraction. K2 crystal fraction was
separated by silica gel column chromatography.
KP4 (2.16 g) was isolated from the K2 crystal
fraction (6 g) with silica gel column
chromatography using CHCIs as mobile phase. K8
crystal fraction (288 mg) was separated by
Sephadex-LH20 column chromatography using
100% MeOH as mobile phase. KP5 was obtained
from the K8 crystal fraction.

KP1: Bright yellow powder, 'H-NMR (CDCls,
300MHz) &: 7.82 (1H, d, 5°-H), 6.99(1H, d, 6’-H),
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6.62 (1H ,s , 2°-H), 6.56 (1H, s, 6-H), 6.37 (1H, s,
8-H), 3.95 (3H, s, OCHs), 3.91 (3H, s, OCH3), 3.88
(3H, s, OCHs), 3.77 (3H, s, OCHs), 3.49 (3H, s,
OCHs)

KP2: Bright yellow powder, *H-NMR (CDCls,
300MHz) &: 7.84 (2H, d, 2’ and 6°-H), 7.51 (2H, t,
4°-H), 7.00 (2H, t, 3° and 5°-H), 6.70 (H, s, 3-H),
6.57 (H, s, 6-H), 6.39 (H, s, 8-H), 3.96 (3H, s,
OCHs), 3.92 (3H, s, OCHs)

KP3: Bright yellow powder, *H-NMR (CDCls,
300MHz) 5: 7.71 (2H, d, 2’ and 6’-H), 6.98 (2H, d,
3> and 5°-H), 6.77 (1H, s, 3-H), 6.51 (1H, s, 6-H),
6.35 (1H, s, 8-H), 3.96 (3H, s, OCHs), 3.91 (3H, s,
OCHs), 3.88 (3H, s, OCHs)

KP4: Yellow powder, *H-NMR (CDCls,
300MHz) &: 12.75 (1H, s, OH), 12.60 (1H, s, OH),
8.09 (1H, t, 5°-H) 7.92, (1H, d, 6>-H), 7.57 (1H, s,
2’-H), 7.54 (1H, d, 4’-H), 6.53 (1H, d, 8-H), 6.48
(1H, d, 6-H), 6.40 (1H, t, 7-H), 3.90(3H, s, OCHs)

KP5: Yellow powder, 'H-NMR (CDCls,
300MHz) &: 10.20 (1H, s, OH), 7.88 (2H, d, 2’ and
6’-H), 6.90 (2H, d, 3’ and 5°-H), 6.83 (1H, s, 3-H),
6.58 (1H, s, 5-H), 6.50 (1H, s, 8-H), 3.89 (3H, s,
OCHzs), 3.82 (3H, s, OCHa)

a-Glucosidase inhibitory activity assay

The a-glucosidase inhibitory activity of
compounds KP 1~5 was measured. The inhibitory
assay was done by the chromogenic method with a
slight ~ modification. a-Glucosidase ~ from
saccharomyces cerevisiae (10 pg/ml, 14 U/mg,
sigma) was dissolved in 100 mM phosphate buffer
(PB, pH 7.0) containing 0.2% BSA and 0.02%
NaN; and was used as an enzyme solution. 4-
Nitrophenyl-a-D-glucopyranoside (Sigma, 5 mM)
in the same buffer (pH 7.0) was used as a substrate
solution. The enzyme solution (90 pl) contained
concentrations of 0, 20, 40, 80, 100 uM of KP
compounds, respectively, (18 pl) of the tested
materials was mixed in a well of a microtiter plate
and measured for titer (415 nm) at zero min with a
microplate reader. After incubation for 5 min, the
substrate solution (90 pl) was added and the
reaction was carried out at room temperature for 5
min. The increase in absorbance from zero time
was measured.

Animals

Adult male Wistar rats with body weights of
200-250 g were purchased from the Korea
SAMTAKO CO., LTD (Kyunggido, South Korea),
housed in specific pathogen-free facilities and
provided with autoclaved water and standard food.
The animals were housed at a controlled
temperature (20-22°C) and relative humidity (55%-
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59%), with a normal 12-hour light-and-dark cycle.
All experiments conducted on mice were in
accordance with the guidelines for the care and use
of laboratory animals approved by Dong-A
University.

Experimental induction of diabetes in rats

Male adult Wistar rats were injected with
streptozotocin (STZ). Streptozotocin was dissolved
in saline immediately before use and injected
intraperitoneally (i.p.) in a single dose of 250 mg/
kg. Five days after injection, rats with fasting blood
glucose higher than 180 mg/dL were used for the
experiments. Ten rats were used in each
experiment. Each animal was used once. The food
was removed from the cages 12 hours before
testing. Streptozotocin (purity 99%) was purchased
from Sigma Co. The volume of the above three
doses was kept constant at 1 mL.

Drug administration

KP1~5 were suspended in acacia gum with
saline and administered orally through orogastric
tubes at doses of 50, 100 and 150 mg/kg body wt.
The volume of the above three doses was kept
constant at 1 mL.

Experimental design

In the experiment, a total of 60 rats (50 diabetic
rats, 10 normal rats) were used. Diabetes was
induced in rats 5 days before starting the treatment.
The rats were divided into nine groups, each group
involving six rats.

Group I: Normal control rats administered i.p.1
mL acacia gum with saline daily, for 28 days using
an intragastric tube.

Group II: Control drug rats administered i.p. 1
mL acacia gum with Metformin (250 mg/kg) daily,
for 28 days using an intragastric tube.

Group IlI: Diabetic control rats administered i.p.
1 mL acacia gum with STZ (250 mg/kg), for 28
days using an intragastric tube.

Group IV: Diabetic control rats administered
i.p. KP5 (50 mg/kg bw) in 1 mL acacia gum with
saline daily, for 28 days using an intragastric tube.

Group V: Diabetic rats administered i.p. KP5
(200 mg mg/kg bw) in 1 mL acacia gum with saline
daily, for 28 days using an intragastric tube.

Group VI: Diabetic rats administered i.p. KP5
(150 mg mg/kg bw) in 1 mL acacia gum with saline
daily, for 28 days using an intragastric tube.

Biochemical assays

Biochemical assays of male adult Wistar rats
were performed using a modified method of Eidi

[9]. After 28 days of treatment, blood samples were
drawn from the heart. Serum glucose, insulin,
triglycerides and C-peptide levels were determined.
The serum insulin was estimated by using a
radioimmunoassay kit (Diasorin, Italy) and the
triglycerides by the method of Rifai [10].

Statistical analysis

All data were expressed as mean = SEM. Statistical
analysis was carried out using one way ANOVA
followed by the Tukey post hoc test. The criterion
for statistical significance was p < 0.05.

RESULTS AND DISCUSSION

The current study describes the isolation of five
methoxyflavones from Kaempferia parviflora.
Molecular structures were determined through a
combination of spectroscopic analyses, including
'H nnuclear magnetic resonance (NMR), mass
spectrometry (MS) data, and literature data. The
effects of the isolated compounds (0-100 uM) on
the inhibition of the a-glucosidase based assay are
reported here. Compound KP1 was obtained as a
bright yellowish amorphous powder. It was
detected as a bright yellow color on TLC when
visualized with 5% sulfuric acid spray reagent. In
the 'H NMR (CDCIls) spectra of KP1, typical
aromatic ring signals were observed, as well as five
methoxy singlet signals of the 3,5,7,3°,4” position
methoxy groups. The five singlet signals at § 3.49
to 6 3.95 indicated methoxy groups. Compound
KP2 was obtained as a yellow amorphous powder.
It was detected as a bright yellow color on TLC
when visualized with 5% sulfuric acid spray
reagent. In the *H NMR (CDClIs) spectra of KP2
aromatic ring signals and two methoxy signals were
observed. Two methoxy signals were indicated at 6
3.92 and & 3.96. Compound KP3 was obtained as a
yellow-white amorphous powder. It was detected as
a bright yellow color on TLC when visualized with
5% sulfuric acid spray reagent. 1H NMR (CDCls)
spectra of KP3 indicated the presence of 5,74’
substituted methoxy group protons at 6 3.88, 6 3.91
and d 3.96 signals and typical aromatic ring signals
were observed at § 8.1 to & 6.3. Compound KP4
was obtained as a bright yellow amorphous powder.
It was detected as a yellow color on TLC when
visualized with 5% sulfuric acid spray reagent. *H
NMR (CDCI3) spectra of KP4 indicated aromatic
ring signals, two hydroxyl and one methoxy signal.
Two hydroxy signals and one methoxy signal were
indicated at 6 12.60, 6 12.75 and & 3.90. Two
hydroxy groups were indicated at 3,5 position and
one methoxy group at 3’ position. Compound KP5
was obtained as a white amorphous powder. It was
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detected as a bright yellow color on TLC when
visualized with 5% sulfuric acid spray reagent. In
the 'H NMR (CDCIls) spectra of KP5, typical
aromatic ring signals, as well as two methoxy
singlet signals at the 7,4’ position and one hydroxyl
singlet signal at the 6 position were observed. Two
methoxy singlet signals and one hydroxyl singlet
signal were indicated at 6 3.82, 6 3.89 and & 10.20.
KP1~5 compounds were dissolved in DMSO and
the total volume was 196 ul for all concentrations

(Fig. 1).

K.P4 (3,5-dhydroxy- 3-methoxyflavone)

K F5 (6-hydroxy-7 4'-dimethoxyflavone)
Fig. 1. Structures of KP1~5.

KP2~5 were confirmed to cause a dose
dependent increase in o-glucosidase inhibitory
activity. KP1 did not cause a dose dependent
increase in a-glucosidase inhibitory activity. KP2
and KP3 showed lower dose inhibitory activity
from 30 to 40% at 100 uM concentration, KP4 and
KP5 showed a high inhibitory activity to 55% and
78%, respectively. KP5 inhibitory activity was
confirmed to rapidly increase from 80 pM
concentration, and the inhibitory activity of KP4
was highest (57%) at the 80 uM concentration (Fig.
2).

80% DOuM
%
2 o
=
o
:
v KP1 KP2 KP3 KP4 xps ~ WooM

Fig. 2. a-Glucosidase inhibitory activity of KP1~5
with the inhibitory assay done by the chromogenic
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method with a slight modification. The increase in
absorbance from zero time was measured.

Bloods glucose
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control  STZ (250mgikg) Meﬂulmln KP-1 (50mg/kg) KP-1 (100mglkg) KP-1 (150mgikg)
(25

Concentration (ng/mL)

D

Fig. 3. Effect of 6-hydroxy-7,4’-dimethoxyflavone
(KP-5) on the mean values of serum glucose (A), insulin
(B), triglycerides (C) and C-peptide (D) after 28 days of
treatment (50, 100, 150 mg/kg bwi/day, i.p.). *The
criterion for statistical significance was p < 0.05.
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The 6-hydroxyl group of baicalein (5,6,7-
trihydroxyflavone) was important to a-glucosidase
inhibitory activity; flavones which lack a hydroxyl
group on any of positions 5, 6, or 7, showed no
activity [11]. KP4 and KP5 seem to be depending
on the presence of the hydroxyl position in the
flavone structure. We have found that the MeOH
extract of Kaempferia parviflora has a-glucosidase
inhibitory activity. KP5 significantly inhibited the
a-glucosidase inhibitory  activity  in a
dose-dependent manner. Figure 3 shows the effects
of KP5 on serum glucose, insulin, triglycerides and
C-peptide in diabetic rats.

The results showed that serum glucose and
triglycerides of diabetic rats increased while serum
insulin decreased, when compared with normal rats.
The administration of KP5 at doses of 50, 100 and
150 mg/kg body wt tended to bring serum glucose
(p <0.05), insulin (p <0.05), triglycerides (p <0.05)
and C-peptide (p<0.05) significantly toward normal
values, while normal rats did not exhibit any
significant alterations in these parameters during
the experiment. The 150 mg/kg bw treatment
groups were found to be more effective than the 50
and 100 mg/kg bw. The administration of KP5 did
not change C-peptide levels in normal and diabeic
rats. The results indicated that KP-5 (150 mg/kg
bw) treatment significantly decreased serum
glucose and triglycerides while it increased the
serum insulin levels in treated diabetic rats
compared with the control diabetic rats. The results
also showed that KP-5 (150 mg/kg bw) treatment
caused a significant decrease in the level of serum
in diabetic rats. This may be due to a metabolic
disturbance in diabetes reflected in the high
activities of xanthine oxidase, lipid peroxidation
and increased triglycerides. As a result, KP-5 (150
mg/kg bw) is a potential antidiabetic agent for the
tested streptozotocin-induced diabetes.

CONCLUSION

We have found that KP-5 (150 mg/kg bw)
showed decreasing antidiabetic potency in vivo.
Further study on the mode of action of position 6
on ring B is under progress. Taken together, our
findings provide important information on the

structural features that influence the functional
activities of this class of compounds and offer new
possibilities for further explorations to improve
potency from damage of STZ-induced diabetic rats.
It is shown that KP-5 may be of use as an anti-
diabetic agent.
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E®EKT HA 6-X1UJIPOKCH-7,4’- TUMETOKCU®JIABOH BLPXY AHTUIMABETUUHUTE
TIPOSIBY [IPU HOPMAJIHU IJTBXOBE U TAKHUBA C CTPEIITO30TOLIMH-UHIYLIUPAH
JTUABET

X. . Myr"", I. B. Kum?, C. K. Kum®

! lenapmamenm no meduyuncka 6uomexnonozus, Ynusepcumem Jouz-A, Bycan 604-714, Penyébnuxa Kopes
2 Hayuonanen uncmumym no 3ooio2uyecku Hayku, Banoscyzyn 565-851, Penybnuxa Kopes
3 Hlenapmamenm no scueomnoevOny nayku u mexnonoauu, Ynusepcumem Konxyk, Ceyn 143-701, Penybnuxa Kopes

Ilomydena Ha 4 centemBpy, 2015 r.; kopurupasa Ha 25 okromBpH, 2015 .

(Pe3tome)

Kaempferia parviflora e u3BectHo ennemudno TaitnaHacko pactenue ot cemeiictBo Zingiberaceae. Herosure
METaHOJIOBH E€KCTPAKTH MOCJIEA0BATEIHO C€ pas3leNaT ¢ opraHumdnu pasrBoputenu, kato CHCls EtOAC u BuOH.
Xnopodopmenute dpakiyu ce paspexaar ¢ ASCTUIMpPaHa BOJA U CE EKCTPAXHUpaT ¢ N-XeKkcaH W MeTuiaeHxiaopua. Ot
¢bpakiuaTa ¢ METHWICH XJIOPHI Ca H30JIMPAaHH MMeT METOKCHU(IABOHOBH ChEJAWHEHHUs C I[OMOINTA HA KOJOHHA
xpomarorpaduss. CTIpyKkTypuTe Ha W3OJHpAHWTE CHEOWHEHWsS ca uaeHTH(umupanu karo 3,5,7,3°4’-
neartametokcuduaBon (KP1), 5,7-mumeroxcudnason (KP2), 5,7,4’-tpumerokcudnaBon (KP3), 3,5-muxumpoxcu-3°-
metokcudnason (KP4) u 6-xumpokcuy-7,4’-numerokcudnason (KP5) upes D H-SIMP cnekrtpaneH aHamus u
CpaBHEHUE C JIUTEpaTypHH JaHHH.

KP5 mnposiBsiBa 3HauWTeNHA XWUIOTJIMKEMHYHAa aKTUBHOCT TIPH IUTBXOBE CHC CTPENTO30TOLMH-MHAYLUpPaH
nuaber B mpoabmkeHue Ha 28 nuu. Toll HamaisBa 3HAYMTENTHO CepyMHATa TIIIOKO3a M TPUTIHLEPUAUTE, TOKATO
MOBHIIIABA CEPYMHUS HHCYJIHH MPH AHa0CTHYHUTE TUTHXOBE, HO He U mpu HopMmanuute misxose (P < 0.05, mpu 103u ot
50, 100 u 150mg/kg 3a 28 mguu). IIpenaparsT HaMa edekt Bbpxy C-nmentuaure (ECLIA). Cnenamara 3aBUCHMOCT
MEX/Iy CTPYKTypa U aKTUBHOCT Ha TO3UIHs 6 B apomaTHus npbcTeH B e 6b/e cho0iieH B 6113K0 BpeMe.
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Given the prevalence of cancer in the world, it is important to find new drugs for its treatment. Despite great
advances in cancer treatment, a significant tendency for new anticancer agents due to the increased resistance of cancer
cells to anticancer drugs is currently being expanded.

In this research the biological properties of lactoferrin (LF) from camel milk were studied and attempt was made to
provide a way for preserving the three-dimensional structure of LF and increasing LF life resulting in preventing its
denaturation by proteolysis via loading it on perfluorooctyl bromide nanoemulsion particles (PFOB-NEP). LF was
extracted from camel milk by ion-exchange chromatography (carboxymethyl Sephadex C-50 resin) and its purity was
confirmed by SDS-PAGE. Due to the biologically inert, chemically stable, non-biodegradable, nontoxic and nonvolatile
properties of perfluorocarbon, PFOB-NEP was prepared using an oil-in-water emulsion method (O/W). LF was loaded
onto the NEPs, then its characteristics and anti-cancer effects on human breast cancer cell line MCF7 were evaluated.
According to the results, LF accession to NEPs was proved by circular dichroism and tryptophan fluorescence
spectroscopy methods. The entrapment efficiency of LF into NEPs was about 91%. The mean diameter of the NEPs did
not change after accession of LF (~ 100 nm) and the zeta potential of the NEPs was increased from —18.43 mV (without
LF) to 21.61 mV (110.68pg/mL LF).

Keywords: Lactoferrin, Perfluorooctyl bromide (PFOB), Nanoemulsion Particles (NEP), Oil-in-water Emulsion,

Camel Milk, Circular Dichroism (CD).

INTRODUCTION

Camel milk and cow milk are different in
chemical composition, but in general camel milk
contains all essential micronutrients that are found
in cow milk including whey proteins such as LF
and immunoglobulin [1]. Camel milk generally has
white and opaque color, it has a sweet and sharp
taste, but sometimes, depending on the eaten plant
in the desert by the camel, it may be prone to
salinity [2]. Because of the higher salt and lactose
content of camel milk, its freezing point is lower
than that of cow milk (between -0.57°C and -
0.61°C). Camel milk is slightly higher in lactose
content than cow milk. However, levels of
potassium, magnesium, iron, copper, manganese,
sodium and zinc are higher than in cow milk.
Camel milk has anti-cancer, anti-diabetic,
antimicrobial and hypoallergic properties for which
LF, immunoglobulins, lysozyme or vitamin C play
a major role among its compounds [3]. LF, also
named lactotransferrin, is a glycoprotein of the

* To whom all correspondence should be sent:
E-mail: s.zibaee@mrazi.ac.ir

transferrin family with a molecular weight of about
80 kDa [4]; the molecular weight of LF purified
from camel milk was determined as 79.5 kDa and
75.3 kDa.

The concentration of camel milk LF (0.22
mg/mL) is about 2.44 times that of cow milk LF,
and the concentration of camel milk colostrum LF
was reported about 5.1 mg/mL on the second day
after parturition, while its content in cow milk
colostrum is about 0.5 mg/mL [4].

Camel milk LF concentration in the first week
after parturition varied from 1.422 to 0.586 mg/mL
[5,6].

This protein consists of a single polypeptide
chain containing 703 amino acids that are folded
into two globular lobes. These lobes, also called C
— (carboxy) and N — (amino) terminal regions, are
connected with an a-helix. Each lobe consists of
two domains known as C1, C2, N1, and N2. The
domains create one iron binding site on each lobe
(Fig. 1) [7,8]. LF has the ability to combat bacteria
(Gram+ and Gram—), yeast, fungi, viruses, and
parasites [9]. Due to the wide distribution of LF in
various tissuesand the positive charge on its
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network, this protein is a multi-functional protein
[10,11].

LF has been identified in blood, tears, saliva,
vaginal fluids, semen, nasal and bronchial
secretions, bile, gastrointestinal fluids, urine,
mucous secretions, secretions from exocrine glands
and in specific granules of neutrophils [7,12,13]. A
high amount of LF is present in milk and colostrum
(7 g/L) [14,15]. LF is also found in fish and egg
yolks [16].

LF is used in feed, food and pharmaceuticals. It
exhibits anti-inflammatory and anticarcinogenic
activities and has several enzymatic functions
[17,18]. At higher concentrations of LF, it was
found to act as a pro-oxidant [18].

Antibacterial activity [19] of LF is effected by
two mechanisms: (1) LF at the site of infection
keeps out of reach iron which is a nutrient for the
organism, thus LF shows a bacteriostatic effect; (2)
direct interaction of LF with infectious
microorganisms [20]. The peptide lactoferricin
(LFcin) released from LF by pepsin proteolysis
under  acidic  conditions  exhibits  higher
antimicrobial activity than LF [21]. LFcinB
displays in vitro cytotoxic activity versus various
types of mouse and human cancer cell lines,
including leukemia cells, fibrosarcoma cells,
various carcinomas, and neuroblastoma cells
[22,23]. LF is the only transferrin, which is able to
maintain iron in a wide range of pH even if pH is
too acidic. It is also resistant to proteolysis [17]. LF
is able to stop the growth of cancer cells through
the inhibition of cell proliferation by altering the
expression or activity of regulatory proteins, and
through activation of natural killer cells. It inhibits
tumor growth through the activation of apoptosis
(programmed cell death) [7,24]. LF can be used to
increase the anti-cancer effect of anti-cancer drugs
such as apotransferrin. Kishore Golla et al.
evaluated the effect of doxorubicin loaded
apotransferrin and LF nanoparticles (apodoxonano
or lactodoxonano) in the drug orally for
hepatocellular carcinoma treatment (HCC) in rats.
Apodoxonano and lactodoxonano in comparison to
doxo showed improved efficacy, bioavailability and
safety [25]. LF is an iron-binding glycoprotein with
antihypertensive properties [26]. It is available as a
commercial extract from bovine milk and offers
potential as a therapeutic intervention for preterm
infants modulating infections and intestinal
pathologies [27].

According to the research done about the effect
of human, bovine, sheep and camel milk LF on the
C hepatitis virus it was found that camel milk LF
had the highest effect [28].
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LF extracted from milk can be marketed as a
food supplement. In addition, it has a great
potential in the field of biomedicine. The structure
of this protein as of other proteins is fragile, so a
small change in the structure may reduce its
activity. Lipid-based carriers which are produced
by self-assembly have become favorite for a broad
scientific and commercial usage as carriers for the
delivery of peptides and proteins during the past
few years [10,29]. A way to avoid denaturation by
proteolysis and dilution effect is to trap proteins or
peptides in nanopores (or coating) until this action
causes a reduction in water activity and thus helps
to their stability in storage [30]. Nanoliposomes
may be fit for oral administration of LF and could
be a useful approach for LF availability to tumor
cells [31]. Its three-dimensional structure has been
attempted via nanoencapsulation within lipid
nanovesicles, integrating a multiple water-in-oil-in-
water emulsion [10]. The production of
biocompatible nanoemulsions can also help to it.
Since perfluorocarbons (PFCs) are biologically
inert, chemically stable, nonbiodegradable,
nontoxic and nonvolatile, they can produce
biocompatible nanoemulsions. Specifically,
perfluorooctyl bromide (PFOB) is mostly used due
to its low vapor pressure helping to reduce
pulmonary emphysema [32-34]. PFOB is used as
an ultrasound contrast agent [35]. The biological
half-lives were estimated to be 12 days (PFOB)
[36]. In vivo sensitivity for inflammation imaging
was assessed using the ear clip injury model. The
result of this test for PFOB provided 37%. In the
present study, perfluorocarbon NEPs were
formulated for LF loading, and the optimum
nanostructure characteristics were found. The
nanostructure particle size was analyzed and the
particle size distribution, charge, as well as the
surface morphology were determined. The obtained
results showed the proper incorporation of LF into
NEP.

MATERIALS AND METHOD

Bioactive protein: camel milk was obtained
from Torkaman Sahra located in the northeast parts
of Iran and stored at -20°C until needed. The
bioactive LF (purity: >85%) from bovine whey was
purchased from Sigma-Aldrich (USA). Chemicals
and biochemicals: perfluorooctyl bromide (PFOB)
99%, carboxymethyl Sephadex C-50 resin, soybean
phosphatidylcholine  (lecithin),  dipalmitoyl-sn-
glycero-3-phosphoethanolamine  (DPPE, assay:
>99%) were purchased from Sigma-Aldrich (USA).
Other chemicals and biochemicals including protein
marker 26612 were purchased from Thermo
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Scientific (USA). HCI (37%), NaCl, monosodium
phosphate, acrylamide, bisacrylamide, Tris,
TEMED, ammonium persulfate (APS), sodium
dodecyl sulfate (SDS), ethanol, methanol
tetramethylbenzidine (TMB), acetic acid, silver
nitrate, sodium thiosulfate, formaldehyde, sodium
carbonate, sulfuric acid, hydrogen peroxide,
dimethyl sulfoxide (DMSO), citric acid, bovine
serum albumin (BSA), coomassie brilliant blue
(C.Blue) G250 were purchased from Merck
(Germany). Analytical equipment: all
spectrophotometric readings were carried out using
quartz cuvettes on an UV-VIS spectrophotometer,
Shimadzu (Kyoto, Japan). Upper speed vacuum
centrifuge (Ultracentrifuge) model VS-30000i of
VISION SCIENTIFIC CO. LTD was used. Micro-
spin/ FUGE/ VOTEX KIAGEN (Molecular
Biology Company), magnetic stirrer (yellow
MAGHS7), pH meter of Metrohm, Switzerland
(827 pH lab) were used. Eppendorf centrifuge tubes
(5415D) and sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) of
Sigma PS 2000-2 (USA) were used. Cation
exchange chromatography column (10x3 cm) was
used. Orbital shaker (FINEPCR SH30t) was used.
The zeta potential and particle size of the
nanoemulsion particles were determined on a
ZetaCompact (CAD Instruments, France) and a
particle size analyzer (VASCO - 1, France),
respectively. SEM analysis of nanoemulsions was
carried out on a scanning electron microscope
(LEO, model VP 1450, Germany). Also, ultrasound
(XL2020-010, USA), ultraturax (IKA, Model T25,
Germany), circular dichroism (CD) spectrometer
(J-815, CD spectrometer, Japan), fluorescence
intensity (model 2500, Hitachi, Japan) were used
for analytical assays.

Isolation and purification of LF from camel milk

Fat and casein were isolated from camel milk by
centrifuge at 4500 g at 4°C for 15 min (two times)
and ultracentrifuge at 30000 g for 30 min at 25°C
(two times), then filtered by Whatman filter paper
No. 7. LF was extracted from whey (pH 6.8) by
ion-exchange  chromatography (carboxymethyl
Sephadex C-50 resin) [37,38]. Whey was passed
through the CM column for 30 min (two times) in
order to make a connection between the whey
proteins and CM. After a designated time, whey
was removed from the column. The unabsorbed
proteins were eluted from the column with sodium
phosphate buffer (10 mM, pH = 6.8). Then the
column was washed with NaCl solutions of
increasing molarity (0.3 and 1.2 mol/L) in a
stepwise procedure. The protein solution was

desalinated by dialysis where the dialysis bag was
surrounded with sucrose or polyethylene glycol
(PEG)[30].

SDS PAGE analysis
Extracted LF and purchased LF standard were
compared using sodium  dodecyl sulfate

polyacrylamide gel electrophoresis (SDS-PAGE).
SDS-PAGE separates proteins conforming to their
molecular weight, based on their different rates of
departure through a sieving matrix (a gel) under the
influence of an applied electrical field. In this
method, silver staining was used to detect the band
of acrylamide gel containing the protein.

SDS-PAGE shows a 80 kDa band confirming
the existence of lactoperoxidase.

Gel composition is as follows: (for a 5 mL
stacking 15% gel: deionized water (DDW)
(2.975 mL); Tris-HCI 0.5 M, pH 6.8 (1.25 mL);
SDS 10% w/v (0.05 mL); acrylamide/bis-
acrylamide (30%/0.8% wi/v) (0.67 mL); APS 10%
w/v (0.05 mL); TEMED (0.005 mL) and for a 10
ml separating 15% gel: DDW (2.2 mL); Tris-HCI
1.5 M, pH 8.8 (2.6 mL); SDS 10% w/v (0.1 mL);
acrylamide/bis-acrylamide (30%/0.8% wi/v) (5 mL);
APS 10% w/v (100 pL); TEMED (10 pL) ). The
running buffer contains: SDS 0.5 g; Tris-HCI 1.2 g;
glycine 7.2 g to a final volume of 500 mL with
DDW; the loading buffer contains: SDS 0.6 g; beta-
mercaptoethanol 200 pL; glycerol 6 mL; Tris-HCI
1.5M, pH 6.8 (3 mL); bromophenol blue 0.005 g, at
120V and 90 minutes.

Fig. 1. Schematic diagram of the three-dimensional
structure of the LF molecule. LF is lactoferrin

Coloring gel preparation: 1- Put the gel in a
fixative solution and put it on a shaker with
moderate speed for 30 min (water 20 mL, acetic
acid 5 mL, methanol 25 mL); 2- Put the gel in
methanol solution while shaking for 15 min (twice);
3- Put the gel in Hypo solution while shaking for 2
min (sodium thiosulfate 20% w/v 200 pL to a
final volume of 50 mL with DDW) then wash the
gel for 2 min three times with DDW; 4- Put the gel
in a staining solution (silver nitrate 0.13 g,
formaldehyde 100 pL to a final volume of 50 mL
with DDW) in the dark for 10 min then wash again
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the gel for 2 min three times with DDW; 5- Put the
gel in a developing solution (sodium carbonate 3.4
g, formaldehyde 1400 pL, sodium thiosulfate 20%
wi/v 800 pL to a final volume of 50 mL with DDW)
until the appearance of a protein band, drain it and
put the gel in the fixative solution.

For the detection of lactoperoxidase the TMB
(3, 5, 3/, 5’ - tetramethylbenzidine) color reaction
was used in the presence of hydrogen peroxide and
the purity of LF was confirmed. Briefly: 1- Prepare
a solution of TMB (dissolve 5 mg of TMB powder
in 1 ml DMSO in a water bath at 45°C and add 300
pL of it to 700 pL of sodium phosphate buffer (pH
= 6)). Add 2-100 pL of the sample to 100 uL of
TMB solution and 10 pL hydrogen peroxide 30%
and incubate at 37°C for 5 min, then read the
absorbance at 450 nm using a spectrophotometer.
LF concentration was determined by coomassie dye
binding or Bradford assay [39]. In summary, 50 uL
of sample was added to 2.5 ml of Bradford solution
(100 mg C. blue G250 dissolved in 50 mL ethanol
96%, then 100 ml of 85% phosphoric acid was
added and the volume was brought to1 L with
DDW). Using BSA standard solution and
measuring absorbance at 595 nm, the absorption
curve was drawn with Excel 2013 and the
concentration of LF was found.

100 mg Blue Kumasi LF was lyophilized and
stored at -20°C in the dark until needed.

Preparation of NEP stabilized emulsions

Pre-emulsions were prepared as follows : 2% W
/ V surfactant (including 98% mol egg lecithin and
2% mol DPPE) and 20% V/V PFOB in DDW
were stirred by a magnetic stirrer [40] for 10 min at
5000 rpm. Homogenization was carried out using
an Ultra-Turex stirrer for 10 min at 12000 rpm
within water-ice solution. To obtain nano-sized
particles and uniform emulsions duplicate stirring
in an ultrasonic stirrer for 10 min followed. The
formulations prepared with each of these lipids
showed a milky and uniform appearance [41].

Addition of LF to NEPs

After the preparation of NEPs, LF (selected
amounts in saline phosphate buffer of 110, 55, 27.5
pg/mL, respectively) was added to the preformed
NEPs, and the residual free (unbound) LF was
washed out by centrifugation at 1000 rpm for 10
min. The amount of unbound LF was determined
by measuring the tryptophan fluorescence and
Bradford method [39]. Control NEPs (without LF)
were stored for 52 days under the same conditions
[22].
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Fig. 2. SDS PAGE analysis of LF on a 15% gel with
120V and 90 min of fractions obtained in ultrafiltrated
(purified) whey by ion-exchange column using saline
gradient. Lane 1, 2, and 3 represent protein markers,
elution peak with 0.7 mol/L NaCl and LF standard,
respectively.

Entrapment efficiency (EE):

The loading efficiency was determined by
centrifugation of NEPs. Following the addition of
LF to NEPs, the residual free (unbound) LF was
washed out by centrifugation at 1000 rpm for 10
min. The protein content of the supernatant was
measured by tryptophan fluorescence and Bradford
method [39] and the total amount of LF was
determined spectrophotometrically.

Entrapment efficiency (in percentage) was
calculated using Eq.lf.

EE% = 'C‘—;Cf—:' £100 (1)
t

where C is the amount of free LF and C, is the
total amount of LF present in 500 uL of NEPs [31].

Scanning electron microscopy analyses

The scanning electron microscopy (SEM)
produces a variety of signals at the solid samples
surface by using a focused beam of high-energy
electrons. The signals which are obtained by the
interaction of electrons with the solid sample give
information on the morphology, chemical
composition, crystalline structure and orientation of
the solid sample. Coating of samples is required to
enable or improve the imaging of samples. Samples
of NEPs were coated with a thin layer of
conducting material (gold/palladium (Au/Pd)).
Magnifications of NEPs before and after the
accession of LF are shown in Fig. 3, where the
shape structure of the particles is spherical. The
scanning electron microphotographs of the exposed
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surface of LF binding to nanoemulsions (see Fig. 3a
and 3b) show the matrix structure developed during
the manufacturing process and the highly
homogeneous  distribution of  nanoemulsions
diameters.

Signal A=QBSD Date :28 Jan 20135

EHT =20.00 kV WD = Photo No. = 8704 Time :11:12:30

Signal A =SE1
Photo No. = 8696

Date :28 Jan 2015

EHT = 20.00 kV WD = 10mm Time :10:30:34

Fig. 3. Scanning electron microscopy analysis of the
PFOB-NEP using 100 000 magnification (a) and inserted
LF into PFOB-NEP using 50 000 magnification (b).
PFOB-NEP are perfluorooctyl bromide nanoemulsion
particles.

Determination of particle size

Particle size analysis is a part of particle science
and it is a patented innovative technology. Particle
size distribution is an important physical property
for determining the behavior and nature of
particles. The principles of measurement are based
on dynamic light scattering (DLS) of backscattered
light. DLS (also known as photon correlation
spectroscopy or quasi-elastic light scattering) is a
technique in physics that performs measurements in
dark which can be used to characterize the size
distribution profile of small particles in suspension
or emulsion or of polymers which exist in the
solution [42]. This method is also used to check the
behavior of complex fluids such as concentrated
polymer solutions. A laser is wused as

monochromatic light source that is shot through a
polarizer into the sample. The scattered light then
goes through a second polarizer where it is
collected by a photomultiplier and the resulting
image is projected onto a screen [43].

Determination of zeta potential

Zeta potential shows the surface charge of
particles in emulsions and suspensions so that the
measurement of zeta potential serves for predicting
formulation stability and interactions between
particles. Optimization processing is an important
and easy way to control quality. Zeta potential is
the electric potential that dominates in the incision
plan of a particle, which is at a tiny distance from
its level, as a consequence of the measuring of the
mobility distribution of a scissoring of charged
particles that are under an electric field [44]. The
mobility is the speed of a particle per unit electric
field. In another definition, zeta potential is the
potential difference between the dispersion medium
and the stationary layer of fluid attached to the
dispersed particle. Methods of measuring a
particle’s zeta potential are dependent on the nature
of both the particle and the suspension or emulsion
formulation.

Circular dichroism (CD) spectroscopy

Circular dichroism (CD) is dichroism involving
circularly polarized light, i.e., differential
absorption of left- and right-handed light. CD
spectroscopy is an important technique in structural
biology for examining the folding, conformational
changes, and especially the secondary structures of
proteins. Herein, CD was used to confirm the
incorporation of LF in the nanoemulsions. This
interaction produces a CD signal at the plasmon
resonance frequency of the chiral protein—NEP
complex.

Fluorescence spectroscopy

For the analysis of sample fluorescence,
fluorescence  spectroscopy (also  known  as
fluorometry or spectrofluorometry) is used which is
a type of electromagnetic spectroscopy. An
emission map is measured by recording the
emission spectra resulting from a range of
excitation wavelengths and combining them all
together. The intrinsic tryptophan fluorescence
(TRP19) in LF (excitation, 280 nm; emission, 355
nm) was used to study the nature of the LF
interaction with the lipid monolayer of
perfluorocarbon NEPs. Fluorescence emission
spectra show the quenching of endogenous
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tryptophan fluorescence of LF upon insertion into
the lipid monolayer of NEPs.

The effects of nanoparticles prepared in breast
cancer MCF7 cells lines

The MCF-7 breast cancer cell line was obtained
from Razi Institute, Ministry of Jahad-e-
Keshavarzi, Mashhad, Iran. The cells were thawed
to revive and recover. The recovered cells were
transferred into culture flasks and were incubated
with 5% carbon dioxide at 37 ° C. To investigate
the effect of nanoparticles containing LF in the
growth of cancer cells, three different
concentrations were used. For this purpose, a day
before adding the nanoparticles, the cells were
transferred into 96-well plates with 200 ml of
medium. After adding the nanoparticles, the cell-
containing plates were incubated with 5% carbon
dioxide at 37 ° C. After 24 hours the survival rate
of the cells was controlled with MTT assay in vitro.

RESULTS AND DISCUSSION
SDS PAGE analysis

The fraction in NaCl solution (0.7mol/L) was
identified as LF by SDS-PAGE analysis on a 15%
gel (Fig. 2, Lane 2) and TMB color reaction was
used to confirm the purity of LF. SDS-PAGE
results showed (Fig. 2, Lane 2) that the identified
fraction in the NaCl solution had higher purity.
Following electrophoresis, the gels were stained
using the silver nitrate method [45]. Silver staining
of proteins on a gel increases the sensitivity by a
factor of 10-100.

The comparison between line 2 (isolated
protein) and line 3 (standard LF) shows that the
molecular weight of the protein is 80 kDa. The
amount of LF or lactoperoxidase was determined
by the coloring reaction of tetramethylbenzidin
(TMB) test at a later stage.

Entrapment efficiency (EE)

By measuring the amount of free (unbound) LF
after centrifugation and comparison with LF
present in 500 pL of NEPs by tryptophan
fluorescence and Bradford method according to
equation 1, the entrapment efficiency was obtained
(91%).

Scanning electron microscopy analyses

Magnifications of PFOB-NEP and inserted LF
into lipid bilayer nanoemulsions of 100 000 and 50
000 are depicted in Fig. 3a, 3b, respectively. The

scanning electron microphotographs of the exposed
surface of PFOB-NEP and inserted LF into PFOB-
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NEP showed that the nanoemulsions structure
remained unchanged during the manufacturing
process and the highly homogeneous distribution of
nanoemulsion diameters and the morphology after
reunification of LF in the spherical particles have
not changed.

Particle size analysis and determination of zeta
potential

The mean particle diameter and the zeta
potential were monitored by increasing the
concentration of LF (Fig.4). No changes were
observed in the mean diameter (~100 nm) of the
PFC NEPs after addition of LF, but since LF is a
cationic protein, as expected, by increasing the
concentration of LF, the zeta potential of the NEPs
increased from —18.43 mV (without LF) to 21.61
mV (110.68ug/mL LF).

5 Concentration of LF{ug/mi)
s
o

® Zeig Poiential (m1)  ® Mean diameternm)

Fig. 4. Mean hydrodynamic diameter and zeta
potential of NEPs before and after incorporation of LF.

Circular dichroism (CD) spectroscopy

CD spectroscopy played an important role in
these studies. CD spectroscopy was used to study
the structure of NEP free of LF and upon
interaction with LF. As Fig. 5 shows, the
nanoparticles without LF give no peak, while after
accession LF creates a negative peak at a
wavelength of 202. The differences in the CD
spectra are indicative of the LF incorporation upon
interaction with NEP.

Tryptophan fluorescence

Typically LF undergoes a blue shift (or a change
in emission from 330 to 325 nm) upon insertion
into lipid bilayers due to the hydrophobic
membrane environment. The fluorescence of NEP
associated LF was completely quenched (Fig. 6a).
Fluorescence emission spectra show the quenching
of endogenous tryptophan fluorescence of LF
(110.68 pg/mLof LF) upon insertion into the lipid
monolayer of NEPs with a PFOB core. Because
tryptophan fluorescence quenching is not generally
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a feature of peptide interaction with membranes,
the special role of the PFOB core was tested as a
mechanism for the observed fluorescence
guenching upon integration into NEPs. Fig. 6b
shows the percentage quenching of tryptophan
fluorescence by free LF and LF with
perfluorocarbon cores.

Waveferzgfk(nm}

T L LT

S YT T LLLLLLL 1T Y P

200 210 220 230

Ellipticity(deg sq.cm/dmol)

Fig. 5. Far-UV CD spectra of NEPs and LF in
monolayered PFOB NEPs at 25°C. CD is circular
dichroism
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Fig. 6. Interaction of LF tryptophan with PFC NEPs
(@) Percentage quenching of tryptophan fluorescence
with free LF and LF with perfluorocarbon cores; (b) PFC
in perfluorocarbons.

MTT test results in breast cancer MCF7 cell lines

Cell viability was determined as a ratio of
absorbance (Asw nm) in treated cells relative to
absorbance in control cells (DMSO) (As7 nm). The
ICso was defined as the concentration of sample

needed to reduce 50% of absorbance relative to the
vehicle (DMSO)-treated control (Fig. 7).

AS5T0nnSample)

o "y iy UU =
Cale vty (29) A5T0nm  (Control DMSO) i

70
60 /_/

% 10

- 20
10

- 0 20 40 60 80 100 120 140 160

Concentration of LF (pg/ml)

Fig. 7. Cell death % with concentration of LF in
PFOB NEPs.

CONCLUSIONS

Due to the unique properties of LFs such as
antimicrobial activity, immunomodulatory, and
even antineoplastic properties, LF seems to have
great potential in practical medicine. A lot of
research has been done on it of late. Nevertheless,
more research still needs to be carried out in order
to obtain a better understanding of its activity and
interactions and to enable the full and safe
utilization of this glycoprotein. As already
mentioned, due to the sensitivity of LF to
proteolysis, a lot of research has been done on the
use of alginate and carrageenan nanoparticles as
carriers.

The purpose of this research was to design,
formulate, characterize, and assess the advantage of
PFOB particles as nanovehicles for LF delivery in
pharmaceutical applications, e.g., the use of this
combination on breast cancer cells. In this study LF
was isolated from camel milk using ion-exchange
chromatography.

Although LF is resistant to pH changes, to avoid
breaking LF and to retain its biological activity
against factors such as sonication, stirring and heat,
LF was added after the formation of NEPs.

Effective connection between the NEPs and LF
is mediated by electrostatic interactions between
the negatively charged lipid monolayer of NEPs
and the positively charged LF surface. These
interactions were proved by CD and tryptophan
fluorescence.

SEM analysis (Fig. 3a and 3b) of PFOB NEPs
illustrates that their structural integrity is preserved
even after addition of LF. The very high surface
tension of PFOB NEPs, as well as the hydrophobic
and lipophobic perfluorocarbon core prevent
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disintegration of the NEP after LF insertion and
may actually contribute to the stability and
controlled release of LF from PFOB NEPs. The
results showed that perfluorocarbon NEPs can be
used to deliver cytolytic peptides and proteins.

The results of MTT assay showed that LF
loaded on PFOB NEPs causes the death of cancer
cells and with increasing LF concentration, the
percentage of dead cells increased.
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®JIYOPOBLBIJIEPOIHU HAHO-CTPYKTYPU (PFOB-NEP) KbM JIAKTO®EPUH OT
KAMMWICKO MJIZIKO 1 HEI'OBUAT ITPOTUBO-TYMOPEH E®EKT BbPXY KJIETHbUHA
JIMHUA MCF7 HA PAK HA I'bPJIATA

X. P. U. Keiikanny?, C. 3ubaen 2", M. Apmxmann’, A .A. Cadexopau®

Y lenapmamenm no xumuuno unsicenepcmeo, nayka, Uscnedosamencku knon, Hensmcku ynusepcumem “Azao
Texepan, Upan
2H)Ltcmumym ., Pasu*, Munucmepcmeo /[ocaxao-e-Kewasapsu, Mawixao, Hpan
3 Jenapmamenm no xumuuno unsxcenepcmeo, Knon FOxcen Texepan, Mcnsmcku ynusepcumem ,, A3ao“, Texepan, Upan
*llenapmamenm no xumuuno unscenepcmeo Texnonozuuen ynueepcumem ,, llapug “, Texepan, Heax

ITonyyena Ha 5 siHyapy, 2016 ., mnpuera Ha 14 sayapu, 2015 r.

(Pesrome)

Ilopaan pa3nmpocTpaHEeHHETO Ha paka B CBETOBEH Malllad € BaXKHO Jla Ce ThPCAT HOBM JIEKapCTBAa 3a HETOBOTO
JeyeHue. BwmOpekn roneMus HampeabK, pasmIUPEeHOTO pa3paboTBaHe Ha HOBM JIeKapcTBa ce oOycmaBs OT
PE3UCTEHTHOCTTA Ha PAaKOBUTE KJICTKH KbM U3BECTHHUTE TPOTHBOPAKOBH CPEZCTBA.

B HacTosmoro m3cnenBane ca u3cieABaHW OMOJIOTMYHHUTE cBoWcTBa Ha yakTodepuH (LF) ot xamumicko misiko u e
HanpaBeH ONWT Ja Ce 3alla3d HeroBaTa TpUMEpHA CTPYKTypa M Ja ce HOBHIIM XuBOoTa Ha LF, kaTo ce mpenorBpaTtn
JICHATYpUpaHeTO My OT IpoTeojin3a. ToBa ce mocTura 4pes3 A0OaBsSHE HA HAHO-EMYJICHs C YAaCTHIH OT mepdiryopo-
oktun Opomun (PFOB-NEP). LF ce wu3BimmM4a OT KaMHICKO MJISIKO upe3 HOHOOOMeHHa xpomatorpadus
(kapbokcumeruinoBa Sephadex C-50 cmona), a Heroara uncrora 6e motebpacHa upes SDS-PAGE.

[MepduryopoBbriiepoabT € OMONOTHYECKH HHEPTEH, XUMUYeCKH cTabuiieH, HeTokcudeH U HenermB, PFOB-NEP ce
npuroTBAT oT emyicusi macio/Bogaa (O/W). LF ce HaroBapBa BBpXy HaHO-YAaCTHIIUTE, @ CJIEA TOBA CE OMPEACIST
HEroBUTE XapaKTePUCTHKU M IPOTHBO-TYMOpPHUs edeKT BbpXy KieTbuHa qunus MCF7 Ha pak Ha repaata. JocThnbT
Ha LF no Hano=wactuuure ce goka3Ba 4pe3 KpPBroB AWXPOM3BM M (PIyOPECHEHTHO CHEKTPOCKOIICKH METO/IH.
EdextuBHocTTa Ha BKItouBaHe Ha LF B HanowacTuiute 6eme oxono 91%. CpeaHuar quamMeTbp Ha HAHO-YaCTHUIIMTE HE
ce MPOMEHS el BKIouBaHeTo Ha (~ 100 M) a {-moTeHIansT Ha HAaHO-YacTUIMTe HapacTBa oT —18.43 mV (6e3 LF)
1o 21.61 mV (110.68pg/mL LF).
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A counting polynomial C(G, X) is a sequence description of a topological property so that the exponents express

the extent of its partitions while the coefficients are related to the occurrence of these partitions. Omega, Sadhana and
Padmakar-lvan polynomials are extensive examples of counting polynomials which play an important role in
topological description of bipartite structures as well as counts equidistance and non-equidistance edges in graphs.

These polynomials count the quasi orthogonal cut (QOC) strips in graphs generated from bipartite chemical structures.

A Qoc strip defined with respect to any edge in a graph G(V, E), represents the smallest subset of edges closed

under taking opposite edges on faces.
In this article, we focus on counting polynomials of polyomino chains of different possible shapes. We derive the

exact formulas of omega, Sadhana and PI polynomials for 2-parametric 4-polyomino system Pnk for K>3,n>1. An
open problem is proposed for further research in this direction.

2010 Mathematics Subject Classification: 05C12, 05C90

Keywords: Counting polynomial, omega polynomial, Sadhana polynomial, PI polynomial, Polyomino chains, K -

polyomino system

INTRODUCTION AND PRELIMINARY
RESULTS

A k -polyomino system is a finite 2 -connected
plane graph such that each interior face (also called
cell) is surrounded by a regular 4k -cycle of length
one. In other words, it is an edge-connected union
of cells [12].

Counting polynomials are those polynomials
having at exponent the extent of a property partition
and coefficients the multiplicity/occurrence of the
corresponding partition. A counting polynomial is
defined as:

C(G,x) =Y m(G,c)x", (1)

Where the coefficient m(G,c) are calculable by
various methods, techniques and algorithms. The
expression (1) was found independently by Sachs,
Harary, Milic’, Spialter, Hosoya, etc [5]. The
corresponding topological index P(G) is defined
in this way:

* To whom all correspondence should be sent:
E-mail: imrandhab@gmail.com; sakander@mail.ustc.edu.cn

C(G) =C'(G,X)|,,= > .M(G,c) xC

A moleculer/chemical graph is a simple finite
graph in which vertices denote the atoms and edges
denote the chemical bonds in underlying chemical
structure. This is more important to say that the
hydrogen atoms are often omitted in any molecular
graph. A graph can be represented by a matrix, a
sequence, a polynomial and a numeric number
(often called a topological index) which represents
the whole graph and these representations are
aimed to be uniquely defined for that graph.

Two edges e=uv and f =xy in E(G) are
said to be codistant, usually denoted by e co f , if
d(x,u) =d(y,v)

and

d(x,v) =d(y,u)=d(x,u)+1=d(y,v)+1

The relation “CO " is reflexive as € CO € is true
for all edges in G, also symmetric as if e co f
then f co e for all e, f € E(G) but the relation

“C0 " is not necessarily transitive. Consider
C(e)={f €E(G): f coe}
If the relation is transitive on C(e) also, then
C(e) is called an orthogonal cut “co " of the graph
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G. Let e=uv and f =xy be two edges of a

graph G, which are opposite or topological
parallel, and this relation is denoted by eop f . A
set of opposite edges, within the same face or ring,
eventually forming a strip of adjacent faces/rings, is
called an opposite edge strip ops, which is a quasi-
orthogonal cut qoc (i.e. the transitivity relation is
not necessarily obeyed). Note that “C0" relation is
defined in the whole graph while “0p ™ is defined
only in a face/ring.

In this article, G is considered to be simple
connected graph with vertex set V (G) and edge set
E(G), m(G,c) be the number of ops of length C,
e =| E(G) | is the edge set cardinality of G .

The omega polynomial was introduced by Diudea
et al. in 2006 on the ground of op strips. The
omega polynomial is proposed to describe cycle-

containing molecular structures, particularly those
associated with nanostructures.

Definition 1.1. [1] Let G be a graph, then its
omega polynomial denoted by Q(G,x) in X is
defined as

Q(G,x) = > m(G,c)xx°

The derivative of omega polynomial at x =1
for any bipartite graph is equal to its edge set
cardinality.

The Sadhana polynomial is defined based on
counting opposite edge strips in any graph. This
polynomial counts equidistant edges in G .

Definition 1.2. [6] Let G be a graph, then
Sadhana polynomial denoted by Sd(G,x) is
defined as

Sd(G,x) = > m(G,c)x x*°

The PI polynomial is defined based on counting
opposite edge strips in any graph [10]. This
polynomial counts non-equidistant edges in G .

Definition 1.3. [11] Let G be a graph, then PI
polynomial denoted by PI (G, x) is defined as

PI(G,x)=>m(G,c)xCx X

Ashrafi et al. computed Sadhana polynomial of V-
phenylenic nanotube and nanotori.

Theorem 1.1. [2] Let G be the graph of V-
phenylenic nanotube, then Sadhana polynomial of

G is,
Max{m,n}-1 ) )
SA(G,x)=4 > XFOEF L 2(In—m|+1)xEE2MHn

i=1

nxE©I-2m (m _1)X|E(G)I—2m + (n _1)X|E(G)I—n

All nanotubes are allotropes of carbon and are a
type of fullerene. Imran et al. [9] computed omega
and Sadhana polynomials of H-Naphtalenic
nanotube.

Theorem 1.2. [9] The omega polynomial of H-
Naphtalenic nanotube NPHX[m,n], V m,neN
IS:

[0

& n
7+4Y x¥ +2(n-2m+1)x*", m<[—]
Q(NPHX[m,n], x) = .Z:l: 2

1
n+4y x* +2(@2m-n+1)x*",  m> LEJ
i=1

where 77 = nx®™ +mx*" +(n—1)x*".
The Sadhana polynomial of NPHX|[m,n],
v mneN is.

2
2

n+4 Z XIM=2N-2 4 9 om 1)xSON < L%J
i=1

SAd(NPHX [m, n], x) =

-1
q+4lesmn72m72| +2(m—n4 1)) g L%J
i=1

where
77 - r])(15mn—5m + leSmn—Zm—Zn + (n _1)X15mn—4m

The preceding results are used to compute their
corresponding topological indices which provides a
good model correlating the certain physico-
chemical properties of these carbon allotropes.

RESULTS AND DISCUSSION

In this paper, we compute omega, Sadhana and
PI polynomials of polyomino chain system P’ for
k=1,2,3,...,6. By using these results, we present
our main results of counting polynomials for
polyomino chain system Pnk for k>3,n>1.

Imran et al. [8] studied some degree based
topological indices of the polyomino chains. For
further study of these polynomials their topological
indices and various nanotubes, consult [3, 4, 9, 13,
14, 15]. These polynomials are used to predict
various physico-chemical properties of certain
chemical compounds.

Polyomino chains

A polyomino system is a finite 2-connected
plane graph such that each interior face (or say a
cell) is surrounded by a regular square of length
one. In other words, it is an edge-connected union
of cells in the planar square lattice. This polyomino
system divides the plane into one infinite external
region and a number of finite internal regions
where all internal regions must be squares. A
polyomino chain is a polyomino system, in which
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the joining of the centers of its adjacent cells
(regular squares) forms a path c,c,,...,C,, where

R

c, is the center of the i-th square. Such a

polyomino chain is denoted as B, . A square of a

polyomino chain has either one or two neighboring
squares. If a square has one neighboring square, it
is called terminal, if it has two neighboring squares
having no vertex of degree 2, it is called medial,
and if it has two neighboring squares such that it
has a vertex of degree 2, it is called kink. Every
polyomino chain of dimension n has a unit such
that it contains n number of units [16].

Fig. 1. A 2-polyomino system which is a zig-zag
chain of 8-cycles.

Theorem 2.1.1. [7] Consider the graph of 2-
polyomino system depicted in Figure 1. Then:
Q(X)=(@4n—-1)x®+(8n +2) x* and Sd(x) = (4n —
1) X28n—2+ (8n + 2) X28n—1.

We denote the polyomino chain system by Pnk,
and k=k'+m+t, where k' is the number of
kinks, m is the number of medials and t is the
number of terminals in a unit of polyomino chain.
Figure 2 depicts the different polyomino chains

with their units as dotted part. We call |, z,, C
k,, r. and h the polyomino chains P* for

k=12345 and 6 respectively. Now we

compute omega polynomial of these chemical
graphs which count equidistance edges in these
graphs.

Theorem 2.1.2. The omega polynomial of P
for k =1,2,3,4,56 is equal to:
Q(l,,x) = x"" +nx’
Q(z,,x) =2x* +(2n-1)x°
Q(c,,x) = (n+1)x* +(n+1)x* + (n—-1)x*
QK ,x) = (2n+1)x* +nx® + x* +(n-1)x°
Q(r,,x) = Bn+1)x* +nx® +x° + (n-1)x°

n’ n’
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Q(h,,x) = (@n+1)x* +nx® + x® + (n-1)x’
Proof. Forl

The polyomino chain | is a linear chain of
squares as shown in Figure 2. The number of edges
in this chain graph is 3n+1. There are two types of
ops in |, there are n qoc strips of length 2 and
one strip of length n+1. Since

Q(G,x) = > m(G,c)xx°
C

Q(l,,, x) =nx* +x"*
Forz,:

The chemical graph z_ is a zig-zag chain of
squares as shown in Figure 2. The number of edges
in this chain graph is 6n+1. There are also two
types of ops in z,, there are 2 qoc strips of length 2
and 2n—1 strips of length 3. Since

Q(G,x) =Y m(G,c)xx°
C

Q(z,,x) = 2x* +(2n-1)x°
Forc,:

The polyomino chain ¢, is a polyomino chain
P* with k =3 shown in Figure 2. The number of
edges in this chain graph is 9n+1. This chain of
dimension n has three types of qoc strips in c,,

there are n+1 strips of length 2, n+1 strips of
length 3 and n—1 strips of length 4. Now
Q(G,x) = > m(G,c)xx°

Q(c,,x) = (n+1)x* +(n+1)x* + (n-1)x*
Fork,:
The number of edges in this chain graph is
12n+1. This chain of dimension n has four types
of qoc strips in k., there are 2n+1 strips of length

2, N strips of length 3, one strip of length 4 and
n—1 strips of length 5. Now
Q(G,x) = > m(G,c)xx°

Q(k,,x) = (2n+1)x* +nx® +x* + (n-1)x°
Forr,:
In polyomino chain r_, there are 15n+1 edges

and four types of strips. There are 3n+1 strips of
length 2, n strips of length 3, one strip of length 5
and n—1 strips of length 6. We know

Q(G,x) =Y m(G,c)xx°
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Q(r,,x) = Bn+1)x* +nx® +x° + (n-1)x°
Forh,:
The polyomino chain h. contains 18n+1

edges and four types of strips. There are 4n+1
strips of length 2, n strips of length 3, one strip of
length 6 and n—1 strips of length 7. We know

Q(G,x) = > m(G,c)xx°

Q(h,,x) = (4n+1)x* +nx® + x°® + (n—1)x’

O
...... ln
1 2 3 n-1 | n
meneagpa 1 eey
(W
. s messs H 2
L HE cn
nEP
Zn o
. n-1
SO, - —
............... 2
..... |3 kn
L n
.......... - [ |
m L
Fig. 2. Different polyomino chains.
In the following theorem, the Sadhana

polynomial of Pnk for k=1,2,345 and 6 is
computed.
Theorem 2.1.3. The Sadhana polynomial of Pnk
for k =1,2,3,4,5 and 6 is as follows:
Sd(l_, x) = nx*"t 4+ x*"
Sd(z,,x) = 2x°"* +(2n—-1)x°*"?
Sd(c,, X) = (N+1)x*" ™ + (n+1)x*"2 + (n—1)x°"°
Sd(k,, X) = (2n+1)x"*" ™+ nx?"? 4 x4 (n—1)x
Sd(r,,x) = (3n+1)x*" ! +nx®" % + X" + (n-1)x*"°
Sd(h,,x) = (4n+1)x**"" + nx**" 7 + x4+ (n-1)x*"°

The proof of this theorem is on the same lines as
in case of omega polynomial, so we skip this proof.

Now we compute Pl polynomial of Pnk for
k=123456.

Theorem 2.1.4. Consider the polyomino system
P for k=1,2,345 and 6. Then their PI
polynomials are:

PI(l,x)=2nx>"" + (n+1)x*"
Pl(z,,x)=4x*""+(6n—-3)x*"?
PI(c,,X) = (2n+2)x*"" +(3n+3)x*"* + (4n—4)x*"®
PI(K,, X) = (4n+2)x""* +3nx""? + 4x""3 4 (5n —B)x "
PI(r,, X) = (6n+2)x"" ™" +3nx""? + 5x*"* + (6n — 6)x**"°
PI(h,,x) = (8n+4)x"" " +3nx"*"? +6x*"° + (7Tn - 7)x"*"®

The proof of this result is also skipped due to
similarity with proof of omega polynomial.

Polyomino chain system P

In this section, we deal with polyomino chain
system Pnk with two defining parameters k and
n, where Kk is the sum of the number of kinks and
number of terminals in a unit of any particular

polyomino chain and n is the defining parameter
of the chain i.e. dimension. Figure 3 shows the

polyomino chain system Pnk, with arbitrary

defining parameters. The number of edges in Pnk is
3kn+1.

e

€3

- 2
-ll

LJ_I_VU_HEDnD:H

ey Y

Fig. 3. General representation of Pnk .

Table 1. Number of quasi-orthogonal strips in Pnk
for k>3, n>1.

Tvoes of Tvpes of Number of
ypes yp co-distant ~ No of goc
qoc’s edges
edges
C. e 2 (kn-2n+1)
C €2 3 :
Cs & k 1
Cs €4 k n-1

There are four types of goc strips in Pnk shown
in Table. In the following theorem, the omega
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polynomial of Pnk is computed.

Theorem 2.2.1. The omega polynomial of P
with k >3, n>1, is as follows:

Q(PX,x) = (kn—=2n+1)x* + nx® + x* + (n—1)x**
Proof. Let G be the graph of polyomino chain
system P with k>3, n>1. Table 1 shows the

number of co-distant edges and number of goc in
G . The quasi-orthogonal cuts and starting edges of
strips are depicted in Fig 2. By using Table 1, the
proof is mechanical. Now we apply formula and do
some calculation to get our result.

Q(G,x) = > m(G,c)xx°

Q(G, x) = (kn—2n+1)x* +nx® + X + (n—1)x**
O
Now we compute Sadhana polynomial of Pnk

for k>3, n>1. Following theorem shows the
Sadhana polynomial for this family of polyomino
chains.

Theorem 2.2.2. Consider the graph of Pnk with

k>3, n>1. Then its Sadhana polynomial is as
follows:

Sd(PX, x) = (kn—2n+1)x*" " + nx®2 4 x4 (n—1)x**
Proof. Consider the graph of Pnk with k>3,

n>1. We prove it by using Table 1. We know that
Sd(G,x) =Y m(G,c)xx**

SA(PY, x) = (kn—2n+1)x*"* 4+ nx¥"2 4 x4 (n —1)x**

O
Next we compute Pl polynomial of this
polyomino chain system. Following theorem

explains the Pl polynomial of this family of
polyomino chains.

Theorem 2.2.3 Consider the graph of P* with
k >3, n>1. Then its Pl polynomial is as follows:

PI(PF,x) = 2(kn—2n+1)x%*"* 4 3nx®*"2 4 x<7*2  (n—1)x¥*

Proof. Let G be the graph of P* with k >3,

n>1. We prove it by using data given in Table 1.
We know that

PI(G,x) =) m(G,c)xCx X"

PIL(Pf,x) = 2(kn—2n+1)x%*"™" 4+ 32 4+ x4 (n—1)x**

O
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Open Problem

Investigate C(G,x) for
polyomino system P*(n), where k =k'+m+t,

and r is the number of squares between kinks
inclusively in a unitand n is the dimension.

3-parametric  4-

CONCLUSION AND GENERAL REMARKS

In this paper, three important counting
polynomials called omega, Sadhana and Pl are
studied. These polynomials are useful in
determining omega, Sadhana and Pl topological
indices which play an important role in
QSAR/QSPR study. These counting polynomials
play an important role in topological description of
bipartite structures as well as counts equidistance
and non-equidistance edges in graphs. In this paper,
we studied these polynomials for polyomino chains
or conducted the counting of qoc strips in these
bipartite chemical graphs alternatively. An open
problem is proposed for study of polyomino chains
and Kk -polyomino system.
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BBPXY BPOMHU ITOJIMHOMMU HA HSKOU ITOJUMWHO BEPUTU
M. Umpan?, C. Xaar?"

L lenapmamenm no mamemamuxa, Yuunuue no npupoouu nayku, Hayuonanen ynusepcumem no nayka u
mexnuxa, cekmop H-12, Hcaamabao, Haxucman

2 Vuunuwe no mamemamuyecky nayxu, Ynusepcumem no nayxka u mexnuxa na Kumaii, Xegeri, Auxyii, Kumaii

Honyuena na 24 anpun 2015 2.;npepabomena na 20 oxmomepu 2015 .

BpOﬁHHﬂT IIOJIMHOM C(G,X) ¢ nopeauna, omnvceBalla TOIOJIOTnIHO CBOﬁCTBO, TaKka 4€ CTCIICHHUTEC ITOKa3aTCIIn

n3pa3aBaT pa3MEpPHTE Ha HETOBUTE [SUIOBE, JIOKATO KOE(UIMEHTHUTE ca CBBP3aHM C YECTOTaTa Ha TE3H JSIIOBE.
[Momauomure Q, Ha Sadhana m Padmakar-lvan ca pasmuperd npumepu Ha OpoWHH HOJMHOMH, KOUTO HUTPasT BaKHA
pOJIs B TOMOJOTMYHOTO IHCAaHUE HA JABYICIHH CTPYKTYPH, KakTO WM B NpeOpOSIBAHETO Ha EKBUAWUCTAHTHU U HE
eKBUAMCTAHTHU pebpa Ha rpadu. Tesu momuHOME TpeOposBat kBasuoproronanaute otpesnn (KOO) nentu B rpadw,
TeHepUpaHU OT JABYJIeNHH XuMuuecku cTpyktypu. KOO nenTa, nedmHupaHa 1o OTHOIIEHHE HAa KOoe U jJa € pedpo Ha
rpada G(V,E), npeicTaBisiBa Haii-MajkaTa MOATpyHa oT pedpa, 3aTBOPEHH IIpU B3eMaHe Ha IIPOTUBOIOJIOKHU pedpa
BBPXY JHILATA.

B Tasu crarums, Hue ce Qokycupame BbpXY OpOWHHUTE MOJMHOMH Ha IOJMMHHO BEPHT'H OT PA3IMYHH BB3MOXHHU
¢dopmu. Hue usBexaame tounute Gopmyin Ha nonmHomute omega, Ha Sadhana u Pl 3a 2-napamerpudna 4-moJuMHHO

k
cuctema Py 3a k >3,n>1. [Tpeioskena e OTBOpPeHa 3a/1a4a 3a MO-HATATBIIHI M3CIIEABAHHS B TA3U MOCOKA.
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