Glasnik hemicara i tehnologa
Bosne i Hercegovine

Bulletin of the Chemists and Technologists
of Bosnia and Herzegovina

Print ISSN: 0367-4444
Online ISSN: 2232-7266

June 2017.

Prirodno-matematicki fakultet Sarajevo
Faculty of Science Sarajevo






Glasnik hemicara i tehnologa
Bosne | Hercegovine

Bulletin of the Chemists and Technologists
of Bosnia and Herzegovina

Print ISSN: 0367-4444
Online ISSN: 2232-7266

A

June 2017.

Prirodno-matematicki fakultet Sarajevo
Faculty of Science Sarajevo






Glasnik hemiéara i
tehnologa
Bosne i Hercegovine

Print ISSN: 0367-4444
Online ISSN: 2232-7266

Bulletin of the Chemists and Technologists

of Bosnia and Herzegovina

Zmaja od Bosne 33-35, BA-Sarajevo
Bosnia and Herzegovina

Phone: +387-33-279-918

Fax: +387-33-649-359

E-mail: glasnik@pmf.unsa.ba

lasnikhtbh

mail.com

REDAKCIJA / EDITORIAL BOARD

Editor-In-Chief / Glavni i odgovorni urednik Fehim Korac

Faculty of Science Sarajevo
Zmaja od Bosne 33-35, BA-Sarajevo
Bosnia and Herzegovina

E-mail: glasnik@pmf.unsa.ba

glasnikhtbh@gmail.com

Phone: +387-33-279-995 (Administration)
+387-33-279-911 (Executive Editors)
Fax: +387-33-649-359

Editors / Urednici

Milka Maksimovi¢ (mmaksimo@pmf.unsa.ba)

Emin Sofi¢ (esofic@pmf.unsa.ba)

Semira GalijasSevi¢ (semira.galijasevic@gmail.com)

Nurudin Avdi¢ (technoprocur@yahoo.com)

Editorial Board / Clanovi redakcijskog odbora

Ivan Gutman (SRB)

Zeljko Ja¢imovié¢ (MNE)
Meliha Zejnilagi¢-Hajri¢ (B&H)
Tidza Muhi¢-Sarac (B&H)
Jasna Huremovi¢ (B&H)

Ismet Tahirovi¢ (B&H)
Mustafa Memi¢ (B&H)
Dragana Dordevic¢ (SRB)

JoZe Kotnik (SLO)

Angela Maria Stortini (ITA)
Mirjana Vojinovi¢ Miloradov (SRB)
Lea Kuko¢ (CRO)

Dejan MiloSevi¢ (B&H)
Ljudmila Benedikt (SLO)
Amira Copra-Janiéijevi¢ (B&H)
Sabina Gojak-Salimovi¢ (B&H)
Emira Kahrovi¢ (B&H)
Danijela Vidic (B&H)

Andrea Gambaro (ITA)

Aida Sap¢anin (B&H)

Lucyna Samek (POL)

Ivan Spanik (SLK)

Heike Bradl (GER)

Sanja Cavar-Zeljkovi¢ (CZE)


mailto:glasnik@pmf.unsa.ba
mailto:glasnikhtbh@gmail.com
mailto:mmaksimo@pmf.unsa.ba
mailto:esofic@pmf.unsa.ba
mailto:semira.galijasevic@gmail.com
mailto:technoprocur@yahoo.com
mailto:glasnik@pmf.unsa.ba
mailto:glasnikhtbh@gmail.com

Advisory Editorial Board / Clanovi redakcijkog savjeta

Margareta Vrtac¢nik (SLO) Alen HadZovi¢ (CAN)
Franci Kovac¢ (SLO) Franc PoZgan (SLO)
Mladen Milo$ (CRO) Mirjana Metikos (CRO)
Lectors / Lektori

Semira Galijasevi¢ (Eng/B/H/S)
Milka Maksimovi¢ (Eng/B/H/S)

Administrative Assistants / Sekretari redakcije
Safija Herenda
Alisa Selovi¢

Electronic Edition and Executive Editors / Elektronsko izdanje i izvrsni redaktori

Anela Topcagi¢
Jelena Ostoji¢

Casopis izlazi polugodis$nje, a kompletna tekst verzija objavljenih radova je dostupna na

http://www.pmf.unsa.ba/hemija/glasnik.

The journal is published semiannual, and full text version of the papers published are
available free of cost at http://www.pmf.unsa.ba/hemija/glasnik.

Citiran u Chemical Abstracts Service. ( @ S

Cited by Chemical Abstracts Service. WWW.Cas.org

Citiran u EBSCO Host.

Cited by EBSCO Host.



http://www.pmf.unsa.ba/hemija/glasnik
http://www.pmf.unsa.ba/hemija/glasnik

Glasnik hemicara i
tehnologa
Bosne i Hercegovine

Bulletin of the Chemists and Technologists

of Bosnia and Herzegovina

2017

Issue 48
Editorial I
ORIGINAL SCIENTIFIC ARTICLES
Influence of deposition parameters on pulsed laser deposition of Ko3Mo0Os3 thin 1-4
films
Deki¢ Maja
Sal¢inovié¢ Feti¢ Amra
Hrvat Kerim
Lozandi¢ Matej
The Correlation between C-Reactive Protein and Regulation of Glycemia in 5.8
Type-2 Diabetic Patients
= = LI 3.
e P i R
£ = = e Z
Fasting 33 103 p=0.00] 3871
elucose, mmalT
Mandal Saéira m“m"_ N X _ Low risk
Caugevi¢ Adlija ropeme 333 83 pamr e
meL risk
2-GmgL
High rizk
= meL
Hemoglobin 45 6.9 pe000]  50%
Alc, &
Inhibitory effects of selected phenolic acids on the oscillations of the Briggs- 9-14

Rauscher reaction

DZomba Emina

Gojak-Salimovi¢ Sabina

Concentration

Antioxidant (wmol/L) o ras rat
Caffeic acid 3.85 1 1 1
Chlorogenic acid 2.71 1420 0.700 0.872
Rosmarinic acid 2.95 1305 0.707 0.850
Gallic acid 445 0.086 0.035 0.085
p-Coumaric acid 355 0.011  0.017  0.005




Bulletin of the Chemists and Technologists of Boshia and Herzegovina

Electrochemical treatment of leather industry wastewater 15-20

Halilovi¢ Namir
Krdzali¢ Edin
Basié¢ Azra
Daci¢ Minela

Avdi¢ Nurudin ’

The determination of iron levels in Menthae tea (Mentha piperita L.) 21-26

Total content of Iron in Menthae tea, mg Felkg
Mandal Saéira
Keski¢ Nejra

Marevac Naida

B PAK NANA
u PHARMAMED
1000 CVET

Contribution to Knowledge of Contains on Peridotite Rocks of the Krivaja-

Konjuh Ophiolitic Complex (Massif) 27-34
Operta Mevlida
Application of Aloe Vera as Green Corrosion Inhibitor for Aluinum Alloy Types 35.40

AA8011 and AA8006 in 3,5% NacCl

Biki¢ Farzet

Kasapovi¢ Dejana =
Deliji¢ Kemal =
Radonji¢ Dragan 1

Y
[T T U (oaa 1

0 D
log i (Acm?)



Bulletin of the Chemists and Technologists of Boshia and Herzegovina

Zn-Ni alloy coating made of chloride electrolyte

41-44

Dautbasi¢ Adem
Catic¢ Sead
Cati¢ Osman

Electrodeposition of polyaniline films on
behavior in corrosive environments

stainless steel and their voltammetric

am
Qs
Guti¢ Sanjin
Cacan Merzuk P
Kora¢ Fehim e
o
ouoas T T T T T 1
1z o8 113 04 a2 o a2
E ve AgiagCl v
L r

REVIEW

Many roles of melatonin: diversity and complexity of reaction pathways

Direct antioxidant|

{ MELATONIN REACTIVITY ‘

.

Chr ﬁ [ Metal detoxiﬁcntiou]

GalijaSevi¢ Semira

Antinflammatory action
L

Free radical scavenger

agent

1. Suppresion of proinflammatory
mediators /
-——2. Inhibition of NO formation

Immunomodulatery

—
Prevention of free radical
formtion

-
\‘\ Peroxidase regulation and illll]']:il']'oll?

Leukocyte at(‘ii'.’l(‘in;g
—_—
Upregulation of
antioxidative enzymes
\ J

Decrease of nitrosative damage

Instructions for authors

Sponsors

45-50

51-58

59

67



Bulletin of the Chemists and Technologists of Bosnia and Herzegovina

Editorial

6th Regional Symposium on Electrochemistry of South-East Europe was held from 11th
to 15th June 2017. in Balatonkenese, Hungary with the organizational support of
chemical and electrochemical societies from 17 countries. The scientific theme of the
meeting was “Renaissance of Electrochemistry in the 21th century and its effect on the
development of South-East Europe”.
This, now already well established meeting of electrochemists was organized for the
first time in Rovinj, Croatia in 2008, followed by meetings in Belgrade, Serbia (2010),
Bucharest, Romania (2012), Ljubljana, Slovenia (2013), Pravets, Bulgaria (2015) and
Balatonkense, Hungary this year. Location of the 7th Symposium in 2019 will be Zadar,
Croatia. Proceedings of the meeting are published in the open access Journal of
Electrochemical Science and Engineering (http://www.jese-online.org/).
Society of Chemists and Technologists of Canton Sarajevo joined organizing societies in
the organization of 5th meeting in Bulgaria, 2015. During that meeting, the Association
of South-East European Electrochemists (ASEE) was established by a Common Decision
of the Scientific Committee (SC) of the Symposium (http://www.rse-
see.eu/index.php/about-asee). Mission of the Association is to:

- contribute to the advancement of the fundamental and applied research in the

field of electrochemistry

- enhance the regional scientific communication and cooperation in
electrochemistry

- help the bridging of the regional electrochemical science and industry

- accelerate regional with international networking in the broad area of
electrochemistry

- support, facilitate and rationalize the dissemination and exploitation of
knowledge and innovations in electrochemistry and its applications

- organize traditional meetings in the field of electrochemical research,
technologies and innovations

Editors
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Abstract: Pulsed laser deposition (PLD) has become the most important technique for the
production of new materials with complex stoichiometry and multilayered structures. In this
paper we present parameters that influence the production of Ko3MoOs (KBB) thin films by
PLD. KBB is a quasi-one-dimensional (q-1D) conductor that exhibits transition to a new ground
state of charge density wave (CDW) below a transition temperature Tp. It is considered to be a
“canonical“ CDW system and its properties have been extensively researched in bulk. In recent
years, production of KBB thin films has enabled investigation of CDW properties in the
conditions of reduced dimensionality. Choice of deposition parameters highly influences
production of the films and therefore it is essential to investigate it in order to obtain high quality
films. This investigation enables one to determine optimal conditions for the production of KBB

Phone: +387-33-279891 o
thin films by PLD.

INTRODUCTION

Metals with a chain-like structure which are highly
anisotropic and therefore can be considered as quasi-one-
dimensional (g-1D) exhibit a transition to a new ground
state of charge density wave (CDW). Potassium blue
bronze (KBB) is a commonly researched inorganic system
with CDW, but it has not been produced in thin film form
until recently (Staresini¢ et al., 2012; Dominko et al., 2011;
DPeki¢ et al., 2015; Deki¢ et al., 2013). It has a deep blue
color hence the name “potassium blue bronze”. Our main
motivation for KBB thin films production was the
investigation of reduced dimensionality effects on CDW
properties of the material (Borodin, 1986; Zaitsev-Zotov et
al., 1992; Zaitsev-Zotov et al., 2010; Schneemeyer et al.,
1984; MccCarten, et al., 1992).

Properties of the obtained films depend on production
parameters such as: ambient gas and pressure, substrate
temperature, incident laser fluence, deposition geometry
and repetition rate. Deposited films were characterized
using several standard characterization techniques:
ultraviolet-visible (UV-vis) spectroscopy, atomic force
microscopy (AFM), scanning electron microscopy (SEM),
time-of-flight elastic recoil detection (TOF-ERDA),
electrical transport measurements and femtosecond time-

resolved spectroscopy (fs-TRS). Investigation of the
influence of deposition conditions on the quality of the
films enabled us to determine optimal conditions for
further depositions.

EXPERIMENTAL PROCEDURE

In pulsed laser deposition (PLD) technique (Willmott
and Huber, 2000; Christen and Eres, 2008; Schou, 2009;
Marla et al., 2011), substrate and target are mounted in a
vacuum chamber at a certain distance and a laser pulse is
used to ablate the material from the target. Following
ablation, plasma is created and material from the plasma is
deposited on the substrate. Generally, deposition can be
performed either in a gas atmosphere or vacuum.

Thin films of KBB were produced out of a
polycrystalline Ko3MoO3z powder which was pressed in
tablets of 20 mm diameter. The target was mounted on a
rotating holder opposite to a substrate. Depositions were
performed on (1-102) AlO3 (ALO) and (510) SrTiO3
(STO) substrates of 10 x 10 x 1 mm® and 5 x 5 x 0.5 mm?®
dimensions. These substrates were chosen because they
have suitable parameters for epitaxial growth (J. van der


http://publish.aps.org/search/field/author/P.%20R.%20Willmott
http://publish.aps.org/search/field/author/J.%20R.%20Huber
http://www.sciencedirect.com/science/article/pii/S0169433208022617

Zant, 1996). Depositions were performed with an excimer
KrF* laser (COMPexPro) of a wavelength 248 nm, pulse
duration >7 ns, repetition rate 2-50 Hz and fluence 0.2-10
Jlcm?. Substrate was mounted on a heater at a typical
distance of 5 cm away from the target. Number of pulses
was usually 6000, with several attempts at 3000, 9000,
10000 and 15000. After a series of trials we have fixed

DPeki¢ et al.

fluence to 2.4 J/cm? and repetition rate to 5 Hz. Depositions
were performed in an oxygen atmosphere with pressure
(po2) varying between 1-10 Pa and a substrate temperature
(Ts) between 375-450°C. Here, we will present the
influence of the number of pulses, Ts and po2 on thickness,
stoichiometry and texture of the films on two different

types of substrates

Table 1: Thickness d, stoichiometry, substrate temperature Ts, oxygen pressure poz, number of pulses and errors AK and AO due to measuring
technique in K and O fraction of several KBB films from the 7™ batch. Some thickness values exceeded limitations of the measuring method.

Film d (nm) Stoichiometry Ts (°C) Poz (mbar) No. of pulses AK AO
BB6 ALO 336 Ko.24M002.86 375 0.06 O 6000 0.03 0.35
BB5 STO 392 Ko.20M003 20 400 0.08 O 6000 0.04 0.40
BB2 ALO 336 Ko.26M002.82 450 0.06 Oy 6000 0.03 0.35
BB9 ALO 294 Ko.20M003.24 450 0.08 Oy 6000 0.04 0.40
BB8 ALO 340 Ko.30M00300 425 0.08 Oy 6000 0.04 0.42
BB7 ALO 468 Ko.1sM003 15 375 0.08 Oy 6000 0.03 0.44
BB2 STO 468 Ko.31M00331 450 0.06 Oy 6000 0.04 0.46
BB6 STO 468 Ko.30M003.13 375 0.06 O 6000 0.04 0.44
BB3 STO >524 Ko.26M003.40 400 0.04 O 9000 0.04 0.48
BB5 ALO 397 Ko.27M003 39 400 0.08 O 6000 0.04 0.48

BB11 ALO >524 Ko.3:M003.25 400 0.04 O 15000 0.04 0.45
BB12 ALO 184 Ko.20M0O 303 400 0.04 O 3000 0.04 042
BB4 ALO >524 Ko.2sM00O 307 400 0.04 O, 10000 0.04 0.43

Thickness and stoichiometry of some of the deposited
films were determined by TOF-ERDA. The films were
irradiated with 20 MeV ?71* jon beam and two detectors
registered energy of recoiled ions and time of flight of each
recoil. Analysis of the results revealed distribution of
elements in the examined films and part of the substrate as
well as possible contamination of the film.

Imaging using AFM was performed by NanosurfFlex
AFM (NorFarb). Linear scanning rate was optimized
between 1.5 and 2 Hz with scan resolution of 512 samples
per line. Images were acquired in contact mode with
silicon and silicon-nitride tips.

RESULTS AND DISCUSSION

In recent years, we have produced seven batches of KBB
thin films comprising more than 100 samples by PLD in
different conditions.

Figure 1: KBB film (above) and crystal (below).

Comparison between a KBB film and crystal is presented
in Figure 1.

Results of TOF-ERDA revealed that thickness of the
deposited films varied between 100 nm and >524 nm. The
results are presented in Table 1 for some of the films. Exact
thickness for the thicker films (>524 nm) could not be
determined because of the limitations of TOF-ERDA
method. As expected, thickness increases with the number
of pulses as presented in Figure 2. Atomic ratio of K/Mo
and O/Mo in stoichiometry of the produced films does not
change significantly with the number of pulses, as
presented in Figure 3.

ALO, Tg=400 °C, p(5,=0.04 mbar
600

500 A
400 A §
300

200 A

Thickness (nm)

100

3000 6000 9000

Number of pulses

Figure 2: Film thickness versus number of pulses. Line is just guide
for the eye. Bars indicate uncertainty in value.

ALO, Tg=400 °C, Pp=0.04 mbar
0.40

a) 404 b)
0.35

SRR SR

254

0.20

4000
Number of pulses

8000 12000 16000 4000

Number of pulses

8000 12000 16000

Figure 3: Stoichiometry of deposited films vs. number of pulses
for ALO substrate: a) ratio of K/Mo and b) O/Mo atoms. Bars
indicate uncertainty in value.
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Influence of po2 on stoichiometry of the deposited films
is presented in Figure 4. We natice that ratios of K and O
to Mo follow the same trend for different substrate
temperatures Ts. Ratio of K/Mo atoms increases up to 0.04
mbar and then it starts to decrease while the ratio of O/Mo
atoms increases with po2 in the entire range. Similar trend
was noticed in (Mantel et al., 1997) for Rbo3sMoOs; films
produced by PLD.

a) ALO, Ts=400 °C, 6000 pulses

0.40 4.0
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Figure 4: Atomic ratios of K and O to Mo vs. po2 for ALO
substrate at a) Ts=400 °C and b) Ts=450 °C. Lines are just guide for
the eye. Bars indicate uncertainty in value.

Influence of Ts on stoichiometry of the deposited films is
presented in Figure 5. Atomic ratios of K/Mo and O/Mo
increase with Ts for the films deposited on STO substrate
in the entire range, while for the films grown on ALO
substrate atomic ratios of these elements start to decrease
at 420 °C.

a) 8TO, 6000 pulses pgy=0.06 mbar
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Figure 5: Ratio of K/Mo and O/MO atoms vs. Ts for a) STO and b)
ALO substrate. Lines are just guide for the eye. Bars indicate
uncertainty in value.

AFM revealed that the films were comprised of
nanometer sized grains with lengths between 100 and 450
nm and widths between 50 and 150 nm. The films grown
on STO substrate exhibited better ordering of the grains

000 002 004 006 008 010 000 002 004 006 008 01C

than those grown on ALO. Figure 6 represents length of
the grains versus Ts and poz for different substrates.

The length of the grains decreases with Ts down to 425 °C
and then it starts to increase for both substrates. For ALO
substrates at two different Ts the grain length increases with
Poz up to 0.06 mbar and then it starts do decrease.

a) ALO 6000 pulses poy=0.06 mbar a} STO 6000 pulses pp,=0.06 mbar
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Figure 6: Dependence of the grain length on a) Ts for ALO and STO

substrates and b) po, for ALO substrate. Lines are just guide for the eye.
Bars indicate uncertainty in value.

CONCLUSION

Based on the analysis of the influence of po2 and Ts on
the quality of the deposited films we were able to
determine optimal conditions for the production of KBB
films. Other characterization techniques like electrical
transport measurements and fs-TRs enabled us to detect
transition to CDW state in some of the films. We
concluded that the optimal conditions for the production of
KBB films are Ts=425 °C and po,=0.06 mbar. Further
production of KBB thin films is on the way but this time
with a completely different PLD system. New system
required optimization of po2 and Ts all over again because
every vacuum chamber is unique. However, our
preliminary results showed that deposition conditions in a
new chamber were not that far from our previously
established values and we were able to determine optimal
poz and Ts very fast. Preliminary results show that we have
managed to produce better quality films than before.
Further investigation will include the influence of other
deposition parameters like repetition rate on the deposited
films.

Acknowledgements

This work was supported by the Federal Ministry of
Education and Science under contract no. 05-39-3948-
1/15.



REFERENCES

Borodin, D.V. (1986). Jumps between metastable states of
the quasi-1D conductor TaSs; with submicron
transverse dimensions, JETP Letters, 43, 625.

Christen H. M., Eres, G. (2008). Recent advances in
pulsed-laser deposition of complex oxides, Journal of
Physics: Condens. Matter, 20, 264005.

Dominko, D., et al. (2011). Detection of Charge Density
Wave Ground State in Granular Thin Films of Blue
Bronze Ko3MoOs; by femtosecond spectroscopy.
Journal of Applied Physics, 110 (1),

beki¢, M., et al. (2013). Nanocrystalline thin films with
charge density wave ground state, Vacuum, 98, 93-99.

Peki¢, M., et al. (2015). Variable range hopping
conductivity in nanocrystalline films of Kq3MoOs,
Thin Solid Films, 591, 210-214.

J. van der Zant, H. S. (1996). Thin-film growth of the
charge-density-wave oxide RbosMoQOs, Appl. Phys.
Lett., 68, 3823.

Mantel, O.C., et al. (1997). Thin films of the charge-
density-wave oxide Rb0.3MoO3 by pulsed-laser
deposition, Physical Review B, 55,7.

Marla, D., et al. (2011). Critical assessment of the issues in
the modeling of ablation and plasma expansion
processes in the pulsed laser deposition of metals, J.
Appl. Phys., 109, 021101.

Summary/SaZetak

DPeki¢ et al.

MccCarten, J., et al. (1992). Charge-density-wave pinning
and finite-size effects in NbSes, Physical Review B, 46,
4456

Schneemeyer, L. F., et al. (1984). Dramatic impurity
effects on the charge-density wave in potassium
molybdenum bronze, Physical Review B, 30, 15.

Schou, J. (2009). Physical aspects of the pulsed laser
deposition technique: The stoichiometric transfer of
material from target to film, Applied Surface Science,
255, 5191.

Stare$ini¢, D., et al. (2012). Charge density waves in
nanocrystalline thin films of blue bronze Kg3Mo00Os.
Physica B, 407, 1889.

Willmott, P. R., Huber, J. R. (2000). Pulsed laser
vaporization and deposition, Review of Modern
Physics, 72, 315-328

Zaitsev-Zotov, S. V. et al. (1992). Mesoscopic behavior of
the threshold voltage in ultra-small specimens, Journal
of Physics | (France), 2, 111.

Zaitsev-Zotov, S. V., et al. (2010). New phenomena in
CDW systems at small scales, in Book of abstracts of
Collaborative workshop on Charge density waves:
Small scales and ultrashort times, Vukovar, Croatia.

Pulsna laserska depozicija (PLD) je postala najvaznija tehnika za proizvodnju novih materijala sa kompleksnom
stehiometrijom i viSeslojnih struktura. U ovom radu su predstavljeni parametri koji uticu na proizvodnju tankih filmova
Ko.3M003 (KBB) pomo¢u PLD tehnike. KBB je kvazi-jednodimenzionalni (g-1D) provodnik koji prelazi u novo osnovno
stanje sa valom gustoce naboja (CDW) i to na temperaturama nizim od temperature prelaza (Tp). Ovaj sistem se smatra
“kanonskim” CDW sistemom i njegova svojstva se intenzivno proucavaju u bulk (masivnim) uzorcima. Proizvodnja tankih
KBB filmova posljednjih godina omogucila je istrazivanje svojstava CDW —a u uslovima smanjene dimenzionalnosti. 1zbor
parametara depozicije ima veliki uticaj na proizvodnju filmova te ga je stoga neophodno istraziti da bi se proizveli visoko
kvalitetni filmovi. Ovo istraZivanje omogucava da se odrede optimalni uslovi za depoziciju KBB tankih filmova PLD

tehnikom.
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Abstract: Inflammation plays a significant role in the development of Type 2 diabetes
mellitus (T2D). Studies have indicated that C-reactive protein (CRP) as inflammatory
marker is an important risk factor for insulin resistance (IR) and T2D. The purpose of this
study was to determine concentrations of fasting C-reactive protein, glucose, and
hemoglobin Alc (HbALc) in a total of 40 adults with Type 2 diabetes (40-60 years of the
age) and 40 healthy subjects as control group (the same ages). We found that C—reactive
protein concentrations in diabetic subjects were higher than those in control group. Also,
our results have shown the significant association between CRP and hemoglobin Alc
levels (p<0.05) and positive association with glucose concentrations (p>0.05) in T2
diabetics. A negative, but not significant correlation of CRP with glucose and hemoglobin
Alc levels was demonstrated in controls. Therefore, our findings suggest an association

between glycemic control and systematic inflammation in people with diagnosed diabetes.

INTRODUCTION

The prevalence of Type 2 diabetes mellitus (T2D) as a
metabolic disease with inappropriate hyperglycemia
either due to deficiency of insulin secretion or reduction
in the biologic effectiveness of insulin, is rapidly raising
worldwide. Elevated inflammatory markers and altered
adipokine concentrations have been observed in obese T2
diabetic patients. The main physiological abnormalities in
Type 2 diabetic are insulin resistance (IR) and impaired
insulin secretion but specific underlying mechanisms for
the disease remain uncertain yet (Pradhan et al., 2001;
Sattar et al., 2003; Luft et al., 2013). Some studies
suggest that inflammation has a crucial intermediary role
in pathogenesis of T2D, thereby linking diabetes with a
number of commonly coexisting conditions thought to
originate through inflammatory mechanisms. Chronic
systemic inflammation an induce IR and is a key

mechanism linking obesity and diabetes. As a nonspecific
marker of systemic inflammation, commonly elevated in
human insulin resistant states, C-reactive protein (CRP) is
an acute-phase reactant synthesized in the liver in
response to cytokine, especially interleukin-6 (IL-6). As
such it has been associated with hyperglycemia, IR and
overt type 2 Diabetes and its complications (Qi et al.,
2009; Bandyopadhyay et al., 2013; Sah et al., 2015).

C-reactive protein belongs to the pentraxin family of
calcium dependent ligand-binding plasma proteins. The
human CRP molecule is composed of five identical non-
glycosylated polypeptide subunits each containing 206
amino acid residues. Most functions of CRP are easily
understood in the context of the body’s defenses to
pathogen.  Despite  structural  differences  with
immunoglobulin molecule, CRP shows similar functional
properties with the immunoglobulins. Importantly, acute-
phase CRP values show no relationship to fasting state or



diurnal patterns and have a long half-life. Analysis of
serum concentration of CRP, may be performed using
different instrumental methods of quantitative chemical
analysis. ELISA (enzyme-linked immunosorbent assay),
immunoturbidimetry, nephelometry, rapid
immunodiffusion, and visual agglutination are methods
used to measure of concentration of C-reactive protein.
However, mostly used method nowdays is the method of
immunoanalysis i.e. turbidimetry or nephelometry.

CRP, a robust clinical marker is easily measured and
standardized in high-sensitivity immunoassay (detecting
of CRP concentration <5mg/L), therefore providing
similar results in fresh, stored, or frozen serum/plasma.
Serum levels of CRP are independent of age and
ethnicity. All of these factors make it a relatively stable
serum protein compared with many other markers which
can be used in screening for organic diseases; in
monitoring the response to the treatment of inflammation
and infection and detection of intercurrent infection in
immune-compromised individuals, and in the few specific
diseases characterized by modest or absent acute-phase
responses (King et al., 2003; Bandyopadhyay et al., 2013;
Mohammed et al., 2015).

Therefore, the objective of this study was to determine
the concentration of C-reactive protein in Type 2 diabetes
and examine the relationship between CRP with glucose
and hemoglobin Alc levels.

EXPERIMENTAL

Subjects

A total of 80 participants (40 control and 40 diabetic)
have been screened for serum C-reactive protein (CRP),
glucose, and hemoglobin Alc (HbAlc) after obtaining
informed consent. Participants involved in this study were
free of evidence of hepatitis B or C viral infection or
active liver and kidney damage and were selected on the
basis of presence of history of diabetes for more than five
years.

Initial diagnosis of T2D was established by a specialist of
internal medicine who used World Health Organization
(WHO) criteria for diagnosis of the disease. All research
involving human subjects and material derived from
human subjects in this study was done in accordance with
ethical principles outlined in World Medical Association
Declaration of Helsinki — Ethical Principles for Medical
Research Involving Human Subjects (initiated in June
1964, last amendment in October 2000). Nondiabetic
controls were of approximately same age (40-60 years
old), with normal glucose tolerance (fasting plasma
glucose less than 6.2 mmol/l and two hours postprandial
glycemia less than 7.8 mmol/l).

Mandal et al.

Sample Analysis

Blood samples from all of the participants in the study
were collected into siliconized tubes (BD Vacutainer
Systems, Plymouth, UK).

Blood samples were withdrawn by using sterile syringe
from the 12 to 14 hours of overnight fasting diabetic and
control patients in the morning. All samples, after
collection in sterile tubes were centrifuged at 3000 rpm
for 10 minutes and serum was stored at 4°C. Fasting
blood glucose concentration was measured by an
enzymatic glucose hexokinase method while ion-
exchange high-performance liquid chromatography was
used for measurement of hemoglobin Alc (HbAlc). C-
reactive protein (CRP) was measured by Sandwich
Enzyme Linked Immunosorbent Assay Method
(immunoturbidimetric method) applied on BT PLUS
2000-Biotechnic Instruments Bioanalyzer (Rome, Italy).

Immunoturbidimetric assay for CRP

Briefly, the test samples were treated with a specific
antibody to human CRP in a suitable buffer. The turbidity
induced by the formation of immune complexes was
measured at 546 nm, and the values were then calculated
automatically from a known standard. All the assay steps
were performed automatically by the instrument. A
commercial control serum was used to verify the assay
performance.

Statistical analysis

All statistical analyses were done by SPSS (version 17.0
for Windows, SPSS Inc; Chicago, IL, USA). P values
smaller than 0.05 were accepted as significant.

Within the programme, nonparametric Mann-Whitney U-
test was used in order to estimate differences in glucose,
hemoglobin Alc, insulin, and CRP concentration between
groups. Spearman’s correlation coefficient was calculated
in order to analyze the relationships between the study
variables.

RESULTS AND DISCUSSION

The study was conducted on 80 participants of both
genders and od similar age. In our study, C-reactive
protein concentrations, in Type 2 diabetes patients were
slightly higher when compared to control subjects
(6.33mg/L and 5.55 mg/L, respectively). Fasting serum
concentrations of glucose and hemoglobin Alc (HbAlc),
as expected, were significantly higher in T2D group of
patients compared to controls. Results for tested clinical
parameters in study participants are presented in Table I.
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Table 1. Concentrations of testing parameters in studied
participants.

> w a 17} —
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Fasting 5.3 10.3  p<0.001 3.9-7.2
glucose, mmol/L
mmol/L
Low risk
C-reactive 555 6.33 p<0.05 <2mg/L
protein, Moderate
mg/L risk
2-6mg/L
High risk
>6 mg/L

Hemoglobin 4.5 6.9
Alc, %

p<0.001 6.0%

C-reactive protein a marker of systemic inflammation is
emerging as an independent risk factor for insulin
resistance, and cardiovascular disease. Elevated CRP
levels have also been linked to an increased risk of later
development of diabetes. Furthermore, CRP levels are
higher in people with diabetes compared with those
without diabetes. These findings are in line with our
results (King et al., 2003; Sattar et al., 2003; Luft et al.,
2013).

One of the goals of the study was to investigate the
relation between CRP and hemoglobin Alc (HbALc) in
adults with diabetes. Recent research evidence supports a
link between hyperglycemia and inflammation. Such
evidence is consistent with the findings in the current
study, which further documented the association between
hyperglycemia and inflammation in adults with diabetes
(Figures 1 and 2).
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Figure 1. Spearman’s correlation coefficient between glucose and
CRP levels in studied patients (1a controls: r = - 0.007, p>0.05; 1b
diabetics: r = 0.179, p>0.05)

o o0 @ o o
84 © o o
- 7 o0 © [e]e) e} o
o
4
o
6 o 0 O o
54 O 0 00OOO oo e}
4 o o o o e} )
T T T T T
0,0400 0,0450 0,0500 0,0550 0,0600
HbA1c, %
Figure 2a
12 o
o o
107 @©
[elie) o

CRP, mgs/|

T T T T T T
0,0500 0,0600 0,0700 0,0800 0,0900 0,1000
HbA1c, %

Figure 2b

Figure 2. Spearman’s correlation coefficient between hemoglobin
Alc and CRP levels in studied patients (1a controls: r = - 0.073,
p>0.05; 1b diabetics: r = 0.371, p<0.05)



CRP is known to be higher in people with impaired
glucose tolerance and frank diabetes. Furthermore,
increased CRP has been found to be a risk factor for later
development of diabetes. De Luca et al., 2008; Ehiaghe et
al., 2013 and Rajkovic et al., 2014, found links between
CRP and insulin resistance. Other studies have related
hyperglycemia to inflammation by demonstrating
simultaneous inflammation, endothelial dysfunction, and
insulin resistance at the physiologic level. In this study,
the likelihood of elevated CRP levels increased with
increase in hemoglobin Alc levels.

CONCLUSION

This is one of the first studies addressing state of
hyperglycemia and its correlation to C-reactive protein
levels. The study indicated that concentrations of the
CRP, as a pro-inflammatory cytokine, were higher in
diabetic patients compared to controls. In addition, we
observed that CRP concentration significantly correlated
with glycemic control i.e. hemoglobin Alc in these
patients. However, due to possible influence other factors
on inflammation, further studies should be observed this
problem more clearly and include of high number of
patients.
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Inflamacija ima zna¢ajnu ulogu u razvoju Tip 2 diabetes mellitusa (T2D). IstraZivanja su pokazala da je C-reaktivni protein
(CRP) kao inflamatorni marker vaZan faktor rizika za insulinsku rezistenciju (IR) i T2D. Cilj ovog rada bio je odrediti
koncentraciju nataSte C-reaktivnog proteina, glukoze i hemoglobina Alc (HbAlc) kod ukupno 40 odraslih osoba s Tip 2
dijabetesom (40-60 godina starosti) i 40 zdravih ispitanika kao kontrolne grupe (iste starosne dobi). Nadeno je da je
koncentracija C-reaktivnog proteina kod dijabeti¢ara veéa od izmjerene koncentracije u kontrolnoj grupi. Takode, nasi su
rezultati pokazali i statisticki znacajnu Kkorelaciju izmedu CRP i vrijednosti hemoglobina Alc (p <0,05) i pozitivnu
asociranost s koncentracijama glukoze (p> 0,05) kod T2 dijabeti¢ara. Pokazana je negativna korelacija ali ne i statisti¢ki
znacajna izmadu CRP i vrijednosti glukoze i hemoglobina Alc u kontrolama. Dakle, naSi rezultati ukazuju na povezanost
regulacije glikemije i sistemske inflamacije kod osoba s dijagnosticiranim dijabetesom.
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Abstract: Phenolic acids are secondary metabolites of aromatic plant that possess prominent
antioxidant activity. When an antioxidant is added to an active oscillating Briggs-Rauscher
reaction mixture, there is an immediate cessation of the oscillations, an inhibition time that
linearly depends on the concentration of the antioxidant added, and a subsequent regeneration
of oscillations. In this study, the effects of concentration of the ethanol solutions of selected
phenolic acids (gallic, caffeic, chlorogenic, rosmarinic, p-coumaric and m-coumaric acids) on
the oscillatory system Briggs-Rauscher reaction were investigated. The reaction was
performed in a constantly stirred reactor, with accurately defined concentrations of reactants,
at constant temperature of 25°C. Flow oscillations in the Briggs-Rauscher reaction mixture
were monitored as a change in potential between the platinum electrode and silver/silver
chloride reference electrode. Relative antioxidant activities of phenolic acids were determined
in three ways on the basis of inhibition times. The obtained results showed that the gallic and
p-coumaric acids have much less antioxidant activity than the caffeic, chlorogenic and
rosmarinic acids. The ability to inhibit oscillations of the Briggs-Rauscher reaction mixture is

not showed for m-coumaric acid.

Fax: 00-387-33-649-359

INTRODUCTION

Phenolic acids are widespread plant secondary
metabolites. They belong to the subclass of polyphenols
with more than 8000 of natural compoundsthat possess
one common structural feature, a phenol (an aromatic ring
bearing at least one hydroxyl group). According to the
basic structure they are divided into hydroxybenzoic and
hydroxycinnamic acids.

Caffeic, vanillic, ferulic and p-coumaric acids are found
in almost all plants. Other acids are found in selected
plants or foods (Robbins, 2003). The hydroxycinnamic
acid class, which includes p-coumaric, caffeic and ferulic
acids, occur most frequently as simple esters with
hydroxy carboxylic acids or D-glucose. In contrast, the
hydroxybenzoic acid class, such as p-hydroxybenzoic,
gallic and ellagic acids, is present mainly in the form of
glucosides (Ota et al., 2011).

Although the role of phenolic acids as secondary
metabolites in plants is not fully clarified, it is considered
to participate in many processes such as nutrient, protein
synthesis, enzyme activity, photosynthesis and others.
Phenolic acids have prominent antioxidant activity.
Hydroxycinnamic acids has better antioxidant properties
than most hydroxybenzoic acids (Rice-Evans et al., 1996;
Robards et al., 1997).

Gallic acid and its derivatives have potential for
combating oxidative damages, cancer manifestations and
microbial infestations. Large number of research studies
are available to show its ability for the treatment of
diabetes, ischemic heart diseases, ulcer and other ailments
(Nayeem et al., 2016).
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Caffeic acid, one of the most prominent naturally
occurring cinnamic acids, is known to selectively block
the biosynthesis of leukotrienes, components involved in
immunoregulation diseases, asthma and allergic reactions
(Robbins, 2003).

Chlorogenic acid is an ester formed between caffeic acid
and quinic acid, and is one of major polyphenol
compounds found in numerous plant species, including
coffee beans, apples, and blueberries. Chlorogenic acid
protects cells from oxidative stress induced by UVB
radiation (Cha et al., 2014). Moreover, chlorogenic acid
protects mesenchymal stem cells against oxidative stress
(Lietal., 2012).

Rosmarinic acid has antioxidant and anti-inflammatory
effects and is used for the treatment of asthma and
reactive airway diseases, allergic disorders such as
allergic rhinitis, otitis media, chemical sensitivity and
multiple allergen reactivity (Stansbury, 2014).

The p-coumaric acid has beneficial effects on human
health through their prevention of degenerative
pathologies, such as cardiovascular disease and cancer
(Otaetal., 2011).

The m-coumaric acid is a polyphenol metabolite from
caffeic acid, formed by the gut microflora and the amount
in human biofluids is diet-dependant (Konish and
Kobayashi, 2004; Mennen et al., 2016).

All the methods for measurements of the antioxidant
activity are based on the generation of free radicals in a
reaction mixture and the effects of added antioxidants on
some properties of the radical or of the mixture:
absorbance, quenching of chemiluminescence, electric
potential, ect. These properties change depending on the
amount of antioxidants added with respect to those of a
reference mixture (Cervellati et al., 2002; Shalaby and
Shanab, 2013). The Briggs-Rauscher oscillating reaction
method is relatively new and inexpensive method for
meausuring antioxidant activity. This method is based on
the inhibitory effects by antioxidants on the oscillations
of the Briggs-Rauscher reaction mixture. When
antioxidants are added to an active oscillating Briggs-
Rauscher reaction mixture, some of which cause an
immediate cessation of the oscillations, an inhibition time
that linearly depends on the concentration of the
antioxidant added in a wide range of concentration, and a
subsequent regeneration of the oscillations (Cervellati et
al., 2001; Cervellati et al., 2002; Furrow et al., 2004).
The inhibition time (tinib) is defined as the time elapsed
between the end of the addition of the antioxidant and the
first regenerated oscillation. Relative antioxidant activity
with respect to a substance chosen as standard can then be
determined on the basis of inhibition time (H6nor and
Cervellati, 2002; Honor et al., 2002).

In this study, the inhibitory effects of concentration of the
ethanol solutions of selected phenolic acids (gallic,
caffeic, chlorogenic, rosmarinic, p-coumaric and m-
coumaric acids) on the oscillatory system Briggs-
Rauscher reaction, which consisted of hydrogen peroxide,
malonic acid, manganese(ll) sulfate monohydrate,
potassium iodate, sulfuric acid and starch as indicator,
were investigated.

Gojak-Salimovi¢ et al.

EXPERIMENTAL

Reagents

All used reagents were of analytical grade. Potassium
iodate, sulfuric acid, hydrogen peroxide and ethanol were
obtained from Semikem (Sarajevo, BiH), malonic acid,
manganese(ll) sulfate monohydrate and starch were
obtained from Merck (Darmastadt, Germany),
chlorogenic acid was obtained from Acros Organics,
(Geel, Belgium), gallic acid, caffeic acid, rosmarinic acid,
p-coumaric acid and m-coumaric acid were obtained from
Sigma (St. Louis, USA).

Preparation of the solutions for the Briggs-Rauscher
reaction

For the Briggs-Rauscher oscillating reaction (Markovi¢
and Tali¢, 2013; Daci¢ and Gojak-Salimovi¢, 2016) the
following mixture should be prepared: 0.067 mol/L
potassium iodate, 1.5 mol/L hydrogen peroxide, 0.0267
mol/L sulfuric acid, 0.050 mol/L malonic acid, 0.0067
mol/L manganese(ll) sulfate monohydrate and 0.01%
fresh starch. In our study, for achieving the Briggs-
Rauscher oscillating reaction, three stock solutions were
prepared daily. Solution A: 43 g potassium iodate and 4.5
mL 96% sulfuric acid were dissolved in distilled water
and diluted to 1 L; Solution B: 15.6 g malonic acid, 3.4 g
manganese(ll) sulfate monohydrate and 3 g starch were
dissolved in distilled water and diluted to 1 L; Solution
C: 500 mL of 30% hydrogen peroxide was diluted to 1 L.

Preparation of the solutions of selected phenolic acids
In the concentration range used in this work all of
selected phenolic acids are ethanol soluble.

Apparatus

Oscillations of the Briggs-Rauscher reaction were
monitored potentiometrically by recording the potential
of the reaction mixture using a platinum electrode and
Ag/AJCI/KClsay reference electrode (+197 mV vs. SHE).
The electrodes were connected to a pH multimeter
(Phywe, Model 13702.93). The accuracy of the
multimeter was +1 mV. AIll measurements were
conducted at constant temperature (25+0.5°C) using a
thermostating system. The reaction mixture was stirred by
a magnetic stirrer (600 rpm).

Procedure

The Briggs-Rauscher reaction mixture was prepared by
mixing the appropriate amounts of stock solutions of
reagents. For each measurement 10 mL of each solution
A and B were mixed into the double-wall thermostated
beaker equipped with a magnetic stir bar and placed on a
stirring plate. The 10 mL of solution C was used to
initiate the oscillations. After the third oscillation, 1 mL
of ethanol solution of phenolic acid at corresponding
concentration was added to an active Briggs-Rauscher
reaction mixture. Typical potentiometric recordings for a
non-inhibited and an inhibited Briggs-Rauscher reaction
mixture are shown in Figure 1 and Figure 2. The
inhibition times were then measured from the recordings.
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The addition of 1 mL of ethanol, without phenolic acid
does not interrupt the oscillations. All samples were run
at least in duplicate and results were expressed as mean
values.
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Figure 1: Recording of the potential versus time of non-inhibited
Briggs-Rauscher reaction
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Figure 2: Recording of the potential versus time when 1 mL of a
solution of gallic acid (100 mg/L) was added to 30 mL of an active
Briggs-Rauscher reaction mixture after the third oscillation

RESULTS AND DISCUSSION

Our previous work showed the ability of chlorogenic acid
to inhibited oscillations of the Briggs-Rauscher reaction
mixture at room temperature (Daci¢ and Gojak-
Salimovi¢, 2016). In this study, the effects of various
concentration of the ethanol solutions of selected phenolic
acids (gallic, caffeic, chlorogenic, rosmarinic, p-coumaric
and m-coumaric acids) on the oscillatory system Briggs-
Rauscher reaction were evaluated at 25°C.

In all samples except m-coumaric acid, the inhibition
times increased with increased concentration, and
linearity was found in a wide concentration range of
phenolic acid added (Figure 3). Below a certain
concentration of phenolic acid added (different for each
phenolic acid), the behavior deviates from linearity. At
low concentrations of phenolic acids added, the inhibition
times become too low to be measured as well for some
other antioxidants (Cervellati et al., 2000). There is a
threshold under which inhibition time cannot be detected
and we believe that the straight-lines curve toward zero
under these lower limits. At high concentrations of
phenolic acids the amplitudes of resumed oscillations
becomes too low, until up to a given concentration
(different for each phenolic acid) oscillations do not
restart.

2500

M Gallic acid

2000 - Rosmarinic acid
X Caffeic acid

1500 -
* p-Coumaric acid

Inhibition time, s

1000 - # Chlorogenicacid
%001 .:._-_,_;/k/1
k==
0 100 200 300 400

Concentration, umol/L

Figure 3: Straight lines of inhibition time versus concentration for
the phenolic acids studied

As shown in Figure 3, the slopes of the straight lines are
different, so the calculation of the relative antioxidant
activity will depend on the substance chosen as standard
and the concentration of the sample. The parameters of
the straight lines and R-squared values are reported in
Table 1.

Table 1: Parameters of straight-lines equations (tini,= m(antioxidant) +
g) and R-squared values

Antioxidant m (umol/L) s q(s) R?

Caffeic acid 326.0 -1055 0.978
Chlorogenic acid 228.7 —419.4 0.955
Rosmarinic acid 230.8 —480.1 0.970
Gallic acid 1.156 148.6 0.995
p-Coumaric acid 0.551 4.125 0.997

The relative antioxidant activity were calculated as
relative activity with respect to concentrations (rac),
relative activity with respect to slopes (ras) and relative
activity with respect to inhibition times (rat) (Cervellati et
al., 2001). Caffeic acid was chosen as standard.

Relative  antioxidant activity = with  respect to
concentrations (rac) is the ration between concentrations
of the chosen standard and samples that give the same
inhibition time:

rac = [std]/[smp]

The concentration of standard that should give the same
inhibition time of the sample was calculated from the
straight-line equation of the chosen standard.

Relative antioxidant activity with respect to slopes (ras)
is the ratio between the slope of the straight line of the
sample and that of the standard:

ras = slope(smp)/slope(std)
Relative antioxidant activity with respect to inhibition
times (rat) is the ratio between the inhibition time of the

sample and that of the standard at the same concentration:

rat = tinhin(SMP)/tinnin(std)
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The chosen concentration must be specified together with
the rat values and must be in the linear concentration
range of the standard and of all the examined substances.
The obtained rac, ras and rat values are reported in Table
2.

Table 2: Relative antioxidant activities with respect to concentrations,
slopes and inhibition times

Concentration

Antioxidant (umol/L) rac ras rat
Caffeic acid 3.85 1 1 1
Chlorogenic acid 2.71 1.420 0.700 0.872
Rosmarinic acid 2.95 1.305 0.707 0.850
Gallic acid 44.5 0.086 0.035 0.085
p-Coumaric acid 355 0.011 0.017 0.005

The rac values were calculated at an inhibition time of
200 s. On the basis of rac values, the order of antioxidant
activity of the studied phenolic acids is: chlorogenic acid
> rosmarinic acid > caffeic acid > gallic acid > p-
coumaric acid. When possible, it is convenient to
calculate a mean value of rac in the linear concentration
range of the sample and the standard. The value (rac)m is
more significant than the rac value calculated at only one
inhibition time (Cervellatiet al., 2002).

On the basis of ras values, the order of antioxidant
activity of the studied phenolic acids is: caffeic acid >
rosmarinic acid ~ chlorogenic acid > gallic acid > p-
coumaric acid. This method of relative activity
calculation is useful for comparison of the effect of
changes in sample concentration with the effect of
changes in the reference concentration, within the linear
ranges (Cervellati et al., 2001).

The rat values were calculated at concentration 9 pumol/L.
On the basis of rat values, the order of antioxidant
activity of the studied phenolic acids is: caffeic acid >
chlorogenic acid > rosmarinic acid > gallic acid >p-
coumaric acid. This method of relative activity
calculation has the same limitations asthe rac. The
advantage is that the activity is reffered to a given
specified concentration (Cervellati et al., 2001).

The ability to inhibit oscillations of the Briggs-Rauscher
reaction mixture is not showed for m-coumaric acid.
Recording of the potential versus time when 1 mL of a
solution of m-coumaric acid (2500 mg/L) was added to 30
mL of active Briggs-Rauscher reaction mixture after the
third oscillation are reported in Figure 4.

700
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E 650
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0 100 50 200

50 1
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Figure 4: The effect of the m-coumaric acid on the active Briggs-
Rauscher reaction mixture
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The oscillatory time (the duration of the oscillatory
regime) and numbers of oscillations depends on the
concentration of studied phenolic acids. Variation of
oscillations parameters in the Briggs-Rauscher reaction
mixture with concentration of m-coumaric acid are
reported in Table 3.

Table 3: Variation of oscillations parameters in the Briggs-Rauscher
reaction mixture with concentration of m-coumaric acid

Concentration Oscillations
(umol/L) Duration (s) Number

0 220 16
24.6 255 22
49.1 420 31
73.7 460 40
122.8 490 53
245.6 420 52
358.6 285 36
491.2 210 28

The largest number of oscillations (60) caused addition 1
mL of p-coumaric acid concentration of 500 mg/L to the
30 mL active Briggs-Rauscher reaction mixture. The
lowest number of oscillations (23) caused addition 1 mL
of gallic acid concentration of 300 mg/L to the 30 mL
active Briggs-Rauscher reaction mixture.

The ranking order of the antioxidant activity of
antioxidants components of secondary plant products
differed from assay to assay. The Briggs-Rauscher
reaction method can give useful in vitro information on
the antioxidant activity at low pH values and has many
advantages. Milos and Makota (2012) demonstrated some
new possibilities of this method for determine the
synergistic or antagonistic effects in mixture of
compounds, which often poses a problem when using
traditional methods.

CONCLUSIONS

The Briggs-Rauscher oscillating reaction is suitable as an
analytical method to determine relative activity of
antioxidants. In this study, the effects of concentration of
the ethanol solutions of selected phenolic acids (gallic,
caffeic, chlorogenic, rosmarinic, p-coumaric and m-
coumaric acids) on the oscillatory system Briggs-
Rauscher reaction were investigated. In all samples
except m-coumaric acid, the inhibition time increased
with increased concentration, and linearity was found in a
wide concentration range of phenolic acid added. Relative
antioxidant activities with respect to concentrations,
slopes and inhibition times were calculated. The obtained
results showed that the gallic acid and p-coumaric acid
have much less antioxidant activity than the caffeic acid,
chlorogenic acid and rosmarinic acid. The ability to
inhibit oscillations of the Briggs-Rauscher reaction
mixture is not showed for m-coumaric acid. Our future
investigation will be focused on the antioxidant
synergisms and antagonisms among selected phenolic
acids.
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Summary/SaZetak

Fenolske kiseline su aromatski sekundarni biljni metaboliti koji posjeduju znacajnu antioksidacijsku aktivnost. Kada se
antioksidans doda u aktivnu Briggs-Rauscher reakcijsku smjesu dolazi do neposrednog gaSenja oscilacija. Vrijeme
inhibicije oscilacija je u proporcionalnom odnosu s koli¢inom i svojstvima dodanog antioksidansa. U ovom radu ispitivan
je uticaj koncentracije etanolnih rastvora odabranih fenolskih kiselina (galna, kafena, hlorogenska, ruzmarinska, p-
kumarinska i m-kumarinska kiselina) na oscilirajuci sistem Briggs-Rauscher reakcije. Reakcija je izvodena u reakcionom
sudu, uz stalno mijeSanje taéno definisanih koncentracija reaktanata, pri konstantnoj temperaturi od 25°C. Tok oscilacija
Briggs-Rauscher reakcijske smjese pracen je potenciometrijskom metodom uz platinsku elektrodu i srebro/srebro hloridnu
referentnu elektrodu. Relativne antioksidacijske aktivnosti bazirane na vremenima inhibicije izracunate su na tri nacina.
Rezultati ispitivanja su pokazali da galna i p-kumarinska kiselina imaju mnogo manju antioksidacijsku aktivnost od kafene,
hlorogenske i ruzmarinske kiseline. Sposobnost inhibicije oscilacija Briggs-Rauscher reakcijske smjese nije pokazala m-
kumarinska kiselina.
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Abstract: Leather industry wastewater is contaminated with bacteria including Escherichia
Coli. In this paper, results obtained from analysis of leather industry wastewater samples with
use of copper electrodes are presented and compared with the results of use of aluminum
electrodes and mixed metal oxide electrodes. In all experiments the same materials were used as
anode and cathode except the two last where anode of the mixed metal oxides and steel cathode
was used. Electrodes with platinum group metals or their oxides as active coatings are generally
the best suited for electrochemical water disinfection. After 7 min of electrolysis at only 0.018
Aldm?, CI- was reduced using both tested electrodes, the efficiency of microorganisms removal
followed the order: Cu > Al. The electrochemical treatment of wastewater resulted in the
production of chlorine gas and hypochlorite, which is microorganisms deactivator. Also,

electrocoagulation by aluminum anode was used for water purification to reduce all pollutants,

including chlorides and microorganisms.

INTRODUCTION

At the phase boundary between the electrodes and the
water, the electric current leads to the electrochemical
production of disinfecting species from the water itself
(for example, ozone), or from species dissolved in the
water (for example, chloride is oxidised to free chlorine).
If electrochemical disinfection is applied to drinking
water, industrial water, seawater or other solute-
containing water, its effect is mainly based on the
electrochemical production of hypochlorite and/or
hypochlorous acid from the chloride content of the water
(Kraft, 2008).

First, chlorine is electrochemically produced from
chloride ions dissolved in the water (Mendia, 1982):
2CIF - Cly + 2e~

The gas in low concentrations is an irritant to the mucous
membranes, the respiratory system, and the eyes (Harms
and O’Brien, 2010).
Chlorine hydrolyses in water and hypochlorous acid
(HCIO) is formed:
Cl, + H, O — HCIO + HCl
In the nomenclature of water disinfection, the sum of
hypochlorous acid and hypochlorite concentrations is
usually termed free chlorine or active chlorine. The
disinfecting effect of free chlorine is based on the release
of atomic oxygen according to (Chen, 2004):
HCIO — O + CI" + H*
CIOO—-O0O+CI
Our goal was find the best anode-cathode material for
electrochemical disinfection and removal of chloride
from leather industry wastewater.
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EXPERIMENTAL

Chemicals and instruments
Sodium thiosulfate, p.a. (Merck); potassium iodide, p.a.
(Merck); starch, p.a. (Merck); hydrochloric acid, p.a.
(Merck); sodium chloride, p.a. (Merck); conductivity
pH meter

meter  (Iskra); (PHYWE); constanter

Halilovi¢ et al.

(PHYWE); amperemeter (PHYWE); digital multimeter
(DT9205A); magnetic stirrer (TEHTNICA ZELEZNIKI);
analytical balance (Mettler); thermometer; copper anode
and cathode, aluminum anode and cathode (see Fig. 1 (a),
(b), (c)), anode of the mixed metal oxides - MMO (RuOg,
IrO,) and cathode of steel and laboratory glassware were
used for the experiment process.

Figure 1: (a) Scheme and apparatus for electrolysis using Al and Cu electrodes. (b, ¢)
Dimensions of used electrodes and position in laboratory glass.

Procedure

Electrolysis duration for all experiments was 7 min.
Dimension of used electrodes was 7 cm x 3 ¢cm and the
distance between the electrodes was 5 mm as shown by
Fig. 1 (b, c). Scheme for electrolysis using aluminum,
copper and MMO electrodes is given in Fig. 1 (a). The
volume of the tested samples was the same, 0,4 dm?.
Experiments were carried out at 500 rpm on a magnetic
stirrer.
The determination of hypochlorite in standard
solution of chloride after electrolysis

Hypochlorous acid reacts with iodide when the solution
is acidic:

HOCI (aq) + HCI (aq) + 31" (aq) — I (aq) + 2ClI (aq) +
H0(1)

Tridiodide, 57, is a dark red complex. A dark blue
complex is formed when triiodide is combined with
starch.

I3+ starch — [Iz7][starch]

As result of these three reactions a dark blue complex
formation is observed. Its concentration is proportional to
the amount of sodium hypochlorite in the solution. In the
next step, the starch-triiodide product is titrated by sodium
thiosulfate to form a colorless solution of iodide,
dithionate, and uncomplexed starch (Chang, 2010):

[15][starch] + 2S,03* — 31" + S406> + starch

Copper anode and cathode, aluminum anode and cathode,
anode of the mixed metal oxides - MMO (RuOz, IrO.) and
cathode of steel are used in determining hipohloritne acid
as a product of electrolysis of CI- standard solution, which
concentration was 0,05 mol/dm3(this concentration was

detected in leather industry wastewater). Apparatus for
electrolysis is shown in Fig. 1 (a).

The determination of chloride in sample of leather
industry wastewater by Mohr method

Determination of the chloride in the wastewater before
and after electrolysis is carried out by titration method.
The Mohr method uses chromate ions as an indicator in
the titration of chloride ions with a silver nitrate standard
solution (Skoog et all., 1996). The reactions are:

Ag* + CI < AgCI(s)
2Ag* + CrOs2 < AgoCrOa(s)

By knowing the stoichiometry and moles consumed at the
end point, the amount of chloride in an unknown sample
can be determined.

The decrease in total chloride is presented:
Cel” is)—Ccl— .
(,0(%): cl” (before electrolysis) " “cl” (after electrolysis) 100

Ccl~(before electrolysis)

The determination of Escherichia Coli and total
bacterias in sample of leather industry wastewater
The nutrient pads are made of biologically inert cellulose
cardboard that does not bind the nutrient medium
chemically or physically. Growth of microorganisms can
therefore develop freely. All equipment must be sterile.
We used two standards:
Endo-NPS: Medium selective for Escherichia Coli and
coliform bacteria in water (DIN EN 1SO 9001, 2008).
and is used white membrane filter with pores of 0,45 mm.
Application of bacteria are carried out by filtering 100 mL
of sample on a Buchner funnel using white membrane
filter. The filter is transferred by pincette to an inert
bacterial surface. Before transporting the filter, it is
necessary to add water on the dehydrated base, 3 to 5 ml
of distilled water. Incubation of the seeded filtrate sample
takes 24 hours at 37°C or 42-44°C. E. coli develops dark
red colonies on green metallic shiny surface.
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Standard TTC-NPS: For colony count determinations of
water and waste water for pure cultures (DIN EN ISO
9001, 2008).

Standard is designed for the determination of the bacteria:
Escherichia Coli, Pseudomonas aeruginosa,
Staphylococcus aureus. Application of bacterias is carried
out by filtering 100 mL of sample on a Buchner funnel
using a membrane filter with pores of 0,45 microns, and
then the filter is transferred by pincette to an inert bacterial
surface. Incubation of the seeded filtrate sample takes 48
hours at 30°C or 48-72 hours at 20°C. Bacterias develope
pink colonies on the surface. These points are visible to
the eye.

The determination of conductivity and pH of NaCl
standard solution and sample of leather industry
wastewater

These parameters were determined before and after
electrolysis with copper, aluminum and MMO electrodes
for samples of wastewater and for standard samples of
NaCl (c = 0,05 mol/dm?) because of comparison.

RESULTS AND DISCUSSION

Results of experiments are showed in Table 1 and Figure
2,3,and 4.

Table 1: Results of determination of hypochlorite, pH and conductivity of NaCl standard solution and sample of leather industry wastewater.
Minus(-) refers to the reduction of the initial value of the parameter after experiment.

CI" standard samples of NaCl = 0,05 mol/dm3

Leather industry wastewater

Electrode g® m g % g
pair HoClI ApH Ax ApH A B % Ss g g
A K MM (pHe=7,14)  (mSiem) | (pHo=8,43)  (mS/cm) % s 8¢ 55

=S S g =1

Cusooomin 86,7 - 10 3,84 0,152(-) X 3,168 178 100 100

Alsooomin 2,310 1,11 0,159 0,67(-) 0022 758 >90 >80

MMO 90-10° 1,91 0,25 X X X X X

@ .

(b) I

Figure 2: (a) A test for total bacteria in wastewater before experiment. (b)
A test for E.coli in wastewater before experiment. Each red dot on nutrient pad is a colony of bacteria.

@ l

(b) l

Figure 3: (a) A test for total bacteria after experiment with Al anode-cathode pair. (b) A test for E. Coli after treatment with Al anode-

cathode pair. Each red dot on nutrient pad is a colony of bacteria.
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Figure 4: (a) A test for total bacteria after treatment with Cu anode-cathode pair. (b)

A test for E. Coli after treatment with Cu anode-cathode pair.

Electrodes with platinum group metals or their oxides as
active coatings are generally the best suited for
electrochemical water desinfection as shown by the
results in Tab. 1. (CHoci = 90 - 10°° mol/dm?3). MMO comes
before aluminum and copper electrodes because in this
experiment formed hydroxide does not react with the
metal ion of MMO electrodes.

MMO electrodes are very expensive, so we will not
discuss them for use in wastewater treatment but can be
used for the production of HOCI.

After 7 min of electrolysis at 0,018 A/dm?, CI- was
reduced and, using both tested electrodes, the efficiency
of microorganisms removal followed the order: Cu>Al
(comparison of the number of red dots on Fig. 2, Fig. 3
and Fig 4 showed in Tab 1).

While microbial inactivation mechanisms have not been
clearly explained, it is evident that there exist synergistic
effects on water disinfection when Cu?* and Ag* are
provided simultaneously (Younggy, 2014).

After the electrolysis with Cu, pH of NaCl standard
solution is measured, and its value was 10,98 (see
ApH=3,84 for NaCl solution in Tab. 1), so it is important
to mention the following reaction is not favored and OH"
ions do not accumulate to a significant extent:

Cu?* + 20H — Cu(OH), (s)

The anode is surrounded by an acidic medium and the
primary reaction is the formation of the dichloride.
NaOH, which accumulate, increases the pH.

During the electrolysis in NaCl solution, a copper anode
is oxidized froming the protective layer (Naumczyk et
all., 1996; Antonijevi¢, et all., 2009):

2Cu* + H,0 — Cu0 + 2H*
2Cu + HO - Cu,O +2H* + 2 ¢

followed by the reaction:
Cu* + ClI'— CuCl

2CuCl — Cu + CuCl,
CuCl + CI'— CuCly

Cu?* inactivate microorganisms, including pathogens,
as an active disinfectant which are shown in Fig 5 (see
Fig. 4).

e Power
supplier o

2e” Cu?* 2e”

—»-Cu?*
;/ N A \<
~ e, —— -
CU(S) Microbial Cu(s]
cell

Copper Copper

Anode Cathode

Figure 5: lllustration of electrochemical disinfection. Cu?*
released at the anode inactivates microorganisms. Simultaneously,
Cu?* is recovered as metallic copper at the cathode (Vepsalainen,

2012)

At the anode, metallic copper is oxidized to aqueous Cu?*
ions (Fig. 5). The aqueous Cu?* ions released from the
anode inactivate microorganisms (including pathogens)
as an active disinfectant. Simultaneously, Cu?* ions
migrate toward the cathode where Cu?* is reduced to
metallic copper (reaction below). With this recovery of
Cu?* ions at the cathode, the disinfected water from the
reactor will have sufficiently low Cu?* concentration that
are safe for human consumption (Halilovi¢ and Avdié,
2015) (this is reason for destruction of bacterias showed
in Fig. 4).

Cu(s) — Cu®" + 2e~
Cu?* + 2" — Cu(s)

In experiment with NaCl standard solution, k¥ (mS/cm®)
decreased primary because of reaction between Cu?* and
chlorides from solution (Ak for NaCl standard solution in
Tab. 1).

In experiment with aluminum electrodes, pH decreased
and come close to zero (0,67(-) in Tab.1) because of
reaction OH" with metal ions in sample of leather industry
wastewater. Also, the additional reasons for this kind of
behavior are processes as electrocoagulation,
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electroflotation and electroflocculation that affects metal
ions that are released from the anode.

Electrocoagulation process involves the separation of
solid particles from the solution. The process takes place
with the formation of coagulants by electrolytic
dissolution of electrodes made of aluminum. Aluminium
seems to be a more suitable electrode material for
electrocoagulation applications because it produces
AI(I11) species (Kraft, 2008; Vepsaldinen, 2012) (this is
reason for reduction of bacteria showed in Fig. 3, the other
reason is the formation of HOCI).

Electrocoagulation: Al** + 30H™ — AI(OH)3

The reduction of pH in alkaline effluents is the result of
hydroxide being precipitated and the formation of
AIl(OH)4 by the equation (Gardi¢, 2007):

AI(OH); + OH- — Al(OH)s

In the case of electrolysis of NaCl standard solution, the
acidic environment is formed around anode, but during
the mixing of the solution pH rises. In the end of the
experiment pH was 8,25; and at the end the pH rises as in
the previous examples. It is evident that in electrolysis
with Al lower pH is observed when compared with other
electrode materials, Cu and MMO (see Tab. 1).

The explanation is in the reaction of OH- ions with AI*
ions to form a particle coagulant. It acts as a seed for the
removal of solid particles from the solution. Aluminum
ions in a water solution will give a large number of
compounds of the mesh patterns of AI-O-Al-OH
structure, which are capable of adsorbing the chemical
pollutants such as F-, or similar ions. Aluminum is
commonly used in the treatment of drinking water, and
the iron in the treatment of waste water (Chen et al.,
2000).

CONCLUSIONS

The electrochemical treatment of wastewater produced
in a leather industry resulted in the production of chlorine
gas and hypochlorite, which is a microorganisms
deactivator. Also, electrocoagulation by Al and Cu anode
has been in use for water production or wastewater
treatment to reduce all pollutants, including chlorides and
microorganisms. With this technology, metal cations are
produced on the electrodes through electrolysis and these
cations form various hydroxides in the water depending
on the water pH.

Apparaently the Cu and Al act directly or indirectly to
the bacteria and Cu is dominant with direct action of Cu?*
ions with respect to AI** ions. On the other hand,
aluminum is better and more suitable coagulant as anodic-
cathode material. The efficiency of microorganisms
removal followed the order Cu>Al, but because of price
and electrocoagulation effect, Al anode-cathode pair is

good candidate for use in purification of leather industry
wastewater.

The highest concentration of certain hypochlorous acids
formed by electrolysis following order:

MMO (IrOz, RuOy) > Cu > Al

and increased compared to the theoretically expected,
because of the mixing, the influence of the base, the
temperature and the participation of secondary reactions.

Due to the large loss of Cu?* ions to be separated by
electrolysis from the anode and the same is not reduced at
the cathode due to the mixing of the solution, a copper
electrode is not applicable to the waste water purification
at high current densities.
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Summary/SaZetak

Otpadna voda kozarske industrije je zagadena bakterijama ukljucujuci ESerihiju Koli. Ovaj rad sadrzi rezultate prikupljene
tretiranjem uzoraka otpadne vode elektrodama od bakra, aluminija i metalnih oksidnih elektoda. U svim eksperimentima su
koriSteni parovi elektroda istog sastava, osim u poslednjem u kome je koristena anoda od metalnih oksida i ¢eli¢na katoda.
Elektrode platinske grupe metala i njihovi oksidi kao aktivne prevlake su se pokazali nau€inkovitijim za dezinfekciju vode.
Poslije 7 min elektrolize pri 0.018 A/dm?, koncentracija Cl- jona je smanjena Koristeéi obe vrste elektroda, a uklanjanje
mikroorganizama prati red Cu > Al. Elektrohemijskom obradom otpadne vode nastaje gas hlorin i hipohlorit, koji je
inaktivator mikroorganizama. Takoder, elektrokoagulacija izazvana aluminijumskom anodom je iskoriStena za procis¢avanje

vode za smanjenje svih zagadivaca, ukljucujuci hloride i mikroorganizme.
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Abstract: Menthae tea (Mentha piperita L.) is one of the most widely consumed herbal
teas. This tea is recognized as a drink that may have several health benefits, primarily due
to the presence of nutritional elements especially essential micro and ultramicro elements.

Keywords:

iron, menthae tea, dry digestion In this study, we investigated the content of iron in mentha tea samples found in a local
market in Sarajevo. The preparation of the samples was done by dry digestion in triplicate
while levels of iron were analyzed by spectrophotometry. The amounts of iron were
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ranged from 275.6 mg Fe/kg to 354.6 mg Fe/kg. The used spectrophotometric method is
simple and sensitive method that can be applied for the determination of total Fe content

in plant material.

INTRODUCTION

People around the world use medicinal plants as herbal
tea and for the health reasons. World Health Organization
(WHO), reported that, about 80% of population in
peripheral communities use only medicinal herbs for the
treatment of many diseases. Chemical compositions of
different medicinal and aromatic plants contain proteins,
lipids, carbohydrate and mineral elements. Because of
that, many plants are consumed as spices, dietary
supplements, or serve as herbal teas. Recently, it has been
a lot of scientific interest for the determination of
composition i.e. nutrient contents of plants, especially for
the determination of the micro and ultra microelements in
plants (Szentmihélyi et al., 2008; Remigius, 2012;
Mihaljev et al., 2014; Zivkov-Balo§ et al., 2014).
Additionally, minerals and trace metals are partially
recognised for their medicinal and nutritional properties,
as well as their toxic ones. Microelements are known as
nutrients for which there are RDA (Recommended
Dietary Allowances) values available. Based on this set
values consuming 1L of tea, in some cases will cover
10% or more of the daily requirement for several
elements. However rganic components of the plant parts
may change and the microelement content of the different
parts of plant drugs are also different (Szentmihalyi et al.,
2008; Gogoasa et al., 2013; Mihaljev et al., 2014).

Therefore, the phytotherapeutic effect of medicinal plants
may also differ according to the plant species and plant
parts.

Among the other essential elements, iron is an
indispensable microelement for living organisms because
of its participation in metabolic processes, such as
transport of oxygen, DNA synthesis, and electron
transfers. It is also possible that medicinal plant raw
materials may supply this element for humans with iron
deficiency. This issue is extremely important for pregnant
and lactating women. Several medicinal plants are also
traditionally used against anemia.

Number of studies focusing on determination of
concentrations of micro and ultra-microelements in
medicinal plants; have established that iron occur in the
range of concentration from several tens to several
hundreds/thousands of mg/kg of dry plant weight, and
that its level in many cases depends on genetic factors
and on the morphological part of a plant. The levels of
essential elements in plant vary according to the
geographical region, geochemical soil characteristics, and
the ability of plants to selectively accumulate some of
these elements. Generally, these elements are absorbed
through the root systems and dispersed throughout the
plant body (Korfali et al., 2013).

Mentha piperita L. (Family: Lamiaceae), commonly
known as peppermint, is an important medicinal herb
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worldwide. “Medicinal plant of the year 2004”; oldest
known medicinal plant species in Eastern and Western
traditions although first described in 1753 by Carolus
Linnacus,It is used as flavoring agent, in cosmetics
preparations , and as pharmaceutical products amongst
others. The trace elements present in Menthae may play a
direct or indirect role in their biological activities: anti-
inflammatory, antioxidant, antimicrobial, antifungal
activities. Provided studies show antioxidant and
antimicrobial properties of the Menthae leaves which are
locally available (Gongalves et al., 2009; Kizil et al.,
2010; Pramila et al., 2012; Saeed et al., 2014; Siddig et
al., 2015). Some investigators found that its antifungal
activity is comparable to that of synthetic fungicides. As a
significant trace element, iron is necessary for all living
organisms and essential element in cell metabolism
(involved in photosynthesis, respiratory, etc.). Since
elements are able to pass through different membranes,
essential elements get into the cells and organs of human
body that cases favorable or non-favorable processes.
Therefore, increasing focus on the importance of dietary
minerals in the prevention of disease justifies need for
more serious studies on the mineral content of plants
(Saeed et al., 2014; Stanojkovic et al., 2015).

The aim of this study is to determine of total content of
iron in some brand Menthae tea samples, using dry
digestion as method for preparation herbal samples
(biological materials) and spectrophotometric analysis as
method of quantification.

EXPERIMENTAL

Biological material

Plant samples (mint teas-Menthae folium) were taken
from different manufactures from a local market in
Sarajevo: PAK NANA (Bosnia and Herzegovina), 1000
CVET (Slovenia) and Pharmamed (Bosnia and
Herzegovina).

Sampling and sample preparation

The preparation of Menthae tea samples was carried out
by dry digestion. The herbal samples were prepared with
mass of 1.0000+ 0.0002 g in crucible and heated during 4
hours at temperature of 500°C in furnace. After cooling,
ashes were dissolved in concentrated nitric acid (1ml),
crucible washed with mixture of nitric and hydrochloric
acids (concentration of 0.05 moldm®), and filtrated (blue
filtered paper) in volumetric flask (100 cm®), then diluted
to mark with same mixture of acids. Digestion of each tea
samples were done in triplicate.

Reagent and standard solutions

All reagents were analytical grade (p.a.) while distilled
water (Milli-Q, Millipore), used for samples dilution and
labware washing.

Mandal et al.

Instruments
e Spectrofotometer  “Spectronic  Genesys 2*
(Spectronic Instruments, Milton Roy Company,
Champaign, Illionois, USA)
e The device for the production of ultrapure water
(Arium® 611, Sartorius Mechatronics, Germany)
e Analytical balance (AX 250 Delta Range®,
Mettler Toledo Inc., USA), Sartorius analytical
balance

e Technical scales (BL 1500, Sartorius
Mechatronics, Germany)
e Magnetic mixer with heater (Heidolph

Instruments GmbH & Co.KG Lab Equipment Sales
Walpersdorfer Str. 12 D-91126 Schwabach,
Germany)
e Furnace (Nabertherm 30-3000°C,
Germany)

Lilienthal,

Spectrophotometric method

Spectrophotometric method was performed with a
Spectronic Genesys 2 spectrophotometer. Solutions of
each of nine samples were red to red pale color. Before
spectrophotometric analysis, intensity of color, increases
by the addition of a reagent, potassium thiocyanate (5
moldm), for complexation of iron ions and formation of
red complex with different composition, from

2+ 3-
[FeSCN(HZO)S] to [Fe(SCN)G], and intensity of color

solutions. Potassium thiocyanate is an inexpensive,
available reagent that forms iron (I11)-ions with a stable
complex. This reaction is favorable in acidic medium and
takes place at a temperature of 50°C, and with acid that
will not complexe iron (111) ions. For this reaction nitric
acid was used, with concentration of 5 moldm=.

The calibration solutions were prepared over a
concentration rtange of 1.40 and 69.81 ng/cm® Fe
.Absorbance was measured at 481,0 nm for working and
analyzed solutions (the calibration curves demonstrated
adequate linearity, R? = 0.9999). Calibration curve is
presented in Figure 1.

07 y =4573,7x +0,0457
R%=0,9999

A, apsorbance

0 0,00002 0,00004 0,00006 0,00008 0,0001 0,00012 0,00014

Concentration of Fe(SCN)g*, mol/dm?

Figure 1. The calibration curve for spectrophotometric analysis of
Menthae tea samples
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Statistical analysis

All the assays were carried out in triplicates. The
experimental results were expressed as mean + standard
deviation. The data were analyzed using Microsoft Office
Excel.

RESULTS AND DISCUSSION

Preparation of tea samples was done by dry digestion,
while the quantitative analysis and determination of the
concentration of iron was performed
spectrophotometrically, using the thiocyanate method.
Results showing concentrations of iron (total content of
iron of leaf of mentha herbs) in three different Menthae
tea samples, produced by different manufactures and
purchased at a local market in Sarajevo are presented in
Table I. The content of studied metal is expressed in
mg/kg of dry matter (d.m.). Range of iron levels varies
from 275.6 to 354.6 mg/kg d.m. with average value of
320.8 mg/kg d.m.

Table 1. Content of iron in Menthae tea samples
Data are expressed as mean +SD. A, Apsorbance; d.m., dry mass

Total content of Iron in Menthae tea, mg Fe/kg

275,6
354,6

PAK NANA

II » PHARMAMED
1000 CVET

3323

E
€S © —
= < C £ = o
IS c o cs & c 2
% <| £§5|8§+_. |5
EZ|ES = |28
1] = C =
2 < 8 Z S D
5| 8 |CE
o <
£,
Sample 1
0.6273  1.27-10* 354.646.8
| 0.701
I 0.615
1"l 0.566
Sample 2
0.487 0.4973  9.87-10° 275.646.6
|
I 0.437
i 0.568
Sample 3
0.577 05893  1.19-10* 332.345.7
|
I 0.540
i 0.651

Figure 2. The total content of iron in analyzed Menthae tea samples

Our results are in line to previously provided studies and
demonstrated that levels of iron in most of mentha species
are highest when compared to other mineral elements.
Concentrations of iron (mg Fe/kg of d.m) were from 358
mg Fe/kg, 293 mg Fe/kg, 260 mg Fe/kg and 489 mg
Fe/kg, to 1068 mg Fe/kg and 11841mg Fe//kg (Arzani et
al., 2007; Bielicka-Gietdon and Rytko, 2013;
Ebrahimzadeh et al., 2011; Szymczycha-Madeja et al.,
Maghrabi, 2014; Faiku and Haziri, 2015, respectively) or
129 mg Fe/kg and lowest when compared to mean of
320.8 mg Fe/kg, obtained in this study. Data obtained in
study Zivkov-Balo$ et al., (2014) for content of iron in
Mentha piperita of 274.83 mg Fe/kg d.m. are similar to
our results for sample tea 1.

Contents of microelements in medicinal plants are
influenced by genetically-determined properties of a plant
as well as by external factors, including geographic
location, soil type and profile, fertilization, availability of
water, pollution by pesticides or dusts, and gases.
Moreover, highest iron a concentration was found from
locality were menthe plant grows and cultivated as
organic species (Faiku and Haziri, 2015; Maghrabi,
2014). Concentrations of some elements as well as iron
are also affected by technological processes, duration and
storage conditions.

Leaves of mentha plant are frequently used in herbal teas
and for culinary purpose to add flavor and aroma. Also,
mentha spices are rich sources of iron among others trace
elements which play important role in human nutrition.
Mentha as medicinal plant and raw material may be used
as a supplement in cases of iron deficiency. However, it is
also known from the literature (Lozak et al., 2002;
Konieczynski and Wesolowski, 2008; Szymczycha-
Madeja et al., 2013; Mirzaei et al., 2015), that only a
small percentage of iron present in medicinal plants is
bioavaible, when considering its water-soluble species.
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Taking this into account, total content concentration of
iron in some medicinal plants as well as in menthe
depends on or is influenced by pH. At concentration of
iron species in aqueous solutions, at the characteristic pH
of saliva (pH6.5), stomach juice (pH1.2), and intestine
juice (pH7.8) could help to answer the questions whether
and what amounts iron species can be potentially
absorbed in specific segments of the digestive system of
humans. Only soluble iron can be absorbed in the human
digestive system, thus, only a fraction of iron can be
treated as being bioavailable. It has been shown that pH
has significant effects on the determined species.
Comparing results of iron species determined in all
solutions with different pH values, it can be seen that pH
significant impact on the amounts of bioavailable iron.
These results indicate that only the fractions of iron
detected in the particular solutions can be considered
bioavailable iron in the neutral aqueous solutions. The
reason for this is probably the complex composition of
plant material, in which iron is bound by various ligands.
Also, brewing time had significant effect on the
percentage of microelement extraction to the aqueous
phase, such in the case of iron (Dormana et al., 2009; Zijp
et al., 2010; Sembratowicz et al., 2014).

Some trace elements are essential for normal growth and
functioning of living organisms, but only at low
concentrations. They catalyze many biochemical
reactions occurring in the organisms that are involved in
the formation of red blood cells, hormones, and vitamins,
as well as take part in the processes of photosynthesis and
the creation of pigments, respiration, oxidation, and
reduction. Some of these elements are important in
metabolism, and are part of the bone and tissues of living
organisms, and participate in the functioning of neural
systems. But in too high doses these metals can be toxic
(Gongalves, 2009; Denys, 2012; Bielicka-Gietdon et al.,
2013; Mirzaei et al., 2015).

Phytopharmaceuticals are gaining popularity worldwide;
however, cases of adverse effects and drug interactions
have also increased. One reason is in the high metal
content both as ingredients but also as contaminants.
Metal monitoring in food, like herbal teas, provides basic
information on safety aspects in regulatory processes as
well as nutritional values. Metal contents varied
significantly, depending on the stores the products were
purchased in and on tea packaging (loose leaves versus
tea bags). Mentha plants are mainly used for treatment of
disorders of gastrointestinal tract. They have also been
reported to have antioxidant, anti-inflammatory,
antimicrobial, analgesic and anticarcinogenic effects
(Rubio et al., 2012; Prabu et al., 2015; Siddig et al.,
2015). Herbalists consider peppermint as an astringent,
antiseptic, antiemetic, carminative, analgetic. The plant
extract that possesses radioprotective, antioxidant,
anticancerogenic, antitumorgenic, antiandrogenic,
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antiallergic, antispasmolic properties amongst others.
Plant extract can, also, reduce the arsenic-induced
toxicity; reduce glucose, total cholesterol, LDL-chol, and
triglycerides levels (in diabetic rat). In study Barbalho et
al., (2011) results indicate that Mentha piperita can be
used for therapeutic and preventive affecting biochemical
profile, blood pressure and body mass index in humans.
Medicinal plants are the raw material for many herbal
formulations and popular supplements. The use of herbal
medicines has been on the rise in recent years due to their
low prices. The last few decades have witnessed a rapid
development in the diet studies focused on the
determination of trace elements, which reflect their role in
human health and nutrition. Deficiency, excess or
imbalance of trace element intake into human body may
result in various diseases.

CONCLUSION

The determination of element content in medicinal plant
drugs and extracts has several important aspects. Since
elements are able to pass through different membranes,
essential elements enter into the cells and organs of
human body that might be favorable or non-favorable
processes. Among the other essential elements, iron is the
most important microelement for living organisms
because of its participation in metabolic processes, such
as transport oxygen, DNA synthesis, and electron
transfers.

In our study, all tested Menthae tea samples showed high
iron levels, which indicate that dry digestion as method
for preparation and spectrophotometric analysis, are
applicable for detection and determination of iron
concentrations in biological materials.
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Summary/SaZetak
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Caj od mente (Menthae piperita L.) je jedan od najées¢e konzumiranih biljnih ¢ajeva. Ovaj je aj prepoznat kao napitak sa

viSe zdravstvenih benefita, prije svega usljed prisustva nutritivnih elemenata posebno esencijalnih mikro i ultramikro

elemenata. U ovoj studiji ispitali smo sadrzaj Zeljeza u uzorcima cajeva od mente iz lokalnih marketa u Sarajevu.

Pripremanje uzoraka provedeno je suhom digestijom u triplikatu dok je sadrZaj Zeljeza analiziran spektrofotometrijski.

Koli¢ina Zeljeza bila je u intervalu od 275.6 mg Fe/kg do 354.6 mg Fe/kg. Primjenjena spektrofotometrijska metoda je

jednostavna i osjetljiva te se moZe koristiti za odredivanje ukupnog sadrZaja Zeljeza u biljnom materijalu.
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Abstract: Krivaja-Konjuh ultramafic complex is mainly constructed of ultramafic rocks
associated with different varieties of igneous rocks (gabbro, dolerite, diabase, spilite,
keratophyres, granitoids) and metamorphic rocks (amphibolites, amphibolite schists and
eclogites). This paper presents results of mineralogical and chemical analysis of ultramafite
rocks (peridotite-lherzolites) samples in the southern part of Krivaja-Konjuh massif. The samples
were examined optically, by using method of X-ray fluorescence spectroscopy and electron
microprobe method. Optical results showed that Iherzolites have uniform textural characteristics
and mineral composition. Results of chemical studies on these rocks demonstrated modal
composition with high content of MgO, low content of CaO and high content of MgO:FeO
(about 5 and up). Based on CIPW normative system, their composition is uniform with a very
small variation in the content of diopside, with a slightly larger variation in the content of
olivine. The rhombic pyroxene in composition correspond to enstatite and monoclinic pyroxenes

are diopside by the composition. Spinel in peridotites are Al spinels and Al chromium spinels.

INTRODUCTION

Krivaja-Konjuh massif have ultramafic rocks occupying

Ophiolite zone of Internal Dinarides is a separate
tectonic unit and it stretches from Banija in Croatia
through Bosnia and western Serbia, to Kosovo on
southeast and continues to Hellenides. Within ophiolite
zones in Bosnia, there are 6 ophiolite complexes
(Krivaja-Konjuh, Ozren, Kozara, Varde and Visegrad
area, complex Ljubi¢, Cavke and Vrbanje, and complex
Borje and Mahnjace) mainly of identical composition,
although each carries some specific characteristics that
makes it different from other complexes. Krivaja-Konjuh
complex is located in the central parts of the ophiolite
zone of the Dinarides and is elongated in the
northwestsoutheast direction. The dominant role in

an area of over 500 km2 and they are associated with
different varienties of ingeous rocks and metamorphic
rocks. A few ten of samples pf peridotides were
microscopic  processed, and selected representative
samples were examined in detail which will significantly
extend our knowledge of peridotite in Krivaja-Konjuh
(massif). Based on all acquired field and laboratory data,
the mineral and chemical composition of samples have
been determined. Determination of the content of macro
elements and normative CIPW composition and
determination of micro elements is the basis for rock
classification and complete definition of the chemical
composition of these rocks.
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Geological characteristics of the dinaride ophiolite
zone

Ophiolite complex rocksare is related to the internal
Dinarides and they represent very complex association
of rocks among which ultramafites are the most
characteristic ones which are associated with different
varieties of gabbros, dolerite, diabases, spilite and
amphibolites and united in the so-called diabase-chert
formation or Jurassic-igneous-sedimentary formation
(Katzer, 1906.; Ciri¢, 1954.; Pamit, 1964.). Various
types of gabbros, dolerites, diabases and spilites
constitute about 5-10% ophiolite complex (Pamié,
1964).

Ophiolite zone of the Dinarides has been camouflaged in
some parts, with drawn Mesozoic, mainly calcareous and
Paleozoic  semimetamorphic  rocks. In  ophiolite
complexes of the Dinarides ophiolite zones, prevail
ultramafites (lherzolites, harzburgites) and serpentinite.
Very rarely one encounters complete preserved ophiolite
profiles (Pami¢&Desmons, 1989), but more often than
chaotic  relationships, i.e.  ophiolite  mélange
(Dimitrijevi¢, 1973) is present.

Opbhiolite mélange is built of shale-silt matrix in which
they are usually fragments of greywackes, radiolarites
and exotic limestones of Middle Triassic to Jurassic -
Lower-Cretaceous age. In the mélange, there are also
fragments and blocks of ophiolites centimeter -
decimeter - hectometer - the kilometer in size.

As the most dominant rocks in the ophiolite mélange
appear fragments and blocks of peridotites represented
by faulted plates, thickness from a few hundred meters
to 2000 meters, drawn on ophiolite mélange
(Pami¢&Desmons, 1989).

So far, in the ophiolite mélange, e.g. in its matrix, typical
fossil remains have not been found. Based on
uncharacteristic fossils, Jurassic age is assumed, which is
consistent with available data on isotopic age 189-136
Mav(Lanphere et al., 1975; Meyer et al., 1979; Lugovi¢
etal., 1991).

Over the ophiolite mélange of the Dinarides ophiolite
zone lie transgressive Lower Cretaceous formations of
Pogarska formation.

Krivaja-Konjuh Ophiolite Complex

There is a large number of works related to certain small
areas (Pami¢, et al., 1977., Pami¢, 1978: Operta et al.,
2003., Trubelja et al., 1995., Segvin, B., 2010., Faul et
al., 2014) about Krivaja-Konjuh ophiolite complex,
Krivaja-Konjuh complex extends from the Bosnha river
valley in the west to the road Sarajevo-Tuzla in the east.
In the north, i.e., the northwest, boundary is not visible,
while to the south it extends to VareS. Through the
central part of the ophiolite complex the river Krivaja
flows dividing it into two equally sized blocks, after
which, together with neighboring mountain Konjuh the
complex got its name.

The dominant role in the Krivaja-Konjuh massif have
ultramafite rocks occupying an area of over 500 km? and
they are associated with different varieties of igneous
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Figure 1. Schematic map of northwestern and middle parts of the
Dinaride Ophiolite zone (Pami¢ et al., 1977). 1. boundary of the
Ophiolite zone. 2. larger ultramafic massifs.

rocks and metamorphic rocks (amphibolites, amphibolite
schists and eclogites). (Pami¢, 1978).

Amphibolites form narrower or wider zones around
ultramafite massif and in some areas they exceed
ultramafic in size. All these rocks are members of the
Jurassic ophiolite mélange with a dominant share of
greywacke sandstones and slates. Krivaja-Konjuh
ophiolite complex together with ophiolite mélange
covers an area of approximately 1000 km? (Pami¢,
1978).

Over the ophiolite mélange, synclinally lies Pogari
Formation of Tithonian-Cretaceous age and over the
Krivaja-Konjuh ultramafic massif in the area Sokoline,
transgressivelly lie the Upper Jurassic limestones. This
suggests that age of ophiolite melange falls between the
Jurassic and Tithonian.

Phyllite and quartz-sericite schists were spotted in the
central part of the southern perimeter of Duboética and
on the east end at Konjuh to Miljevice, similar in
appearance to match the Paleozoic formations. It is
concluded that they represent the transformed
greywacke sandstones and slates of Jurassic ophiolite
mélange.

10 km IG:.!U' N
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Figure 2. Schematic structural map of Krivaja-Konjuh massif
(Pami¢ et al., 1977).

Ophiolite complexes of various geographical areas
mainly have identical composition. Mafic rocks are
much subordinated; they occur frequently but in smaller
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masses. The relationship between ultramafic and mafitc,
including amphibolites, is 9 to 1 (Pami¢, 1978).

Rarely one can encounter a fully preserved ophiolite
profiles. Usually the complete ophiolite profiles in
ophiolite situating are broken, tectonised, and, as smaller
or larger fragments, they are included in ophiolite
mélange.

EXPERIMENTAL

A few dozen samples of peridotites were selected in the
southern part of the Krivaja-Konjuh ultramafic massif,
which were optically tested and based on the results of
optical tests, seven samples were selected. The samples
were labeled and prepared for analysis of macroelements
and microelements, by X-ray fluorescence spectroscopy
method, and for chemical analysis of mineral phases by
electron microprobe. The paper presents in detail the
results of those tests.

Optical Methods

To determine mineral composition and structural,
textural characteristics of rocks as well as relationships
among minerals, microscopic preparates were made with
standard thickness from 0.02 to 0.03 mm. As a binding
agent and at the same time as an internal standard for
refractive  index, Canada balsam from the
"Semikem"Company was used.

When making microscopic preparates,slides were used,
with various sizes, depending on whether they are used
for testing the structure and textures, mineral
composition, or for determining on universal table.

In microscopic determination, a polarizing Reichart
microscope was used with a range of increasing 25-630x
at the Faculty of Science in Zagreb, and polarizing
Olympus microscope brand PX 40 at the Institute of
Mineralogy of Innsbruck.

Samples were microscoped in transmitted light in
orthoscopic conditions, without and with the included
analyzer, and in conoscopic illumination observations
conditions. Standard microscope equipmentwas used.

A polarizing microscope was also used, with the Carl
Zeiss Jena universal table (4 + 1 axis) with increases
125-500x. Hemispheres were used, with refractive
indexes n-1,516 and n-1,648 depending on the refractive
index of the measured minerals. As a light source,
"white" light microscope bulb was used.

Chemical Analyzes of Rocks
Analysis of macro elements

The rocks have been chemically analyzed by the method
of X-ray fluorescence spectroscopy using wave-
dispersive  instrument SRS 3000 (TYROLIT
Schleifmittelwerk, SWAROVSKI GROUP-SCHWARZ
Tyrol) at the Institute of Mineralogy and Petrology in
Innsbruck.

Analysis of macroelements was also performed by the
method of X-ray fluorescence spectroscopy according to
the procedure recommended by Johnson & Matthey.

Proportion of bivalent iron in the sample was determined
according to the wvolumetric method, according to
WILSON (1955).

Water in the sample was determined gravimetrically,
drying at 110 °C (H2O") and the subsequent sample
annealing at 1025 °C to determine H,O".

Analysis of micro elements

Analysis of trace elements was also performed by the
method of X-ray fluorescence spectroscopy. For the
analysis of trace elements, 35 mm diameter tablets were
made by compressing 4 g of finely ground sample.
Before pressing, the sample was admixed 1 g binder
(Hoechst Wachs C). The sample was pressed in a
hydraulic press for ten minutes with pressure to 20 kN
and dried at 110°C.

Chemical analyzes of mineral phases

Chemical analyzes of mineral phases were carried out
using electron microprobe ARL -SEMQ at the Institute
of Mineralogy and Petrology in Innsbruck. This
instrument has four WDS spectrometers and Noran-
Voayager EDS (energy dispersive system). All analyzes
were done at a voltage of 15 kV and current of 20 nA
with a nominal diameter of the beam of 1-2 microns.
Next standards were used: labradorite (Si, Al, Ca) rutile
(Ti), chromite (Cr), diopside (Mg), rodonite (Mn),
fayalite (Fe), albite (Na), sanidine (K), V metal (V),
metal (V), pyrope (Si analysis with garnets).

Bivalent and trivalent iron in ilmenite, garnet,
clinopyroxenes and orthopyroxenes, is calculated based
on the stoichiometry.

Method for calculation of chemical analysis to the
standard formula

Analysis results were calculated to a number of oxygen
and cations.

Analyses of clinopyroxene and orthopyroxene
werecalculated according to the Norm recommendations
(Wood, 1988) at 6 O.

Analyses of spinel and olivine were calculated according
to the recommendations of HYPER - FORM (S.Bjerg et
al. 1991). Analyses of spinel were calculated at 32 O,
and olivine at 4 O.

RESULTS AND DISCUSSION

In the southern part of Krivaja-Konjuh ultramafic
massif, peridotite samples were taken and optically
tested,and samples were selected for analysis of macro
and micro elements by X-ray fluorescence spectroscopy
method as well as for chemical analysis of mineral
phases by electron microprobe.

The results of optical tests showed that Iherzolites have
uniform structural-textural characteristics and mineral
composition. They were made of olivine, enstatite and
diopside, with a clear domination of olivine. Accessory
ingredient is spinel.

The structures of ultramafic rocks are granular and
porphyroide. The grain size of the primary constituents



30

of the granular representatives ranges from 0, 5to 2 mm,
and in ultramafic with porphyroblastic structure,
phenocrystic size (typically lamellar enstatite) goes up to
20 mm.Very rarely are fresh, usually are serpentinised.
Serpentised ultramafite are fine-ground. Ultramafic
textures are massive (rarely) and various parallel
(pseudostratification and foliation).

In mineral composition of the optically surveyed
lherzolites, one can find primary and secondary
minerals. The primary minerals of lherzolites are olivine,
enstatite, diopside and spinel. Secondary minerals were
following:  serpentine, chlorite, amphibole, talc,
magnesite, quartz, opal, magnetite, limonite and
hematite.

b o

Figure 3: Recrystalization of olivine small grains mixed with '
pyroxene in lherzolites. N+.

Chemical composition of Iherzolites in Vijaka area is
very uniform and it stands out with high MgO content
(about 40 wt. %), low CaO content about 3% (from 1.96
to 2.86%) and a high ratio of MgO: FeO (about 5 or
higher) - table 1.

Table 1. Chemical analysis of macro elements in peridotites-
lherzolites (macroelements in wt. %)

Sample 1 2 3 4
SiO2 41,03 41,75 40,31 | 39,81
TiO2 0,15 0,18 0,14 0,12
Al2Os 0,92 1,63 1,57 1,08
Fe20s 2,91 2,92 2,96 3,16
FeO 5,83 5,85 5,91 6,33
MnO 0,13 0,12 0,13 0,13
MgO 35,77 38,34 38,89 | 40,17
CaO 1,96 2,86 2,64 2,42
Na20 0,18 0,31 0,22 0,19
K20 0,02 0,00 0,00 0,00
P20s 0,02 0,01 0,00 0,01
H>O" 0,52 0,59 0,64 0,59
H>O* 10,49 6,28 6,88 6,40
total 99,92 100,8 100,2 | 100,4

1 and 4-lherzolites; 2-serpentinizied lherzolites; 3-porphyroblastic
Iherzolites.
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This, in fact, is in accordance with the contents of the
main components which Pami¢ (1977) got by
researching the chemical composition of spinel
Iherzolites in the Krivaja-Konjuh ultramafic massif.

The whole chemical compositions of the samples
analyzed are shown in Table 1. Frey (1984) used
calcium for the differentiation of rocks between the Ca
rich and Ca poor mantle rocks, since calcium is closely
associated with clinopyroxene and this mineral is very
often well-preserved in the rocks.

Analyzed samples are affected by serpentinisation,
which probably results in changes, of the primary Ca
content.

Like Ca, Ti is incompatible element, which is exhausted
during melting, in the mantle rocks coming to separation
Ti rich phases of the gabrous composition solutions. In
contrast to Ca, Ti is an element with low mobility
(Pearce & Cann, 1973) and therefore during
metamorphism stay in mantle rocks even if Ca is shifted-
removed. As trace elements Ni and Co are significantly
enriched, both become compatible elements with high
distribution relationship between the residue and the
partial solution. Usually they are incorporated in olivine
crystal lattice replacing Mg. The same route of
enrichment must be valid for Cr (2930 ppm) but in
research of mantle rocks, this is not fully explored. The
content of chromium in the less exhausted and
inexhaustible mantle rocks is 2510-3090 ppm (Table 2).

Table 2. Chemical analysis of trace elements in peridotites-
lherzolites (trace elements and rare soils in ppm).

Sample 1 2 3 4

Qtz 0,00 0,00 0,00 0,00
Or 0,10 0,00 0,00 0,00
Ab 1,70 2,80 2,00 1,70
An 1,90 3,30 3,60 2,20
Lct 0,00 0,00 0,00 0,00

Ne 0,00 0,00 0,00 0,00
C 0,00 0,00 0,00 0,00
Di 7,10 9,30 8,30 | 8,30

Hy | 2850 | 1420 | 10,30 | 6,40
Ol | 57,70 | 67,50 | 72,90 | 78,50
Ac 0,00 0,00 0,00 0,00
Mt 2,70 2,60 2,60 2,50
IIm 0,30 0,00 0,00 0,00
Ap 0,10 0,00 0,00 0,00

1 and 4-lherzolites; 2-serpentinizied lherzolites; 3-porphyroblastic
Iherzolites.

Most likely it seems that the Cr is incorporated (plugged-
annexed) in spinels which are very unevenly distributed
in mantle rocks. This explains the variability of Cr in
peridotites.

Table 3. provides a Iherzolites modal relationship.
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Table 3. Normative composition of the CIPW (wt.%)

1 2 3[4

Ba 7 9 6 5
Co 119 109| 106 117
Cr | 2730 2650| 3090 2510

Cu 23 25 25 26
Ga 4 4 3 3
Ni | 2380[ 2050| 1930[ 2180
Sc 11 12 14 11

Sr <2 12 <2 <2

V 59 68 72 63
Y 2 3 3 2
Zn 53 50 52 51
Zr 3 6 2 2

S 230| 180 150 200
Cl 790| 890| 540f 580
F <50 <50| <50 <50
Pb 4 2 2 2
Rb <2 <2 <2 <2
Cs <5 <5 <5 <5
La <5 <5 <5 <5
Ce <10 <10] <10 <10
Pr <5 <5 <5 <5
Nd <5 <8 <5 <5

Sm 7 <5 <5 <5
As <2 <2 <2 <2
Mo 2 2 2 2
Nb 2 2 2 2

Sn <3 <3 <3 <3
Th <2 <2 <2 <2
U <2 <2 <2 <2

1 and 4-lherzolites; 2-serpentinizied lherzolites; 3-porphyroblastic
lherzolites

Unified in this way, modal relations conditioned uniform
chemical characteristics of lherzolites. The table 3
(normative composition of the CIPW) shows a balanced
composition of the main components of which should be
pointed out the following: a small variation in the
content of the diopside (7.10 to 9.30 wt. %) and slightly
larger variations in the content of hyperstene (6.40-
28.50) and the content of olivine (57.70 to 78.50%).
Converted Niggli parameters (table 4.) indicate the great
ratio of magnesium to iron (Niggli value Mg is usually
between 0.80 and 0.90), a low content of aluminum and
calcium is conditioned by the presence of small amounts
of diopside (transition to harzburgite). Usually there is a
higher amount of constitutive water, which shows a high
degree of serpentinization of these rocks.

Olivine, clinopyroxene, orthopyroxene and spinels

Olivine is a common phase/mineral. It is developed
hypidiomorphic to allotriomorphic, often, however, with
rounded, egg-shaped contours. The content of fayalite
component in lherzolites of Vijaka area varies from 9-
11%. The mean content of fayalite in the analyzed
lherzolites of Vijaka area is 10.12%. The average results
of fayalite are roughly in line with the values of mean
content-received by Pami¢ (1977) for the Vijaka
ultramafic area (8% fayalite). Mean Fo content in the

analyzed lherzolite rocks is 89% . The values obtained
are consistent with the values of mean content received
by Pamié¢ et al (1977) for the Vijaka ultramafic area
(89% forsterite).

Table 4. Niggli petrochemical classification for analyzed
peridotites.

Sa';”p' 1 2 3 4
Si | 66,05 | 61.89 | 59.28 | 57,06
Al | 087 | 143 | 133 | 095
Fm | 9545 | 9359 | 94,17 | 95,09
C | 338 | 454 | 415 | 3.0
Ak | 029 | 045 | 0,35 | 0.26
K | 0,00 | 0,00 | 0,00 | 0,00
Mg | 088 | 089 | 0,89 | 0,88
Ti | 019 | 018 | 0,18 | 0.17
P | 000 | 0,00 | 0,00 | 0,00
H | 56.29 | 31,08 | 33.75 | 30,55
W | 031 | 031 | 032 | 031

Clfm | 0,04 | 0,05 | 0,04 | 0,04

Olivine in lherzolites has high content of MgO and small
content of CaO which is unusually low (0.04 to 0.10%).
NiO content (from 0.19 to 0.45%) is characteristic of
olivines from crust peridotites (Table 5).

Analyzed peridotites-lherzolites in Vijaka area are
characterized by quite uniform modal composition, and
the main petrogene minerals have uniform chemistry;
olivine contains about 89.7% forsterite and
orthopyroxene about the same number of percentage
enstatite component, which is reflected in very high ratio
MgO: (MgO + FeQ), which is more than 5 (table 6).
Average compositions in lherzolites are as follows:
enstatite is FsisEngsWoi and clinopyroxene Fss Engs
W046.

Enstatite is also characteristic one, although much more
subordinated ultramafic ingredient. It occurs in discrete
grains and sometimes we find in it clinopyroxene
lamelle, which cause lamelliform. According to
teodolite-microscopic determination (Pamic et al., 1977),
the content of ferrosilite component in the Krivaja-
Konjuh-ultramafic massif varies from 7 to 16% and the
mean content based on the measurements performed 34
granules is 11%. This geochemical tests on lherzolites
composition by electron microprobe, have confirmed
that the chemical composition of enstatite is uniform:
content of ferrosilite component varies from 15 to 18%,
and the mean content is 16%.

Diopsides are more subordinated than enstatite. It
usually occurs as hypidiomorphic and flattened grains.
Often it occurs in lamelli form, which is due to secretion
by direction of other pinacoides. Optical tests on 23
grains Pamic et al.,, 1977, noted the presence of
irondiopside in ultramafic. Our tests have shown that in
lherzolites, chromium content in diopside varies from
0.21-0.99 wt.%, with the mean content of 0.60% Cr,0s,
and it represents the emerald green chrome diopside
(table 7).
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Table 5. Selected chemical analyzes of olivine in peridotite-
lherzolites (wt. % and formula calculation based on 4 O).

1 3-3 3-5 4-3
SiO2 | 40,97 | 40,79 | 40,79 | 40,89
Si 1,001 | 1,002 | 1,000 | 1,002
TiO2 | 0,00 | 0,00 | 0,24 | 0,00
Al0z | 0,00 | 0,00 | 0,00 | 0,00
Cr.0s | 0,27 | 0,00 | 0,00 | 0,07
FeO | 9,77 |10,07 | 10,05 | 9,55
MnO | 0,19 | 0,20 | 0,00 | 0,26
MgO | 49,04 | 48,71 | 48,72 | 48,97
CaO | 0,00 | 0,04 | 0,00 | 0,00
Na.O | 0,00 | 0,00 | 0,00 | 0,00
KO | 0,00 | 0,00 | 0,00 | 0,00
ZnO | 000 | 0,17 | 0,00 | 0,11
NiO | 0,00 | 0,36 | 0,34 | 0,19
total | 100,2 | 100,3 | 100,1 | 100,0
Si 1,001 | 1,002 | 1,000 | 1,002
Ti 0,000 | 0,000 | 0,004 | 0,000
Al 0,000 | 0,000 | 0,000 | 0,000
Cr_ | 0,005 | 0,000 | 0,000 | 0,001
Fe*? | 0,200 | 0,207 | 0,206 | 0,196
Mn | 0,004 | 0,004 | 0,000 | 0,005
Mg | 1,786 | 1,771 | 1,779 | 1,788
Ca | 0,000 | 0,001 | 0,000 | 0,000
Na | 0,000 | 0,000 | 0,000 | 0,000
K 0,000 | 0,00 | 0,000 | 0,000
Zn | 0,000 | 0,003 | 0,000 | 0,002
Ni 0,000 | 0,011 | 0,010 | 0,004
total | 2,996 | 2,998 | 2,999 | 2,996

1 olivine in peridotites (Iherzolites); 3-3 contact with
orthopyroxene; 3-5 contact with clinopyroxene; 4-3 contact with
spinel.

The rhombic pyroxene have narrow variation of
composition: FS 1548 Engiga Wo0gs.15 and contain
aluminum Al,O3 2.41 to 3.64% and a low content of
titanium (0.01 to 0.18% TiO). They correspond to the
composition of enstatite.

Monoclinic  pyroxenes in ultramafites have a
composition with a relatively narrow variation: Fs s.7 En
47-49 WO 1546 and they are classified as diopsides. The
content of aluminum in the monoclinic pyroxene is 2.52
to 5.87% Al,O; and concentration of titanium and
chromium are as follows: from 0.14 to 0.49% TiO,,
Cr,0; 0.21 to 0.59% (table 7). High values are
determined for the loss on ignition in Vijaka area (6.28
to 10.49%), confirms the impression of a strong
alteration that affected the original chemistry of
ultramafic rocks (Morimoto, 1988).

Spinels are typical accessory minerals of lherzolites.
They were developed starting from hypidiomorphic to
allotriomorphic. The chemical composition of spinels
varies greatly. The most common of them is Al-spinel,
which is spotted in over 45% of analyzed peridotite
rocks. Something subordinated is Al chromium spinel
(over 35%) while the chromium hercinite is subordinate
(18%). Their distribution with respect to the different
varieties is as follows: Al-spinels and Al chromium
spinels in particular often come in lherzolites (table 8).

Operta

Al chromium spinels are of low TiO; (0.06 to 0.09 wt.%)
with concentrations NiO (0.45 to 0.57) and a narrow
range of magnesistion 77.30 to 77.96 and chromium
content from 10.92 to 15, 62. In Al spinel, magnesium is
in the range of magnesium (Mg # = 100 * / (Mg + Fe?*)
=53.69 to 71.51) with little share variation (Cr # = 100 *
/ (Cr + Al) = 6,17- 9.32). The concentration of nickel has
been increased and is 0.18 to 0.90% and the content of
titanium is small 0.0 to 0.02% TiO,.

In areas of normal contact between ultramafites and
amphibolite, appears subordinated colorless edenite
hornblende with less chromium and
magnesiohornblende. The concentrations of aluminum
and calcium depend on the modal content of pyroxene
and amphibole. The content of TiOz is low.

Calcium content in the olivine, is typical for olivines of
high-pressure layered peridotite. This is not the primary
feature but is the result of the redistribution of calcium
between olivine and interkumulus minerals on
subsolidus temperatures.

The distinction between the mantle rocks and ultramafite
cumulate rocks was given by Irvine & Findlay (1972),
who used the NiO vs Cr,03 diagram for discrimination.
Most mantle peridotites with spinel are have NiO value
0.2% .

Table 6. Selected chemical analyzes in orthopyroxene peridotites-
lherzolites (wt. % and formula calculation based on 6 O).

3-4 2-8 | 2--12 3-2
SiO2 55,29 | 56,16 | 55,72 | 55,81
TiO2 0,00 | 0,00 | 0,00 0,00
AlOs | 364 | 2,72 | 3,20 2,41
Cr20s | 0,17 | 0,24 | 0,00 0,06
Fe:Os | 0,00 | 0,00 | 6,97 0,00
FeO 6,75 | 6,78 | 0,00 7,30
MnO 018 | 0,20 | 0,21 0,00
MgO | 32,84 | 33,26 | 33,59 | 33,89
CaO 049 | 042 | 0,28 0,46
NaO | 001 | 0,00 | 0,06 0,00
K20 005 | 0,01 | 0,00 0,00
NiO 039 | 0,10 | 0,19 0,29
total 99,81 | 99,92 | 100,22 | 100,22

Si 1,919 | 1,943 | 1,931 | 1,932
Ti 0,000 | 0,000 | 0,000 | 0,000
Al 0,148 | 0,110 | 0,130 | 0,098

Cr 0,004 | 0,006 | 0,000 | 0,001
Fe'? 0,000 | 0,000 | 0,181 | 0,000
Fe? 0,196 | 0,196 | 0,000 | 0,211
Mn 0,005 | 0,005 | 0,006 | 0,000
Mg 1,699 | 1,715 | 1,735 | 1,748
Ca 0,018 | 0,015 | 0,010 | 0,017
Na 0,000 | 0,000 | 0,004 | 0,000
K 0,002 | 0,00 | 0,000 | 0,000
Ni 0,010 | 0,002 | 0,005 | 0,008
total 4,001 | 3,992 | 4,002 | 4,015

3-4 orthopyroxene contact with olivine; 2-8 contact with
serpentine; 2-12 and 3-2 contact with clinopyroxenes.
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Table 7. Selected chemical analyzes of clinopyroxene in

peridotites-Iherzolites (wt. % and formula calculation based on 6

Table 8. Selected chemical analyzes of spinel in peridotites-

0).
3-7 4-7
SiO2 51,87 | 53,37
TiO> 0,49 0,14
Al2O3 4,70 2,52
Cr0z3 | 0,59 0,21
Fe2Os 1,29 | 1,48
FeO 1,63 1,24
MnO 0,11 0,17
MgO | 15,72 | 16,91
CaO 22,30 | 23,30
Na.O 1,12 0,77
K20 0,00 0,00
NiO 0,16 0,00
total 99,98 | 100,11
Si 1,892 | 1,942
Ti 0,013 | 0,003
Al 0,202 | 0,108
Cr 0,017 | 0,006
Fe's 0,035 | 0,040
Fet? 0,049 | 0,037
Mn 0,003 | 0,005
Mg 0,854 | 0,917
Ca 0,871 | 0,908
0,079 | 0,054
0,00 0,00
0,004 | 0,00
0,004 | 0,00
total 4,019 | 4,020

3-7 and 4-7 contact with olivine.

lherzolites (wt. % and formula calculation based on 32 O).

Ca 0,038 | 0,009 | 0,013 | 0,00 | 0,020

Na 0,072 | 000 | 0,053 | 0,00 | 0,073

K 0,010 | 0,055 | 0,00 | 0,062 | 0,00

Zn 0,00 | 0,102 | 0,067 | 0,00 | 0,011

Ni 0,040 | 0,026 | 0,076 | 0,095 | 0,082

total | 24,001 | 24,000 | 24,000 | 23,999 | 23,999

1 2-2 3-1 3-2 4-2

SiO2 0,11 0,16 0,15 0,05 0,09
TiO, | 0,00 0,21 0,09 0,06 0,00
AlOs | 58,98 | 23,93 | 55,80 | 56,97 | 56,98
Cr20Os | 7,83 | 36,33 | 11,00 | 10,41 | 9,70
Fe:0s | 2,84 8,91 2,15 2,20 2,67
FeO 9,88 | 14,96 | 10,00 | 10,37 | 9.69
MnO | 0,13 0,91 0,31 0,00 0,29
MgO | 19,73 | 12,96 | 19,11 | 19,34 | 19,32
CaO 0,17 0,03 0,06 0,00 0,09
Na:O | 0,18 0,00 0,13 0,00 0,18
K20 0,04 0,22 0,00 0,23 0,00
ZnO 0,02 0,55 0,43 0,00 0,07
NiO 0,24 0,13 0,45 0,57 0,49
total | 100,12 | 99,30 | 99,70 | 100,20 | 99,60
Si 0,023 | 0,040 | 0,032 | 0,010 | 0,019
Ti 0,000 | 0,040 | 0,014 | 0,009 | 0,000
Al 1432 | 7,055 | 13,79 | 13,96 | 14,03
Cr 1,275 | 7,156 | 1,824 | 1,712 | 1,608
Fe+3 | 0,440 | 1,685 | 0,340 | 0,345 | 0,390
Fet2 | 1,701 | 3,12 1,75 1,80 1,69
Mn 0,023 | 0,194 | 0,055 | 0,00 | 0,052
Mg 6,058 | 4,516 | 5976 | 5997 | 6,009

CONCLUSION

Selected samples of peridotites in the Krivaja-Konjuh
massif southern edge were used to conducted optical
researches by polarization microscopy, chemical
analysis of macro elements, trace elements and rare earth
by X-ray fluorescence spectroscopy, and chemical
analysis of minerals by electron microprobe.

Vijaka amphibolites are related to the Krivaja-Konjuh
ultramafite massif and these amphibolites are frequently
layered in their highest parts with ultramafite pointing to
their genetic relationships. It is evident that Vijaka
amphibolite complex is part of the Dinarides Ophiolite
zone in which they are involved with related Krivaja-
Konjuh ultramafite massif.

Peridotite-lherzolites are thoroughly investigated by
optical, chemical analysis and electron microprobe. The
results of chemical research of these peridotites showed
quite uniform modal composition of these rocks, which
is characterized by a high content of MgO, low CaO and
high content of MgO: FeO (about 5 and more), which is
in accordance with the contents of the main components
of the research results spinel lherzolites in the Krivaja-
Konjuh ultramafic massif.

Based on CIPW normative system they have uniform
composition with a very small variation in the content of
the diopside with a slightly larger variation in the content
of olivine. The content of CaO and NiO in olivine
indicate olivines from crustal peridotites. The rhombic
pyroxenes, according to their composition correspond to
enstatites and monoclinic pyroxenes to diopsides.
Spinelles in peridotites are Al spinels and Al chromium
spinels.

High values determined for losses on ignition peridotite
confirm virtual impression of strongly altered the
original chemistry of ultramafite rocks.
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Na odabranim uzorcima ultramafitskih stijena peridotita na juznom obodu krivajsko — konjuskog masiva provedena su

detaljna opticka istrazivanja polarizacionim mikroskopom, hemijske analize makroelemenata, mikroelemenata i rijetkih

zemalja rentgenskom fluorescentnom spektroskopijom, te hemijske analize minerala elektronskom mikrosondom.

Peridotiti-lerzoliti su detaljno ispitani optickim, hemijskim analizama i elektronskom mikrosondom. Rezultati hemijskih

istrazivanja ovih peridotita su pokazali dosta ujednacen modalni sastav ovih stijena, koji se odlikuje visokim sadrzajem

MgO, niskim sadrZajem CaO i visokim sadrZzajem MgO:FeO (oko 5 i vise). Bazirano na CIPW normativhom sistemu

ujednacenog su sastava sa vrlo malim variranjem u sadrzaju diopsida sa nesto ve¢im variranjem u sadrzaju sadrzaju

olivina. SadrZaj CaO i NiO u olivinu ukazuju na olivine iz krustalnih peridotita. Rompski pirokseni po sastavu odgovaraju

enstatitu a monoklinski pirokseni su po sastavu diopsidi. Spineli u peridotitima su Al spineli i Al hromni spineli. Visoke

vrijednosti odredene za gubitke Zarenjem peridotita potvrduju virtualan dojam o snazno izmjenjenom izvornom hemizmu

ultramafitskih stijena.
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Abstract: This paper presents testing data on application possibilities of Aloe Vera as green
corrosion inhibitor for aluminum alloy types AA8011 and AA8006 in 3.5% NaCl.
Electrochemical DC linear polarization method has been used in the first phase of testing
process, with the goal of determining the optimal concentration of Aloe Vera as inhibitor of
mentioned alloys in 3.5% NaCl, by polarization resistance value. During first testing
process, only one aluminum alloy type AA8011 was used. By adding the inhibitor in 3.5%
NaCl, the polarization resistance increases, and the highest result was recorded in Aloe Vera
concentration of 5 cm3dm3. During second phase of testing, the inhibition effect of optimal
Aloe Vera concentration was tested for aluminum alloy type AA8011 and AA8006 in 3.5%
NaCl by curves of Taffel extrapolation method. The results of conducted tests show that
Aloe Vera in concentration of 5 cm3dm™ can be used as green inhibitor for aluminum alloys
type AA8011 and AA8006 of the Al-Fe-Si-Mn system, in 3.5% NaCl at room temperature
(20 £ 2 °C). All tested samples of aluminum alloy in 3.5% NaCl solution with the presence
of inhibitor show significant shifting of Open Circuit Potential (Eoce) towards positive
values in respect with Open Circuit Potential (Eocp) of treated aluminum alloy samples in
3.5% NaCl solution without inhibitor presence. Likewise, most of the samples treated in
3.5% NaCl solution with the presence of inhibitor lead to decrease of corrosion current
density in relation to samples tested in 3.5% NaCl solution without inhibitor presence.

INTRODUCTION

The growing concern about

substances which do not contain heavy metals or other

environment toxic components (Amitha et al. 2012). Lately, research

preservation has led to the setting of stricter provisions
regarding the use of chemicals that can have a harmful
impact on the environment, which led to a reduction of a
number of effective corrosion inhibitors. Uses of non-
toxic and natural products as corrosion inhibitors have
become important because of the advantages of their
environmentally friendly and biodegradable in nature,
readily availability, renewable sources, and ecological
aspects and can be synthesized by simple procedure with
low cost (Gaber et al. 2008, Afidah et al. 2008).
Environmentally friendly inhibitors are biodegradable

of plant extracts is an area of high interest when it comes
to corrosion inhibitors. Aloe Vera is an important
medicinal plant which belongs to the family of Liliacea
(Rajendran et al. 2007). The leaf of Aloe Vera contains
over 240 nutritional and medicinal ingredients. Chief
among these are polysaccharides, glycoproteins,
vitamins, mineral and enzymes (Ekpendu et al. 2004).
Aloe Vera as commonly called is organic in nature and
can be used in the production of green corrosion
inhibitors. This paper tested application possibilities of
Aloe Vera as green corrosion inhibitor for aluminum
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alloys type AA8011 and AA8006 of the Al-Fe-Si-Mn
system, in 3.5% NaCl. Aluminum alloys have proved to
high quality metal material for many purposes, and by
use, they are located immediately after the iron alloy,
with continued growth in production and application
(Deliji¢ 2016, Birbilis 2011, Davis 1999). AA8000
series represents a special group of Al-alloys whose
typical representatives are the AA8006 and AA8011l.
These alloys are suitable for the process of a continuous
casting strips - cold rolling, could be deformed by rolling
to form foil dimensions and successfully used in the
packaging industry,  microelectronics and heat
exchangers (Zhong-wei et al. 2012). For their use in the
packaging industry, eventual corrosion appearance at
these alloys can be entirely controlled by use of green
inhibitor that is non toxic to the human body.

EXPERIMENTAL

A commercial product of Aloe Vera with 66.3% of fresh
Aloe Vera leaf juice was used as inhibitor in conducted
testing. The testing of application possibilities of Aloe
Vera as green corrosion inhibitor was conducted on
aluminum alloys type AA8011 and AA8006 of the Al-
Fe-Si-Mn system, intended for deformation shaping.
Continuously casted strips of examined alloys, thickness
7 mm, are produced in industrial conditions on device
"3C" at a speed of 1 m/min, and a casting temperature of
690° C. One part of continuously casted sample strips
was annealed homogenously in the laboratory at a
temperature of 580 ° C with the effective annealing time
of 6 hours in an electric laboratory furnace with internal
air circulation. Homogenized and non-homogenized
samples of continuously casted alloys are deformed by
cold rolling on a laboratory rolling stand, in same
deformation conditions, for production of thin strips of
0.5 mm thickness, representing the material for
production of thin strips and foils by subsequent cold
rolling. Chemical composition of tested alloys are shown
in Table 1.

Table 1. Chemical composition of test alloys, by weight %
(the rest is Al)

Alloytags Fe Si Mn Mg Cu Zn

Biki¢ et al.
Table 2. Used aluminum alloy sample tags
Sample tags
Initial state: Initial state:
Alloy tags - ) homogenized
continuously casted )
- continuously casted
strips -
strips
Deformed state Deformed state
AAB8006 1DX 1CX
AA8011* 2DX 2CX
AA8011 4DX 4CX

AA8011 0.74 052 0.077 0.001 0.062 0.051
AA8011* 066 058 037 0.003 0.002 0.034
AAB8006 134 014 043 0.012 0.002 0.035

Table 2 shows the used aluminum alloy sample tags
depending on the manner of processing.

Investigations were conducted in the corrosion cell
according to ASTM G5, on instrument
potentiostat/galvanostat PAR 263A-2, with the software
PowerCORR®. Basic solution used for testing was 3.5%
NaCl, and the testing was conducted at a room
temperature (20 = 2 °C). Electrochemical DC linear
polarization method has been used in the first phase of
testing process. Linear polarization method implies
scanning of working electrode potential on the order of +
20 mV material polarization in relation to its Open
Circuit Potential (Eocp), at the speed of 0.2 mVs™. Final
result of the above method is polarization resistance
(Rp). By polarization resistance, our goal was to
determine the optimal concentration of Aloe Vera as
inhibitor of mentioned aluminum alloys in 3.5% NacCl.
Aluminum alloy type AA8011, tag 4DX, was used for
testing purposes. During second phase of testing, the
inhibition effect of optimal Aloe Vera concentration was
tested for aluminum alloy type AA8011 and AA8006 in
3.5% NaCl by curves of Taffel extrapolation method.
Taffel extrapolation method implies scanning of working
electrode potential on the order of £ 250 mV in relation
to its Open Circuit Potential (Eocp), at the speed of 0.2
mvs?,

RESULTS AND DISCUSSION

Table 3 show polarization resistance (Rp) testing results
depending on inhibitor Aloe Vera concentration in 3.5%
NacCl.

Table 3. Results of polarization resistance of aluminum alloy tag
4DX depending on inhibitor Aloe Vera concentration in 3.5%

NaCl
Concentration of the inhibitor Rp (Q)
(cm3dm-3)
0 2208.704
1 13 679.302
2.5 14 394.375
35 12 077.83
4.5 29 895.970
5 75 371.998
6 18 053.171

6.5 14 203.357
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Table 3 results show that optimal concentration of used
Aloe Vera inhibitor is 5 cm3dm?3, At that inhibitor
concentration, the polarization resistance amounts to 75
371.998 Q. Solution without inhibitor shows smaller
polarization resistance and amounts to 2208.704 Q.
Table 4 and Figures 1-6 show Open Circuit Potential

(Eoce) value and corrosion current density (icor) of
aluminum alloy samples type AA8011 and AA8006
treated in 3.5% NaCl solution with and without inhibitor
presence. The inhibitor was added in the determined

optimum concentration of 5 cm®m3,

Table 4. Values of Open Circuit Potential (Eocp) and corrosion current density (icor.) of aluminum alloy samples treated in 3.5% NaCl

solution with inhibitor (5 cm3dm-3 of Aloa Vera) and without inhibitor presence

Corrosion current density, icor. (WACM™2)

Alloy tags Sample tags Eocp(mMV)

1DX -899.525 4.393-10!

AAB8006 1D X with inh.) -720.418 7.82
1CX -1010.039 1.746-10¢

1CXwith inh.) -742.966 3.912

2DX -945.102 3.239

AA8011* 2D X with inh.) -724.389 8.47

2CX -756.438 6.028
2CXwith inh.) -755.792 4.081-10!

4DX -791.438 5.625

AAS8011 4D X(with inh.) -738.508 2.616

4CX -1004.118 7.993

4CX (with inh.) -746.762 2.605

Table 4 results show that all tested aluminum alloy
samples treated in 3.5% NaCl solution with the presence
of inhibitor significantly shift Open Circuit Potential
(Eoce) towards positive values in respect with Open
Circuit Potential (Eoce) of treated aluminum alloy
samples in 3.5% NaCl solution without inhibitor
presence. The shifting of Open Circuit Potential (Eocp)
towards positive values demonstrates that Aloe Vera in
concentration of 5 cm®dm™® can be used as green
inhibitor for aluminum alloys type AA8011 and AA8006
of the Al-Fe-Si-Mn system, at room temperature.

Figures 1-6 show Taffel polarization curves of aluminum
alloys type AA8011 and AAB8006 treated in 3.5% NaCl
solution with and without inhibitor presence. All Figures
show that tested aluminum alloy samples treated in 5%
NaCl solution with the presence of 5 cmidm?
concentration of inhibitor significantly shift Open
Circuit Potential (Eoce) towards positive values in
respect with Open Circuit Potential (Eocp) of treated
aluminum alloy samples in 3.5% NaCl solution without
inhibitor presence.
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Figure 1. Taffel curves of Al-alloy sample tag 1DX

1 — sample treated in 3.5% NaCl solution with inhibitor presence
(5 cm®dm? of Aloa Vera)
2 — sample treated in 3.5% NaCl solution without inhibitor
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Figure 2. Taffel curves of Al-alloy sample tag 1CX

1 — sample treated in 3.5% NaCl solution with inhibitor presence
(5 cm*dm of Aloa Vera)
2 — sample treated in 3.5% NaCl solution without inhibitor

presence
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Figure 3. Taffel curves of Al-alloy sample tag 2DX
1 - sample treated in 3.5% NaCl solution with inhibitor
presence (5 cmidm of Aloa Vera)
2 — sample treated in 3.5% NaCl solution without inhibitor
presence
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Figure 4. Taffel curves of Al-alloy sample tag 2CX
1 - sample treated in 3.5% NacCl solution with inhibitor
presence (5 cm*dm of Aloa Vera)
2 — sample treated in 3.5% NaCl solution without inhibitor
presence
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Figure 5. Taffel curves of Al-alloy sample tag 4DX
1 - sample treated in 3.5% NaCl solution with inhibitor presence
(5 cm*dm of Aloa Vera)
2 — sample treated in 3.5% NaCl solution without inhibitor
presence
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Figure 6. Taffel curves of Al-alloy sample tag 4CX
1 — sample treated in 3.5% NaCl solution with inhibitor presence
(5 cm®dm? of Aloa Vera)
2 — sample treated in 3.5% NaCl solution without inhibitor
presence

Likewise, most of the samples treated in 3.5% NaCl
solution with the presence of inhibitor lead to decrease
of corrosion current density in relation to samples treated
in 3.5% NaCl solution without inhibitor presence, with
the exception of aluminum alloy sample type AA8011*
(table 4).

CONCLUSIONS

Aloe Vera can be used as green corrosion inhibitor for
aluminum alloy types AA8011 and AA8006 of the Al-
Fe-Si-Mn system, in 3.5% NaCl, at room temperature
(20 = 2 °C), confirmed by following test results:

The polarization resistance (Rp) of aluminum alloy
sample type AA8011 tag 4DX, table 3, is the smallest
for sample treated in 3.5% NaCl solution. By increasing
the inhibitor, the polarization resistance increases. The
highest polarization resistance was obtained for the
solution of 3.5% NaCl with the addition an inhibitor of
Aloe Vera in a concentration of 5 cm3dm. The stated
concentration is optimal for the stated inhibitor.

All tested aluminum alloy samples type AA8011 and
AAB8006 treated in 3.5% NaCl solution with inhibitor
presence (table 4) significantly shift Open Circuit
Potential (Eocp) towards positive values in respect with
Open Circuit Potential (Eocp) of treated aluminum alloy
samples in 3.5% NaCl solution without inhibitor
presence.

Most of the samples treated in 3.5% NaCl solution with
the presence of inhibitor lead to decrease of corrosion
current density in relation to samples treated in 3.5%
NaCl solution without inhibitor presence, with the
exception of aluminum alloy sample type AA8011*
(table 4).
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Summary/SaZetak

U ovom radu su prikazani rezultati ispitivanja moguénosti primjene Aloe Vera kao zelenog inhibitora legura aluminija tipa
AA8011 i AA8006 u 3.5% NaCl. U prvoj fazi ispitivanja koristena je elektrohemijska DC metoda linearne polarizacije,
gdje se preko vrijednosti polarizacijskog otpora Zeljelo vidjeti koja je to optimalna koncentracija Aloe Vera kao inhibitora
navedenih legura aluminija u 3.5% NaCl. Pri tome je koriStena samo jedna legura aluminija tipa AA8011. S dodatkom
inhibitora u 3.5% NaCl dolazilo je do povecanja polarizacijskog otpora, a najve¢i polarizacijski otpor je zabiljezen kod
dodatka Aloe Vera u koncentraciji 5 cm3dm3. U drugoj fazi ispitivanja, metodom ekstrapolacije Tafelovih krivih ispitivan
je efekat inhibicije utvrdene optimalne koncentracije inhibitora Aloe Vera na legure aluminija tipa AA8011 i AA8006 u
3.5% NaCl. Rezultati provedenih ispitivanja pokazuju kako se Aloe Vera u koncentraciji 5 cm3dm= moZe koristiti kao
zeleni inhibitor legura aluminija tipa AA8011 i AA8006 iz sistema Al-Fe-Si-Mn, u 3.5% NaCl na sobnoj temperaturi (20 +
2 °C). Kod svih ispitivanih uzoraka legura aluminija tretiranih u otopinama 3.5% NaCl s prisustvom inhibitora doslo je do
znadajnog pomijeranja potencijala otvorenog kruga (Eoce) U pozitivnije vrijednosti u odnosu na Eoce uzoraka tretiranih u
otopinama 3.5% NaCl bez prisustva inhibitora. Takoder, kod veéine uzoraka tretiranih u otopinama 3.5% NaCl s
prisustvom inhibitora doslo je do smanjenja gustine struje korozije u odnosu na uzorke tretirane u otopinama 3.5% NaCl

bez prisustva inhibitora.



Glasnik hemiéara i
tehnologa
Bosne i Hercegovine
Print ISSN: 0367-4444

Online ISSN: 2232-7266

Bulletin of the Chemists and Technologists
: ) 2017
of Bosnia and Herzegovina

48

uDC: 41-44

Original Scientific Paper

Zn-Ni alloy coating made of chloride electrolyte

Dautbasi¢ A.*, Cati¢ S., Catié¢ O.

Faculty of Technology, University of Tuzla

Article info
Received: 13/06/2017
Accepted: 29/06/2016

Abstract: Electrodeposition coating based on Zn-Ni alloys was made of chloride
electrolyte which contains 142.56 g/dm® NiCl2x6H20; 109.03 g/dm® ZnClz; 30.9 g/dm3

H3BOs; 223.65 g/dm® KCI; 40.99 g/dm® CH3COONa. As the result coatings of different
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sizes and different amount of Ni in each coating were prepared. The samples were tested
in salt spray chambers according to BS EN ISO 10289:2001standard. The best results

showed coatings which were over 10 um thick and which contained up to 15% of Nickle.
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There were no signs of corrosion even after 2160 hours of being in salt spray chambers.

INTRODUCTION

Resistance of zinc coatings towards the corrosion
processes is well known so these coatings were the first
choice of protection for a long time during the
production of the steel constructions. As technology
developed and demands for thinner coatings but with
much higher corrosion stability increased, zinc coatings
were not satisfactory enough anymore. Research showed
that alloy coatings based on zinc and other elements of
iron triads can satisfy these conditions very well. There
are many factors influencing features of deposited
coatings based on double and in recent time even triple
alloys based on zinc. Those factors are mostly
concentration of metal ions, chemical composition of
electrolytes that caused deposition and current density.
[Esih 2010; Gamburg 2011; Vuji¢i¢ 2002]

In this paper, coatings based on Zn-Ni alloys made of
chloride electrolytes were tested. Depending on
conditions (current density and deposition time),
coatings of different sizes and with different amount of
Ni in each coating were made.[ Kanani 2005; Ramesh
Bhat 2011; Eliaz 2014; Gou 2008] So far research
showed that it is possible to get coatings based on Zn-Ni
alloys which have corrosion characteristics, out of
chloride electrolytes. [. Jovi¢ 2009; Bajat 2009; Roventi
2000]

Depending on the amount of Ni in alloy and the
thickness, coatings were exposed to test in salt spray
chambers and characterized according to standard BS

EN I1SO 10289:2001. [StupniSek-Lisac 2007; BS EN
1SO 10289:2001; EN 1SO 9227].

EXPERIMENTAL

For electrochemical deposition of Zn-Ni based coatings
chloride electrolyte was used. In table 1.The composition
of chloride electrolyte is showed in Table 1.

Table 1. Chemical composition of electrolytes for deposition of
coating Zn-Ni alloys

NiClox6H,0 ZnCl, HsBO;  KCI CH;COONa

0.6 0.8 0.5 3 05

mol/dm3

Electrolyte used is prepared using chemicals of p.a.
purity. Tiles from plane construction steel were used as
working electrodes for deposition of Zn-Ni based
coatings. Electrode of high cleanliness Nickle (99.9%)
was used as an auxiliary electrode during deposition of
alloys. Relation between the surface of working and
auxiliary electrode was 1: 2. Before the deposition,
working electrodes were processed with abrasive paper,
granulation 800 and 1200, degreased in NaOH solution
then in ethanol and etched in 10% HCI solution.
Between every phase of preparation, electrodes were
washed with distilled water. Electrochemical cell for



42

deposition was laboratory glass of 500 ¢cm® of volume.
Current density which is used for deposition was 1; 2
and 3 A/dm?, the temperature of solution was 35°C and
pH was 4.5. Time of deposition was 10, 15, 20 and 35
minutes to get the coatings of different sizes and with
different amounts of Ni. Chemical composition thickness
of Zn-Ni alloys were done in SurTec Eurosjaj d.o.o.
Konjic, na Fischerscope® XRAY XDL-B laboratory.
The results are showed in table 2.

Table 2. The thickness of Zn-Ni alloy and the amount of Ni in
coating

Dautbasié et al.

45

e

Sample : Amount
Sample label in Working (‘)I;h;gl;?iiss of Ni in
label salt conditions g coating,
chamber W %
- >
1R 49 A 5808 10.79
_ ,
4R 50 A 9 11.93
- 2
2P 47 'T;Zz'glfn'?n 8.126 12.13
HE- 2
1K 43 ';_12'3/ ‘rjnTn 5.273 13.60
_ ,
2K 45 A 0180 1434
e 2
3K 46 'T;e‘z'glfn'?n 12.62 17.89
e 2
1KT 40 'T‘:Zl'g/ ?n'?n 5.036 11.27
_ ,
2KT 41 L:zlgl (rjnTn 7.111 11.49
_ ,
6KT 42 A a7 14.86

Testing in salt spray chamber was done in SurTec-
Eurosjaj d.o.0. Konjic. Chamber is JW-150-NS Salt
Spray Chamber type. Testing lasted for 2160 hours.
Conditions of testing in chambers were following : test
space temperature was 35 °C; moisturizer of compressed
air temperature was 45-50°C; compressed air pressure
was 7-1,4 bars; solution was 5% NaCl; condensate pH in
25°C was 6,8 while electrical conductivity of distilled
water in 25°C was <20 pS/cm.

After testing, the samples were taken out of salt chamber
and visually evaluated according to BS EN I1SO
10289:2001 standard. Samples 42 and 45 obtained after
the testing in salt spray chambers are showed in P1 and
the results are showed in Table 4.

n

42

4‘ .

Figure 1. Samples without appearance of corrosion after 2160
hours in salt spray chamber

RESULTS AND DISCUSSION

As it is seen in picture 1. and table 4., samples 40, 41,
48, 49 and 50. (40/1KT, 41/2KT, 48/3P 49/1R and
50/4R) did not satisfy the salt spray chamber test. The
red corrosion appeared much earlier than the expected
for this type of coating after 720 hours of testing.
Although the Ni part in Zn-Ni alloy coating is satisfying
and that is 8-15%, the coating thickness is small which is
the cause of apperance of red corrosion much earlier
than expected.

The rest of the samples satisfied the salt spray chamber
test according to norms of DIN EN ISO 9227 NSS
standard. For example, the sample (45/2K) which has
14,34% Ni and the coating thickness was 10,180 um, did
not show the appearance of red corrosion even after
2160 hours, so, according to BS EN 1SO 10289:2001
standard, it has the assessment of protection and look
(Rp/RA) 10/8sC.

According to standard, the rest of the samples that
satisfied the salt spray chamber test are also described.
Sample 42 shows the appearance of white corrosion after
720 hours of testing but on on the surface area smaller
than 0,25%. There were no visible defects. It is mostly
caused by corrosion products made of anodic coating.
The appearance of red corrosion is not noted even after
2160 hours of being in salt spray chamber. According to
the assessment of protection and look Rp/ RA was
10/8sC. Sample 46 shows the appearance of white
corrosion after 720 hours and on the surface area smaller
than 1%. There are no visible defects. The amount of
corrosion products was moderate. It is mostly about
corrosion product made of anodic coating. The
appearance of red corrosion is not noted even after 2160
hours of being in salt spray chamber. According to the
assessment of protection and look Rp/RA was10/6mE.
Sample 43 shows the appearance of white corrosion after
480 hours and in that time it does not show any visible
defects on coating. After 846 hours it shows visible
defect and the appearance od red corrosion in the area of
small drilled hole on the top of the electode. The amount
of corrosion products is moderate. Corrosion products
reach the base that started to peel. According to the
assessment of protection and look Rp/RA was3/2mF.
Sample 47 shows the appearance of white corrosion after
720 hours and in that time it did not show any visible
defects on coating. After 1176 hours it showed visible
defect and the appearance of red corrosion in the area of
small drilled hole on the top of the electrode and edges
of the tested sample. The amount of corrosion products
was moderate. Corrosion products reached the base but
they were only on the top of the metal. There was no
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peeling. According to the assessment and look Rp/RA
equaled 6/5mE

Table 4. The test results from salt spray chamber

- S
5 = o g gz S S 5 8
® 2 S Z © - 8 B =
= < e 5 S £ 52 £ £ g3
& £E = = 5 5 S8 58 2 5
@ = 33 g =) =% = 23
= € ° = 5 < & 73]
< Z = 2 <o
o
40/1KT 5,036 11,27 28.09.2015 05.10.2015 168 192
A1/2KT 7111 11,49 28.09.2015 06.10.2015 96 192
42/6KT 14,97 14,86 28.09.2015 28.12.2015 720 2160 (no 10/85C
corrosion)
43/1K 9,273 13,60 28.09.2015 03.11.2015 480 864 3/2mF
4512K 10,180 14,34 28.09.2015 28.12.2015 720 2160 (no 10/85C
corrosion)
2160 (no
46/3K 12,62 17,89 28.09.2015 28.12.2015 720 corrosion) 10/6mE
47/2p 8,126 1213 28.09.2015 16.11.2015 720 1176 6/5mE
48/3P 5,951 1371 28.09.2015 08.10.2015 120 240
49/1R 2,805 10,79 28.09.2015 02.10.2015 48 96
50/4R 9,326 11,93 28.09.2015 06.10.2015 96 192
CONCLUSION

Samples with Ni part of 8-15%, which had the red
corrosion appear earlier than the expected for this type of
coating, after 720 hours of testing did not passed the
testing despite the the thickness of the coating As
resault red corrosion appearaed much earlier than
expected. The rest of the samples that had the thickness
of Zn-Ni alloy coating higher than 10 pm and the needed
part of Ni 15%, fully satisfied the salt spray chamber
test. That means they did not show any signs of red
corrosion appearance in the testing time of 2160 hours.
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Summary/SaZetak

Dautbasié et al.

Izvedena je elektrodepozicija prevlaka na bazi legura Zn-Ni iz hloridnog elektrolita sastava 142,56 g/dm® NiCl,x6H0;
109,03 g/dm?® ZnCly; 30,9 g/dm® H3BOs; 223,65 g/dm® KCI; 40,99 g/dm® CH3COONa. Dobivene su prevlake razlicite
debljine i sadrZaja Ni u prevlaci. Uzorci su ispitivani u slanoj komori prema standardu BS EN 1SO 10289:2001. Najbolje

rezultate su pokazale prevlake debljine preko 10 um i sadrZajem nikla do 15%. Nisu pokazivali pojavu korozije ni nakon

2160 sati provedenih u slanoj komori.
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Abstract: Polyaniline films were electrodeposited on the stainless steel substrates from
aniline solutions with different acids. Kinetic of the film growth is discussed in terms of

corrosion behavior of steel substrates in pure acids. Wide passive region in sulfuric and
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phosphoric acid enables initial oxidation of aniline and consequent deposition of polymer,
without concurrent dissolution of alloy. On the other hand, in hydrochloric acid substrates
actively dissolute at potentials necessary for aniline oxidation. However, formation of
polymeric deposits is possible even in this case, probably due to the inhibition effect of
aniline or oligoanilines formed during initial periods of anodic polarization. All deposited
films exhibit electroactive behavior in low pH medium, while totally lose their ability for
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redox transitions in higher pH.

INTRODUCTION

Intrinsically conducting polymers (ICPs), sometimes
referred as the synthetic metals, are organic
semiconductors with unique physical and chemical
properties, the most prominent being easy route of
transition between (semi)conducting and insulating state,
followed by significant change in structure, morphology
and other physical properties. Typical materials from this
class can be obtained by simple chemical or
electrochemical polymerization of cheap monomers such
as aniline, pyrrole, tiophene and ethylenedioxytiophene to
give stable polymeric structures of polyaniline,
polypyrrole, polytiophene and
poly(ethylenedioxytiophene), respectively, in form of
bulk product or in form of films deposited on different
substrates, depending on the method of preparation. Also,
different nanostructures can be prepared by relatively
simple procedures.

Number of studies about protective performance of
conducting polymer coatings discuss polymer protective
performance in terms of its ability to help the formation
and stabilization of passive layer on protected metallic
surface (Wallace et al., 2009; Inzelt, 2008; Tallman and
Bierwagen, 2007; Lu et al., 1998). However, protection
mechanism can also include other processes, such as
complexation of metallic ions with polymer or release (in

some cases on-demand) of corrosion inhibitors, while
simple mechanical protection should also be considered.

Electrochemical preparation of conducting polymers
enable control of polarization rate and polymer film
thickness, while obtained films good electrical contact
with the protected substrate (Tallman and Bierwagen,
2007). However, electropolymerization on active
substrates is connected with some difficulties, due to the
fact that common conducting polymers are obtained by
polymerization at positive potentials, at which substrate
dissolution occurs. In some cases oxide layers formed on
these potentials can improve polymer adhesion. On the
other hand, formation of nonconducting passive layer
leads to impeded electron transfer and totally inhibits
polymer growth.

Electrodeposition of polyaniline on active substrates is
performed in acidic electrolytes with the addition of some
inhibitors or passivating agents such as oxalates (Huelser
and Beck, 1990; Sazou, 2001; Yalginkaya et al., 2010;
Tan and Blackwood, 2003) and salycylates (Petitjean et
al., 1999). Lacroix et al. (Lacroix et al.,, 2000) and
Nguyen et al. (Nguyen et al., 1999) obtained adherent
electrodeposited films on mild steel from neutral LiClO4
electrolyte.  Aniline polymerization from alkaline
electrolyte give polymeric deposit that can't be
transformed into the emeraldine form of polyaniline
(Troch-Nagels et al., 1992). Another interesting approach
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for the preparation of polyaniline coating on active metals
is two-step deposition in which polyaniline is coated onto
the thin polypyrrole film previously deposited on the
active substrate surface (Lacroix et al, 2000). According
to different authors, electrodeposition of polyaniline on
active substrates from the acidic electrolytes can be
performed from sulfate (Troch-Nagels et al., 1992; De
Berry, 1985) and phosphate (Moraes and Motheo, 2006;
Moraes et al., 2003) solutions.

In this paper we present our results for the
electropolymerization of aniline on the stainless steel
substrates from different acidic media and voltammetric
behavior of the deposits in corrosive environment with
different pH.

EXPERIMENTAL

All electrochemical measurements, including the
cyclovoltammetric polymerization of aniline, were
performed in standard three electrode cell connected to
Princeton Applied Research Potentiostat/Galvanostat
263A controlled by PowerCV software, with
AQ/AYCI(KClsawrates) as reference, platinum foil as
counter and sample as the working electrode. All
potentials are given with respect to Ag/AgCl reference
(0.197 mV vs. SHE). Steel samples (68.287wt% Fe;
16.96wt% Cr; 11,03wt% Ni; <4wt% Mo, Mn, Si, C, S,
P) were cut in form of flag, with the geometric surface
area of 2 cm? in contact with the electrolyte, polished
with emery paper and aluminium oxide and cleaned with
acetone before any measurement or deposition.
Electropolymerization was performed from 0.1 mol dm-
aniline solutions that contained different acids: 1 mol dm
3 H,S04, 3 mol dm H3PO,4 and 1 mol dm= HCI. For the
purpose of making reference materials, anilline was
electropolymerized from all three electrolytes onto the
platinum substrates as well. Also, electrochemical
behaviour of steel was evaluated in all three acids without
aniline. After the deposition, all obtained samples were
left in 1 mol dm® ammonia solution, in order to achieve
total deprotonation and transition into the insulating
emeraldine base form. Voltammetric behavior of the
obtained deposits was evaluated in 0.5 mol dm™ solutions
NaCl with different pH values varying from 0.19 to 6.80.

RESULTS AND DISCUSSION

Figure 1 shows linear polarization response of steel
samples in 1 mol dm sulfuric and hydrocholric acid and
3 mol dm-phosphoric acid. Open circuit potential is ca. -
0.50 V for HCI, -0.44 for H3PO4 and -0.40 V for H;SO..
In sulfate and phosphate medium passivity is pronounced
up to 1.0 V, with the onset of secondary passivation at
1.25 V, while active dissolution begins at 1.7 V. In the
hydrochloric acid, however, passivity window is quite
narrow and active dissolution starts at 0.5 V. This results
imply that hydrochloric acid is not an adequate medium
for the electropolimerization, considering that oxidation
of aniline to its radical cation (first step of aniline
electropolimerization) occurs at potentials higher than 1.0
V, which is potential at which corrosion of substrate in
HCl(aq) occurs at significant rate.

Guti¢ et al.
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Figure 1. Polarization curves for steel substrates in different
aqueous acids, recorded at 1 mV s,

Nevertheless, electropolymerization by cyclic
voltammetry was performed from all three acids on steel
as well as on the platinum, in order to get some insight
into the kinetics of the film formation. Recorded cyclic
voltammograms are given in Figure 2. Regardless of the
electrolyte acid, electropolymerization on platinum is
reflected by typical, well defined voltammograms where
the main electropolymerization features, such as initial
oxidation current and currents from polyaniline redox
processes, are clearly visible. However, comparing peak
currents for the same cycle number reveals some
differences in the film deposition rate, which is in
accordance with observations of other authors (Dui¢ and
Mandi¢, 1992; Wei et al., 1995], where deposition rate
also decrease in order H;SO4 > H3PO, > HCI. Slower
deposition rate leads to the formation of thin films (for
the same number of cycles) and significantly affects film
morphology (Tallman and Bierwagen, 2007). Growth of
electroactive polymer film on steel substrates is clearly
visible for the sulfuric and phosphoric acid electrolytes
(Figure 2), where characteristic redox transitions of
polyaniline can still be observed on the cyclic
voltammograms, together with the currents emerging
from the formation of passive layers. However,
pronounced potential shift of the polyaniline current
peaks towards the more negative and positive values for
the reduction and oxidation sweep respetively indicate
sluggish electron transport, probably due to the poor
electronic conductivity of the passive layer.

Polyaniline film formation from the hydrochloric acid
electrolyte differs significantly from the described cases
with sulfuric and phosphoric acid, as we expected based
on the polarization behavior (Figure 1). During the first
seven cycles (upper voltammogram for PANI-HCI on
steel, Figure 2) oxidation current at 0.65 V decrease and
shift to 0.6 V, while no visible deposit is formed. This
current arises from the active dissolution of steel, which
significantly inhibits deposition of polymer. However, at
the eighth cycle slight increase of the oxidation current at
0.15 V can be observed. As cycling continues, this
current becomes more prominent while polymer deposit



Bulletin of the Chemists and Technologists of Bosnia and Herzegovina 2017, 48, 45-50

becomes visible. One of the plausible explanations for the
observed decrease in dissolution currents and the onset of
polymer film growth in HCI can be inhibition of

H2SOa4

47

dissolution by aniline and its oligomers, formed during
the initial voltammetric cycles.
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Figure 2. Cyclic voltammograms recorded during electropolymerization of aniline from different acids on platinum and stainles
steel. Upper voltammogram for PANI-HCI on steel (right column) represents first seven cycles, while lower voltammogram refers to
higher cycle numbers.

During electropolymerization polyaniline deposits in
form of emeraldine salt (the only conductive form), which
is protonated form of polyaniline with the same number
of amine and imine nitrogen atoms in polymer chain,
where the acidic anion acts as a counter-ion that keeps
polymer electrically neutral. Deprotonation of this form
(which is usually called dedoping) in order to get
emeraldine base is performed after polymerization in 1
mol dm= aqueous ammonia. Sulfate, phosphate and
chloride anions are removed from polyaniline prepared in
this manner leaving space for the protonation (doping)
with components of the corrosion solutions to give the
conducting form, emeraldine salt. Deprotonation of
polyaniline is followed by noticeable color change, as can
be seen in Figure 3.

Figure 3. Polyaniline films before (left) and after (right)
deprotonation

Figure 4 shows electrochemical behavior of polyaniline
film in 0.5 mol dm™ sodium chloride solutions with
varying pH values, electrodeposited from sulfuric acid on
steel. At low pH values all voltammograms exhibit
voltammetric response typical for polyaniline: two well
defined oxidation peaks on 0 and 0.5 V due to the redox
transformation from leucoemeraldine to emeraldine and
emeraldine to pernigraniline, respectively, and their
corresponding reduction peaks. However, with the
increasing of pH those currents gradually fade to finally
give the voltammetric response without any observable
faradaic  current, indicating complete loss of
electrochemical activity of polyaniline. This behavior is
expected because protonation constants of amine and
imine nitrogens dictate the total deprotonation of
emeraldine salt at pH > 4, leaving insulating, redox
inactive emeraldine base.

All samples were also linearly polarized up to 1.8 V in
acidic chloride solution, in order to assess the impact of
polyaniline coating on passivating processes on steel. As
can be seen from the polarization curves in Figure 5,
polyaniline coatings have almost the same current-
potential response, regardless of the acid used for
electropolymerization. Comparing polarization curve for
steel in hydrochloric acid, shown in Figure 1, with curves
curves in Figure 5 leads to the conclusion that polyaniline
widens passive window of steel in acidic chloride
solutions, which can be ascribed to the inherent redox
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activity of polyaniline in acidic medium. This observation
gives the possibility that polyaniline does not act as a
physical barrier but actually protects underlying material
in more complex manner, by keeping it in passive form.
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Figure 4. Cyclic voltammograms of polyaniline films
in 0.5 mol dm sodium chloride solutions with
different pH, deposited from H2SOs electrolyte on
steel substrate.
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Figure 5. Polarization behavior of polyaniline coated
steelsamples in acidic sodium chloride solution (pH =
0.19)
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CONCLUSION

Electrochemical polymerization of aniline on stainless
steel substrate was successfully performed from all three
electrolytes, with the highest rate of deposition achieved
in sulfuric acid. Polymerization from hydrochloric acid is
hindered and followed by simultaneous dissolution of
steel, which is slower after the formation of first visible
polymer deposits.

Beside obvious differences in polymerization processes
all coatings have similar electrochemical performance.
Open circuit potentials for all PANI-modified samples in
acidic sodium chloride solutions have values that fit into
the passive window of steel substrates in the same
solution, which indicates the possibility that polymer
coating improves stability of the passive layer. However,
the same cannot be concluded for the higher pH sodium
chloride environments, where the redox behavior of
polyaniline is hindered or totally prevented.
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Summary/SaZetak

Polianilinski filmovi su elektrodeponovani na supstratima od nehrdajuceg celika iz rastvora anilina sa razliéitim
kiselinama. Kinetika rasta polimernog filma je diskutovana u svjetlu krozoionog ponaSanja ¢eli¢nih supstrata u Cistim
kiselinama. Siroko pasivno podrudje u sulfatnoj i fosfatnoj kiselini omoguéava pocetnu oksidaciju anilina i posljediénu
depoziciju polimera, bez prateCeg rastvaranja legure. S druge strane, u hloridnoj kiselini dolazi do aktivnog rastvaranja
supstrata na potencijalima potrebnim za oksidaciju anilina. Medutim, formiranje polimernih depozita je mogucée ¢ak i u
ovom slucaju, vjerovatno usljed inhibicijskog efekta anilina ili oligoanilina nastalih tokom pocetnog perioda anodne
polarizacije. Svi dobijeni filmovi pokazuju elektroaktivnost u sredinama sa niskim pH vrijednostima, dok istu potpuno

gube pri ve¢im pH vrijednostima.



Glasnik hemiéara i
tehnologa
Bosne i Hercegovine

Print ISSN: 0367-4444 UDC:
Online ISSN: 2232-7266 Review

Bulletin of the Chemists and Technologists 2017

of Bosnia and Herzegovina
48

51-58

Many roles of melatonin: diversity and complexity of reaction

pathways

Galijasevic, S.

School of Science and Technology, Sarajevo Medical School, Department of Medical Chemistry and Biochemistry

Sarajevo, Bosnia

Article info
Received: 29/05/2017
Accepted: 14/06/2017

Keywords:melatonin, peroxidase, free
radicals, inhibition, inflammation,
myeloperoxidase, antioxidant,
inflammatory enzymes

*Corresponding author:
Semira Galijasevic
semira.qgalijasevic@ssst.edu.ba

Abstract: Melatonin (N-acetyl-5-methoxy tryptamine) is well known as a free radical
scavenger and antioxidant involved in different biological and physiological regulation
such as modulation of circadian rhythms, seasonal reproduction, retinal physiology and
sleep regulation. Synthetic melatonin is available commercially, and its supplements have
been used clinically to treat a variety of medical conditions such as jet lag, shift work and
sleep disorders. Recent studies demonstrated that melatonin serves as an inhibitor of
myeloperoxidase (MPO) under physiological-like conditions. Melatonin-dependent
inhibition of MPO occurred with a wide range of concentrations that span various
physiological and supplemental ranges. Myeloperoxidase is enzyme involved in
leukocyte-mediated host defenses but plays a pathogenic role during chronic inflammatory
conditions. MPO levels implicate inflammation in the walls of coronary arteries, which in
turn, may indicate a risk for heart disease or heart attack. Thus, supplementary
concentrations of melatonin can influence physiological and pathophysiological role of
MPO. In addition, MPO modulates nitric oxide production, so melatonin can indirectly
affects nitric oxide concentration. Amounting evidence shows new emerging role of
melatonin and its metabolites beyond the classic one. This review focuses on newly
discovered mechanistic pathways of melatonin activity that has to be taken into
consideration when discussing pharmacological uses of melatonin.

INTRODUCTION

The neurological hormone melatonin  (N-acetyl-5-
methoxy tryptamine) was first isolated from pineal gland
and identified in 1958 (Lerner, Case and Takahashi,
1958). Hormone role in circadian rhythm was detected
soon after that (Amstrong et al.1986). In 1991, lanas et
al. reported free radical scavenging activity of melatonin
but also observed prooxidant activity. Tan et al. in 1993
confirmed free radical scavenging activity of melatonin.
Since then, a numerous in vitro and in vivo studies
demonstrated ability of melatonin to scavenge reactive
oxygen and nitrogen species including hydroxyl radical,
superoxide ion, peroxy radicals, singlet oxygen, nitric
oxide, peroxynitrate and its metabolites

(Reiter et al., 2008;Tan et al,1993; Galano et al.,2011).
Later, important discovery of melatonin ability to
stimulate some important antioxidative enzymes such as
superoxide dismutase, glutathione peroxidase, and
glutathione reductase followed (Hardeland, 2005) adding
another beneficial role of melatonin in regards to
oxidative stress. In addition, some research suggested that
melatonin can inhibit hydrogen peroxide (H.O>)-induced
lipid peroxidation and lipoprotein modification. However,
the possible in vivo reaction pathways for these properties
have yet to be identified (Hardeland, 2005 Schaffazick et
al., 2005). Classical role of melatonin has been confirmed
many times showing melatonin involvement in different
biological and physiological functions such as modulation
of circadian rhythms (Dawson and Armstrong, 1996),
seasonal  reproduction  (Dardente, 2012), retinal
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physiology (Wiechmann and Sherry, 2013) and sleep
regulation (Claustrat, 2005). Number of reviews
explained, in detail, these functions (Pandi-Perumal et al.,
2006) including free radical scavenging activity but
antioxidant ability of melatonin drew the most attention.
Mitigating harmful effect of oxidative stress by melatonin
looked promising for the treatment of a number of
diseases although increased flux of free radicals is
secondary effect rather than cause of a many
pathophysiologies. Synthetic melatonin is available
commercially, and its supplements have been used
clinically in a variety of medical conditions such as jet
lag, shift work, and circadian rhythm sleep disorders,
cancer, longevity and antioxidant therapy, sepsis, and
neurodegenerative  disorders  (Kostoglou-Athanassiou,
2013; Srinivasan et al., 2013).

However, melatonin is the substance that has not been
regulated by the U.S. Food and Drug Administration, and
as a dietary supplement is widely available in forms of
different preparations with unknown concentrations of
active substance. No data about safety and active dose is
available. Due to the relatively low physiological levels
of melatonin in human tissue, melatonin has been
recommended as a supplement for a wide variety of
conditions in doses ranging from 0.3 to 1000 mgs/day
given for 1-4 weeks. In clinical studies, a wide range of
melatonin doses have been used, including "low-dose"
(0.1 to 1.0 mgs) for jet lag and insomnia in the elderly,
“moderate-doses” (5 and 10 mgs), often taken by mouth
30 to 60 minutes prior to sleep time for disturbances in
children with neuro-psychiatric disorders and bipolar
disorder, or “high dose” (50 to 1200 mgs) for treating
cancer and migraine headaches (Altun and Ugur-Altun,
2007).

One of the issues related to the melatonin beneficial effect
is what can be considered as biological and
pharmacological concentration. When analyzing this,
several issues have to be taken into account:

a. Melatonin is produced in pineal and non pineal

sites. Non pineal concentrations can reach
micromolar levels while pineal melatonin is
generally in pico to nanomolar range.
However, melatonin is also synthesized non
pineal sites such bone marrow (Conti et al.,
2000), gastrointestinal tract (Bubenik, 2002),
leukocytes (Hardeland et al.,2011), lymphocytes
(Calvo et al.,2013), skin (Slominski et al., 2005),
airway epithelium (Kvetnoy, 1999). Melatonin
concentration in these cells is much higher than
those normally found in the blood and it does not
seem to be regulated by the photoperiod.
Mounting evidence shows that
extrapineal melatonin as a key paracrine signal
molecule with significant role in intercellular
interactions.

b. Pineal melatonin easily crosses into circulation
what is not a case with nonpineal melatonin
where only small concentrations are released in
circulatory system.

c. Melatonin can be metabolized enzymatically and
nonenzymatically in the presence of free
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radicals. Thus, total oxidative stress has effect on
final catabolism of melatonin.

d. Melatonin catabolic products AMFK and AMK
are also strong free radical scavengers but of
different reactivity towards different free

radicals.
e. Melatonin has an  immunomodulatory effect
and upregulates antioxidant and

proinflammatory enzymes (Deng et al., 2006;
Rodriguez et al.,2004)

f. Drug interactions also influence the
bioavailability of melatonin. (Hartter et al.,
2000)

g. Melatonin modulates inflammatory enzyme
myeloperoxidase and through the interactions of
MPO with nitric oxide synthase regulates
production of nitric oxide. (Galijasevic et al.,
2008; Galijasevic et al., 2003)

h. General conditions such as age, total health
status, antioxidant levels, over the counter and
prescribed medications affect outcome of the
melatonin therapy

Considering the variety of reactions pathways that
melatonin can be involved and multiplicity of
intracellular effects in it is clear that its concentration
significantly direct outcome of the study especially in a
complex biological milieu. In addition, no detailed dose
studies have ever been done in relationship with
particular condition.  Generally, classical view of
melatonin as a cronobiotic and antioxidant molecule with
submolar circulating concentrations  still  persists.
However this approach is insufficient and several new
reactions pathways deserve attention and additional
research. A variety of melatonin actions is presented in
Figure 1.

MELATONIN REACTIVITY }

Direct antioxidant] \
— Metal detoxification
Chronobiotic

Free radical scavenger
Prevention of free radical
formtion
Immunomodulatory
agent \ Peroxidase regulation and inhibition]

Upregulation of
antioxidative enzymes
1. Suppresion of proinflammatory
mediators /
-——2. Inhibition of NO formation

Decrease of nitrosative damage

—

Figure 1. Multiple modes of melatonin actions

Reaction mechanism of melatonin

a. Catabolic pathways
Melatonin synthesized by the pineal gland is released into
the bloodstream and then into other bodily fluids,
including cerebral spinal fluid (CSF) (Rousseau et al.,
1999) saliva, (Vakkuri, 1985) and bile (Tan et al.,1999).
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Both, endogenous and administered melatonin are
generally considered to be metabolized in humans in the
presence of cytochrome P450, forming  6-
hydroxymelatonin (6-HMEL) followed by sulfate or
glucuronide conjugation to 6-hydroxymelatonin sulfate or
6-hydroxymelatonin glucuronide and excreted in urine
(Younget al., 1985). However, melatonin is present in
many tissues that do not have hepatic cytochromes P450,
thus, tissue levels may not necessarily be a function of
rates of hepatic metabolism or even directly related to
plasma concentrations (Reiter et al., 2003).

Second conversion pathway involves oxidation reaction
e.g., by indoleamine 2,3-dioxygenase, myeloperoxidase,
oxoferryl-Hb, hemin and a number of free radical such as
O+, *OH + O+~ CO3+~ 10, O3, aromatic cation radicals
and Oye7, giving one of the most important melatonin
metabolites, AFMK (N*-acetyl-N2-formyl-5-
methoxykynuramine). In reaction with hydroxyl radical,
melatonin can convert to c¢3-OHM (cyclic 3-
hydroxymelatonin) that in the presence of another
hydroxyl radical molecule forms AFMK. Deformylation

of AFMK by hemoperoxidase and arylamine
formamidase gives AMK (N*-acetyl-5-
methoxykyunaramine). Interestingly without

administration of exogenous melatonin, serum levels of
AFMK were undetectably low (Harthe et al., 2003;
Rozov et al.,2003). Several metabolites of melatonin have
been detected in a different tissues, cells and urine (Tan et
al., 2003). AMFK and AMK are generally considered as
major most important metabolites of melatonin, probably
due to their strong free radical scavenging activities.
Recent review pointed out that direct free radical
scavenging activity may be relevant when concentrations
of melatonin are high, and some of the oxidative reactions
might be valid when done in isolate system, but questions
about potency of this type of melatonin activity in
biological systems remain to be investigated more
(Hardeland et al., 2008). The multiplicity of enzymatic
and nonenzymatic catalysts capable of forming AFMK
show the complexity of reactions mechanisms and
difficulty to determine exact beneficial melatonin dose.
Number of clinical studies showed excellent results in the
treatment of different physiological conditions and
disease. However, there are also a number of conflicting
studies showing no or a little improvement after
melatonin therapy. Study investigating efficacy and
safety of exogenous melatonin for secondary sleep
disorders and sleep disorders accompanying sleep
restriction concluded that there is no evidence that
melatonin is effective in treating secondary sleep
disorders or sleep disorders accompanying sleep
restriction, such as jet lag or shift work disorder. There is
evidence that melatonin is safe with short term use, but
additional studies are needed to determine its long-term
safety (Buscemi et al., 2006). Del Fabbro et al. tested
results of prior studies that suggested that melatonin can
attenuate weight loss, anorexia, and fatigue in patients
with cancer. The primary purpose of their study was to
compare melatonin  with placebo for appetite
improvement in patients with cancer cachexia. In
cachectic patients with advanced cancer, oral melatonin,
20 mg, at night did not improve appetite, weight, or
quality of life compared with placebo. Singer et al (Singer

et al., 2003 ) conducted a research to determine the safety
and efficacy of 2 dose formulations of melatonin for the
treatment of insomnia in patients with Alzheimer's
disease. No statistically significant differences in
objective sleep measures were seen between baseline and
treatment periods for the any of the 3 groups: placebo,
taking 2.5-mg slow-release melatonin, or 10-mg
melatonin. Nonsignificant trends for increased nocturnal
total sleep time and decreased wake after sleep onset were
observed in the melatonin groups relative to placebo.
Year before, Cardinalli et al. report the effect of
melatonin (4-month-long treatment with 6 mg/day) in 45
AD patients with sleep disturbances. Melatonin improved
sleep and suppressed sundowning, an effect seen
regardless of the concomitant medication employed to
treat cognitive or behavioral signs of AD. Melatonin
treatment seems to constitute a selection therapy to
ameliorate sundowning and to slow evolution of cognitive
impairment in AD patients. Considerable evidence
confirmed that melatonin can inhibit LDL oxidation that
in turns plays an important role in the development of
atherosclerosis [Reiter et al., 2008]. One of the more
detailed studies investigated in vitro protective effects of
melatonin against oxidation of 1-palmitoyl-2-linoleoyl-
sn-glycero-3-phosphocholine (PLPC). Liposomes and
low-density lipoproteins conjugated dienes (CD) and
hydroperoxides from cholesteryl esters (CEOOH) and
phospholipids (PCOOH) were measured as indices of
lipid peroxidation (Marchetti et al., 2011).Melatonin was
efficient in lowering lipid peroxidation in LDL, as shown
by the decrease in the formation of CDs and
hydroperoxides. ~ Authors clearly mentioned that
melatonin protections was based on free radical
scavenging effect of melatonin since hydroxyl radical was
directly involved in LDL oxidation. Another study
performed in more complex experimental system showed
that daily melatonin supplementation in mice increases
atherosclerosis in proximal aorta. This study suggests that
caution should be taken as regards high melatonin dosage
in hypercholesterolemic patients (Tailleux et al., 2002).
Clearly, number of factors mentioned earlier in the text
can influence the result of the studies. Multiplicity of
reaction pathways and concentration of used melatonin
and, in addition, age, physiology of pineal gland,
oxidative stress, antioxidative and proxidative enzyme
status when clinical studies are in question makes it
difficult to obtain definitive answers on beneficial effect
of melatonin. The possibility of additional undetected or
concentration -dependent reaction mechanisms, either of
melatonin or one if its metabolites, adds to the complexity
of any type of studies.

b. Metal Chelator

Many studies have investigated link between metal-
induced toxicity and carcinogenicity, and connected it to
ability of metals to catalyze generation of reactive oxygen
and nitrogen species in biological systems. Metal-
mediated formation of free radicals results in
modifications to DNA bases as well as can enhance lipid
peroxidation. Biological studies showed that melatonin
can protect against DNA oxidation and lower lipid
peroxidation. (Reiter et al., 2008). Antioxidative activity
of melatonin is generally accepted as one of the
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mechanism that alleviates metal induced toxicity and
oxidative changes on the system. Melatonin molecule
being composed of a 5-methoxyindole group and an N-
ethylacetamide group with nitrogen and oxygen atoms
has also a potential ability to act as a metal chelator. The
metal chelation ability of melatonin is mentioned
marginally in literature reviews. In 1998, Limson et al.
showed that melatonin formed complexes with
aluminium (111), cadmium (I1), copper (I1), iron (111), lead
and zinc suggesting metal detoxification role of melatonin
in biological system. The metal chelating ability of
melatonin was concentration dependent (Limson et al.,
1998; Gulcin et al., 2002). Clearly, complex formation is
dependent on amounts of available metal ions that can
vary in different tissues and on melatonin concentrations.
As a result, different melatonin concentrations are
necessary for the complete formation of stable complexes
that have significant consequences if melatonin is used as
a detoxification agent in biological systems. Interestingly,
experiments with iron showed that melatonin can bind
iron (111) not to iron (1) thus blocking generation of free
radical via the Fenton reaction. Parmar et al. found that
melatonin affords some protection to rat hepatocytes in
the presence of copper. Electrochemical studies show that
melatonin, in addition to binding Cu®*, may provide
protection against copper-mediated free radical damage
by binding Cu'*. Lack et al. showed that melatonin form
complexes with lithium, potassium, sodium and calcium.
The stability of the complexes formed between melatonin
and the metals decreased with the metals as follows:
K*>Li*>Na*>AIF*>Ca?* .Another study evaluated the
metal chelating and hydrogen peroxide (H202)
scavenging activity of melatonin (Gulcin et al., 2003 ).
The metal chelating activity increased with increasing
concentrations of melatonin (20-60 pg/mL). Based on
these results, it is concluded that melatonin is an effective
metal chelating agent. Interestingly, most of the studies
showed the ability of melatonin to bind metal ions but a
definitive mechanism is not known yet. One possible
mechanism, in a complex biological milieu, is simple
scavenging activity of free radicals like hydroxyl radicals
generated in vivo from the metal-catalyzed breakdown of
hydrogen peroxide, according to the Fenton reaction
(Liochev and Fridovich 2002). However, O’Halloran and
co-workers recently reported that the upper limit of so-
called “free pools” of copper was far less than a single
atom per cell (Rae et al., 1999). This data imply that
Fenton like reaction when copper is present is not feasible
under these conditions. Thus, possibility of direct
interaction of melatonin with metal ions forming
complexes is another valid mechanistic pathway. We
recently showed by using UV and IR spectroscopy direct
formation of Cu-Melatonin complex on solutions where
hydrogen peroxides was not present thus excluding free
radical formation (Galijasevic, 2013 ). This study is initial
one, done with varying copper and melatonin
concentrations in order to find conditions necessary for
the complex formation. Further experiments in biological
systems need to be done to test whether chelation
reactions is possible in more complex system. Another
interesting metal that has deleterious effect on cells is
mercury. Study showed that a 24-hour exposure to 50
pg/L mercury induced significant cell cytotoxicity in
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neuroblastoma cells (Galijasevic et al.,2000). Treatment
of cells with melatonin before administration of mercury
greatly reduced the mercury-induced cytotoxicity.
Mechanism is not known but authors suggested that either
chelation activity is present or melatonin causing
production of increased levels of intracellular
antioxidants such as glutathione .It is not excluded that
both  these  mechanisms could be  operating
simultaneously.

More detailed studies are needed in order to confirm
metal chelating abilities of melatonin, including
experimental conformation of formed complex,
determination of ligand donor atoms and molecular
geometry of formed complex. In addition, Kinetic of
complex formation and determination of complex
electrochemical potentials would give definitive answer
on mechanism of melatonin interactions with metals.
However, those results would not imply that exact
mechanism exist in biological systems, simply because of
complexity of studied systems and melatonin
antioxidant activity and as a new research shows different
enzymes inhibitory activity.

¢. Enzyme inhibitor

Myeloperoxidase (MPO) is one of the most abundant
enzymes in neutrophils and monocytes, involved in
leukocyte-mediated host defenses. It is also thought to
play a pathogenic role under certain circumstances such
as during inflammatory tissue injury and chronic
inflammatory conditions (Nicholls and, Hazen, 2004).
MPO has been recently reported to be useful for
identifying inflammation in the walls of coronary arteries,
which in turn may indicate a risk for heart disease or heart
attack (Weiss, 1988). Thus, inhibiting MPO may be a key
step in the prevention of pathophysiology of LDL
oxidation. MPO uses H.0- generated during a respiratory
burst as co-substrate to form cytotoxic oxidants and
diffusible radical species. Evidence suggests that MPO-
mediated reactive oxidants can promote protein nitration,
lipid peroxidation, amine chlorination, and thiol
nitrosylation. Recent review summarized catalytic cycle
of MPO and corresponding inflammatory injury by a
different mechanism (Arnhold and Flemming, 2010). At
plasma levels of halides, chloride (CI") is a major co-
substrate for MPO and the cytotoxic oxidant,
hypochlorous acid (HOCI), is produced. In addition to
HOCI, MPO can generate a variety of reactive oxidant
species, multiple distinct protein and lipid oxidation
products, which have been identified in tissues associated
with atherosclerosis and other inflammatory conditions
(Shishehbor and Hazen, 2004 ). The ground state
(secreted) form of the enzyme, reacts in a rapid and
reversible manner with H,O; to form Compound 1. This
redox intermediate oxidizes halides via a single two e
oxidation step to their respective hypohalous acids.
Alternatively, Compound | may oxidize multiple
substrates through two sequential one e steps forming
Compound 1l and ground state enzyme, respectively.
Enhancement in peroxidase catalysis due to reduction of
MPO-Compound Il has been noted with a series of
physiological reductants like superoxide (O2%),
melatonin, tryptophan, nitric oxide (NO), and ascorbic
acid (Lee et al., 1991; Hallingbéck et al., 2006; Kettle
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and Candaeis, 2000). Oxidation of melatonin was first
observed by activated neutrophils in a reaction involving
myeloperoxidase (Silva et al., 2000). In order to clarify if
melatonin is a substrate of MPO, Allegra et al
investigated the oxidation of melatonin by MPO redox
intermediates, compounds | and 11 (Allegra et al., 2001).
Spectral and kinetic analysis revealed that both
intermediates compound | and compound Il oxidize
melatonin via one-electron processes. Authors concluded
that that the rate of oxidation of melatonin is dependent
on the H,O; concentration and is not affected by
superoxide dismutase.  Another study proposes that
melatonin serves as potent inhibitor of MPO under
physiological-like conditions (Galijasevic et al., 2003). In
the presence of CI, melatonin inactivated MPO at two
points in the classic peroxidase cycle through binding to
MPO to form an inactive complex, melatonin-MPO-Cl,
and accelerating MPO compound Il formation, an
inactive form of MPO. Inactivation of MPO was
mirrored by the direct conversion of MPO-Fe(lll) to
MPO compound Il without any sign of compound I
accumulation. This behavior indicates that melatonin
binding modulates the formation of MPO intermediates
and their decay rates. Melatonin-dependent inhibition of
MPO occurred with a wide range of concentrations that
span various physiological and supplemental ranges.
More importantly, the oxidized form of melatonin, N*-
acetyl-N2-formyl-5-methoxynuramine (AFMK) has no
effect on MPO catalytic activity, but functions as a potent
antioxidant due to its ability to serve as free radical
scavenger. This interplay between MPO and melatonin
may have a much broader application in biological
systems. Thus, inactivation of MPO and its catalytic cycle
can be controlled effectively by  melatonin
supplementation. Indeed, when the melatonin
concentration is less than twice the H,O, concentration,
H202 consumption proceeds in a slower and linear
manner and MPO returns to its ground state after
melatonin oxidation. This behavior clearly demonstrates
that MPO is capable of restoring its catalytic activity and
rejoining the peroxidase cycle after melatonin exhaustion.
On the other hand, when the melatonin concentration is
greater than twice the H,O, concentration, the initial slow
phase of H,O, consumption remains at the same rate
through the progression of the reaction and ceases when
H20, is completely consumed. Clearly, melatonin
concentrations used in inflammatory event controls
reaction pathways and inhibition of MPO activity that in
turns regulates HOCI production and possible deleterious
effect on the biological environment. Effect of melatonin
inflammatory events by MPO inhibition has the broader
consequences on pathophysiologies where nitric oxide is
involved. Nitric oxide is directly involved in MPO
catalytic mechanism by a number of different pathways
modulating MPO activity and contributing to the
detrimental effect of MPO system at the sites of enzyme
expression. NO serves as both a ligand and a substrate for
MPO, and the overall effect of NO on the catalytic
activity depends on the affinity of MPO for NO vs. H;0;
and their concentrations. Another mechanism of
interactions between MPO and iNOS suggest that the
MPO system consumed NO released by iNOS during
steady-state catalysis, thereby preventing the NO-induced

inhibition attributed to the formation of the iINOS-nitrosyl
complex. Thus, removal of NO from the iNOS milieu by
the MPO system during steady-state catalysis causes a
significant increase in iINOS catalytic activity.
Myeloperoxidase, acting as a sink for NO efficiently
activates iNOS preventing shutdown of the NO
production system (Galijasevic et al., 2003). Numbers of
studies have shown that melatonin influence the
bioavailability of NO by inhibition of NO synthase
activity (Aydogan et al., 2006). Besides enzyme
inhibition melatonin, AMFK, and AMK can scavenge NO
and peroxynitrite. The highest reactivity towards radical
nitrogen species has AMK, but its formation dependents
on a number of factors mentioned earlier. Melatonin dose
of 1 microM-ImM inhibits NO production in
immunostimulated macrophages mainly by inhibiting the
expression of INOS. (Gilad et al.,, 1998). Tested
concentrations are very high even for a nonnpinela sites
of melatonin production, and inhibition can only be
achieved when pharmacological doses of melatonin are
taken. Even in that case, it is not clear whether such
concentrations can be achieved at the needed sites due to
the variety of melatonin reaction pathways.  Another
study confirmed too that, besides its antixodant activity,
melatonin inhibits peroxynitrite formation by inhibition
of the enzyme nitric oxide synthase in some brain
tissues (Leon et al., 2004). Experiments in vivo showed
that melatonin administration prevents sepsis-induced
electron transport chain damage decreasing the activity
and expression of INOS and mtNOS, thus reducing
intramitochondrial nitric oxide (NO) and peroxynitrite
(ONOO-) levels (Acufa-Castroviejo et al., 2003 ).
Melatonin improved vascular function in experimental
hypertension, reducing intimal infiltration and restoring
NO production. Melatonin improved the NO pathway
also in animal models for the study of diabetes and
prevented NO down-regulation and adhesive molecules
up-regulation in nicotine-induced vasculopathy (Rodella
et al., 2013). The question about most preferred reaction
mechanism of melatonin still remains unanswered.
Whether melatonin concentrations have an effect on a
preferred mechanism is still unknown too. In addition,
presence of myeloperoxidase at the sites of inflammation
and interplay between MPO, NO and iNOS adds to the
complexity of melatonin reactions pathways.

At the sites of inflammation melatonin can act as free
radical scavenger of already formed NO and ONOO,
inhibit NOS production, act as a substrate for MPO
compounds | and Il or inhibit MPO and block H;0-
consumption and modulate interplay between MPO and
iNOS, thus indirectly affecting production of NO. Which
mechanism will be predominating one, or what can act as
an efficient switch between possible reaction pathways is
not experimentally shown yet. Interactions of iNOS,
MPO and free radicals at the sites of inflammation with
melatonin are presented in Figure 2. Presented reaction
pathways are not intended to be comprehensive and only
major reactions are shown due to the clarity.
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Figure 2. Involvement of melatonin multiple reaction pathways at the sites of inflammation. Melatonin can exert its effect by free radical
scavenging, myeloperoxidase inhibition, nitric oxide syntahase inhibition or acting as a substrate for myeloperoxidase. Each action will result
with a cascade of reactions with a different outcome

CONCLUSION

Melatonin like no other molecule drew attention as a
natural supplement with a numerous beneficial effects.
Most of these claims are based on a melatonin ability to
scavenge harmful free radicals. Research shows that
melatonin reactivity comprises many different reaction
pathways. It is reasonable to conclude that different
conditions of system that is treated melatonin and other
reactants concentrations, and melatonin metabolites
availability influence the final outcome. Some of the
most reactions pathways such as modulation of
inflammatory enzymes and possible metal detoxifications
deserve more attention. Definitive dose-response studies
are needed if beneficial effect

of melatonin is going to be established. In addition,
concentration and type of free radicals

that can actually be scavenged by melatonin need to be
tested and compared to the antioxidant present in the
biological system Melatonin is remarkable molecule with
a variety of biological roles showing a promising role in a
treatment of variety conditions and diseases justifying
additional systematic research.
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Melatonin (N-acetil-5-metoksi-triptamin) je poznat kao skuplja¢ slobodnih radikala i antioksidans koji sudjeluju u

razli¢itim bioloskim i fizioloSkim regulacijama kao $to su modulacija cikardijarnog ritma, sezonske reprodukcije,

fiziologija retine i regulacija sna. Sintetski melatonin je komercijalno dostupan, a njegovi su dodaci klini¢ki koriSteni za

lijecenje razlicitih medicinskih stanja kao §to su jet lag, smetnje u radu i poremecaji spavanja. Nedavne studije pokazale su

da melatonin sluzi kao inhibitor mijeloperoksidaze (MPO) u fizioloSkim uvjetima. Melatonin inhibira MPO pri razli¢itim

koncentracijama Sto moZe utjecati na fizioloSku i patofiziolosku ulogu MPO. Osim toga, MPO modulira proizvodnju

nitrogen oksida, tako da melatonin moZe neizravno utjecati na koncentraciju nitrogen oksida. Brojni dokazi pokazuju

novu ulogu melatonina i njegovih metabolita pored klasi¢ne uloge . Ovaj rad analizira novootkrivene mehanisti¢ke

puteve aktivnosti melatonina koje treba uzeti u obzir pri primjeni melatonina u farmakoloske svrhe.
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(for instance: w/w %, vol.%, mol.% ) but the quantity measured has to be named, e.g.
mass fraction, w=95 %; amount (mole) fraction, x=20 %.

Latin words, as well as the names of species, should be in italic, as for example: i.e,
e.g., in vivo, ibid, Artemisia annua L., etc. The branching of organic compound should also
be indicated in italic, for example, n-butanol, tert-butanol, etc.

Decimal numbers must have decimal points and not commas in the text (except in
the Bosnian/Croatian/Serbian abstract), tables and axis labels in graphical
presentations of results. Thousands are separated, if at all, by a comma and not a point.

Structure of the Manuscript
The manuscript must contain, each on a separate page, the title page, abstract in
English, (abstract in Bosnian/Croatian/Serbian), graphical abstract (optional), main text,
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list of references, tables (each table separately), illustrations (each separately), and

legends to illustrations (all on the same page).

1.

Title page must contain: the title of the paper (bold letters), full name(s) of the
author(s), full mailing addresses of all authors (italic), keywords (up to 6), the phone
and fax numbers and the e-mail address of the corresponding author.

A one-paragraph abstract written of 150-200 words in an impersonal form

indicating the aims of the work, the main results and conclusions should be given

and clearly set off from the text. Domestic authors should also submit, on a separate
page, a Summary/Sazetak. For authors outside Bosnia and Herzegovina, the Editorial

Board will provide a Bosnian/Croatian/Serbian translation of their English abstract.

Authors are encouraged to submit a graphical abstract that describes the subject

matter of the paper. It should contain the title of the paper, full name(s) of the

author(s), and graphic that should be no larger than 11 cm wide by 5 cm tall. Authors
are fully encouraged to use Graphical Abstract Template.

Main text should have the following form:

- Introductionshould include the aim of the research and a concise description of
background information and related studies directly connected to the paper.

- Experimental section should give the purity and source of all employed
materials, as well as details of the instruments used. The employed methods
should be described in sufficient detail to enable experienced persons to repeat
them. Standard procedures should be referenced and only modifications
described in detail.

- Results and Discussionshould include concisely presented results and their
significance discussed and compared to relevant literature data. The results and
discussion may be combined or kept separate.

- The inclusion of a Conclusionsection, which briefly summarizes the principal
conclusions, is highly recommended.

- Acknowledgement (optional).

- Please ensure that every reference cited in the text is also present in the
reference list (and vice versa). Unpublished results and personal communications
are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the
standard reference style of the journal and should include a substitution of the
publication date with either "Unpublished results" or "Personal communication”
Citation of a reference as "in press" implies that the item has been accepted for
publication. As a minimum, the full URL should be given and the date when the
reference was last accessed. Any further information, if known (DOI, author
names, dates, reference to a source publication, etc.), should also be given. No
more than 30 references should be cited in your manuscript.

In the text refer to the author's name (without initials) and year of publication
(e.g. "Steventon, Donald and Gladden (1994) studied the effects..." or "...similar to
values reported by others (Anderson, Douglas, Morrison, et al., 1990)..."). Type
the names of the first three authors at first citation. At subsequent citations use
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first author et al. The list of references should be arranged alphabetically by

authors' names and should be as full as possible, listing all authors, the full title of

articles and journals, publisher and year.

Examples of reference style:

a) Reference to a journal publication:
Warren, J. J., Tronic, T. A.,, Mayer, J. M. (2010). Termochemistry of proton-
coupled electron transfer reagents and its implications. Chemical Reviews, 110
(12), 6961-7001.

b) Reference to a book:
Corey, E. J., Kurti, L. (2010). Enantioselective chemical synthesis. (1st Ed.) Direct
Book Publishing, LLC.

c) Reference to a chapter in an edited book:
Moody, J. R., Beck II, C. M. (1997). Sample preparation in analytical chemistry.
In Setlle, F. A. (Ed.), Handbook of instrumental techniques for analytical
chemistry. (p.p. 55-72). Prentice Hall.

d) Reference to a proceeding:
Seliskar, C. J., Heineman, W.R,, Shi, Y., Slaterbeck, A.F., Aryal, S., Ridgway, T.H.,,
Nevin, J.H. (1997). New spectroelectrochemical sensor, in Proceedings of 37th
Conference of Analytical Chemistry in Energy and Technology, Gatlinburg,
Tenesee, USA, p.p. 8-11.

e) Patents:
Healey, P.]., Wright, S.M., Viltro, L.J., (2004).Method and apparatus for the
selection of oral care chemistry, The Procter & Gamble Company Intellectual
Property Division, (No.US 2004/0018475 A1).

f) Chemical Abstracts:
Habeger, C. F., Linhart, R. V., Adair, ]. H. (1995). Adhesion to model surfaces in
a flow through system. Chemical Abstracts, CA 124:25135.

g) Standards:
IS0 4790:1992. (2008). Glass-to-glass sealings - Determination of stresses.

h) Websites:
Chemical Abstract Service, www.cas.org, (18/12/2010).

- Tables are part of the text but must be given on separate pages, together with
their captions. The tables should be numbered consequently in Latin numbers.
Quantities should be separated from units by brackets. Footnotes to tables, in size
10 font, are to be indicated consequently (line-by-line) in superscript letters.
Tables should be prepared with the aid of the Word table function, without
vertical lines. Table columns must not be formatted using multiple spaces. Table
rows must not be formatted using Carriage returns (enter key; < key). Tables
should not be incorporated as graphical objects.

- Figures and/or Schemes (in high resolution) should follow the captions, each on
a separate page of the manuscript. High resolution illustrations in TIF or EPS
format (JPG format is acceptable for colour and greyscale photos, only) must be
uploaded as a separate archived (.zip or .rar) file.
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Figures and/or Schemes should be prepared according to the artwork
instructions.

- Mathematical and chemical equations must be numbered, Arabic numbers,
consecutively in parenthesis at the end of the line. All equations should be
embedded in the text except when they contain graphical elements (tables,
figures, schemes and formulae). Complex equations (fractions, inegrals, matrix...)
should be prepared with the aid of the Word Equation editor.

Artwork Instructions

Journal accepts only TIF or EPS formats, as well as JPEG format (only for colour and
greyscale photographs) for electronic artwork and graphic files. MS files (Word,
PowerPoint, Excel, Visio) are NOT acceptable. Generally, scanned instrument data sheets
should be avoided. Authors are responsible for the quality of their submitted artwork.

Image quality: keep figures as simple as possible for clarity - avoid unnecessary
complexity, colouring and excessive detail. Images should be of sufficient quality for the
printed version, i.e. 300 dpi minimum.

Image size: illustrations should be submitted at its final size (8 cm for single column
width or 17 cm for double column width) so that neither reduction nor enlargement is
required.

Photographs: please provide either high quality digital images (250 dpi resolution)
or original prints. Computer print-outs or photocopies will not reproduce well enough
for publication. Colour photographs rarely reproduce satisfactorily in black and white.

The facility exist for color reproduction, however the inclusion of color photographs
in a paper must be agreed with Editor in advance.

Reporting analytical and spectral data
The following is the recommended style for analytical and spectral data
presentation:
1. Melting and boiling points:
mp 163-165°C (lit. 166°C)
mp 180°C dec.
bp 98°C
Abbreviations: mp, melting point; bp, boiling point; lit,, literature value; dec,
decomposition.
2. Specific Rotation:
[a]?3p -222 (¢ 0.35, MeOH).
Abbreviations: a, specific rotation; D, the sodium D line or wavelength of light
used for determination; the superscript number, temperature (°C) at which the
determination was made; In parentheses: ¢ stands for concentration; the number
following c is the concentration in grams per 100 mL; followed by the solvent
name or formula.
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3. NMR Spectroscopy:
1H NMR (500 MHz, DMSO-ds) d 0.85 (s, 3H, CHs), 1.28-1.65 (m, 8H, 4'CHz),
4.36-4.55 (m, 2H, H-1 and H-2), 7.41 (d, / 8.2 Hz, 1H, ArH), 7.76 (dd, ] 6.0, 8.2 Hz,
1H, H-1"), 8.09 (brs, 1H, NH).
I3C NMR (125 MHz, CDCI3) d 12.0, 14.4, 23.7, 26.0, 30.2, 32.5, 40.6 (C-3), 47.4 (C-
2"),79.9,82.1,120.0 (C-7), 123.7 (C-5), 126.2 (C-4).
Abbreviations: d, chemical shift in parts per million (ppm) downfield from the
standard; J, coupling constant in hertz; multiplicities s, singlet; d, doublet; t,
triplet; q, quartet; and br, broadened. Detailed peak assignments should not be
made unless these are supported by definitive experiments such as isotopic
labelling, DEPT, or two-dimensional NMR experiments.

4. IR Spectroscopy:
IR (KBr) n 3236, 2957, 2924, 1666, 1528, 1348, 1097, 743 cm™L..
Abbreviation: n, wavenumber of maximum absorption peaks in reciprocal
centimetres.

5. Mass Spectrometry:
MS m/z (relative intensity): 305 (M*H, 100), 128 (25).
HRMS-FAB (m/z): [M+H]*calcd for C21H38N40s, 442.2791; found, 442.2782.
Abbreviations: m/z, mass-to-charge ratio; M, molecular weight of the molecule
itself; M*, molecular ion; HRMS, high-resolution mass spectrometry; FAB, fast
atom bombardment.

6. UV-Visible Spectroscopy:
UV (CH30H) Imax (log €) 220 (3.10), 425 nm (3.26).
Abbreviations: Imax, wavelength of maximum absorption in nanometres; e,
extinction coefficient.

7. Quantitative analysis:
Anal.calcd for C17H24N203: C 67.08, H 7.95, N 9.20. Found: C 66.82, H 7.83, N
9.16.All values are given in percentages.

8. Enzymes and catalytic proteins relevant data:
Papers reporting enzymes and catalytic proteins relevant data should include the
identity of the enzymes/proteins, preparation and criteria of purity, assay
conditions, methodology, activity, and any other information relevant to judging
the reproducibility of the resultsl. For more details check Beilstein
Institut/STRENDA (standards for reporting enzymology data) commission Web
site (http://www.strenda.org/documents.html).

1 For all other data presentation not mentioned above please contact Editor for instructions.
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Submission Checklist

The following list will be useful during the final checking of an article prior to
sending it to the journal
for review:

e E-mail address for corresponding author,

e Full postal address,

e Telephone and fax numbers,

e All figure captions,

e All tables (including title, description, footnotes),

e Manuscript has been "spellchecked" and "grammar-checked",

e References are in the correct format for the journal,

e All references mentioned in the Reference list are cited in the text, and vice versa.

Submissions

Submissions should be directed to the Editor by e-mail: glasnik@pmf.unsa.ba, or
glasnikhtbh@gmail.com. All manuscripts will be acknowledged on receipt (by e-mail)
and given a reference number, which should be quoted in all subsequent

correspondence.
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