

[image: Cover]





  
    	[image: Gn1]
    	[image: Publisher]
  




  Journal of the Brazilian Chemical Society

   October,  - 2013; 24(10): 1549-1706



   

  
    Journal of the Brazilian Chemical Society, October,  - 2013; 24(10): 1549-1706







  
    
      JBCS - Journal of the Brazilian Chemical Society

    

  

  
    Editors

  

  
    
      
        	
            Jaísa Fernandes Soares

              Universidade Federal do Paraná

              Brazil

            Roberto M. Torresi

              Universidade de São Paulo

              Brazil

            Joaquim A. Nóbrega

              Universidade Federal de São Carlos

              Brazil

            Watson Loh (coordinator)

              Universidade Estadual de Campinas

              Brazil

            Luiz Carlos Dias

              Universidade Estadual de Campinas

              Brazil

          

      

      
        	

      

    

  

  
    Associate Editors

  

  
    
      
        	
            Adriano L. Monteiro

              Universidade Federal do Rio Grande do Sul

              Brazil

             José Walkimar M. Carneiro

              Universidade Federal Fluminense

              Brazil

             Mônica Tallarico Pupo

              Universidade de São Paulo (FCRP)

              Brazil

             Teodoro S. Kaufman

              Universidad Nacional de Rosario

              Argentina

            Emanuel Carrilho

              Universidade de São Paulo

              Brazil

            Koiti Araki

              Universidade de São Paulo

              Brazil

            Pedro J. M. Abreu

              Universidade Nova de Lisboa

              Portugal

            Vanessa Hatje

              Universidade Federal da Bahia

              Brazil

            Francisco Radler de Aquino Neto

              Universidade Federal do Rio de Janeiro

              Brazil

             Marilia O. F. Goulart

              Universidade Federal de Alagoas

              Brazil

            Solange Cadore

              Universidade Estadual de Campinas

              Brazil

          

      

      
        	

      

    

  

  
    Editorial Advisory Board

  

  
    
      
        	
            Alberto Nuñez Sellés

              Center of Pharmaceutical Chemistry

              Cuba

            Fernando Galembeck

              Universidade Estadual de Campinas

              Brazil

            José Luiz F. Costa Lima

              Universidade do Porto

              Portugal

            Roberto Sanchez-Delgado

              Brooklyn College

              USA

             C. N. R. Rao

              J. N. C. for Advanced Scientific Research

              India

            Henrique E. Toma

              Universidade de São Paulo

              Brazil

            Miguel de la Guardia

              Universidad de Valencia

              Spain

            Eusébio Juaristi

              Centro de Investigación y de Estudios Avanzados

              del Instituto Politécnico Nacional - Mexico

            Jean-Marie Lehn

              Université Louis Pasteur

              France

            Richard G. Weiss

              Georgetown University

              USA

          

      

      
        	

      

    

  

  
    Editorial Manager: Angela Ramalho Custodio

    Editorial Manager Assistants: Sérgio Lontra Vieira, Aya Hase, Maria Suzana Pratavieira Francisco and Telma Rie Doi Ducati

    Founding Editor: Eduardo M. A. Peixoto

  

  Former Editors: Armi W. da Nóbrega, Gerardo G. B. de Souza, Jaswant R. Mahajan, Fernando Galembeck, Henrique E. Toma, Luis A. Avaca, Luiz Carlos G. Freitas, Marco-Aurélio De Paoli, Oswaldo L. Alves, Miguel Jafelicci Jr., Maria D. Vargas, Ronaldo A. Pilli, Maysa Furlan, Ricardo Longo, Jailson B. de Andrade and Angelo da Cunha Pinto.

  Former members of the Advisory Board: Giuseppe Cilento�, Jaswant R. Mahajan, Linus Pauling�, Hitoshi Ohtaki, Isabella Karle, Klaus Hafner, Kozo Kuchitsu, Russell A. Bonham, Vicente G. Toscano, Jerome Karle, Henry Taube�, Alejandro J Arvia, Clayton H. Heathcock, G. Jeffery Leigh, José Manuel Riveros and Otto Richard Gottlieb�.

  The Journal of the Brazilian Chemical Society is published once a month by the Sociedade Brasileira de Química (Brazilian Chemical Society).

    SBQ Periodicals Coordinator: Vitor Francisco Ferreira

  Editorial and Publishing Office:

    Instituto de Química, Universidade Estadual de Campinas, CP 6154, 13083-970 Campinas - SP, Brazil

    Tel/Fax: +55 19 3521-3151; E-mail: office@jbcs.sbq.org.br

  Subscriptions and Advertising Office:

    Sociedade Brasileira de Química, CP 26037, 05513-970 São Paulo - SP, Brazil

    Tel: +55 11 3032-2299; Fax: +55 11 3814-3602;

    E-mail: assinaturas@sbq.org.br

  The Journal of the Brazilian Chemical Society serves its readers as a forum for information related to the advancement of Chemistry. The Journal is devoted to the publication of research papers in all fields of Chemistry, except education, philosophy and history of Chemistry

  Information for authors: Full details of how to submit material for publication in the Journal of the Brazilian Chemical Society (online submission only) are given in the link Instructions for Authors http://jbcs.sbq.org.br/conteudo.asp?page=14

  Galley proofs are sent by the Editorial Office to the author who submitted the manuscript. Proofs should be checked and returned as soon as possible (preferably within 48 hours)

  Subscription Rates - 2013. Members of the Sociedade Brasileira de Química (Brazilian Chemical Society): R$105,00 (Brazil) and US$95 (other countries). Non-members: R$285,00 (Brazil), US$95 (Latin America) and US$150 (other countries). Institutions: R$285,00 (Brazil) and US$260 (other countries). See also World Wide Web http://www.sbq.org.br/assinatura.php

  Back issues. Back issues of all previously published volumes are available directly from the Subscriptions Office

  Systems of Management and Publications (post-approval), Registration of DOI, Site, eBook: GN1 - Sistemas e Publicações Ltda.

  
    [image: gn1]

  

  
    Copyright © 2013 Sociedade Brasileira de Química (Brazilian Chemical Society)

  

  It is a condition for publication that manuscripts submitted to this journal have not yet been published and will not be simultaneously submitted or published elsewhere. By submitting a manuscript, the authors agree that the copyright for their article is transferred to the Sociedade Brasileira de Química (SBQ) if and when the article is accepted for publication. The copyright covers the exclusive rights to reproduce and distribute articles, including reprints, photographic reproductions, microform or any other reproductions of a similar nature, including translations. No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, whether electronic, electrostatic or mechanical, nor by photocopying, recording, magnetic tape or otherwise, without written permission from the copyright holder.

  While every effort is made by the SBQ, editors and editorial board to see that no inaccurate or misleading data, opinions or statements appear in this journal, they wish to make it clear that the contents of the articles and advertisements published herein are the sole responsibility of the contributors or advertisers concerned. Accordingly, the SBQ, the editorial board and editors and their respective employees, officers and agents accept no responsibility or liability whatsoever for the consequences of any such inaccurate or misleading data, opinion or statement.

  Photocopying information for users in the USA. The Item-Fee Code for this publication indicates that authorization to photocopy items for internal or personal use is granted by the copyright holder for libraries and other users registered with the Copyright Clearance Center (CCC). Transactional Reporting Service provided the stated fee for copying beyond that permitted by Section 107 and 108 of the United States Copyright Law is paid. The appropriate remittance of $ 6.00 per copy per article is paid directly to the Copyright Clearance Center Inc., 222 Rosewood Drive, Danvers, MA 01923, USA

  Permission for other use. The copyright owner's consent does not extend to copying for general distribution, for promotion, for creating new works, or for resale. Specific written permission must be obtained from the Publisher for such copying

  The Item-Fee Code for this publication is: 0103-5053 $6.00 + 0.00

  Printed on acid-free paper

  Indexed in the following databases: Science Citation Index®, Science Citation Index expanded (SciSearch®), ISI Alerting Services, Chemical Abstracts-CA Plus, Chemistry Citation Index®, Current Contents®/Physical, Chemical and Earth Sciences, IndexCopernicus, Portal de Periódicos da Capes, SciELO and SCOPUS

  Financial support:

  
    [image: suporte financeiro]

  

  
    Printed in Brazil

    Desktop Publishing: Hermano - Phone: +55 11 5571-8937

      Printed by: Print Master - Phone: +55 19 3223-1044

  





  DOI: 10.5935/0103-5053.20130232

  EDITORIAL

  
    Nóbrega JA. Graduate programs in chemistry in Brazil. J. Braz. Chem. Soc. 2013;24(10):1549-52

  

  
    Graduate programs in chemistry in Brazil

  

 

 

Research, development and innovation, R&D&I, are critical requirements for the advancement of every country and there is an intimate relationship between the development status of a society and the well-established scientific and technological systems which provide continuous supply of human resources and high-technology products.

  In Brazil R&D&I are strongly linked to efforts in graduate programs and despite reaching a small fraction of an extremely heterogeneous and continental country, in 2010, we reached significant numbers of 2,840 graduate programs with Masters and/or Doctorate degrees. In this same year 39,590 graduate students finished their Masters Course and 11,314 graduate students finished their Doctorate Course.

  These numbers show a consistent increase, but again they only reach a small fraction of the population. Taking into account the publication of papers, in 2009, Brazil reached a total of 31,158 publications, which represents 2.7% of the world output in sciences. It is worth to point out that in 1970, Brazil published 64 papers, totalizing 0.019% of the world output in sciences.1

  In Chemistry we have 58 graduate programs with most of them offering Masters and Doctorate degrees, and only two of them offering courses in Professional Masters. These programs are spread throughout Brazil's territory, but they are relatively concentrated in the South and Southeast and relatively scarce in the North and Central-West with four states (Acre, Amapá, Rondônia and Tocantins) without any program. In the period of 2007-2009, these programs formed about 800 Masters and 450 Doctors per year reflecting the efforts of 1,250 professors. In this three-year period, 10,475 papers were published with 62% of them presenting at least one student as coauthor.

  All of these aspects are continuously assessed and after each three-year period the Brazilian Federal Agency for Support and Evaluation of Graduate Education (CAPES) is committed to the evaluation of all graduate programs which nowadays comprehend 3,700 graduate programs as the National System of Graduate Education. Evaluation has at least two crucial routes: to measure where we are and to think about actions to lead us where we should go.

  There are five major axes in the evaluation process: (1) Program Proposal; (2) Faculty; (3) Students; (4) Intellectual Output and (5) Integration with Society. Parameters are measured in each axe based on qualitative and quantitative data. This is a complex process involving the scientific community in each and every field of knowledge.

  Surely the process is difficult and graduate programs in different country regions present specificities that are carefully considered especially by organizing the work in committees with members from all regions. In the Chemistry area we have annual meetings with Coordinators of each graduate program and all applied parameters are discussed and their implications are fully considered. The main goals are to keep healthy the programs that along years have reached an international degree of quality and at the same time to create strategies to help the development of programs in the process of implementation and consolidation.

  The systematization of the evaluation process in the last three decades was one of the cornerstones for the evolution of the National System of Graduate Education and an important guideline for establishing targets and goals.

  Nowadays we are going through the evaluation process for another three-year period, 2010-2012, and CAPES is again coordinating the whole structure with a team of around 1,200 consultants in 48 major areas. In the Chemistry area a Committee of 22 members representing all Brazilian regions is working in the process with a strong feedback of the community along these last years. Once again, the goals are to evidence the evolution in the period and to set guidelines for continuous development.

  Looking to the future we need to discuss the role of Professional Masters Courses in the Chemistry area. So far, we have two relatively recent courses, both in institutions located in São Paulo State and we must discuss whether we should strengthen our efforts to keep supporting the development of our chemical industry.

  Recently Wongtschowski emphasized that there is no developed country without a strong chemical industry.2 He also highlighted that, despite reaching sales of US$ 159 billion, the Brazilian chemical industry had a trade deficit of US$ 26.9 billion in 2011. Just to provide a general view about the evolution of Professional Masters Courses in all areas, there are now 547 Professional Masters Courses in Brazil with a growing rate of 146% in the last five years.3

  Additionally, Pinto has suggested the emergency of the discussion about a professional graduate program designed for teacher's formation.4 The timing seems appropriate to go deeper with these reflections and to broaden our actions.

  All of these efforts to move forward must be closely tied with the consolidation of Brazilian system of primary and secondary education. It is hard trying to predict the future, but we all agree that there is no future without good education.

  
    Joaquim A. Nóbrega

    JBCS Editor
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  Pesquisa, desenvolvimento e inovação - PDI - são requisitos fundamentais para o desenvolvimento de qualquer país e há uma relação íntima entre o nível de desenvolvimento de uma sociedade e sistemas científicos e tecnológicos que proporcionem um suprimento contínuo de recursos humanos e produtos de alta tecnologia. 

  No Brasil, PDI está fortemente ligado aos esforços dos programas de pós-graduação e, embora atingindo uma pequena parcela de um país continental extremamente heterogêneo, atingimos, em 2010, o considerável número de 2.840 programas de pós-graduação com Mestrado e/ou Doutorado. Nesse mesmo ano, 39.590 alunos de pós-graduação terminaram o Mestrado e 11.314, o Doutorado.

  Esses números evidenciam um aumento considerável, embora se refiram a uma pequena parcela da população. Considerando-se a publicação de artigos, em 2009, chegamos a 31.158 publicações, o que representa 2,7% da produção científica mundial. Vale a pena ressaltar que, em 1970, o Brasil publicou 64 artigos, 0,019% da produção científica mundial.1 

  Em Química, temos 58 programas de pós-graduação, a maioria deles oferecendo Mestrado e Doutorado e apenas dois oferecendo cursos de Mestrado Profissional. Esses programas estão espalhados por todo o território brasileiro, mas relativamente concentrados no Sul e Sudeste e relativamente escassos no Norte e Centro-Oeste, com quatro estados (Acre, Amapá, Rondônia e Tocantins) sem nenhum programa. Entre 2007 e 2009, esses programas formaram, por ano, cerca de 800 Mestres e 450 Doutores, o que reflete o esforço de 1.250 docentes. Durante esse período de três anos, 10.475 artigos foram publicados, com 62% deles apresentando, pelo menos, um aluno como co-autor.

  Todos esses aspectos são continuamente discutidos e, a cada três anos, a CAPES avalia todos os programas de pós-graduação, que, atualmente, englobam 3.700 programas dentro do Sistema Nacional de Pós-Graduação. A avaliação tem, pelo menos, duas funções principais: determinar onde estamos e possibilitar reflexões sobre as ações que nos levarão aonde queremos chegar. 

  O processo de avaliação engloba cinco eixos principais: (1) Proposta do Programa; (2) Corpo Docente; (3) Corpo Discente; (4) Produção Intelectual e (5) Integração com a Sociedade. Em cada eixo, os parâmetros são medidos com base em dados qualitativos e quantitativos. Esse é um processo complexo que envolve a comunidade científica de cada e de todos os campos de conhecimento.

  O processo é realmente difícil, pois a pós-graduação nas diferentes regiões do país apresenta especificidades que são cuidadosamente consideradas, daí a organização do trabalho em comissões com membros de todas as regiões. Na área de Química, temos encontros anuais com Coordenadores de cada programa de pós-graduação e todos os parâmetros aplicados são discutidos, sendo suas implicações integralmente consideradas. Os objetivos principais são: manter a qualidade daqueles programas que, ao longo dos anos, alcançaram um padrão de qualidade internacional e, ao mesmo tempo, criar estratégias para ajudar o desenvolvimento dos programas em processo de implementação e consolidação. 

  A sistematização do processo de avaliação nas três últimas décadas foi um dos fatores fundamentais para a evolução do Sistema Nacional de Pós-Graduação e uma diretriz importante para o estabelecimento de metas e objetivos.

  Atualmente estamos em pleno processo de avaliação de outro período de três anos: 2010-2012 e a CAPES está mais uma vez coordenando toda a estrutura com uma equipe de 1.200 consultores em 48 áreas. No que concerne à Química, uma Comissão de 22 membros, representando todas as regiões do Brasil, atua no processo e conta com o importante subsídio da comunidade ao longo dos últimos anos. Novamente, os objetivos são evidenciar os avanços no período e estabelecer as diretrizes para o desenvolvimento contínuo.

  Vislumbrando o futuro, precisamos discutir o papel dos Cursos de Mestrado Profissional na área de Química. Até o momento, temos dois cursos relativamente recentes, ambos localizados no Estado São Paulo, e precisamos discutir se devemos intensificar nossos esforços para continuar apoiando o desenvolvimento de nossa indústria química.

  Recentemente, Wongtschowski enfatizou que não existe país desenvolvido sem uma forte indústria química.2 Ele também salientou que, apesar de ter atingido uma receita de 159 bilhões de dólares, a indústria química brasileira apresentou, em 2011, um déficit comercial de 26,9 bilhões de dólares. Apenas para apresentar um panorama geral sobre a evolução dos Cursos de Mestrado Profissional em todas as áreas, há atualmente, no Brasil, 547 deles, com uma taxa de crescimento de 146% nos últimos cinco anos.3 

  Pinto também abordou a urgência da discussão acerca de um programa de pós-graduação profissional para a formação de professores.4 O momento é apropriado para aprofundar essas reflexões e ampliar nossas ações.

  Todos esses esforços para avançar devem estar intimamente conectados com a consolidação do sistema brasileiro de educação primária e secundária. É difícil tentar predizer o futuro, mas todos nós concordamos que não há futuro sem educação de qualidade. 

  
    Joaquim A. Nóbrega

    Editor do JBCS
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    Ethanol oxidation reaction on IrPtSn/C electrocatalysts with low Pt content
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    In this work, the ethanol oxidation reaction (EOR) was investigated using ternary nanostructured materials composed of IrPtSn/C in mass proportions of Ir:Pt:Sn at 60:30:10, 60:20:20 and 60:10:30, prepared with a polymeric precursor method and compared with commercial electrocatalyst      PtSn/C E-TEK. X-ray diffractometry was used to obtain information about the structure of the material. The transmission electron microscopy showed particle sizes of 5-7 nm. The electrocatalytic activity was investigated using chronoamperometry experiments at 0.5 V vs. RHE and by in situ Fourier transform infrared spectroscopy by attenuated total reflectance (FTIR-ATR) experiments. From in situ FTIR-ATR experiments, it can be seen that using the best material IrPtSn/C 60:20:20, the acetaldehyde was produced at high intensities and CO2 at lower intensities. The use of IrPtSn/C 60:20:20 materials became possible to diminish the Pt fraction to ca. 73% in comparison to the PtSn/C E-TEK electrocatalyst, with an improvement of ca. 282% in the current density of the chronoamperometric experiments.

    Keywords: IrPtSn/C, electrocatalysts, ethanol oxidation reaction, FTIR-ATR

  

   

  
    Neste estudo, a reação de oxidação de etanol (EOR) foi investigada usando materiais nanoestruturados ternários compostos de IrPtSn/C nas proporções em massa Ir:Pt:Sn de 60:30:10, 60:20:20 e 60:10:30, preparados pelo método de precursores poliméricos e comparados com o eletrocatalisador de origem comercial PtSn/C E-TEK. A caracterização por difratometria de raios-X foi utilizada para obter informações acerca da estrutura dos materiais e a microscopia eletrônica de transmissão mostrou que os tamanhos médios das partículas variaram de 5 até 7 nm. A atividade eletrocatalítica foi investigada empregando experimentos cronoamperométricos em 0,5 V vs. RHE e através da espectroscopia no infravermelho com transformada de Fourier no modo de refletância total atenuada (FTIR-ATR) in situ. Baseado nos experimentos de FTIR-ATR in situ, observou-se que o melhor material IrPtSn/C 60:20:20 levou à formação de acetaldeído em altas intensidades e CO2 em baixas intensidades. Utilizando-se o material IrPtSn/C 60:20:20, foi possível diminuir a quantidade de platina em ca. 73% em comparação com o eletrocatalisador PtSn/C E-TEK, tendo um aumento de ca. 282% na densidade de corrente nos experimentos cronoamperométricos.

  

   

   

  Introduction

  The use of direct ethanol fuel cells (DEFCs) could offer an excellent alternative solution to the current energy generation problems and could confer major improvements in the prospects for an economy based on renewable energy sources.1 The use of ethanol is extremely intriguing because ethanol can be obtained from biomass, as in the case of Brazilian sugarcane ethanol. Additionally, ethanol has a high power density and rather low toxicity.2 However, the high efficiency of the ethanol oxidation reaction (EOR) is still a significant goal because the cleavage of C–C bonds for the complete oxidation of ethanol to CO2 requires the use of more active and selective anode catalysts.3-5

  Platinum has been considered as the best chemical element in electrocatalysts for EOR,6,7 and its electrocatalytic activity can be improved by the addition of other metals, such as Ru,8-11 Sn,3,9,11-13 Rh,1,14 Ce,15,16 etc. Some studies have indicated that PtSn/C is a promising catalyst for EOR in comparison with other Pt-based binary materials.3,5,1,17,18 However, a third metal has been added to Pt and Sn with the aim to increase the electrocatalytic activity in EOR. There are many examples of the insertion of a third metal: Cunha et al.19 used ruthenium associated with PtSn/C, while Almeida et al.20 and Ribadeneira et al.21 used nickel with PtSn/C. Additionally, Tayal et al.22 and Ribeiro et al.23 employed iridium with PtSn/C, and all authors obtained a higher activity for EOR in comparison to binary materials, such as PtSn/C.

  Cao et al.24 reported that iridium is a promising metal for EOR. The authors obtained better results using Ir3Sn/C compared to Pt/C and Pt3Sn/C as the anode in DEFCs, demonstrating the possibility of replacing Pt by Ir in the electrocatalyst. The addition of iridium in the PtSn electrocatalyst can provide oxygen atoms, which promote oxidation of the alcohol residues in a process that can be explained by a bifunctional mechanism.25 Further, the Ir metal can replace some quantity of platinum in the electrocatalyst for use in ethanol oxidation, according to Silva et al.26 It is also possible that the iridium atoms cause an electronic effect in the orbital symmetries of the PtSn sites.23 Tayal et al.22 reported that the improvement caused by iridium additions in the PtSn catalyst may be due to the ability of Ir to bind with C. However, Fatih et al.27 reported that because of the high stability of Ir and IrO2, they are used to stabilize the PtSn/C in acidic solutions in DEFCs.

  Aiming to optimize the behavior of the PtSnIr/C electrocatalysts with reductions in the platinum content, this work reports the use of different mass proportions of Pt:Sn:Ir for EOR. The materials were prepared with a polymeric precursor method, and in situ FTIR-ATR (Fourier transform infrared spectroscopy by attenuated total reflectance) was used to investigate the EOR results and to determine the product distributions at different potentials as a function of the IrPtSn/C electrocatalyst compositions.

   

  Experimental

  Preparation of PtSnIr/C electrocatalysts

  The electrocatalyst PtSnIr/C was prepared by the polymeric precursor method.4,5,26,28 For this purpose, a mass ratio of 1:50:400 (metallic precursor:citric acid (CA):ethylene glycol (EG)) was used to prepare the polymeric resin. Chloroplatinic acid (H2PtCl6·6H20, 37.5%, Sigma-Aldrich), tin chloride (SnCl2·2H20, 96%, Merck) and iridium chloride (IrCl3, 99.8%, Sigma-Aldrich) were used as the metallic precursors. The prepared polymeric resin was stored under refrigeration. The catalyst was prepared by placing a pre-determined volume of resin in an appropriate amount of carbon Vulcan XC-72R (Cabot Corporation) to give a total metal loading of 20 wt.%. The mixture was homogenized in an ultrasonic bath for 60 min and then thermally treated at 400 ºC for 2 h in a N2 atmosphere.

  Material characterization

  X-ray diffraction (XRD) analyses were performed with a Rigaku MiniFlex II diffractometer using a Cu Kα radiation source (λ = 0.15406 nm). The diffractograms were recorded from 2θ = 20º to 75º with a step size of 0.02º and a scan rate of 2 s per step.29 Transmission electron microscopy (TEM) was performed using a JEOL JEM 2100 electron microscope operated at 200 kV. Using this setup, the morphologies, distributions and sizes of the nanoparticles were studied by depositing the particles on supports. The mean particle sizes were determined based on measurements of the sizes of 300 randomly chosen particles from different regions in each sample.

  Electrocatalyst activity characterization

  Electrochemical measurements were performed at room temperature using an Autolab PGSTAT 302N potentiostat. Glassy carbon (GC) electrodes were employed as supports for the working electrodes (0.07 cm2 of geometric area). In a three-compartment electrochemical cell, a large Pt foil was used as a counter electrode and all potentials were referred to a reversible hydrogen electrode (RHE). Before each experiment, the GC support was polished with an alumina suspension (1 μm) to a mirror ﬁnish and was washed in a mixture of ethanol and water. Ultrapure water obtained from a Milli-Q system (Millipore®) was used in all experimental procedures.

  The working electrodes were constructed by dispersing 8 mg of the electrocatalyst powder in 1 mL water and mixing for 5 min in an ultrasonic bath. After this step, 20 μL of Nafion® solution (5%) were added to the suspension, and the solution was mixed again in an ultrasonic bath for 15 min. Aliquots of 16 μL of the dispersion fluid were pipetted onto the glassy carbon support surface. Finally, the electrode was dried at 60 ºC for 20 min and then was hydrated for 5 min in water.

  The in situ spectroelectrochemical FTIR-ATR measurements were performed with a Varian® 660 IR spectrometer equipped with a MCT (HgCdTe) detector cooled with liquid N2, a MIRacle with a Diamond/ZnSe Crystal Plate (Pike®) ATR accessory and a special cell.5 These experiments were performed at 25 ºC in 0.1 mol L−1 HClO4 containing 1.0 mol L−1 ethanol. The absorbance spectra were collected as the R/R0 ratio, where R represents a spectrum at a given potential and R0 is the spectrum collected at 0.05 V. Positive and negative directional bands represent gain and loss of species at the sampling potential, respectively. The spectra were computed from 128 interferograms averaged from 2500 to 850 cm−1 with the spectral resolution set to 4 cm−1. Initially, a reference spectrum (R0) was measured at 0.05 V, and the sample spectra were collected after applying successive potential steps from 0.2 to 1.0 V.

   

  Results and Discussion

  shows the XRD patterns for the IrPtSn/C materials. In this figure, it can be observed that all catalysts have a peak at 25º, which is attributed to the hexagonal structure (002) of the Vulcan XC-72R carbon.24 Additionally, the peaks at about 27º, 35º and 53º correspond to the tetragonal systems of both SnO2 and IrO2. The peak at about 58º correspond to IrO2. The face-centered cubic systems of Pt and Ir can be identified by peaks at approximately 39º, 46º and 67º.24

  
    

    [image: Figure 1. X-ray diffraction]

  

  The region at 67º, which is highlighted by a rectangle, exhibits a prominence that increases with increasing Pt fraction. This is because the peaks in this region are related to platinum (220), iridium (220) and iridium oxide (310). To obtain more information regarding these peaks with respect to the lattice and crystallite size parameters, the XRD patterns were refined using the Pawley method30 carried out with Fityk 0.98 software, as reported by Wojdyr.31

  In Figure 2, it is possible to observe the change in the peak shape as a result of an increasing platinum fraction. This peak is due to changes in the distribution of crystallographic faces, such as the lower participation of the plane (310) of IrO2 with the simultaneous increase of the peak related to the plane (220) of Pt. In Table 1, the calculated values of the mean crystallite sizes and the lattice parameters for the platinum and iridium faces are presented.
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  It can be seen that the iridium lattice parameter is 0.389 nm, which is very close to that obtained by Cao et al. for Ir/C.24 However, the lattice parameters for Pt for all compositions are shifted toward more positive values (0.393 nm and 0.394 nm) for the material produced than that (0.392 nm) otherwise measured for nanostructured polycrystalline Pt/C,24 indicating that an expansion of the platinum unit cell has occurred. This suggests that small amounts of Sn atoms can be inserted in Pt crystallite as an alloy, as indicated in other works.13,23,24,27

  Transmission electron microscopy (TEM) images of IrPtSn/C 60:20:20, IrPtSn/C 60:30:10 and IrPtSn/C 60:10:30 are shown in Figures 3a, 3b and 3c, respectively. These figures show that the nanoparticles are uniformly dispersed on the carbon support. The particle size distributions of the nanoparticles were obtained by measuring the sizes of 300 randomly chosen from various TEM images of each catalyst. Figures 3d, 3e and 3f show the histograms of the catalyst particle mean diameter distribution for IrPtSn/C 60:20:20, IrPtSn/C 60:30:10 and IrPtSn/C 60:10:30, respectively. The particles have average sizes of 6.1 nm for IrPtSn/C 60:20:20, 5.7 nm for IrPtSn/C 60:30:10 and 5.3 nm for IrPtSn/C 60:10:30. It should be noted that 100% of the particles are between 2 and 10 nm in size for all materials studied. These results are in agreement with other literature results in which the precursor polymeric method was utilized for electrocatalyst preparation.4,5,23,32
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  The electrocatalytic activity for the ethanol electrooxidation of IrPtSn/C 60:20:20, IrPtSn/C 60:10:30, IrPtSn/C 60:30:10 and PtSn/C E-TEK 75:25 catalysts at 0.5 V (vs. RHE) potential range were obtained from chronoamperometry measurements. The potential was held at 0.5 V for 30 min. In all chronoamperometric curves shown in Figure 4, the current decreases continuously within the first several minutes, and after some time, the fall is less pronounced. However, curves (a) and (b) decrease relatively more sharply than others. The current value may decay due to poisoning of surface active sites and instability of catalyst particles. These effects decrease slowly the number of active sites and are responsible for the continuous and slow current time decay.22,23
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  The highest current density measured for EOR was obtained using IrPtSn/C (60:20:20). After 30 min, the current was 31 mA mgPt-1, which is approximately 3 times higher than that observed for PtSn/C E-TEK (11 mA mgPt-1).

  Comparing IrPtSn/C 60:30:10 with IrPtSn/C 60:20:20, it can be observed that, when the percentage of Pt was increased and the Sn decreased, the activity with respect to EOR was reduced. When the Pt amount was decreased to 10% and the Sn increased to 30% (IrPtSn/C 60:10:30), the resulting activity was the worst for all materials. This result is most likely due to the very low amount of platinum present on the electrocatalyst. Using IrPtSn/C 60:20:20 materials as shown in Figure 4, it was possible to diminish the Pt amount to approximately 73% in comparison to the PtSn/C E-TEK electrocatalyst, yielding an improvement of approximately 282% in the current density within the chronoamperometric experiments. This is important since the iridium is approximately 35% cheaper than platinum as recently reported by Brouzgou et al.33

  Many works have reported an optimal composition for each preparation method with respect to either the methanol or ethanol oxidation reaction.2,27,34,35 This occurs because there are differences between shapes, phases, dispersions, morphologies and superficial phases, and these parameters can contribute either high or low coverage of the adsorption sites within the oxide.6,7,36 Additionally, it is known that platinum is an excellent metal for hydrogen adsorption,1,37 and that Sn can form Sn−OH species at lower potentials than platinum.38,39 Hence, the addition of Ir to the PtSn electrocatalyst can lead to an increase in the oxophilic character of the surface, increasing the Sn−O bond strength and the acidity of the Sn−OH sites, which also can favor ethanol electrooxidation at lower potentials.23 Another possibility is that the iridium atoms cause a disturbance at the PtSn sites and in the orbital symmetries, thereby affecting the orbital spatial distribution, the ethanol adsorption and, consequently, the electrooxidation rate.23 Tayal et al.22 reported that improvements gained by iridium addition into the PtSn catalyst may be due to the ability of Ir to bind C. We suggest that the best result obtained with the IrPtSn/C 60:20:20 material was due to the presence of an enhanced synergic effect for this specific metal ratio, and the combination of various contributions of different properties of distinct phases and/or metals in this ratio led to an improvement in the electrocatalytic activity for the ethanol oxidation reaction. Additionally, it is known that the strongest effect of the bifunctional mechanism depends on achievement of the best ratio between the metals.10,40 Hence, the same happens for the electronic effect on Pt-based materials, which may decrease the activation energy for global ethanol oxidation reaction.41-43 Therefore, the beneﬁcial synergistic effect between Sn and Ir with Pt in addition to the optimal composition of IrPtSn/C can be used to improve the ethanol oxidation reaction.22

  To better understand the results of ethanol electrooxidation, in situ FTIR-ATR was used to study the ethanol oxidation reaction pathways and to determine the product distributions at different potentials.

  Figure 5 shows the sets of spectra measured for EOR on the IrPtSn/C 60:10:30, IrPtSn/C 60:30:10 and IrPtSn/C 60:20:20 electrocatalysts. In these spectra, the bands related to acetic acid (1282 cm-1),44 acetaldehyde (933 cm-1)1 and CO2 (2343 cm-1)45 can be observed.

  
    

    [image: Figure 5. In situ FTIR-ATR]

  

  In Figure 5, an additional three intense bands are present, corresponding to the main reaction products and the intermediates. The ﬁrst appears at approximately 1130 cm-1 and corresponds to perchloric acid, while the other two bands are between 1640-1750 cm-1 and were attributed to the vibrations of two different species, including the interfacial water (1640 cm-1) and the acetaldehyde and/or acetic acid (stretching mode νCO from the carbonyl group at approximately 1720 cm-1).41

  The high interference of the water band could be caused by the large amount of iridium in the PtSn electrocatalysts, thereby leading to an increase in the oxophilic character of the surface, increasing the Sn−O bond strength and the acidity of the Sn−OH sites. Ultimately, this would lead to the adsorption of a significant amount of water at the electrode surface.23

  To evaluate the effects of the catalyst structures on the product distribution during EOR at different potentials, all bands were deconvoluted by Lorentzian line forms.4,5 Thus, the intensity and line width of each band can be analyzed individually. The integrated intensities of the acetic acid, acetaldehyde and CO2 bands were normalized for the intensity obtained at 1.0 V, as described by Lima et al.46 The results are shown in Figure 6.
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  Analyzing Figure 6a in which the relative intensities of acetaldehyde are presented for all materials studied, it can be observed that, at 0.5 V (at the same potential that was used for the chronoamperometric experiments), acetaldehyde yields the highest intensity in the IrPtSn/C 60:20:20 material. Hence, using this electrocatalyst, a higher current density for EOR was obtained. When the IrPtSn /C 60:10:30 material was used, the acetaldehyde reached the lowest intensity, resulting in the worst result for EOR. Based on this figure, it is also possible to observe that, when using IrPtSn/C 60:10:30, the acetaldehyde intensity is very low until 0.5 V. However, when the 60:20:20 and 60:30:10 proportions are incorporated into the analysis, the intensity of the acetaldehyde band is relatively high for the low potentials.

  Observing Figure 6b, it is possible to note the relative intensities of acetic acid. At 0.5 V, this product gives the highest intensity when IrPtSn/C 60:30:10 was the material utilized, whereas when the material was IrPtSn/C 60:10:30, the intensity of this product was approximately zero. Additionally, when IrPtSn/C 60:20:20 was used, the acetic acid intensity was considerably lower in comparison to that of IrPtSn/C 60:30:10. It also can be seen that the acetic acid was produced in low potential when IrPtSn/C 60:30:10 was used. This is probably because this material has higher amount of platinum than others. Therefore, more sites for ethanol adsorption, and taking into account that in this material IrO2 and SnO2 are present, water can be activated at low potentials.22,24 For this reason, some intermediate of adsorbed ethanol could be oxidized directly to acetic acid14,40 in low potentials.

  Figure 6c presents the relative intensities of CO2. Based on this figure, it can be observed that at 0.5 V, the CO2 the increasing tendency of the CO2 signal is similar for all of the materials, although with respect to IrPtSn/C 60:20:20, this intensity is slightly smaller. An important fact is that in all potentials range, except at 0.5 V and 1.0 V, the CO2 intensity is the highest using IrPtSn/C 60:10:30 compared to other two materials.

  Additionally, it is possible to compare the results obtained here for ethanol oxidation using the PtSnIr/C materials against those obtained using PtSn/C E-TEK for the same process, as published in our recent work.4 In this case, the latter catalyst displays a higher intensity of CO2 in all potential regions compared to that of acetic acid and acetaldehyde.

  Based on these results, the best electrocatalytic activity was obtained for the ethanol oxidation reaction using IrPtSn/C 60:20:20, which may be associated with an increased production of acetaldehyde and a reduced production of CO2. Silva et al.5 carried out the EOR experiments with in situ FTIR-ATR investigation using alloyed and non-alloyed PtSn/C. They observed that an increased amount of CO2 was produced from the material for which the worst EOR current density was produced. Additionally, the authors reported slow kinetics for the CO2 formation.5 Ziagnani et al.47 studied different compositions of Pt:Sn as anodes in a DEFC. Using high performance liquid chromatography, the authors determined that the best material led to reduced amounts of CO2 (at 70 ºC) and increased amounts of acetic acid, which could be one of the factors causing the increased electrocatalytic activity of the IrPtSn/C 60:20:20 material. This is because with this material, reduced formation of CO2 was obtained. Another contributor could be the fact that the kinetics of acetaldehyde formation may be enhanced using the IrPtSn/C 60:20:20 material.

  The results obtained with IrPtSn/C electrocatalysts are in agreement with those published by other authors. Tayal et al.22 used gas chromatography to analyze the liquid products formed due to ethanol electrooxidation at different compositions of PtIrSn/C. However, the authors did not use iridium at higher concentrations for any material composition. Based on the results presented by this author, it can be observed that the increase in the relative amount of iridium causes an increase in the acetaldehyde formation, as well. This indicates that iridium led to the formation of acetaldehyde as the principal product resulting from the ethanol oxidation reaction. Using IrPtSn/C 60:10:30, acetaldehyde was observed at a low intensity, while CO2 was observed at a higher intensity. This is most likely due to the large amount of Sn used in this proportion. In the work by Ziagnani et al.,47 it is possible to observe that the increase in the Sn content in the PtSn/C electrocatalyst caused the decrease in the acetaldehyde production.

  Therefore, for the IrPtSn/C electrocatalysts with high amounts of iridium and low amounts of Sn, acetaldehyde is the product of highest intensity, and if the amount of Sn is increased, the CO2 is formed at higher intensities.

   

  Conclusions

  Based on the results presented in this study, IrPtSn/C 60:20:20 is the optimal proportion for the ethanol oxidation reaction. Using this material, it was possible to decrease the Pt fraction to approximately 73% in comparison to the PtSn/C E-TEK electrocatalyst, yielding an improvement of approximately 282% of the current density in chronoamperometric experiments. In situ FTIR-ATR analysis of the ethanol oxidation reaction demonstrated that acetaldehyde was the product yielded in highest intensities. This is likely due to the high amount of iridium and low amount of tin in this proportion because the iridium led the ethanol oxidation reaction to produce acetaldehyde, while higher amounts of Sn led to acetic acid formation.

   

  Acknowledgments

  The authors wish to thank the Brazilian funding institutions CNPq (Process No. 474732/2008-8), CAPES, FAPESP (Processes No. 05/59992-6, 09/09145-6, 10/07831-7 and 10/16511-6), Instituto Nacional de Ciência e Tecnologia (INCT) de Energia e Meio Ambiente (Process No. 573.783/2008-0) and UFABC for their financial support.

   

  References

  1. Li, M.; Kowal, A.; Sasaki, K.; Marinkovic, N.; Su, D.; Korach, E.; Liu, P.; Adzic, R. R.; Electrochim. Acta 2010, 55, 4331.

  2. Godoi, D. R. M.; Perez, J.; Villullas, H. M.; J. Phys. Chem. C 2009, 113, 8518.

  3. Silva, J. C. M.; De Souza, R. F. B.; Parreira, L. S.; Neto, E. T.; Calegaro, M. L.; Santos, M. C.; Appl Catal., B 2010, 99, 265.

  4. De Souza, R. F. B.; Parreira, L. S.; Silva, J. C. M.; Simões, F. C.; Calegaro, M. L.; Giz, M. J.; Camara, G. A.; Neto, A. O.; Santos, M. C.; Int. J. Hydrogen Energy 2011, 36, 11519.

  5. Silva, J. C. M.; Parreira, L. S.; De Souza, R. F. B.; Calegaro, M. L.; Spinacé, E. V.; Neto, A. O.; Santos, M. C.; Appl. Catal., B 2011, 110, 141.

  6. Qian, Q.-Y.; Yang, C.; Zhou, Y.-G.; Yang, S.; Xia, X.-H.; J. Electroanal. Chem. 2011, 660, 57.

  7. Liu, C. W.; Chang, Y. W.; Wei, Y. C.; Wang, K. W., Electrochim. Acta 2011, 56, 2574.

  8. Giz, M. J.; Camara, G. A.; Maia, G.; Electrochem. Commun. 2009, 11, 1586.

  9. Wang, H.; Jusys, Z.; Behm, R. J.; J. Power Sources 2006, 154, 351.

  10. Camara, G. A.; de Lima, R. B.; Iwasita, T.; Electrochem. Commun. 2004, 6, 812.

  11. Colmati, F.; Antolini, E.; Gonzalez, E. R.; J. Power Sources 2006, 157, 98.

  12. Zhou, W. J.; Li, W. Z.; Song, S. Q.; Zhou, Z. H.; Jiang, L. H.; Sun, G. Q.; Xin, Q.; J. Power Sources 2004, 131, 217.

  13. De Souza, R. F. B.; Parreira, L. S.; Rascio, D. C.; Silva, J. C. M.; Teixeira-Neto, E.; Calegaro, M. L.; Spinace, E. V.; Neto, A. O.; Santos, M. C.; J. Power Sources 2010, 195, 1589.

  14. Kowal, A.; Gojkovic, S. L.; Lee, K. S.; Olszewski, P.; Sung, Y. E.; Electrochem. Commun. 2009, 11, 724.

  15. De Souza, R. F. B.; Flausino, A. E. A.; Rascio, D. C.; Oliveira, R. T. S.; Neto, E. T.; Calegaro, M. L.; Santos, M. C.; Appl. Catal., B 2009, 91, 516.

  16. Wang, J.; Xi, J.; Bai, Y.; Shen, Y.; Sun, J.; Chen, L.; Zhu, W.; Qiu, X.; J. Power Sources 2007, 164, 555.

  17. Antolini, E.; J. Power Sources 2007, 170, 1.

  18. Zhou, W.; Zhou, Z.; Song, S.; Li, W.; Sun, G.; Tsiakaras, P.; Xin, Q.; Appl. Catal., B 2003, 46, 273.

  19. Cunha, E. M.; Ribeiro, J.; Kokoh, K. B.; de Andrade, A. R.; Int. J. Hydrogen Energy 2011, 36, 11034.

  20. Almeida, T. S.; Kokoh, K. B.; De Andrade, A. R.; Int. J. Hydrogen Energy 2011, 36, 3803.

  21. Ribadeneira, E.; Hoyos, B. A.; J. Power Sources 2008, 180, 238.

  22. Tayal, J.; Rawat, B.; Basu, S.; Int. J. Hydrogen Energy 2011, 36, 14884.

  23. Ribeiro, J.; dos Anjos, D. M.; Kokoh, K. B.; Coutanceau, C.; Léger, J. M.; Olivi, P.; de Andrade, A. R.; Tremiliosi-Filho, G.; Electrochim. Acta 2007, 52, 6997.

  24. Cao, L.; Sun, G.; Li, H.; Xin, Q.; Electrochem. Commun. 2007, 9, 2541.

  25. Ramos, S. G.; Calafiore, A.; Bonesi, A. R.; Triaca, W. E.; Castro Luna, A. M.; Moreno, M. S.; Zampieri, G.; Bengio, S.; Int. J. Hydrogen Energy 2012, 37, 14849.

  26. Silva, J. C. M.; De Souza, R. F. B.; Romano, M. A.; D’Villa-Silva, M.; Calegaro, M. L.; Hammer, P.; Neto, A. O.; Santos, M. C.; J. Braz. Chem. Soc. 2012, 23, 1146.

  27. Fatih, K.; Neburchilov, V.; Alzate, V.; Neagu, R.; Wang, H.; Acta Mater 2010, 195, 7168.

  28. Parreira, L. S.; Silva, J. C. M.; D’Villa-Silva, M.; Simões, F. C.; Garcia, S.; Gauber, I.; Cordeiro, A. M. L.; Leite, L. R.; Santos, M. C.; Electrochim. Acta 2013, 96, 243.

  29. Piasentin, R. M.; Spinace, E. V.; Tusi, M. M.; Neto, A. O.; Int. J. Electrochem. Sci. 2011, 6, 2255.

  30. Pawley, G. S.; J. Appl. Crystallogr. 1981, 14, 357.

  31. Wojdyr, M.; J. Appl. Crystallogr. 2010, 43, 1126.

  32. Purgato, F. L. S.; Olivi, P.; Léger, J. M.; de Andrade, A. R.; Tremiliosi-Filho, G.; Gonzalez, E. R.; Lamy, C.; Kokoh, K. B.; J. Electroanal. Chem. 2009, 628, 81.

  33. Brouzgou, A.; Song, S. Q.; Tsiakaras, P.; Appl. Catal., B 2012, 127, 371.

  34. Eguiluz, K. I. B.; Salazar-Banda, G. R.; Miwa, D.; Machado, S. A. S.; Avaca, L. A.; J. Power Sources 2008, 179, 42.

  35. Neburchilov, V.; Wang, H.; Zhang, J.; Electrochem. Commun. 2007, 9, 1788.

  36. Han, S.-B.; Song, Y.-J.; Lee, J.-M.; Kim, J.-Y.; Park, K.-W.; Electrochem. Commun. 2008, 10, 1044.

  37. Godoi, D. R. M.; Perez, J.; Villullas, H. M.; J. Power Sources 2010, 195, 3394.

  38. Sen Gupta, S.; Singh, S.; Datta, J.; Mater. Chem. Phys. 2010, 120, 682.

  39. Lim, D.-H.; Choi, D.-H.; Lee, W.-D.; Lee, H.-I.; Appl. Catal., B 2009, 89, 484.

  40. Camara, G. A.; de Lima, R. B.; Iwasita, T.; J. Electroanal. Chem. 2005, 585, 128.

  41. Simões, F. C.; dos Anjos, D. M.; Vigier, F.; Léger, J. M.; Hahn, F.; Coutanceau, C.; Gonzalez, E. R.; J. Power Sources 2007, 167, 1.

  42. Batista, E. A.; Malpass, G. R. P.; Motheo, A. J.; Iwasita, T.; J. Electroanal. Chemistry 2004, 571, 273.

  43. Léger, J. M.; Electrochim. Acta 2005, 50, 3123.

  44. Léger, J. M.; Rousseau, S.; Coutanceau, C.; Hahn, F.; Lamy, C.; Electrochim. Acta 2005, 50, 5118.

  45. Camara, G. A.; Iwasita, T.; J. Electroanal. Chem. 2005, 578, 315.

  46. Lima, F. H. B.; Gonzalez, E. R.; Electrochim. Acta 2008, 53, 2963.

  47. Ziagnani, S. C.; Baglio, V.; Linares, J. J.; Monforte, G.; Gonzalez, E. R.; Aricò, A. S.; Electrochim. Acta 2012, 70, 255.

   

   

  Submitted: May 7, 2013

  Published online: August 20, 2013

  FAPESP has sponsored the publication of this article.

   

   

  
    *e-mail: mauro.santos@ufabc.edu.br

  





  DOI: 10.5935/0103-5053.20130197

  ARTICLE

  
    Zare-shahabadi V, Abbasitabar F, Akhond M, Shamsipour M. Simultaneous determination of chlorpyrifos and carbaryl by spectrophotometry and boosting partial least squares. J. Braz. Chem. Soc. 2013;24(10):1561-69

  

  
    Simultaneous determination of chlorpyrifos and carbaryl by spectrophotometry and boosting partial least squares

  

   

   

  Vali Zare-ShahabadiI,*; Fatemeh Abbasitabar;II Morteza AkhondIII; Mojtaba ShamsipourIV

  IYoung researchers club, Mahshahr Branch, Islamic Azad University, Mahshahr, Islamic Republic of Iran

  IIYoung researchers club, Marvdasht Branch, Islamic Azad University, Marvdasht, Iran

  IIIDepartment of Chemistry, Shiraz University, Shiraz, Iran

  IVDepartment of Chemistry, Razi University, Kermanshah, Iran

   

  
    Residue of pesticide has posed a serious threat to human health. Fast detection methods are necessary for the various types of pesticide. This study investigated the feasibility of the combination of spectrophotometry and boosting partial least squares method (boosting-PLS) for the simultaneous determination of chlorpyrifos and carbaryl, two of the most important pesticides in agriculture. Effect of pH on the absorbance spectra of each component was studied and pH 5 was selected as optimum. To build boosting-PLS models, thirty six binary mixtures were used and to validate the resulted models, twenty binary mixtures were employed. Results for boosting-PLS were compared to ones obtained for full-spectrum PLS and PLS algorithm coupled with tabu search (TS) as wavelength selection tool. In spite of the improvement by both boosting and wavelength selection approaches, the prediction ability of PLS algorithm, the boosting-PLS is superior to the other models. Boosting-PLS is not only feasible but also can avoid doing wavelength selection in such a task.

    Keywords: chlorpyrifos, carbaryl, partial least squares, tabu search, boosting regression

  

   

  
    Resíduo de pesticida tem sido uma séria ameaça à saúde humana. Métodos de detecção rápida são necessários para os vários tipos de pesticidas. Este estudo investigou a viabilidade da combinação da espectrofotometria com o método dos mínimos quadrados parciais por boosting (boosting-PLS) para determinação simultânea de clorpirifos e carbaril, dois dos mais importantes pesticidas na agricultura. Estudou-se o efeito do pH sobre os espectros de absorbância de cada componente, sendo pH 5 o ideal. Para construir os modelos boosting-PLS, trinta e seis misturas binárias foram usadas e para validar os modelos resultantes, vinte misturas binárias foram empregadas. Resultados por boosting-PLS foram comparados com aqueles obtidos por full-spectrum PLS e algoritmo PLS acoplado a busca tabu (TS) como ferramenta de seleção de comprimento de onda. Apesar da melhoria pelas abordagens por boosting e seleção de comprimento de onda, a capacidade de previsão do algoritmo PLS, boosting-PLS mostrou-se superior aos demais modelos. Boosting-PLS não só é viável como também pode evitar a seleção de comprimento de onda.

  

   

   

  Introduction

  A wide variety of pollutants from industrial, agricultural and other human activities can contaminate aquatic environments. Among environmental pollutants, pesticides are of relevant concern due to their toxicity and prevalence of their use. For example, chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioate] became one of the largest selling insecticides in the world and with both agricultural and urban uses.1 This insecticide could be purchased for indoor use by homeowners, but health-related concerns led United States Environmental Protection Agency (US EPA) to cancel home indoor and lawn application uses in 2001.2 Chlorpyrifos is slowly hydrolyzed in alkaline medium, but the reaction rate increases with temperature, presence of metals and elevated pH values. In soil, it is initially degraded to 3,5,6-trichloropyridin-2-ol (TCP) which is subsequently degraded to organochlorine compounds.3

  Another widely used pesticide is carbaryl. Carbaryl (1-napthyl methylcarbamate), as a broad spectrum insecticide, is one of the most widely used carbamate insecticides. It is used greatly in agriculture, including home gardens where it generally is applied as a dust. Carbaryl is not considered to be a persistent compound because it is readily hydrolyzed in alkaline medium.4 It is currently registered in the US EPA for controlling beetles and 90 other insects that cause problems in trees and ornamentals.5,6

  Although, these pesticides have relatively low persistence in the environment, they have high acute toxicity to human health and ecosystems.7,8 Therefore, the determination of these pesticides is of great interest, forcing different researchers to develop methods to analyze them.

  Chromatographic techniques have been the most extensively applied to simultaneous analysis of carbaryl and chlorpyrifos,9-13 although spectrophotometry combined with derivative spectra and with differential kinetic degradation has also been employed.11-15

  Spectrophotometry is a relatively easy method for simultaneous determination of variety components. It needs less expensive instrumentation and provides high sensitivity. One of the main drawbacks of the spectrophotometric methods is its poor selectivity due to the high degree of spectral overlapping. Nowadays, quantitative spectrophotometry has been greatly improved by the use of a variety of multivariate statistical methods, particularly the partial least squares regression (PLS).16,17

  Multivariate calibration techniques, e.g., PLS, have been devised for the analysis of mixtures with overlapping spectra.18 The great advantage of multivariate calibration approaches is their capability of improving determinations in terms of selectivity.19-23 A difficulty when applying PLS in multivariate calibration is that overfitting may occur.24 Moreover, it has been shown that a variable selection in PLS is necessary for obtaining a parsimonious and robust model.25 A variable selection procedure allows the informative part of the spectrum related to the variation of the analyte concentration to be modeled and other parts of the spectrum related to the variation of concentration of other compounds and/or background variations to be discarded. Consequently, in practice, the wavelength selection continues to be the process of interest due to the increase in the prediction capacity. Different strategies for wavelength selection in multivariate calibration models have been proposed in the literature, including the use of ant colony optimization,26-28 tabu search (TS)29 and genetic algorithm (GA).30

  Unlike the traditional calibration techniques based on a single model, which sometimes results in unsatisfactory accuracy and robustness, ensemble is based on the concept of building a series of model. For example, in boosting, samples in the training set are picked out with the probability obtained by the previous model. For a specific sample, if the prediction from the previous model is poor, the probability of the sample will increase so as to be trained more intensively. The final prediction is made by weighted median of the collected numerous models. The main advantage of such ensemble techniques is that they increase the accuracy and robustness of the calibration. Such learning concepts have been introduced into the field of chemometrics and shown that the ensemble model is more robust and less sensitive to overfitting.31-34 Previously, boosting-PLS approach was employed in quantitative structure-activity/property relationships35 and in the determination of some active chemicals in near-IR region.35-40

  The aim of the present work was to develop simple, rapid, economical, accurate, precise and reproducible spectrophotometric methods for determination of carbaryl and chlorpyrifos. Due to the advantages of boosting, the combination of boosting-PLS and spectrophotometry for simultaneous determination of these pesticides was investigated. To our knowledge, this work is the first report on application of boosting-PLS for pesticide determination. Two other approaches including full-spectrum PLS and tabu search (TS)-PLS were used for comparison.

  Tabu search is a meta-heuristic optimization method which was used by Hageman et al.29 to solve the wavelength selection problem. TS process is initiated with a randomly selected solution (i.e., a subset of wavelengths). For each solution, a PLS model is built based on the selected wavelengths and the corresponding root mean squared error (RMSE) is calculated via cross-validation method as:

  
    [image: Equação 01]

  

  where [image: Entidade 01]i is the predicted concentration of interested component in the ith mixture, xi is the real concentration, and m is the number of samples in the training set.

  This RMSE value is used as fitness value. After evaluation of the initial solution, all possible neighbors of the solution are investigated. Neighboring solutions are slightly different from the initial solution and can be reached from the current solution by a simple, basic transformation of the current solution.29,41 The new solution is the one which yields the best result among all solutions considered. To avoid toggling between two solutions in a local optimum, TS uses a tabu list containing solutions or steps which are tabu. In this work, four tabu lists were employed, including select tabu list, deselect tabu list, move to tabu list and move from tabu list. The lengths of all tabu lists were optimized by trial and error.

  The original concept of boosting was proposed by Schapire42 and has intensively been developed.43 There are two methods used to establish the boosting regression model. The first one is by forward stage-wise additive modeling, which modifies the target values to effectively fit residuals.35 The second one is by changing sample weights to emphasize those which were poorly regressed on previous stages of the fitting process.38 In this work, the second approach is used. Anyway, at the end of boosting, there is an ensemble with T models at the hand which are used to predict analyte concentration in a test sample. Considering a training set containing m samples, the boosting procedure used in this study consists of the following steps:

  Step 1: initially, assign equal weights to each sample in the training data set:

  
    [image: Equação 02]

  

  Step 2: for iterations t = 1, 2, …, T:

  (i) Calculate probability for each sample:

  
    [image: Equação 03]

  

  (ii) According to probability distribution p, select m' samples (m' < m) from the training set in order to generate a so-called boosting set.

  (iii) Develop a PLS model on the basis of the boosting set. Determine the number of latent variables by the cross-validation on the current boosting set.

  (iv) Use the developed PLS model to predict the concentration of the interested analyte in all m' samples.

  (v) Calculate a square loss for each sample in the boosting set as:

  
    [image: Equação 04]

  

  Here, the denominator represents the maximum residual between all predicted and real concentrations.

  (vi) Compute an average loss [image: Entidade 02] and from that a confidence index (CI) for the PLS model:

  
    [image: Equação 05]

  

  This CI is ranging from 0 to 1. Low CI means high confidence in the prediction.

  (vii) Update weights of the samples by the following equation:

  
    [image: Equação 06]

  

  Note that the weight-updating scheme implies that, the smaller the loss, the more the weight is reduced. In the other words, the weights of the unsatisfactory predicted samples are increased. This causes to pick up this sample as a member of the next boosting set with higher probability.

  (viii) Renormalized w, so that [image: Entidade 03].

  (ix) t = t + 1. If t < T, repeat steps i-viii; otherwise stop. After T iterations, there are T PLS models.

  Step 3: the performance of the boosting-PLS is evaluated by a test set. For a sample j of the test set, the final prediction is the combined prediction obtained from the T PLS models as shown in equation 7.

  
    [image: Equação 07]

  

  where s is the normalized inverse of the Mahalanobis distance between a test sample and tth boosting set.

   

  Experimental

  Reagents and solutions

  All reagents were of analytical reagent grade. Bidistilled water was used throughout. Stock solutions of carbaryl and chlorpyrifos were prepared separately by dissolving 0.05 g of either carbaryl or chlorpyrifos in DMF (dimethylformamide) and diluting to 50 mL with DMF. Working solutions were prepared immediately before use by further dilution of the standard solutions in water.

  Citrate buffer (0.15 mol L-1) was prepared and pH was adjusted to pH 5 by using concentrated HCl or NaOH.

  Apparatus, software and data processing

  Electronic absorption spectra were measured by single beam UltraSpec 4000 spectrophotometer (Biotech, Pharmacia, England), using 10 mm path length quartz cells. The recorded spectra, from 250 to 375 nm, were digitized in 1.0 nm. All spectral measurements were performed using appropriate blank solution as a reference. A Methrohm model 780 pH-meter using combined glass electrode was used for pH measurements. The data treatment was done in MATLAB 7.0 (Mathw Works, Cochituate Place, MA) environments. The TS-PLS and boosting-PLS algorithms were written in MATLAB.

  Procedure

  To find the linear concentration range of each pesticide, one-component calibration was performed. Different volumes of a stock solution of the desired pesticide were injected, by means of a micro-syringe, into a cell that contained 2.0 mL citrate buffer solution (pH 5.0) and the absorbance spectra were recorded over the 250-375 nm spectral range versus a solvent blank. The linear dynamic range for each compound was determined by regressing absorbance at the corresponding λmax versus concentration.

  Two sets of standard solutions are necessary for multivariate calibration. One, called training set, is used to develop model and the other to evaluate the model. In the present study, the training set contained 36 standard solutions and the test set contained 20 standard solutions. Although, the concentrations of the analytes in both data sets were within the linear concentration range of that pesticide, the compositions of the most concentrated solutions were selected so that the absorbance values were not exceeded the highest absorbance reading of the instrument. The composition of the training set was chosen by 6 level full factorial design, whereas the composition of the test set was chosen randomly. To prepare each solution, aliquots of carbaryl or chlorpyrifos solutions containing appropriate amount of these pesticides were added to a series of 10.0 mL volumetric flasks followed by addition of 2 mL of citrate buffer solution (pH 5), diluted to the mark with double distilled water. UV spectra of the mixtures were recorded in the wavelength range of 250-375 nm versus a solvent blank, and digitized absorbance was sampled at 1.0 nm intervals.

   

  Results and Discussion

  Spectral characterization of the analytes

  The chemical structures of carbaryl and chlorpyrifos are shown in Figure 1. The absorbance spectra of each chemical are shown in Figure 2. As can be seen, carbaryl and chlorpyrifos have highly overlapped spectra. Due to overlapping spectra, mixtures of these chemicals cannot be analyzed by conventional univariate method. Multivariate calibration method such as PLS gives a solution to such problem.

  
    

    [image: Figure 1. Chemical structures]

  

  
    

    [image: Figure 2. Absorbance spectra]

  

  Optimization of the experimental conditions

  The experimental conditions for quantitative estimation of both pesticides were optimized via a number of preliminary experiments. The influence of pH on the spectrum of each compound at a constant concentration was studied separately in the pH range of 1-6 because carbaryl hydrolyzes in neutral and basic solutions.4 Hydrochloric acid and sodium hydroxide were used for the pH adjustment. It was found that the system is almost independent of pH within the range of 1.0-6.0. However, to prevent hydrolysis of both carbaryl and chlorpyrifos, pH 5 was selected as optimum pH value. A solution of 0.15 mol L-1 citrate buffer was used for the adjusting pH.

  One-component calibration

  To find the linear range of each component, calibration graphs were obtained. The absorption spectra were recorded over 250-375 nm against a solvent blank. For each pesticide, the calibration curve was constructed with several points as absorbances at its λmax versus sample concentration and the graph was evaluated by linear regression analysis. The calibration curves were linear between 1.60 and 45.0 μg mL-1 for carbaryl and 1.50 and 50.0 μg mL-1 for chlorpyrifos. The characteristic parameters for the regression equations of individual calibration by absorption UV spectra are given in Table 1.
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  Multivariate calibration

  The first step in simultaneous determination of binary mixtures by multivariate calibration methods involves the construction of a training set. In this study, a training set consisting of thirty six binary mixtures according to 6-levels full factorial design was prepared. Calibration models were constructed with the aid of the following chemometrics methods: PLS, TS-PLS and boosting-PLS. The resulted models were validated against a randomly selected test set containing twenty binary mixtures (Figure 3).

  
    

    [image: Figure 3. Composition]

  

  To build full-spectrum PLS model, leave-one-out cross-validation (LOO-CV) was used to optimize the number of latent variables (LVs). The LOO procedure is iterative, and, it consists of several steps in each iteration. At each iteration, one sample is leaved out from the training set. A PLS model with predefined number of latent variables (factors) is built based on the remaining samples. Then concentration of the hold-out sample is predicted by the model. This procedure was iteratively run for each sample for each number of factors. The error was expressed as the prediction residual error sum of squares of cross validation (PRESS-CV) which is given by:

  
    [image: Equação 08]

  

  where [image: Entidade 04]i is the predicted concentration of interested component in ith mixture by the model, xi is the real concentration, and m is the number of mixtures in calibration set.

  In boosting-PLS, the two parameters that should be optimized were the ensemble size (the number of boosting cycles) and boosting set size (the number of samples in each boosting set). Again, the number of LVs for each boosting set was determined by the LOO-CV procedure. In TS-PLS, four parameters need to be optimized: the length of the tabu list for the select, deselect, move from and move to operators. These parameters were optimized by trial and error. For each generated solution in TS, the number of LVs was determined by leave-six-out cross validation (L6O-CV) procedure.

  Plots of PRESS-CV versus the number of latent variables for both pesticides are pictured in Figure 4. As may be seen, the optimal number of factors was 2 for both pesticides. The results of full-spectrum PLS are summarized in Tables 2 and 3. As can be seen in Table 3, the RMSE and R2 values for both training and test sets were used as indexes to evaluate performance of the models.

  
    

    [image: Figure 4. Plots of log (PRESS) versus number]

  

  
    

    [image: Table 2. Composition of the binary]

  

  
    

    [image: Table 3. Statistical parameters]

  

  In another trial, tabu search was used to select more informative wavelengths to build PLS model. Figure 5 shows the selected wavelengths in three different runs of TS in the analysis of chlorpyrifos. Note that several wavelengths were selected from last part of the spectra where the absorbance signals are low. In order to evaluate the usefulness of this last part of the spectrum, PLS was applied on the last thirty two wavelengths and the results revealed R2 values equal to 0.985 and 0.972 for training and test sets, respectively. This result clearly demonstrates that this part of the spectrum is informative and also indicates the ability of TS to choose the proper wavelengths.

  
    

    [image: Figure 5. Absorbance spectra]

  

  The results of the analysis for chlorpyrifos and carbaryl by TS-PLS are summarized in Tables 2 and 3. In Table 3, it is obvious that TS-PLS resulted in more accurate models in comparison with the case when entire set of data were used without wavelength selection. For TS-PLS, the RMSEtest values in determination of chlorpyrifos and carbaryl were improved by 41.93 and 23.67%, respectively, compared to full-spectrum PLS.

  Figure 6 shows the influence of the ensemble size and the number of samples in each boosting set on the predictive power of boosting-PLS in the analysis of chlorpyrifos. As indicated in Figure 6, when the ensemble size is smaller than 18, the R2 value drops especially when the number of samples in each boosting set is lower than 10. Regardless of number of samples, increasing the ensemble size causes the decrease in the fluctuation of the R2 values. The best results obtained when the ensemble size and the number of samples were 35 and 25, respectively.

  
    

    [image: Figure 6. The influence of the ensemble]

  

  The predicted concentrations of chemicals in the test set by boosting-PLS are given in Table 2. The statistical parameters of the resulted boosting-PLS are collected in Table 3. In Table 3, it can be found that the precision of boosting-PLS was superior to full-spectrum PLS and even TS-PLS. The boosting-PLS model performance was improved by 47.94 and 10.35% compared to full-spectrum PLS and TS-PLS, in determination of chlorpyrifos, respectively.

  Application

  To test the practical application of the proposed method to the analysis of the considered pesticides, several tap water samples spiked with different amounts of these pesticides were analyzed by the PLS and boosting-PLS approaches. The spectra of each sample after pH adjusting were recorded in the range of 250-375 nm. Five replicate measurements were made. The results are shown in Table 4. The good agreement between these obtained results and the actual values indicates the successful applicability of the boosting-PLS approach for the simultaneous determination of carbaryl and chlorpyrifos.
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  Conclusion

  Spectrophotometric methods in conjugation with chemometric tools such as multivariate calibration, e.g., PLS, provided simple analysis methods with high efficiency and low time consumption. These techniques are widely used for quantitative analysis of multicomponent mixtures with overlapping spectra. In this work, three chemometric tools including PLS, tabu search-PLS and boosting-PLS were used in the simultaneously determination of chlorpyrifos and carbaryl. The results revealed that the boosting-PLS approach is the best in terms of several performance measures. It seems that in a sense, using boosting-PLS can avoid doing a wavelength selection before modeling, therefore making a calibration more convenience. However, it is worthy to note that these conclusions are valid only for this data set. So, further investigations have to be made before any general conclusion can be drawn.
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    Comprehensive two-dimensional gas chromatography with time of flight mass spectrometry (GC×GC-TOFMS) is an appropriate technique for the elucidation of molecular composition of petrochemical samples, such as biodegraded oils. Biomarkers were separated and identified, and conventional biomarker ratios were determined via gas chromatography-mass spectrometry (GC-MS) and GC×GC-TOFMS. In the extracted ion chromatogram m/z 123 + 177 + 191, coelutions between tricyclic terpanes, hopanes and 25-nor-hopanes with secohopanes were resolved by GC×GC-TOFMS. GC×GC-TOFMS allowed the identification of complete series of 25-nor-hopanes, nor-gammacerane, C29 28-nor-spergulanes and oleanane not identified by using GC-MS. The biomarker ratios from the studied oils indicated that they derived from marine source rock deposited under anoxic conditions. The higher chromatographic resolution and sensitivity achieved by using GC×GC-TOFMS allowed for three new parameters to characterize biodegraded oils. These results indicated the superiority of GC×GC-TOFMS for separation and identification of individual and non-target compounds in severely biodegraded oils.

    Keywords: heavily biodegraded oils, biomarker, geochemical parameters, comprehensive two-dimensional gas chromatography, time of flight mass spectrometry

  

   

  
    Cromatografia gasosa bidimensional abrangente acoplada à espectrometria de massas por tempo de voo (GC×GC-TOFMS) é uma técnica apropriada para a elucidação da composição molecular de amostras petroquímicas, como óleos biodegradados. Biomarcadores foram separados, identificados e razões de biomarcadores convencionais foram determinados usando cromatografia gasosa acoplada à espectrometria de massas (GC-MS) e GC×GC-TOFMS. No cromatograma de íons extraídos m/z 123 + 177 + 191, coeluições entre terpanos tricíclicos, hopanos e 25-nor-hopanos com secohopanos foram resolvidas usando GC×GC-TOFMS. GC×GC-TOFMS permitiu a identificação da série completa dos 25-nor-hopanos, nor-gamacerano, C29 28-nor-espergulano e oleanano, que não foram identificados por GC-MS. A avaliação dos parâmetros geoquímicos dos óleos estudados indicou uma origem marinha e um ambiente deposicional sob condições anóxicas. A alta resolução cromatográfica e sensibilidade alcançada usando GC×GC-TOFMS permitiram sugerir três novos parâmetros geoquímicos para a caracterização de óleos altamente biodegradados. Estes resultados demonstram a superioridade da técnica GC×GC-TOFMS na separação e identificação de compostos individuais e não-alvos em óleos severamente biodegradados.

  

   

   

  Introduction

  Crude oil in subsurface petroleum reservoirs can undergo alteration processes, which results in aerobic and/or anaerobic degradation promoted by microorganisms.1,2 The final result of this biological activity in the deep subsurface is the biodegradation of oils. The effects of biodegradation on the composition of crude oil are relatively well-known. Scales of chemical changes occurring during the biodegradation are provided in various publications,3-5 with the Peters and Moldowan (PM) biodegradation scale most commonly used.5 The general removal sequence of saturated hydrocarbon compound classes during biodegradation includes the following: n-alkanes, alkylcyclohexanes, acyclic isoprenoid alkanes, bicyclic alkanes, steranes and hopanes. The generation of other hydrocarbons, such as secohopanes and 25-nor-hopanes, occurs when advanced levels of degradation are achieved.6 Biodegraded oils represent a significant fraction of the petroleum in conventional oil reserves, making their molecular composition complex. All biodegraded oils are also mixtures,7 making them even more complicated. This aspect leads to difficulties in evaluating the molecular composition of biodegraded oil samples.

  Gas chromatography-mass spectrometry in tandem (GC-MS/MS) and conventional GC-MS are the chromatographic techniques most commonly used for the chemical and geochemical characterization of the petroleum samples.6,8,9 The main problem in GC-MS analyses is the coelution, which hampers the correct identification of many compounds, particularly in complex mixtures such as biodegraded oils. This can be solved by using GC-MS/MS through monitoring selective reaction. Full mass spectra of compounds, however, are not obtained with this technique. Mass spectra are particularly interesting when the focus of analysis is not only the search for known compounds but also for the search for new or non-target compounds that can provide new insights into the petroleum system under investigation. Comprehensive two-dimensional gas chromatography with time of flight mass spectrometry (GC×GC-TOFMS) is an option for overcoming the limitations of one-dimensional GC-MS (coelution) and GC-MS/MS (lack of full mass spectra). Thus, GC×GC-TOFMS is an appropriate technique for the elucidation of molecular composition of complex petrochemical samples, such as biodegraded oils. Recently, GC-MS, gas chromatography-mass spectrometry in tandem with multiple reaction monitoring (GC-MRM-MS) and GC×GC-TOFMS techniques were compared for the biomarker characterization in tertiary oils and rock extracts. In this work,9 the authors emphasize the outstanding capabilities of GC×GC-TOFMS for the separation of compounds with identical molecular masses and similar MS fragmentation.

  The importance of GC×GC-TOFMS is demonstrated in several works in a variety of matrices, e.g., characterization of petrochemical samples and derivatives,10 biodegradation in petroleum11 and mixtures diesel/biodiesel,12 analysis of Fischer-Tropsch synthesis products13 and unresolved complex mixtures of hydrocarbons extracted from late Archean sediments,14 characterization of biomarker in Brazilian oils,15 in extra heavy gas oil (EHGO),16 and the study of unresolved complex mixtures (UCM) in the maltene fractions of hydrothermal petroleum.17

  There has only been one report published showing the use of GC×GC-TOFMS applied to biomarker analysis of oils from Colombia,18 in which conventional geochemical parameters based on biomarker ratios were used to analyze the source and maturity evaluation. Ventura et al.19 was the first study that used GC×GC-TOFMS in obtaining geochemical parameters. Before that, GC×GC-TOFMS was only used for qualitative biomarker analyses.

  Many oils from the Colombian Basin are considered heavily biodegraded based on biomarker composition. As already presented, a full biomarker characterization of these oils is hard to obtain only via GC-MS and GC-MS/MS. Thus, the aim of our work is to show the usage of GC×GC-TOFMS for the analysis of biomarkers in heavily biodegraded oils from Colombia and the determination of conventional biomarker ratios based on GC-MS and GC×GC-TOFMS results. Last but not least, based on the same experiments, new biodegradation biomarker parameters are proposed.

   

  Experimental

  Samples and sample preparation

  Four crude oil samples from Colombia were submitted to liquid chromatography. The samples were supplied by Ecopetrol (Bucaramanga, Colombia), and named Oils #1, #2, #3 and #4. The crude oil samples (ca. 100  mg) were dissolved in 0.5 mL of hexane and applied to the top of a mini-column (150 × 10 mm) containing 2.5 g of activated silica gel (120 ºC overnight) and further rinsed with more 0.5 mL of the hexane and transferred to the column and this procedure was repeated 3 times. Then, samples were fractioned into saturated and aromatic hydrocarbons and polar compounds using n-hexane (8 mL), n-hexane:dichloromethane (8:2, v:v, 10 mL) and dichloromethane:methanol (9:1, v:v, 10 mL), respectively. The solvent from each fraction was evaporated and 500 μL of dichloromethane added. Saturated hydrocarbon fractions (1 μL) were analyzed by using GC-MS and GC×GC-TOFMS. Further details were previously reported.20-22 The percentage of saturated hydrocarbons, aromatic hydrocarbons and polar compounds (SAP results), as calculated from the quantity weigh-out of the respective fractions, are presented in Table 1.

  
    

    [image: Table 1. SAP results]

  

  Chromatographic conditions

  GC-FID

  GC-FID analyses were performed with Agilent Technologies 7890N (Palo Alto, CA, USA), a gas chromatograph coupled to a flame ionization detector. Separation was achieved with a HP5 fused silica column (30 m × 0.25 mm i.d., 0.25 μm film thickness). The GC oven operating conditions were 40 to 320 ºC (10 min) at 6 ºC min-1. H2 was used as carrier gas. Samples were injected in splitless mode with the injector temperature at 290 ºC and detector temperature at 340 ºC. The crude oil samples (10 mg) were dissolved in 500 μL of dichloromethane and analyzed by GC-FID.

  GC-MS

  GC-MS analyses were performed with an Agilent Technologies 6890N (Palo Alto, CA, USA) gas chromatograph coupled with the Agilent Technologies 5973 mass spectrometer. Separation was achieved with a HP5 fused silica column (30 m × 0.25 mm i.d., 0.25 μm film thickness). The GC oven operating conditions were 70 (1 min) to 170 ºC at 20 ºC min-1 and 170 to 325 ºC at 2 ºC min-1. He was used as carrier gas at a flow of 1.0 mL min-1. Samples were analyzed in single ion monitoring and scan mode. Samples were injected in splitless mode with the injector temperature at 290 ºC. GC-MS was operated in the 70 eV electron ionization (EI) mode with a collected mass range of 50-600 Da.

  GC×GC-TOFMS and data processing

  GC×GC-TOFMS analyses were performed with a Pegasus 4D system (Leco, St. Joseph, MI, USA) which consists of an Agilent Technologies 6890 gas chromatograph (Palo Alto, CA, USA) equipped with a secondary oven, a non-moving quad-jet dual-stage modulator and a Pegasus III mass spectrometer (Leco, St. Joseph, MI, USA). The data acquisition and processing method were carried out by using ChromaTOF™ software version 4.21 (Leco, St. Joseph, MI, USA). The GC column set consisted of a HP5 (5%-phenyl-95%-methylsiloxane; Agilent Technologies, Palo Alto, CA, USA) column (30 m, 0.25 mm i.d., 0.25 μm film thickness) as the ﬁrst dimension (1D) and a BPX50 (50%-phenyl-50%-methylsiloxane; SEG, Ringwood, VIC, Australia) column (1.5 m, 0.1 mm i.d., 0.1 μm film thickness) as the second dimension (2D). The second column was connected to the TOFMS instrument (Leco, St. Joseph, MI, USA) via an uncounted deactivated silica tube (0.5 m × 0.25 mm i.d). The columns and the empty deactivated column were connected by SilTite™ mini-unions and metal ferrules made for 0.10-0.25 mm i.d. GC columns (SEG, Ringwood, VIC, Australia).

  The temperature program used in the first column (1D) was: 70 (1 min) to 170 ºC at 20 ºC min-1 and 170 to 325 ºC at 2 ºC min-1. The programming for the second column consisted of a gradient of 10 ºC above the first column: 80 (1 min) to 180 ºC at 20 ºC min-1 and 180 to 335 ºC at 2 ºC min-1. The modulator temperature was 30 ºC above the temperature of the first column and the modulation period was 8 s, with a 2 s cold jet and a 2 s hot jet. He was used as carrier gas at a flow of 1.5 mL min-1. The temperatures of the transfer line to the mass spectrometer and the ion source were 280 and 230 ºC, respectively. The detector was operated at 1650 V and the acquisition rate was 100 spectra s-1. Samples were injected in splitless mode with the injector temperature at 290 ºC. TOFMS was operated in the electron impact ionization mode at 70 eV. The analyzed mass range was 50-600 Da.

  Samples were evaluated from total ion chromatograms (TIC) and extracted ion chromatograms (EIC) by using m/z 85 (parafﬁns), m/z 191 (tri-, tetra- and pentacyclic terpanes, gammacerane, oleanane), m/z 177 (C10 demethylated tri-, tetracyclic terpanes and 17α(H)-25-nor-hopanes), m/z 341 (25,28-nor-hopanes), m/z 369 (28-nor-spergulanes), m/z 217 and 218 (ααα and αββ steranes, respectively), m/z 123 (secohopanes) and m/z 259 (diasteranes and tetracyclic polyprenoids) as diagnostic ions, based on previous works.16,23

  After data acquisition and processing by the use of ChromaTOF™ software version 4.21, individual peak areas were automatically acquired and individual compound identification was performed by the comparison with the literature and standard compound mass spectra by examination, interpretation of MS fragmentation patterns, retention time, and elution order of compounds.24-28

  Results and Discussion

  Initially, the heavily biodegraded whole oil samples from Colombia were analyzed using GC-FID to provide a rapid assessment of oil composition. Then, the saturated hydrocarbon fractions, after fractioning, were analyzed by GC-MS and GC×GC-TOFMS. The whole oil (GC-FID) chromatogram from the oil samples and the GC-MS mass chromatograms from the saturated hydrocarbon fractions are shown in Figure S1 (in the Supplementary Information (SI) section).

  Chromatographic aspects

  The comparison between GC-MS and GC×GC-TOFMS was performed in order to emphasize the increase in the chromatographic resolution and sensitivity achieved using GC×GC-TOFMS. Because of the complexity of the biodegraded oil samples, no additional chemical information could be obtained from GC-MS due to the large number of components and limited separation capacity. The acquired GC-MS data revealed coelutions that involved important compound classes such as secohopanes, hopanes and demethylated hopanes, as shown in Figure 1, curves a-c. In the two-dimensional chromatogram (Figure 1d), several of these coelutions were resolved, such as 25,28,30-tris-nor-hopane (25,28,30-TNH) from C30 8,14-secohopane (SH30), and C30 17α(H),21β(H)-30-hopane (H30) from 17α(H),21β(H)-25-nor-30-hopane (D30R), and C31 8,14-secohopane (SH31), as shown in Figure 2. The separation between H30 and D30R has previously been reported,16 but in the present work, it was also observed the separation of another compound in this region, the C31 8,14-secohopane (SH31). In addition, the structured chromatogram allowed a better identification of compounds by classes in the chromatographic plane, especially the secohopanes, present in low concentrations.
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  The nor-spergulane and nor-gammacerane were not detected by GC-MS because of either low concentration or occurrence of possible coelutions. The C29 28-nor-spergulane (29NSP), the main member of the previously identified series as 28-nor-spergulanes,27 was detected and recognized using GC×GC-TOFMS, as shown in Figure 3. This compound is a rearranged hopane and exhibits a mass spectrum typical of hopanes, with a base peak at m/z 191. However, the fragment m/z 369 is more intense in this compound than in regular hopanes (Figure S4, in the SI section). The compound eluted between the C29 and C30 hopanes (Figure 3). The geochemical implications of 28-nor-spergulanes are not well-known, even though they are detected in a large number of oils from different sources. 28-nor-spergulane is particularly abundant in lacustrine oils from Southeast Asia. This biomarker has also been detected in Brazilian16 and Colombian oils18 by GC×GC-TOFMS. Another series of rearranged hopanes known as 18α-neohopanes (Ts, C29Ts) were also identified, along with their demethylated products.
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  Nytoft et al.27 detected a pentacyclic terpane, the last C29 terpane in the chromatographic run, which eluted after H30. By examining the mass spectrum in that work,27 this compound was tentatively identified by the authors as 24-nor-gammacerane. But this was, however, based on a synthetic compound and not on a natural one. In the present work, a compound was also found eluting after H30 on the second column. It is possible that this compound is 25-nor-gammacerane (Figure 4) as all detected demethylated hopanoids and tricyclic terpenoids are usually 25-nor. Why would biodegradation act on C24- and not on the well-known C25-position? For this reason, this compound was tentatively identified as either 25-nor-gammacerane, or only as nor-gammacerane, as not known for sure the exact demethylation position. This reinforces the hypothesis that it may be a nor-gammacerane because its precursor (gammacerane) also interacted more with the 2D column due to differences in chemical structure: gammacerane is a hexacyclic terpenoid while hopane is a pentacyclic terpenoid. Thus, the separation in the second dimension allowed one to distinguish between hopane and gammacerane families in the chromatographic plane (Figure 5).
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  Geochemical interpretation

  Geochemical parameters are used to provide maximum geological interpretations to help solving problems in the production, development, exploration, environmental and archaeological problems. Thus, geochemical correlations using biomarkers provide a better understanding of the relationship of the reservoir, thereby improve the exploration success by establishing possible routes of oil migration. For this reason, the identification of biomarkers is widely used in oil-oil correlation and oil-source rock, being a powerful tool in oil exploration. Furthermore, the use of biomarker ratios provides important information concerning the origin, thermal maturation and biodegradation of oils. The characterization of depositional environments of petroleum source rocks using biomarker parameters provides criteria for distinguishing source rocks deposited in different environments, such as lacustrine and marine. The thermal maturity term refers to the thermal reactions resulting from the progress of increase in temperature that leads to the conversion of organic material in sedimentary oil. The biodegradation of the oil consists of a series of biological processes that cause preferential removal of some compounds attacked by microorganisms, altering the composition of petroleum. The quality of the oil and its liquid volume decreases with an increase in biodegradation. Thus, it can significantly impact the economic value and production of oil.

  The geochemical parameters calculated for the samples using GC-MS and GC×GC-TOFMS are given in Table 2.
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  Depositional environment

  Parameters such as Hop/St (1, Table 2), H30/C27 ααα (2), percentage of steranes (3), Ts/Tm (4), Te24/H30 (9) and H35/H34 (11) were obtained in order to evaluate the depositional environment. The hopane/steranes (Hop/St) ratio obtained from Oils #2, #3 and #4 ranged from 0.9 to 1.08 as measured by GC×GC-TOFMS, and between 1.08 to 1.46 as measured by GC-MS (Table 2). This indicates marine organic matter deposition revealed by both techniques (Hop/St < 4.0). The finding is consistent with the predominance of C27 steranes over homologue C29 and with the presence of C30 sterane. Low concentrations of Tr19 and Tr20 compared to Tr23 in all samples are also indicative of marine oils.6,29 The Ts/Tm ratios of the Oils #2, #3 and #4 using GC-MS and GC×GC-TOFMS were below 1, indicating a marine carbonate or evaporate depositional environment.29

  High H35/H34 ratios (> 1) revealed the selective preservation of the C35 homologue and indicate that the oils were derived from a marine source rock deposited under low redox conditions.5 High concentrations of C35 homohopane in Oils #2, #3 and #4 using both GC-MS and GC×GC-TOFMS are indicative of anoxic conditions during source-rock deposition.6 The presence of 25,28,30-TNH in all samples indicates that the oil samples are most likely derived from anoxic marine depositional environment oils.6

  The C24 tetracyclic terpane/hopane ratio (Te24/H30) increases in more mature source rocks and oils as a result of the greater stability of the tetracyclic terpanes. They also appear more resistant to biodegradation than hopanes6. For these reasons, they can be used in correlations of altered petroleum. The presence of C24 tetracyclic terpanes for all of the oil samples are thought to be common in carbonate and evaporite depositional environments.29,30

  Other pentacyclic terpanes, such as gammacerane and oleanane, were also identified using GC×GC-TOFMS (Figure 3) but not detected via GC-MS. These compounds are highly resistant to biodegradation.26 However, Oils #2, #3 and #4 showed Gam/H30 ratios higher than 0.11, indicating salinity and water column stratification in the source rock depositional environment. This was also used as an indicator of carbonate and evaporitic environments.29 In addition, high Ol/H30 ratio is indicative of terrestrial environments.6 Low Ol/H30 ratios were found for Oils #2 and #4, suggesting marine depositional environments.

  Maturity

  Parameters such as H32 S/(S + R) (12, Table 2), Ts/(Ts + Tm) (13), C29 ααα S/(S + R) (14) and C29 ββ/(αα + ββ) (15) steranes were obtained in order to evaluate the thermal maturity.

  The H32 S/(S + R) ratio increases from zero to approximately 0.6, with equilibrium values in the range from 0.57 to 0.62 during thermal maturation.6,31 Samples whose ratios are between 0.50 to 0.54 barely entered the oil generation range, as observed for the Oils #2 and #4 by using GC-MS and Oil #3, both via GC-MS and GC×GC-TOFMS. The values observed for Oils #2 and #4 via GC×GC-TOFMS, however, indicate that the principal step of oil generation was reached. But, this parameter should be carefully analyzed because biodegraded oils could have a lower abundance of the R isomer, which is more susceptible to biodegradation. The homohopane H32 in the Oils #1 was not detected. This is suggested as being due to the severe biodegradation. The values observed for the H32 S/(S + R) ratio showed no significant differences between the samples, and also between the two chromatographic techniques, GC-MS and GC×GC-TOFMS, with values between 0.51-0.54 and 0.54-0.57, respectively. This was also observed in a previous study in which the authors9 compared three techniques: GC-MS, GC-MRM-MS and GC×GC-TOFMS.

  The Ts/(Ts + Tm) ratios are often used as a parameter of thermal maturity for the evaluation of oils from the same origin. The values observed for the Ts/(Ts + Tm) ratios showed no significant differences, varying from 0.37 to 0.4 via GC-MS and 0.36 and 0.41 by using GC×GC-TOFMS, with no distinction between both techniques. This can be explained by the fact that these two isomers, during a biodegradation process, are removed at the same rate, maintaining the initial ratio.6 Values around 1 for this ratio indicate that the oil has highlo thermal maturity.6 Thus, the values found for the Oils #2, #3 and #4 indicate that they have low thermal maturity or were possibly influenced by the biodegradation process.

  The isomerization at C-20 in the C29 5α(H),14α(H),17α(H)-steranes increases from zero to approximately 0.5, with the equilibrium value between 0.52 to 0.55 with the increasing maturity.6,32 The R configuration at C-20 occurs in steroid precursors existing in living organisms, and this is gradually converted during burial maturation to a mixture of the R and S sterane configurations.6 Data from Oil #2 using GC-MS and Oil #3 via GC×GC-TOFMS barely entered the oil generation range, while Oil #2, via GC×GC-TOFMS, reached the equilibrium value. Partial sterane biodegradation of oil can result in an increase of aaα 20S/(20S + 20R) sterane ratios (C27, C28 and C29) to above 0.55, which was observed in Oils #3 and #4 via GC-MS, and Oil #4 using GC×GC-TOFMS. This was due the selective removal of the aaα 20R epimer by bacteria.33 The greater stability of the 20S epimer compared to 20R is the main reason for increasing 20S/(20S + 20R) ratios with thermal maturity,34 and there is no evidence for equilibration of 20S and 20R epimers. This ratio depends partly on the source rock and can decrease at high maturity.35 Differential stability of epimers and generation of additional material from the kerogen may affect this ratio.36 Other factors, such as organofacies differences, weathering and biodegradation can affect the sterane isomerization ratios.6

  The isomerization at the C-14 and C-17 positions in the 20S and 20R C29 regular steranes causes an increase in the bβ/(aα + bβ) from zero to approximately 0.7, with equilibrium value between 0.67 and 0.71, with the increasing maturity.6,32 This ratio appears to be independent of source organic matter input and is somewhat slower to reach equilibrium than the 20S/(20S + 20R) ratio, thus making it effective at higher levels of maturity. The increase in bβ/(aα + bβ) ratio, as observed in Oil #3 via GC×GC-TOFMS (Table 2), indicates the loss by thermal degradation of the aaα isomer. This is due to the fact that aaα isomers are degraded more rapidly than abβ isomers.37

  Some studies6,37 indicate that changes in source and maturation parameters, traditionally associated with isomerization, are due to a combination of three processes: generation from kerogen, cracking and secondary isomerization.

  Several factors, such as source of organic matter, lithology and depositional conditions, can inﬂuence biomarker maturation parameters.6 The factor of greatest importance for the variance is attributed to the biodegradation. However, it is difficult to determine the maturity parameters by using only hydrocarbon biomarker parameters that may have been altered by biodegradation.

  Biodegradation

  The biomarker composition of the oils in terms of relevant compound classes was estimated and assigned to the Peter & Moldowan (PM) scale, presented in Table 3. Based on these scales, the four oil samples can be classified as severely biodegraded (PM rank > 6), mainly because of the presence of the 25-nor-hopane and 25-nor-tricyclic terpane series in addition to that of nor-gammacerane.
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  The samples have distinct characteristics concerning to biodegradation, which can influence parameters related to thermal evolution and origin. Two distinct fingerprints, associated to degrees of alteration, were defined on the basis of biomarker composition (Figure 6). One of them is related to the presence of tetracyclic terpanes, steranes, hopanes (C28-C30), homohopanes (C31-C35), bis-nor-hopanes (BNH), 25,28,30-tris-nor-hopane (TNH), 25-nor-hopanes (C26-C34), nor-gammacerane, secohopanes and abundant n-alkanes. It includes the Oils #2, #3 and #4, with similar GC×GC-TOFMS profiles (Figures 6a and 6c). The detection of these compounds is characteristic of a mixture of biodegraded oils with a low abundance of non-biodegraded oils. On the other hand, the second fingerprint is characterized by the presence of the same compounds except for n-alkanes, hopanes (C28-C29), homohopanes (C31-C35) and steranes, and includes only Oil #1. This sample is highly biodegraded, as evidenced by the predominant unresolved compound mixture (UCM), and absence of n-alkanes in the whole oil analysis (Figure S1 in the SI section). There is also a complete loss of n-alkanes, hopanes, homohopanes and steranes from the total ion chromatogram for Oil #1 (Figures 6b and 6d). The absence of these compounds is characteristic of a severely biodegraded oil, and is consistent with residual material from the severe weathering and biodegradation of crude oil.38
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  The tricyclic terpanes have advantages when used in correlations because they are less affected by maturation and biodegradation than hopanes and steranes.6 The tricyclic/hopane ratio increases with the elevation of thermal maturity and biodegradation because the tricyclic terpanes are more resistant to biodegradation. In highly biodegraded oils when hopanes are removed, there is a rise in the relative abundance of the tricyclic compounds, increasing the values observed for the ratio tricyclic/hopane. The compound Tr23 is the most widely used on the tricyclic terpane ratio. The high values for the Tr23/H30 ratio (8, Table 2) in all samples are indicative of severe biodegradation.

  The secohopanes are derived from the hopane or moretane series via the opening of the C-ring during the early stages of maturation and degradation of hydrocarbons6. These compounds are highly resistant to biodegradation.5,6 There are six possible configurations because of the stereochemistry of carbons 8 and 14, but all six secohopane configurations were not observed. This was most likely due to coelution combined with the low concentrations of these compounds in the oils. In this study, it was possible to identify secohopanes C27 to C33, with the highest concentrations observed in secohopanes C29, C30 and C31 (mass spectra in Figure S4 in the SI section).39

  The detection of 25-nor-tricyclic terpanes, 25-nor-tetracyclic terpanes and 25-nor-hopanes was performed by monitoring the EIC m/z 177 (Figure 4). The complete series of 25-nor-hopanes (C26-C34 25-nor-hopanes) was observed in all samples, including the C24 demethylated tetracyclic terpane (DTe23) and the demethylated Ts, Tm and βTm. In addition, 25,30-BNH, 25,28-BNH and 25,28,30-TNH were also identified, with 25,30-BNH (mass spectrum in Figure S4 in the SI section) being the most intense at EIC m/z 177 (Figure 4). These compounds are indicative of severely biodegraded oil samples. This suggests that the hydrocarbons were exposed to severe conditions of biodegradation.6,25,40

  As already described, an important separation observed by GC×GC-TOFMS occurred between the isomers H30 and D30R.16 H30, the hopane found in most oils, decreases in concentration during biodegradation, while D30R is an intermediate of homohopane H31R degradation. If the H30 concentration decreases and the concentration of D30R increases due to oil biodegradation, this can mask the actual concentration of H30, which is widely used in the characterization of oils with respect to biodegradation using the 25-NH/H30 ratio, maturity and source parameters.6 The separation of these and other biomarkers is a favorable result of using GC×GC-TOFMS for oil characterization.

  Many authors agree that 25-nor-hopanes indicate heavy biodegradation.5,6 The 25-nor-hopanes are a series of compounds, typical of many, but not all, heavily biodegraded oils. These compounds appear to result from the bacterial removal of the methyl group at C10 from the regular hopanes.5 Many biodegraded oils reported in the literature contain abundant 25-nor-hopanes, evidence of severe biodegradation (rank > 6).6

  The 25-nor-hopane/hopane (25-NH/H30) ratio (16, Table 2) increases with the extent of biodegradation. Thus, it was possible to distinguish the degree of biodegradation of the samples based on the increasing 25-NH/H30 ratio, which had values between 1.36 and 6.04 as measured by GC×GC-TOFMS, and between 1.11 and 3.45 as measured by GC-MS (Table 2). As a result of the better chromatographic separation between 25,28,30-TNH from SH30, H30 and D30R from SH31 were achieved using GC×GC-TOFMS. Because of the detection of many abundant demethylated terpanes, three new parameters were proposed for the characterization of severe biodegradation: 25,28-BNH/H30 (18), 25,30-BNH/H30 (19) and SH30/H30 (20). These proposed biodegradation parameters showed a trend of biodegradation between the studied samples, indicating a decreasing order of biodegradation: Oil #1 > Oil #2 > Oil #3 > Oil #4. This demonstrates the same trend as the 25-NH/H30 ratio exhibited between the samples, which is the parameter usually employed for characterization of biodegraded oils.

  The relation graphic between 25-NH/H30 with 25,30-BNH/H30, 25,28-BNH/H30 and SH30/H30 ratios, showed good correlation (R2 greater than 0.9) between 25-NH/H30 with 25,30-BNH/H30, 25-NH/H30 with 25,28-BNH/H30, and 25-NH/H30 with SH30/H30 ratios, which can be observed across the correlation coefficient of 0.993, 0.9978 and 0.9201 respectively, as shown in Figure S3 in the SI section. According to the results obtained in this work, three new promising parameters may be proposed, but further investigation based on a larger number of severely biodegraded oils is required in order to verify and finally include them as biodegradation parameters. After the confirmation, the compounds 25,28-BNH, 25,30-BNH and SH30, and consequently the three new promising parameters on which they are based, 25,28-BNH/H30, 25,30-BNH/H30 and SH30/H30, should be routinely employed in future investigation, mainly for severely biodegraded oils. Thus, the potential of GC×GC-TOFMS to provide new biodegradation parameters is demonstrated in these results.

  Origin and maturation ratios, as Hop/St, H30/C27 aaα, Ts/Tm, Ts/(Ts + Tm), H32 S/(S + R), C29 aaα S/(S + R) and C29 bβ/(aα + bβ), did not vary significantly for these four samples using both GC-MS and GC×GC-TOFMS. However, for the biodegradation parameters as SH30a/H30 and 25,30-BNH/H30, this was not completely true. A significant change was observed, clearly showing the biodegradation effect, as presented in Table 2. Therefore, the SH30a/H30, 25,28,30-TNH and 25,30-BNH/H30 ratios may also be applied routinely, beside the commonly used 25-NH/H30, 25,28,30-BNH/H30.

   

  Conclusion

  The oils from Colombia under investigation showed complete series of 25-nor-hopanes, some demethylated tricyclic terpanes, nor-gammacerane, C29 28-nor-spergulanes, 25,30-BNH, 25,28-BNH, 25,28,30-TNH and 8,14-secohopanes, which resulted from the heavy biodegradation that occurred in the reservoirs.

  The higher chromatographic resolution and sensitivity of the GC×GC-TOFMS allowed for the separation and identification of individual compounds, which normally coelute in conventional GC-MS analyses. This contributes to a better characterization of the oil fractions. As result of the chromatographic separation between 25,28,30-TNH and SH30; H30, D30R, and SH31 by GC×GC-TOFMS, it was possible to propose three new parameters for heavy biodegradation: 25,28-BNH/H30, 25,30-BNH/H30 and SH30/H30. These proposed parameters showed a trend of biodegradation between the studied samples, indicating a decreasing order of biodegradation: Oil #1 > Oil #2 > Oil  #3 > Oil #4. In addition, geochemical parameters such as origin, thermal maturity and environment deposition were calculated, demonstrating the applicability of GC×GC-TOFMS in biomarker ratios. So, the use of GC×GC-TOFMS in geochemical analyses can easily support oil exploration.

  The samples showed a Hop/St ratio < 4, the predominance of C27 steranes over C29 homologous, the presence of C30 steranes, low concentration of Tr19 and Tr20 when compared to Tr23, a condition which is indicative of marine oils. Moreover, the samples also showed H35/H34 ratio > 1 and the presence of 25,28,30-TNH signifying an anoxic depositional environment. The presence of Te24, gammacerane and Ts/Tm ratio < 1 suggests a carbonate or evaporitic depositional environment.
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    Amperometric and spectrophotometric methods were developed for measuring iodide tracer concentration in water produced from offshore oil reservoirs. The amperometric method exhibited a linear response from 1 to 10 mg L-1 with limits of detection and of quantification of 0.2 and 0.6 mg L-1, respectively. The spectrophotometric method also exhibited a linear response from 1 to 10 mg L-1 with limits of detection and of quantification of 1 and 3 mg L-1, respectively. Both methods showed to be accurate, linear, homoscedastic and their recoveries were 101± 2 and 100 ± 3%, respectively, while the recoveries for produced reservoir water samples (fortified with iodide) were 97± 7 and 100± 3%, respectively. High amounts of sulfate interfere in the spectrophotometric method. Both methods are promising, simple and inexpensive alternatives to ion chromatography for the detection of iodide tracer in produced water reservoir samples.
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    Métodos amperométrico e espectrofotométrico foram desenvolvidos para determinar a concentração do traçador iodeto em água produzida de reservatórios de petróleo marítimos. O método amperométrico exibiu uma resposta linear na faixa de 1 a 10 mg L-1 com limites de detecção e de quantificação de 0,2 e 0,6 mg L-1, respectivamente. O método espectrofotométrico também apresentou uma resposta linear na faixa de 1 a 10 mg L-1 com limites de detecção e de quantificação de 1 e 3 mg L-1, respectivamente. Ambos os métodos mostraram-se precisos, lineares, homocedásticos e suas recuperações foram de 101± 2 e 100± 3%, respectivamente, enquanto que as recuperações para amostras de água produzida de reservatórios (acrescidas de iodeto) foram de 97± 7 e 100± 3%, respectivamente. Altos teores de sulfato interferem no método espectrofotométrico. Ambos os métodos são alternativas promissoras, simples e baratas à cromatografia iônica para detecção do traçador iodeto em amostras de água produzida de reservatórios de petróleo.

  

   

   

  Introduction

  Petroleum reservoir tracers are substances that can be detected in a fluid at very low concentrations and allow for tracing the flow of water when added to the injection fluid (normally water). They can be used to monitor fluid distribution and trajectory, two parameters that are crucial for reservoir management and evaluation of the economic and environmental impact of the petroleum production.1,2

  Tracers used in the petroleum production industry can be classified into three groups: radioactive, fluorescent and chemical. Chemical tracers are non-radioactive compounds such as halides that can exhibit thermal stability limitations, some reactivity and high limits of detection. In spite of the high limits of detection, the comparatively low cost of chemical tracers allows for larger injection volumes, permitting the use of low sensitive analytical method.3 The iodide is an example of chemical tracer.

  The development of a highly sensitive and selective method for iodide detection is a challenge because iodate and iodide are present in the ocean at ultra-trace levels together with high concentration of chloride in the matrices.4,5 The detection of iodide in seawater matrix is further complicated by high concentrations of carbonate and sulfate and the high ionic strength of seawater. Therefore, detection methods traditionally require a preliminary separation step for iodide enrichment.

  In the past two decades, ion chromatography has been increasingly used for the determination of iodide in seawater.6-9 These chromatographic methods are useful in determining ultra-trace amounts of iodide. However, these methods often require a pre-concentration or separation step. In addition, the instruments are very expensive and costly to maintain.

  Electrochemical methods are commonly used to detect and measure analytes at low concentrations without prior separation because electrochemistry is inherently sensitive and selective. By taking advantage of the electroactivity of iodide, electrochemical methods have been often used to detect iodide.10-18

  The halide ions, Cl-, Br- and I-, absorb at two distinct wavelengths at the edge of the ultraviolet (UV) spectrum, thus, UV spectrophotometry can be used to detect these ions in solution.19-21

  Considering that iodide is highly soluble at low temperatures, interacts minimally with porous rock and is detectable by electrochemical methods and UV spectrophotometry, we consider that this ion is very promising to be used as a water tracer in oil reservoirs. In the present study, we use two methods, amperometric and spectrophotometric, to measure iodide at the low concentrations expected to be present in produced water considering that the injected water has been enriched with this ion.

   

  Experimental

  Electrochemical techniques

  All measurements were performed using an Autolab potentiostat (model PGSTAT 100, EcoChemie) with a current amplifier module controlled by GPES 4.8 software. All experiments were carried out at 25 ºC in a Faraday cage to eliminate electrical noise.

  Different electroanalytical techniques (linear, differential pulse and square wave voltammetry and chronoamperometry) were used to study the direct oxidation of iodide on the surface of a platinum ultramicroelectrode.  For all electrochemical experiments, Ag/AgCl/KCl (3 mol L-1) was used for reference and counter electrodes, and the working electrode consisted of a homemade platinum ultramicroelectrode with a diameter of 25 μm.

  Platinum ultramicroelectrodes (Pt-UME) were constructed by embedding a 25 µm diameter Pt wire (Goodfellow) in a Pyrex® glass tube with a 0.50 mm internal diameter. The tip of the Pt ultramicroelectrodes was mechanically polished with 1500 and 2000 emery paper, and prior to each experiment, the electrode surface was electrochemically activated by cycling the potential 50 times from -0.4 to 1.75 V vs. Ag/AgCl at a scan rate of 0.5 V s-1 in a 0.5 mol L-1 sulfuric acid solution. Characterization of the working electrode was performed in a 0.5 mol L-1 sulfuric acid solution by cycling the potential at a scan rate of 0.5 V s-1 from -0.25 to 1.45 V vs. Ag/AgCl. The final check of the electrode was the presence of the characteristic peaks for the adsorption and desorption of hydrogen and oxygen which occur in this potential region, as well as the peaks for the reduction and oxidation of platinum on the surface of the electrode.

  Linear voltammetry were performed at a scan rate of 0.1 V s-1 from 0 to 1 V vs. Ag/AgCl. Differential pulse voltammograms were obtained in increments of 10 mV with a 25 mV pulse amplitude and a scan rate of 20 mV s-1. Square wave voltammograms were obtained with potential step of 5 mV, amplitude of 15 mV, frequency of 10 Hz and scan rate of 50 mV s-1. Chronoamperometry was performed by polarizing the potential at 0.65 V vs. Ag/AgCl in 60 s time intervals.

  The analytical curves were obtained from electrochemical measurements by adding known iodide standards in a 29 g L-1 chloride solution to the electrochemical cell, the concentrations of iodide tested ranged from 1 to 10 mg L-1.

  Spectrophotometric method

  For the spectrophotometric measurements, a PerkinElmer LAMBDA XLS+ UV/Vis spectrophotometer was used. Scans were taken from 200 to 300 nm, and a 1 cm optical path length quartz cuvette was used. The analytic curve was obtained by plotting the maximum absorbance at 227 nm for different iodide concentrations (ranging from 1 to 10 mg L-1) in a 29 g L-1 chloride solution.

  Statistical analysis

  Limits of detection (LOD) for the amperometric and spectrophotometric methods were determined experimentally and also according to three statistical criteria: the 3sb/b, 3sb + Xb and 2sb (signal noise) values, where b is the slope of the linear calibration curve, sb is an estimate of the standard deviation of the blank samples and Xb is the average value for a blank sample. The experimental limit of detection was obtained from the lowest current of iodide oxidation that was still significantly different from the blank. Ten blank samples were analyzed to determine the limits of detection. Grubb’s test was used to check for possible outliers, and all measurements lay within a 95% confidence interval.22,23

  Analytical curves were obtained using a linear regression model to fit the data of current (amperometric method) or absorbance (spectrophotometric method) vs. known iodide standard concentrations.

  Curves data were submitted to the Cochran test to determine whether the bilateral deviation of the variances was significant (5% or less). Plots of the residuals were obtained from the differences between the concentration values calculated from the linear regression line and those values obtained experimentally. The precision of both methods was statistically evaluated observing the standard deviation of several analyses (repetitivity) and comparing the analytical curves taken on different days and with different operators (intermediary precision).

  The matrix effect was measured for both methods (amperometric and spectrophotometric) by comparing statistically the analytical curves obtained in synthetic chloride solution (29 g L-1) and in produced water.

  The recovery study for these two methods was performed using a standard curve with the iodide content ranging from 1 to 10 mg L-1 in a chloride solution (29 g L-1), and the sample recovery study was performed after fortifying the produced water samples with 2, 4, 6 and 8 mg L-1 of iodide. The produced water sample used in this work was previously analyzed in duplicate by ion chromatographic technique at Petrobras to obtain reference value. This sample was also analyzed in triplicate by amperometric and spectrophotometric methods and compared with the value obtained by ion chromatography.

  Interference was evaluated for both methods adding 1000 mg L-1 of different anions (sulfate, chloride, bromide, fluoride and iodide).

   

  Results and Discussion

  Electrochemical analysis

  Iodide content was electrochemically determined in water samples via oxidation on the platinum ultramicroelectrode surface. The iodide oxidation on the electrode surface generates an anodic current that can be related to the iodide concentration in the medium.

  Figure 1 shows the linear voltammograms, differential pulse voltammograms and square wave voltammograms obtained for iodide oxidation on the platinum UME.

  
    

    [image: Figure 1. Linear voltammograms]

  

  As observed in the voltammograms in Figure 1A, the anodic current shows a more markedly increase at a potential of approximately 0.5 V vs. Ag/AgCl. For iodide concentrations higher than 5 mg L-1, it can be seen another evident increase in the anodic current at approximately 0.7 V vs. Ag/AgCl. Hanson and Tobias24 investigated the oxidation of iodide by cyclic voltammetry using platinum as the working electrode. The authors suggested that the oxidation sequence of iodide can be represented by the following equations:
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  This mechanism was confirmed using UV-Vis spectroscopy in conjunction with cyclic voltammetry experiments. These two oxidation steps are easer seen in Figures 1B and 1C in which the results from differential pulse voltammetry and square wave voltammetry were shown, respectively.

  Figure 2 shows the results of the chronoamperometry experiments in which the determination of the iodide content was electrochemically investigated. As iodide is oxidized upon applying a potential of 0.65 V vs. Ag/AgCl, the anodic current increased as more iodide was added to the electrochemical cell. The increase in the current permitted the construction of an analytical curve of current vs. iodide concentration with linear correlation coefficient of 0.9944.
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  The relationship between the anodic current and iodide concentration was examined for each electroanalytical technique. Table 1 shows the slopes and linear correlation coefficients (r) obtained for each technique. These results demonstrate that the platinum ultramicroelectrode is appropriate for the quantification of iodide. Although excellent linearity was exhibited for all techniques, it was revealed chronoamperometry as the better technique for this type of analysis because it is more sensitive (i.e., the analytical curve exhibits a higher slope) compared to the other techniques.
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  The recovery for the detection of iodide in solution (in the range of 1 to 10 mg L-1) via the amperometric method was approximately 101± 2%, as observed in Table 2.
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  The recovery obtained for the detection of iodide in produced water samples fortified with 2, 4, 6 and 8 mg L-1 of iodide via amperometry was 97± 7%, as shown in Table 3. These results indicate that there is no matrix effect in the iodide recovery in this kind of sample.
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  Statistical studies were used to determine the limits of detection and of quantification for the amperometric method. Calculated values for iodide concentrations were compared with values obtained experimentally, as shown in Table 4. The experimental limit of detection equal to 0.2 mg L-1 (1.6 mmol L-1) of our method is five times greater than the obtained using a gold nanoelectrode (0.3 mmol L-1), which is one of the best electrochemical method in the literature.18
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  The analytical curve obtained from the results shown in Figure 2 was submitted to the Cochran test to determine whether the bilateral deviation of the variances was significant (less than or equal to 5%) and the Cochran value (0.2041) was calculated to be lower than the tabulated value (0.4027). This result indicates a homogeneous variance in the response (in the current) with respect to analyte concentration, indicating homoscedastic behavior. The plot of the residuals via the amperometric method showed that there is a linear correlation between the measured signals and iodide concentration as the residues do not exceed 0.03 nA, a value well below the value obtained with blank samples.

  The precision (repetitivity) of the amperometric method (Table 2) is acceptable and indicates good reproducibility.

  The variances obtained from the amperometric analytical curves for different days (Figure 3a) give a calculated F-value (3.71) lower than the critical F-value (6.54 bilateral) for a 99% confidence level, indicating equal variances. The analytical curve slopes were also compared, the calculated t-value (1.02) is lower than the critical t-value (2.92 bilateral) for a 99% confidence level, indicating equal slopes for these two curves. In comparing the variances of analytical curves obtained by different operators via amperometry (Figure 3b), it was observed that the calculated F-value (5.89) is lower than the critical F-value (6.54 bilateral) for a 99% confidence interval, indicating that the hypothesis was accepted and that the variances are equal. The analytical curve slopes prepared by different operators were also compared; the calculated t-value (0.11) is lower than the critical t-value (2.92 bilateral) for a 99% confidence level, meaning that the slopes for these two curves are equal. Because the analytical curves obtained on different days and by different operators are statistically equal, we concluded that the amperometric method is precise.
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  The matrix effect, by amperometry, in the method sensitivity was evaluated by comparing the analytical curves obtained in a real produced water sample and in a 29 g L-1 chloride solution (Figure 3c). Comparing the variances obtained by amperometry, we can see that the calculated F-value (3.03) is lower than the critical F-value (6.54 bilateral) for a 99% confidence level, indicating that the hypothesis was accepted and the variances are equal. The analytical curve slopes were also compared, and it was observed that the calculated t-value (1.78) is lower than the critical t-value (2.92 bilateral) for a 99% confidence level, indicating that the slopes for these two curves are equal and there is no matrix effect in the amperometric method sensitivity.

  The interference on the linear voltammetry electrochemical signal from anions such as chloride, bromide, fluoride and sulfate was studied based on the sea water composition (Figure 3d). At a potential of 0.65 V vs. Ag/AgCl, there is no electroactivity from these anions, indicating that the amperometric detection of iodide is selective for iodide alone.

  Spectrophotometric analysis

  The concentration of iodide solutions was also evaluated spectrophotometrically as observed in Figure 4. Wavelength scans were performed in a spectrophotometer, and the maximum absorbance was observed at a wavelength of 227 nm. The optical density values at 227 nm obtained for different iodide concentrations were used to construct the analytical curve with linear correlation coefficient of 0.9983.
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  The iodide molar absorption coefficient at the lmax = 227 nm was evaluated from the slope of the analytical curve shown in Figure 5b. The obtained experimental value (1.22 × 104 L mol-1 cm-1) is very close to the literature values of 1.438 × 104 L mol-1 cm-1 at lmax = 225 nm20 and 1.34 × 104 L mol-1 cm-1 at lmax = 226 nm.21
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  The recovery for the detection of iodide in solution (in the range of 1 to 10 mg L-1) via the spectrophotometric method was approximately 100± 3%, as observed in Table 5.
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  The recovery obtained for the detection of iodide in produced water samples fortified with 2, 4, 6 and 8 mg L-1 of iodide via spectrophotometry was 100± 3%, as shown in Table 6. These results indicate that there is no matrix effect in the iodide recovery in this kind of sample.
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  Statistical studies were used to determine the limits of detection and of quantification for the spectrophotometric method. Calculated values for iodide concentrations were compared with the values experimentally obtained, as shown in Table 7. The amperometric method exhibited a lower limits of detection based on all criteria and proved to be the most sensitive technique.
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  The analytical curve obtained from the results shown in Figure 4 was submitted to the Cochran test to determine whether the bilateral deviation of the variances was significant (less than or equal to 5%). For the spectrophotometric method, the Cochran value (0.1208) was lower than the tabulated value (0.4450). This result indicates a homogeneous variance in the response (in absorbance) with respect to analyte concentration, indicating a homoscedastic behavior. The plot of the residuals via the spectrophotometric method showed that there is a linear correlation between the measured signals and iodide concentration as the residues do not exceed 0.05 for the spectrophotometric method, value which is well below the values obtained with blank samples.

  The precision (repetitivity) of the spectrophotometric method (see in Table 5) is acceptable and indicates good reproducibility.

  Intermediary precision was also evaluated for the spectrophotometric detection of iodide. In comparison with variances for analytical curves obtained on different days (Figure 5a), it was observed that the calculated F-value (1.64) is lower than the critical F-value (6.54 bilateral) for a 99% confidence level, indicating that the hypothesis was accepted and the variances are equal. The analytical curves were also compared; the calculated t-value (1.50) is lower than the critical t-value (2.92) for a 99% confidence level, indicating that the slopes for these two curves are equal. In comparison with the spectrophotometric analytical curves obtained by different operators (Figure 5b), it was observed that the calculated F-value (4.20) is lower than the critical F-value (6.54 bilateral) for a 99% confidence level, indicating that the hypothesis was accepted and the variances are equal. The analytical curve slopes were also compared; the calculated t-value (0.08) is lower than the critical t-value (2.92 bilateral) for a 99% confidence level, indicating that the slopes for these two curves are equal. Like the results obtained for the statistical analysis of the amperometric method, a statistical analysis of results obtained via the spectrophotometric method showed that the analytical curves obtained on different days and by different operators are statistically equal showing to be precise.

  There is no matrix effect in the spectrophotometric method sensitivity either because the variances obtained for the analytical curves in real produced water sample and in 29 g L-1 chloride solution (Figure 5c) are equal. The calculated F-value (4.33) is lower than the critical F-value (6.54 bilateral) for a 99% confidence level, indicating that the hypothesis is accepted. In addition, the calculated t-value (0.80) is lower than the critical t-value (2.92 bilateral) for a 99% confidence level, indicating that the slopes for these two curves are equal.

  The anion interference in the spectrophotometric method from chloride, bromide, fluoride and sulfate was also evaluated at 227 nm based on the seawater composition (Figure 5d). As observed in Figure 5d, only sulfate causes potential interference for samples with high sulfate content. Other species, for example, Fe(II), sulfur dioxide and thiocyanate may also interfere with the results, but these were not investigated.

  Comparison of methods

  The iodide content of the real produced water sample analyzed by ion chromatography was 1.74± 0.06 mg L-1. Despite the fact that the methods presented here are not intended to measure the iodide content in produced water without the addition of iodide as a tracer component, we have performed a comparative analysis of the amperometric and spectrophotometric methods using these unspiked samples, since these samples might be considered a low iodide content challenge for these methods. The amperometric and spectrophotometric analyses of this sample showed 1.59 ± 0.04 and 1.92 ± 0.03 mg L-1 of iodide, respectively. Comparing the averages obtained by amperometry and ion chromatography, the calculated t-value (3.31) was found to be lower than critical t-value (4.54) for 99% confidence level, indicating that the hypothesis was accepted and the averages were equal. Comparing the averages obtained by spectrophotometry and ion chromatography, the calculated t-value (4.40) was found to be lower than critical t-value (4.54) for 99% confidence level, indicating that the hypothesis was accepted and the averages were equal.

  Another three produced water samples were analyzed by amperometric and spectrophotometric methods. Iodide content could not be quantified in these samples by ion chromatography due to the high amount of salts (including chloride salts, the main interference in ion chromatography analysis). Table 8 shows the results of the iodide content from different reservoir produced water samples with the average, the standard deviation and variance. Among the analyzed reservoir produced water samples, two of them (reservoirs 1 and 2) showed that the calculated t-value is less than the critical t-value (3.75), indicating that both methods are similar. Only two samples presented different iodide contents. This result could be explained by the presence of sulfate ion in the samples, which is an interfering anion in spectrophotometric method.
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  The analyses of different reservoir produced water samples showed good correlation between the amperometric and spectrophotometric methods for iodide content determination with a slope of 1.18 and a good linear correlation with r = 0.9894.

   

  Conclusions

  Amperometric and spectrophotometric methods were developed separately for the quantification of iodide tracer in produced water from offshore oil reservoirs. The results obtained in this study suggest that these methods exhibit a good signal-to-noise ratio, linearity, short response time, low limit of detection and good sensitivity. The amperometric and spectrophotometric detection of iodide in synthetic samples allowed for the detection of low concentrations of iodide (1 to 10 mg L-1). The amperometric and spectrophotometric methods exhibited limits of detection of 0.2 and 1.0 mg L-1, respectively, and the linear correlation coefficients for each method were 0.9944 and 0.9983, respectively. The amperometric method exhibited a lower limit of detection based on all criteria and proved to be the most sensitive technique. Data obtained via both methods proved to be precise, linear and homoscedastic and showed no matrix effect in the sensitivity of both studied methods.

  The recovery obtained for the amperometric and spectrophotometric methods were 101± 2 and 100± 3%, respectively, while the recovery for produced water samples fortified with iodide were 97± 7 and 100± 3%, respectively.

  A produced water sample was analyzed by amperometric and spectrophotometric methods obtaining 1.59± 0.04 and 1.92± 0.03 mg L-1 of iodide, respectively. Good correlation was found between the result obtained from these two methods and that from the ion chromatography technique for this kind of sample.
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    The aim of this study was to reduce the emissions of organic compounds, such as BTX (benzene, toluene and xylenes), due to their toxicity and adverse effects on the environment. In this regard, catalysts (SiO2(1-x)Cux) were developed which exhibit high catalytic activity for converting BTX compounds to CO2 and H2O, and which do not require the use of solvents and materials detrimental to the environment, with low production cost and good reproducibility. Cu (from copper(II) nitrate) was loaded (2.99; 5.01; 10.01 and 19.97 wt.%) onto supports (SiO2) by wet impregnation. The study was carried out within the temperature range of 50-350 ºC. The catalysts described in this paper have high catalytic activity in the total oxidation of BTX. The conversion of benzene in this study exceeded 85% at 150 ºC.

    Keywords: copper, SiO2, BTX, catalytic oxidation

  

   

  
    O objetivo deste estudo foi reduzir a emissão de compostos orgânicos como BTX (benzeno, tolueno e xilenos), devido à sua toxicidade e efeitos adversos ao meio ambiente. Neste sentido, os catalisadores (SiO2(1-x)Cux) foram desenvolvidos para apresentar elevada atividade catalítica na conversão de BTX em CO2 e H2O sem a necessidade do uso de solventes e materiais prejudiciais ao meio ambiente, com baixo custo de produção e excelente reprodutibilidade. O Cu foi impregnado (2,99; 5,01; 10,01 e 19,97%) em suportes (SiO2) por impregnação úmida a partir de nitrato de cobre(II). O estudo foi realizado na faixa de temperatura de 50-350 ºC. Os catalisadores descritos nesse artigo apresentam elevada atividade catalítica na oxidação total de BTX. A conversão de benzeno neste estudo excedeu 85% a 150 ºC.

  

   

   

  Introduction

  The contamination of atmospheric air, soil and groundwater by volatile organic compounds has been of concern in recent years mainly due to the high levels of petroleum hydrocarbon compounds emitted into the atmosphere with harmful consequences.1-4 The potential pollutant gasoline is directly related to aromatic hydrocarbons, namely benzene, toluene and xylenes (known as BTX compounds or simply BTXs).5,6

  Due to the high toxicity of BTX compounds and the resulting adverse effects in contaminated systems, the search for control and remediation procedures is of great importance. Catalytic oxidation has been recognized as an efficient method to reduce air pollution, particularly atmospheric concentrations of volatile organic compounds. The advantages of catalytic oxidation include the fact that it can operate at relatively low temperatures and no byproducts are formed.7,8

  Andreeva et al. reported studies on the effect of Au and V2O5 on the oxidation of benzene in systems with    Au/V2O5/TiO2 and Au/V2O5/ZrO2. The conversion of benzene obtained at 250 ºC was 70% for Au/V2O5/ZrO2 and 90% for Au/V2O5/TiO2.4,6,7

  Wu et al. reported a study on the effect of the catalysts Au/ZnO, Au/Al2O3 and Au/MgO on the oxidation of benzene, toluene and p-xylene and the most efficient was Au/ZnO. At 300 ºC the conversion of benzene slightly exceeded that of toluene (which was around 60%) while the conversion of p-xylene did not reach 35%.9

  The development of a catalyst with high specific activity at low temperatures, that is, high selectivity and low preparation cost, remains a challenging goal in the total oxidation of BTXs.

  In this context, the objective of this study was to investigate the capability of the base catalysts SiO2(1-x)Cux in relation to the total conversion of benzene, toluene and xylenes to CO2 and H2O.

   

  Experimental

  Preparation of catalysts

  Four supported metal catalysts were prepared using silicon dioxide (SiO2, 70-230 mesh) (Vetec®) as the support. The precursor salt was copper(II) nitrate (Vetec®), which was dissolved in distilled water and added to the support. Subsequently, the materials were dried in an oven for 24 hours at 100 ºC and then calcined in a muffle furnace with circulating air at a heating rate of 5 ºC min-1, starting at ambient temperature and increasing to 550 ºC, this temperature being held for 4 hours. Samples were then crushed and sieved (to provide particles between 177 and 210 μm). The catalysts were identified as SiO2(1-x)Cux where x (mol%) is: SiO2(0.97)Cu0.03; SiO2(0.95)Cu0.05; SiO2(0.9)Cu0.1 and SiO2(0.8)Cu0.2.

  Characterization of the catalysts

  The specific surface areas of the catalysts (SBET) were determined using a Nova 2200e analyzer (Quantachrome Instruments®). The surface areas were calculated applying the Brunauer Emmett Teller (BET) method by isothermal gas adsorption/desorption of N2 at 77 K using 40 points. The crystalline structures of the catalysts were analyzed by X-ray powder diffraction (Bruker-AXS Siemens®) with CuKα radiation (V = 40 kV; I = 30 mA). The morphology and microstructure of the catalysts were observed by scanning electron microscopy (SEM, JEOL JSM-6390LV) and field emission transmission electron microscopy (FETEM, JEOL JEM-1011). The chemical composition and metal content of the catalysts were analyzed by energy-dispersive X-ray spectroscopy (EDX). The binding energies of the elements were determined by X-ray photoemission spectroscopy (XPS) (VG Microtech 3000).

  Catalytic activity tests

  The activity of the catalysts was measured in a fixed tubular quartz reactor under atmospheric pressure. The following conditions were chosen: catalyst volume 0.090 cm3, inlet benzene (Vetec®) concentration 2.5 g m−3, toluene (Vetec®) concentration 0.65 g m−3 and o-xylene (Vetec®) concentration 0.45 g m−3 in air and temperature range 50-350 ºC. The kinetic data were collected after at least 1 h on-stream at room temperature. The only products were CO2 and H2O as determined by GC-MS and FTIR. The reactant and product mixtures were analyzed with an on-line gas chromatograph equipped with a FID detector and an HP-5 column.

  The catalytic activity was expressed as the degree of conversion of the BTX compounds. The conversion of BTXs was calculated as follows in equation 1:

  
    [image: Equação 01]

  

  where BTXs (%) = percentage of BTXs converted;    [BTXs]in = input BTX concentration; [BTXs]out = output BTX concentration.

   

   

  Results and Discussion

  Structural and textural properties of the catalysts

  The values for the surface area, pore volume and pore diameter of the catalysts are presented in Table 1.

  
    

    [image: Table 1. Textural data]

  

  As expected, there was a reduction in all of these parameters as the metal content increased. This reduction may be related to the high calcination temperature of 550 ºC (Table 1).

  The isotherms obtained were analyzed by comparison with the classification of the IUPAC (International Union of Pure and Applied Chemistry) and it was found that the catalysts have pores of regular cylindrical and/or polyhedral shape with open ends with type IV isotherms and type H1 hysteresis (Figure 1).2

  
    

    [image: Figure 1. Nitrogen isotherms]

  

  The X-ray diffractograms are shown in Figure 2, in which the diffraction peaks (2q = 33, 35, 38, 48, 54, 58, 62, 65, 66 e 68º) are assigned to the reflections for the tenorite (CuO) phase, a monoclinic crystal system (JCPDS data file 045-0937). The peak at 2q = 22º is characteristic of silicon oxide. The peaks are more intense for CuO (11-1) (2q = 35º) and CuO (111) (2q = 38º). Therefore, it can be concluded that the large crystal size, good stability and close contact between the Cu and SiO2 particles favors the catalytic performance of the Cu/SiO2 catalyst.10,11

  
    

    [image: Figure 2. XRD patterns for the samples]

  

  Morphology and chemical composition of catalysts

  Figure 3A-D shows the morphology of the Cu-SiO2 catalyst particles in the shape of a hemisphere. The EDX analysis confirmed the presence of the element Cu, as shown in Table 1. The higher the copper content the lower the degree of metal dispersion in the catalyst due to the more pronounced formation of agglomerates in catalysts with higher metal content, as observed by SEM.
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  In Figure 4A-C copper oxide particles with a hemispherical shape and contact between the copper and silicon oxides at the perimeter can be observed. The size of copper-containing particles had a Gaussian distribution as represented in Figure 4D and the particle size distribution for each of the catalysts is shown in Table 1. The result shows a strong interaction between the metal and silicon oxides in the catalyst, where the particles appear to be faceted when adsorbed on the support, which could induce defects or the formation of active sites at which the reaction occurs easily, which favors the catalytic activity of the catalysts Cu/SiO2.9
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  Oxidation state and binding energy of the catalysts

  The XPS analysis (Figure 5) yielded the values for the bond energy of the electrons O1s (532.4 eV), Si 2p1/22p (103.3 eV) and Cu 2p3/2 (933.4 eV) before and after the catalytic reaction. These were used to determine the oxidation state of the elements present and to observe whether changes occurred during the catalytic reaction.12-15
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  It was observed that the value obtained for the binding energy of the electron Si 2p1/2 is consistent with that reported in the literature, suggesting that in these catalysts all of the silicon is present in the form of Si(IV).13,16,17 The value for the binding energy of Cu 2p3/2 in the catalysts studied was 933 eV which, on-comparing with results reported in the literature, is attributed to the presence of copper(II) oxide. This value is reported as 933.4 eV in the literature. 12, 16 18, 19

  Catalyst performance for BTX (benzene, toluene and o-xylene) oxidation

  Figure 6 shows the conversion of BTXs as a function of the reaction temperature for the catalysts studied.
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  The catalyst SiO2(0.9)Cu0.1 showed higher catalytic activity toward the BTX compounds. The catalytic activity of the catalyst SiO2(0.8)Cu0.2 may be related to the excessive formation of agglomerated particles on the surface, reducing the metal dispersion, according to Table 1. As expected the catalyst SiO2(0.97)Cu0.03 had a lower catalytic activity than the other catalysts tested, due to its lower metal content.

  On comparing the catalytic activity of the Cu/SiO2 products with other catalysts described in the literature that are highly active in BTX oxidation (Table 2), it can be seen that the Tbenzene50 temperature (benzene conversion up to 50%) is 106 ºC for SiO2(0.9)Cu0.1, 124 ºC for SiO2(0.95)Cu0.05  and 162 ºC for SiO2(0.97)Cu0.03. These values are comparable with those reported in literature for the catalyst Cu/g-Al2O3, 1.5% Au/ZnO, 0.30% Pt/AC and 3% Au/V2O5/TiO2 (Table 2). In fact, the benzene conversion exceeds 80% for the catalyst Cu/SiO2 at 150 ºC, and is higher than the values for the catalysts Cu/g-Al2O3, 1.5% Au/ZnO and 3% Au/V2O5/TiO2 (0%, 80% and 63% respectively). Table 2 also shows the values for Ttoluene50 (toluene conversion up to 50%) and To-xylene30 (o-xylene conversion up to 30%).3,9,20,21 The results of these experiments revealed that the SiO2 support has no activity and reports in the literature for other catalysts indicate that interaction between Cu and SiO2 could improve the catalytic activity of Cu/SiO2 in relation to BTX oxidation.9,21
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  According to the results shown in Figure 6, the activity of the Cu/SiO2 catalyst decreases in the order benzene > toluene > o-xylene. The conversion of benzene is higher than those of toluene and o-xylene in the same concentrations and reaction conditions. This indicates that the catalytic activity in relation to aromatic compounds is highly dependent on the relative adsorption strength of the model compounds, the strength of the weakest carbon-hydrogen bond in the structure and the ionization potential of the methyl derivatives.9,11,12

  It is well known that the oxidation of BTX compounds promoted by solid oxide catalysts can proceed by the Mars-van Krevelen mechanism, in which the key steps are the supply of oxygen by the reducible oxide, the introduction of the oxygen (originating from the oxide lattice) into the substrate molecule and the re-oxidation of the reduced solid by the oxygen-containing gaseous phase, which is the rate-determining step of the reaction.9,22,23 According to the Mars-van Krevelen mechanism, the BTX oxidation rate is determined by the concentration of BTX chemisorbed onto the Cu-containing particles close to the periphery of the Cu-SiO2 interface. The active oxygen species formed on the metal-support interface or on the support close to the metal directly participate in the catalytic oxidation, and the metal coated on the support serves as the adsorption site for BTXs. The catalytic cycle involves the chemisorption of BTX onto Cu-containing particles, migration of the chemisorbed BTX to the Cu-SiO2 interface, O2 activation on the defect sites in the SiO2 or at the Cu-SiO2 interface, the formation of active oxygen species and the reaction between the chemisorbed BTX and active oxygen species at the interface.9,20,24,25

   

  Conclusions

  The SiO2(0.9)Cu0.1 product exhibits higher activity compared with other catalysts reported in the literature (5% and 15% Cu/g-Al2O3, 5% Cu/TiO2(rutile), 1.5% Au/ZnO and 3% Au/V2O5/TiO2) with regard to BTX oxidation. The benzene conversion for the SiO2(0.9)Cu0.1 catalyst exceeded 85% at 150 ºC, which is comparable to the values for 1.5% Au/ZnO and 3% Au/V2O5/TiO2. The high catalytic activity could be attributed to the high stability observed due to a greater energy of interaction between the Cu-SiO2 catalysts in this study. Thus, the catalysts of the base Cu/SiO2 proved to be highly efficient in the conversion of BTX compounds.
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    Changes in fatty acid profiles have been associated with several pathophysiological processes. Gas chromatography-mass spectrometry (GC-MS) data monitoring of selected ions was used with principal components analysis (PCA), revealing a set of relevant ions for quantification and characterization of fatty acids. This protocol was successfully applied to the analyses of fatty acids in different human blood lipids, allowing the quantification of several fatty acids and revealing their unsaturation numbers. Moreover the presences of contaminants, artifacts and co-eluitions in the chromatogram were also revealed without any additional analyses. Thus, fatty acid constituents of triglycerides, phospholipids and esters of cholesterol present in plasma and erythrocyte membranes were accurately determined, with repeatability, low limits of determination and of quantification.
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    Mudanças no perfil de ácidos graxos têm sido associadas a vários processos patofisiológicos. Dados obtidos por cromatografia gasosa-espectrometria de massas (GC-MS) usando monitoramento seletivo de íons foram empregados para revelarem, após análise por análise de componentes principais (PCA), um conjunto relevante de íons para quantificação e caracterização de ácidos graxos. Este protocolo foi aplicado com sucesso na análise de ácidos graxos presentes em diversas frações lipídicas de sangue, permitindo a quantificação de diversos ácidos graxos e revelando seus números de insaturações. Adicionalmente, a presença de contaminantes, artefatos e co-eluições no cromatograma também foram reveladas sem análises adicionais. Por fim, ácidos graxos presentes em triacilglicerídeos, fosfolipídios e ésteres de colesterol presentes em plasma e membrana de eritrócitos foram determinados com exatidão adequada, repetibilidade e baixos limites de detecção e de quantificação.

  

   

   

  Introduction

  Fatty acids (FA) are lipid building blocks that can be saturated, monounsaturated or polyunsaturated, depending on the presence of double bonds.1,2 Fatty acids present in human blood have typical compositions which have been used to investigate fat intakes and pathological,3-5 dietary and/or drug influences.6-9 Consequently, improving analytical tools to access the blood FA profile is valuable in clinical trials and lipid research.

  Determinations of FA in biological samples generally involve multiple-step methods: (i) lipid extraction procedures, based on Folch or Bligh and Dyer methodologies;10 (ii) separation of individual lipids by preparative thin-layer chromatography or solid phase extraction; (iii) derivatization of FA to fatty acid methyl ester (FAME) and (iv) FAME analysis by gas chromatography (GC).1

  GC-FID FAME analysis is robust, displaying high detectivity and reproducibility.11 However, GC-FID fails in unequivocal identification of the analyte, consequently the hyphenated GC-MS is a better analytical platform. The full scan mode is not recommended in quantitative analyses due low detectivity and selectivity. These limitations are overcome by the selective ion monitoring (SIM) mode that increases detectivity by monitoring a few characteristic ions, at the cost of a significant loss of qualitative information.12,13 Addressing this issue by choosing a certain ensemble of characteristic ions could lead to a fast and reliable method. Employing principal components analysis (PCA)14 to recognize representative mass fragment ions bearing all desired quanti and qualitative information would serve this purpose. Consequently, PCA was employed to screen mass spectra data of FAME from human blood, selecting ions of m/z 74, 79, 81 and 87 for GC-MS/SIM analyses, providing fast and accurate FA quantification and unsaturation numbers.

   

  Experimental

  Subjects

  Five healthy women were recruited for this study. The blood samples were collected at the Laboratory of Investigation in Metabolism and Diabetes at the Universidade Estadual de Campinas (LIMED-UNICAMP). All volunteers gave formal consent and the study was realized in agreement with the Research Ethics Committee of the Medical Sciences, approved in 15/10/2009, number 836/2009.

  Chemical standards

  A Supelco 37-component FAME mix was acquired from Sigma-Aldrich (Brazil), nonadecanoic acid (19:0) and oleic (18:1), linoleic and (18:2n6) α-linolenic (18:2n3) methyl esters were purchased from ACROS.

  Samples

  Blood samples were collected and processed as described by Risé et al.9 The lipids were extracted from 400 mL of sample applying a modified Folch’s methodology.10,15 Phospholipids (PL), triacylglycerides (TG) and cholesteryl esters (CE) from plasma were separated using preparative thin-layer chromatography and the respective FAME were prepared as described by Croset et al.16

  GC-MS analysis

  FAME were analyzed by GC-MS (Agilent, 6890 series and Hewlett Packard, 5973 mass selective detector). 1.0 μL of sample was injected in the splitless mode at 250 ºC. Separations were achieved with a DB-5 column (30 m, 0.25 mm, 0.25 μm, Agilent) with helium as carrier gas at 1.2 mL min-1. The GC oven temperature program started at 50 ºC (hold time 1 min), heated to 170 ºC at 50 ºC min-1, then to 260 ºC at 3 ºC min-1 and finally to 290 ºC at 50 ºC min-1, the final temperature was maintained for 5 min. The ion source temperature was set at 230 ºC. Mass spectra were obtained in full scan mode (m/z 40-440) or SIM mode, monitoring four fragment ions (of m/z 74, 79, 81 and 87). The spectra were recorded at a rate of five scans per second with ionization energy of 70 eV after a solvent delay of 4.0 min. FAMEs were identified by mass spectra using the software MSD ChemStation, G1701EA. Additionally, unsaturated FAME identifications were confirmed by fractional chain lengths as described by Härtig.17 FAME standards were used to confirm the identifications and obtain calibration curves.

  Multivariate and statistical analysis

  Pirouette® (v3.11, Infometrix) was used to process the 96 spectra from 32 different FAME in full scan and SIM mode. In full scan mass spectra the ions between m/z 40 and 200 were used as variables after mean data centering. PCA was used as an explorative tool to investigate similarities between FAME and the loadings were examined in order to find ions related to clusters observed for samples in the scores plot. The measures were expressed as mean ± standard deviation (SD) and significant differences between measurements were detected by performing a two-tailed t-test with Excel®. The level of statistical significance was set as p < 0.05.

   

  Results and Discussions

  Selection of ions for FAME analysis by GC-MS/SIM

  The PCA of 96 mass spectra obtained by electron ionization in full scan mode for 32 different FAME reduced the data matrix from 161 (ions with m/z between 40 and 200) to three PC describing 86.65% of the original data information, for mean-centered data. The scores plots the first two PC (81.45%) revealed five FAME classes, according to the alkyl chain double bond number (Figure 1a). The PCA analyses were conducted only employing mass spectra information.

  
    

    [image: Figure 1. (a) Scores plot]

  

  The loading plots (Figure 1b) were used to investigate which ions (variables) were responsible for FAME class (samples) clusterings in score plot (Figure 1a). The highlighted ions in Figure 1b are the most representative in FAME SIM analyses. Therefore the essential ion selection based on modeling power was conducted by directing the PCA model for the best selectivity, increasing the signal to noise-ratio. Only four ions (nominally m/z 74, 79, 81 and 87) were necessary to describe all FAME.

  Moreover the ions selection protocols do not require any previous identification of the investigated substances, as the objective is to reach good identification based on statistical parameters (PCA results) which can be confirmed by fragmentation patterns (Figure 2).
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  These results were confirmed by acquiring a new set of mass spectra in the SIM mode (m/z 74, 79, 81 and 87) for all FAME and processing a new PCA analysis (Figure S1 in the Supplementary Information (SI) section).

  FAME double bond number by mass spectra in the SIM mode

  The relative abundances of the ions of m/z 74, 79, 81 and 87 in the SIM spectra did not change significantly for FAME of equal double bond numbers. Additionally, FAME with four, five and six double bonds presented similar abundances for this ensemble of ions and were gathered in a unique class (> 4). Table 1 shows the relative abundances of these ions in the mass spectra of five FAME classes as defined by PCA, for the individual FAME spectra (see Table S1 in the SI section).
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  The relative abundances of the ion ensembles can be used to confirm the FAME identification based on the retention time of FA eluting closely together, which usually causes identification problems, mainly when these occur in such small amounts that full scan spectra acquisitions is not adequate (Figure 3).

  
    

    [image: Figure 3. Representative]

  

  Selectivity evaluation

  SIM chromatograms using the four selected ions (m/z 74, 79, 81 and 87) were useful for the detection of contaminations, artifacts and co-elution, without additionally analyses. The relative abundances of the fragment ions and PCA were was successfully applied to distinguish an alcohol (decanol), an aldehyde (dodecanal) and a hydrocarbon (pentacosane) from FAME in the SIM-chromatogram (Figure 4).
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  Additionally, the method was also useful to detected FAME co-elutions. For example, the SIM mass spectrum of co-eluting compounds (20:1 plus 20:3n3) was significantly different from that obtained for pure standards, as indicated by the scores plot. The individual relative abundance of the SIM spectra is show in Table S2 in the SI section.

  After data acquisition the chromatogram peak areas are used in FAME quantification, while the SIM mass spectra are used to confirm the identification and reveal contaminations, artifacts or/and co-elution by PCA analysis.

  FAME quantification

  Quantitative analysis usually is conducted by single ion monitoring with additional ions used to confirm the identity of a substance.13,18 Alternatively, we suggest the use of all four ions selected to determine the peak area with a large gain in detectivity, although with a small loss of repeatability, although it is still satisfactory (Table 2).
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  Calibration curves were obtained in quintuplicate at six different concentrations relative to nonadecanoic acid (19:0; 10.832 mg mL-1) with FAME standards by GC-MS/SIM  (m/z 74, 79, 81 and 89) analyses. Response factor (RF), correlation coefficient (R), linear range and limits of detection (LOD) and quantification (LOQ) were obtained from calibration curves.

  RF is used to allow the FAME quantification with a wide range of chromatographic conditions.19 Notwithstanding the use of a unique selected ions ensemble, the RF values depend on alkyl chain unsaturation and carbon numbers. RF are inversely proportional to FAME carbon numbers, probably due to a volatility decrease with carbon chain increase.19

  LOD and LOQ were estimated based on parameters of the analytical curves taking into account the confidence interval of the regression. The limits in this case were defined as the substance minimum detectable concentration which can be quantified with 95% confidence.20 The calculations were carried out using an available spreadsheet validation.21

  The values of LOD and LOQ for several FAME are given in Table 2. The LOD reported here are slightly higher than those reported by Dodds et al.12 in the FAME analysis by GC-MS/SIM, however they used a variable ensemble of three selected ions, which are also common to other compounds, such as alkenes and aromatics, decreasing method selectivity and not allowing the determination of the unsaturation number or selectivity check point.

  The correlation coefficient (R) values in Table 2 suggest that the calibration curves are linear. Additionally, the linearity test performed by comparing the residuals of the linear and quadratic regression using an F-test. The calculations were also carried out using a spreadsheet validation.21

  The mean area ratio (AR) of each compound in relation to the internal standard was calculated based on the analyses of FAME standards. Method variability was computed and expressed as relative standard deviation (RSD). These results are provided in Table 2 and represent the repeatability of the FAME analysis.

  Application of the methodology: blood lipid fatty acids composition

  FA from red blood cell membrane (RBCM) and plasma PL, TG and EC were methylated and analyzed by  GC-MS/SIM (Table 3, Figure S2 in the SI section). The relative abundances of the selected ions in the SIM mass spectra do not change significantly (Table 1 and Table S1 compared to Table S3, SI section), and were used to confirm FAME identification and check the analysis selectivity by PCA.
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  RBCM and plasma FA profiles are significantly different (Table 3). Sixteen FA were quantified in RBCM, revealing higher levels of arachidonic (20:4n6), palmitic (16:0), stearic (18:0) and oleic acids (18:1), and lower levels of long chain fatty acids (> 20C).

  In plasma PL, 19 FA were quantified, including 16:0, lauric (18:2n6), 20:4n6 and 18:0 acids, which are main PL constituents. About 60% of FA present in PL are unsaturated. The FA distribution is important and has a significant influence on metabolic activity; e.g., arachidonic acid is only converted into eicosanoids, after PL phospholipase hydrolysis.22 Plasma TG alterations are more susceptible to dietary fat intake oscillations preceding the analysis, which is responsible for their larger RSD values than plasma PL and CE. We quantified 15 FA in plasma TG, including 16:0, 18:2n6 and 18:1, which are major components. TG has lower polyunsaturated fatty acid levels compared to other lipids and FA with more than 20 carbon atoms were not detected. Esterification of cholesterol depends on lecithin:cholesterol acyltransferase catalysis to transfer the FA from the lecithin (phosphatidylcholine) sn-2 position to free cholesterol.23 Consequently CE has a prevalence of unsaturated FA at position sn-2 of the glycero-PL, almost 75% FA from CE have at least one unsaturation.

   

  Conclusion

  PCA based on full mass spectra was a useful tool to select important ions for the GC-MS/SIM analysis, requiring no specific mass fragmentation knowledge. The ensemble of the PCA-selected ions allows quantification of several FA present in different lipids. PCA based on MS-SIM mode (m/z 74, 79, 81 and 87) was employed to determine double bonds and contaminants in fatty acid analyses. The chemometrics approach to select the best ion ensemble for GC-MS/SIM quali and quantitative analysis is novel to the literature and can be applied to other classes of compounds. We report the first application of this procedure for human blood FA analyses. The results show that fatty acids were accurately determined, with repeatability, low LOD and LOQ.

   

  Supplementary Information

  Supplementary data are available free of charge at http://jbcs.sbq.org.br as PDF file.
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    The suitability of various sample preparation procedures, i.e., total decomposition in a HNO3/H2O2 mixture by hot-plate heating, partial decomposition by means of solubilization in aqua regia and dilution with low concentrated HNO3 solution, for determination of the total content of Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, Sr and Zn in energy drinks using inductively coupled plasma optical emission spectrometry (ICP OES) was compared. The criterion was the performance of each method referred to precision, accuracy of results and limits of detection of elements obtained by ICP OES. Best results were provided by the simplest and the fastest dilution of analyzed samples through a diluted HNO3 solution, with limits of detection of elements within 0.08-42.0 ng mL-1, precision of 0.5-3% and accuracy better than 5%. Six commercial energy drinks were analyzed with the proposed procedure.

    Keywords: energy drinks, sample preparation, multi-element analysis, ICP OES

  

   

  
    Foram comparados vários procedimentos de preparo de amostras, isto é, decomposição total de uma mistura HNO3/H2O2 em placa de aquecimento, decomposição parcial por meio de solubilização em aqua regia e diluição com solução de HNO3 de baixa concentração, para determinação do conteúdo total de Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, Sr e Zn em bebidas energéticas utilizando espectrometria de emissão ótica por plasma indutivamente acoplado (ICP OES). O critério foi o desempenho de cada método no que refere precisão, exatidão dos resultados e limites de detecção dos elementos obtidos por ICP OES. Os melhores resultados foram fornecidos pela diluição mais simples e fácil das amostras analisadas através de solução de HNO3 diluída, com limites de detecção dos elementos dentro de 0,08-42,0 ng mL-1, precisão de 0,5-3% e exatidão melhor que 5%. Seis amostras comerciais de bebidas energéticas foram analisadas com o procedimento proposto.

  

   

   

  Introduction

  The market of energy drinks has rapidly increased for last few years, especially among teenagers between 18 to 34 years old.1,2 A special popularity of these beverages is related to their ability to increase the attention, endurance or fitness of the body, lose the weight and keep up the energy during an intense physical activity. These effects are caused by components of the energy drinks, including caffeine, guarana or taurine and other components, e.g., sugar, artificial sweeteners, physiological stimulants, and other food additives.1 Although the quantity of the mentioned ingredients should be known by consumers, there is still lack of legal regulations concerning the concentration of active ingredients in these drink products. In addition, health effects (beneficial or hazardous) associated with the consumption of energy drinks are not fully known.1,2 So far, energy drinks have been categorized as “functional beverages” that increase the life energy, however, the information concerning nutritional value, in terms of their mineral composition, i.e., macro-, micro- and trace elements, is not established at all.1 All effort put into the analysis of energy drinks is mostly concerned on the caffeine determination.3-7

  Although the analysis of energy drinks seems to be an easy task, it has been not reported in the literature so far. It could be expected, however, that the direct introduction of such samples into a flame (F) atomizer or an inductively coupled plasma (ICP) excitation source, followed by the atomic absorption (AAS) or optical emission (OES) spectrometry detection of elements would be difficult due to their complex organic matrix present and possible chemical interferences. Such an effect was lately reported in case of the direct analysis of fruit juices.8 Hence, the total wet oxidative decomposition of energy drinks in aggressive reagents, e.g., HNO3, H2O2, HCl, HF or H2SO4, would be a desirable way of their preparation prior to the spectrochemical elemental analysis. Unfortunately, although effective, the total wet digestion is time-consuming, requires large amounts of concentrated reagents and can led to losses of analytes and/or contaminations of samples. Hence, it is worth examining whether simpler alternative approaches to the sample preparation, considerably diminishing the time of the sample treatment and eliminating all inconveniences of the digestion step, would not find the application in this type of the analysis.

  The objective of this work was to develop a precise and accurate method of the multi-element analysis of energy drinks by ICP OES without any need of a laborious and tedious sample preparation preceding spectrometric measurements. The selected straightforward and fast procedure was applied for the analysis of six energy drinks commercially available in Poland. To the best of our knowledge, the present work reports for the first time results of the analysis of such drink products in reference to their mineral composition. In addition to mineral content, concentration of caffeine in all analyzed energy drinks was determined and compared.

   

  Experimental

  Samples and reagents

  Six samples of energy drink of different brands (Burn, Monster, N-gine, Power, Red Bull and Tiger) were purchased from a local grocery (Wroclaw, Poland). Before sampling, after opening, beverages were left under a laminar hood for 24 h to release CO2.

  All chemicals were of analytical grade. Concentrated solutions of HNO3 (Merck, Darmstadt, Germany) and HCl (POCh, Gliwice, Poland), and a 30% (v/v) solution of H2O2 (POCh) were used for the sample preparation. Working standard solutions were prepared by stepwise dilutions of a multi-element (1000 μg mL-1) ICP standard (Merck). Deionized water (18.3 MΩ cm) was from an EASYpureTM water purification system (Baenstead, Thermolyne Corporation, USA).

  Sample preparation and determination of elements

  Three different sample preparation procedures were tested. For the hot plate heating digestion (P1),  25.0 mL of energy drink samples were placed into 150 mL Pyrex beakers and 10 mL of a concentrated HNO3 solution were added. Solutions were heated on a hot plate at 85 ºC for ca. 3 h. After cooling, 5 mL of a 30% (v/v) H2O2 solution were added. The heating was continued until clear solutions were obtained and their volumes were reduced to about 2 mL. Resulting aliquots were quantitatively transferred into 25 mL volumetric flasks and made up to the volume with deionized water. In case of the solubilization in aqua regia (P2), 5 mL of energy drink samples were solubilized in 2 mL of aqua regia. Resulting mixtures were sonicated in an ultrasonic bath (UltrasonsH Selecta) for 15 min and then made up to 20 mL with deionized water. Finally, for the dilution with diluted HNO3 procedure (P3), 10 mL of energy drink samples were diluted 1:1 with a 2.0% (v/v) HNO3 solution.

  Three parallel samples (n = 3) were prepared and analyzed for each energy drink brand. Monster samples were used for the comparison of the suitability of different sample preparation procedures. With each set of sample solutions, procedural blanks were prepared and subjected to the analysis to correct final results. Then, the chosen procedure was applied to the preparation of remaining energy drinks and the determination of 13 elements (Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, Sr and Zn) by ICP OES against the external calibration with simple standard solutions. A JY38S (Jobin Yvon, France) instrument was used with the following operating parameters: a RF power of 1.0 kW, a plasma gas flow rate of 13 L min-1, a sheath gas flow rate of 0.2 L min-1 and a nebulizer gas flow rate of 0.25 L min-1. Prepared sample solutions were introduced into the plasma using a Burgener (MiraMist) nebulizer and a cyclonic type spray chamber at a flow rate of 0.75 mL min-1. Analytical lines of Ba 233.5 nm, Ca 317.9 nm, Cd 228.8 nm, Cr 267.7 nm, Cu 324.7 nm, Fe 259.9 nm, Mg 285.2 nm, Mn 259.4 nm, Ni 221.6 nm, P 214.6 nm, Pb 220.3 nm, Sr 407.8 nm and Zn 213.9 nm were selected and measured.

  Caffeine determination

  Caffeine was determined by UV spectrophotometry at 276 nm using a Genesys 10S UV-Vis spectrophotometer (Thermo Scientific) after the extraction of the target compound into chloroform from alkalinized sample solutions (pH 12.5) according to the dependable method described by Shufen et al.9 The caffeine content was measured against the calibration curve prepared with standard solution of the compound within 0-20 mg L-1 concentration range and using chloroform as a  blank.

   

  Results and Discussion

  Comparison of sample preparation procedures

  Unfortunately, the direct introduction of undiluted energy drinks into the ICP was established to extinguish it at relatively low forward powers (i.e., 1000-1100 W) likely due to an overloading with the organic matrix of these samples. Higher forward powers were avoided due to a fast increase in the background level in the vicinity of the analytical lines of the determined elements and hence, a deterioration of the detectability of the system for these elements. Therefore, three sample preparation procedures, aimed at simplifying the matrix of energy drinks, were tested and their analytical characteristic was compared by evaluating precision and accuracy of the ICP OES measurements to determine the element concentrations as well as their limits of detection achievable in these conditions. The relative standard deviation (RSD) was used to express the precision of the determination of element concentrations. The accuracy was evaluated by comparing total concentrations of elements obtained using procedures based on the aqua regia solubilization (P2) and the dilution with diluted HNO3 (P3) to those achieved using the hot plate wet digestion procedure (P1). In addition, all studied elements were added to analyzed samples and respective recoveries were assessed. Limits of detection (LODs) were determined as concentrations corresponding to three times the standard deviation (3 × SD) of 10 consecutive measurements of the respective procedural blank.

  Precision and LODs

  Average concentrations of elements measured in solutions of the Monster energy drink along with RSD and LOD values obtained for different sample treatments are listed in Table 1. As can be seen, the precision obtained for wet digestion (P1) and dilution with diluted HNO3 (P3) procedures is comparable. Accordingly, RSDs vary from 0.49 to 3.6% (P1) and from 0.50 to 3.0% (P3). Only for Cd, much higher RSDs were obtained, i.e., 8.3 and 7.9%, respectively for P1 and P3, but the concentration of this element is extremely low. Unfortunately, for some elements, the precision achieved using the aqua regia-based procedure (P2) is nearly two times poorer than this achieved when two aforementioned procedures were used.
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  LODs of elements obtained using the wet digestion (P1) and the dilution with diluted HNO3 (P3) are better than those achieved using the solubilization in aqua regia (P2). The use of both first procedures, i.e., the wet digestion (P1) and the simple dilution with diluted HNO3 (P3), results in quite comparable LODs for most elements. The only exception are Ca, Cu, Ni and Mg, which LODs obtained using the dilution with diluted HNO3 (P3) are much better as compared to those achieved using the total decomposition (P1).

  Accuracy

  Considering the concentrations of elements determined in the Monster energy drink (Table 1), it can be seen that the differences between results obtained with the wet digestion (P1) and the dilution with diluted HNO3 (P3) are lower than respective SDs. According to the t-test at the 95% level of the significance (see Table 2), it was found that differences between concentrations of all elements determined in sample solutions prepared with both procedures are statistically insignificant, i.e., for all compared elements, calculated values of the t-test (tcalculated) are lower than the critical value (tcritical) equal to 4.303. Therefore, it seems that the dilution of energy drink samples with diluted HNO3 (P3) can be a reliable but simpler and faster alternative to the usually applied sample preparation procedure based on the wet acidic digestion. The solubilization using aqua regia (P2), although simple and fast as well, was found to be unsuitable to prepare energy drink samples before the multi-element ICP OES analysis. According to the t-test , its use seems to be justified but only in case of few selected elements, i.e., Cd, Cr, Cu, Ni and Zn. For remaining elements (Ba, Ca, Fe, Mg, Mn, P, Pb and Sr), discrepancies between their concentrations achieved with both compared procedures, i.e., P1 and P2, are too high, i.e., from 10% (Pb) to about 200% (Ba). Hence, the application of this procedure can lead to analytical errors during the determination of 8 out of 13 elements investigated here.
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  The accuracy was also verified by performing the recovery test. Samples of Monster were spiked with a multi-element standard solution at two concentrations (0.5 and 1.0 mg mL-1), subjected to compared sample preparation procedures, and resulting sample solutions were analyzed by ICP OES. As can be seen in Table 3, independently of the fortification level, recoveries of all elements are quantitative and span ranges within 98-106% (P1), 91-118% (P2) and 99-103% (P3). This is likely because all elements were added in the form of simple ions. Nonetheless, recoveries obtained for the solubilization in aqua regia (P2) have the greatest variance comparing to the remaining procedures.
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  Considering the precision and the accuracy of the concentrations measurements of all 13 elements and LOD values achieved for them with ICP OES, it was concluded that the dilution with a diluted HNO3 solution (P3) is the most suitable procedure for the preparation of energy drinks prior to their multi-element analysis. This procedure was chosen to prepare other energy drinks examined here. Additionally, for these procedures, slopes of standard addition calibration curves are comparable to those found by the external calibration curves with simple standard solutions. Hence, in practice, it can be concluded that matrix effects are not observed for these procedures.

  Analysis of energy drinks

  According to our best knowledge, the mineral content of energy drinks has never been reported in the related literature. Total concentrations of 13 elements (in mg mL-1) in six energy drinks prepared with the aid of a diluted HNO3 solution (P3) are presented in Table 4. In addition, results of the caffeine determination (in mg 100 mL-1) are included.
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  As can be seen, the precision of measurements is good (< 5.0% as RSD). The only exception is Cd, for which RSDs are higher (7.3-9.9%). Concentrations of individual elements in analyzed products are quite differentiated. Ratios of the smallest to the largest concentrations vary from about 2 (Fe) to 7 (Zn) times. The most significant discrepancy can be noticed for Ca and Mn (1 order), Sr (2 orders) and Mg (3 orders). In general, the highest concentrations of elements are found in Power (Ba, Cu, Fe, Mn, Zn), Red Bull (Ca, Mg, Ni, Sr) and Burn (Cd, P, Pb). In contrast, the lowest amounts of elements are found in N-gine (Ca, Cr, Fe, Mg, Mn, P, Sr, Zn) and Tiger (Cd, Ni, Pb). Concentration of Cr and Cd in these two drinks are below their LODs.

  Due to such high differences in concentrations of individual elements, their geometric means were used for the comparison of the mineral content of the analyzed energy drinks. Accordingly, Ca, Mg and P are major elements, while Ba, Cd, Cr, Cu, Fe, Mn, Ni, Sr, and Zn are trace elements. Concentrations of macro-elements fulfill the following order: Ca > Mg > P. The exception is Red Bull, for which a quite different relation is noticed, i.e., Mg > Ca > P. The highest concentrations of Ca, Mg and P are determined in Red Bull (Ca, Mg) and Burn (P). Concentrations of trace essential elements, i.e., Cu, Fe, Mn and Zn, can be arranged as follows: Fe > Mn > Cu > Zn. Discrepancies between the highest, and the lowest concentrations of these elements can reach up to 4 times. Only in case of Power, the difference is more than 10 times. For non-essential elements, the following relation can be ascribed: Sr > Pb ~ Ba > Ni >> Cr > Cd. Concentrations of Sr, Pb, Ba and Ni are close to those obtained for essential trace elements. Contents of Cd and Cr are significantly reduced (by about one order of magnitude) as compared to those established for aforementioned trace elements.

  Relationships between concentrations of elements using the Pearson's correlation coefficient (r) were also investigated. As can be seen in Table 5, a very high positive correlation (r > 0.9) was observed for concentrations of the following pairs of elements: Ba-Ca, Cr-P, Cr-Pb, Cu-Zn, Fe-Zn, Mg-Sr, Mn-Zn and Ni-Sr. Only one pair of elements, i.e., Cd-Ni, was strongly negatively correlated. High correlations (0.7 < |r| <0.9) were also established and they were positive for Ba-Mn, Ca-Mn, Ca-Zn, Cd-Cr, Cd-Pb, Cu-Fe, Cu-Mn, Fe-Mn, Mg-Ni and P-Pb as well as negative for Cd-Mg and Cd-Sr pairs of elements. For other pairs of elements, positive or negative correlations were shown but they were moderate (0.4 < |r| < 0.7), e.g., Ba-Cd, Ba-Cr, Ba-Cu, Ba-Fe, Ba-Ni, Ba-Pb, Ba-Sr, Ba-Zn, Ca-Cd, Ca-Cr, Ca-Cu, Ca-Fe, Ca-Ni, Ca-Pb, Ca-Sr, Cd-P, Cr-Cu, Cr-Fe, Cr-Mg, Cr-Ni, Cr-Sr, Fe-P, Fe-Pb, Mg-Pb, Pb-Sr, or low (0.2 < |r| < 0.4), e.g., Ba-Mg, Ba-P, Ca-Mg, Ca-P, Cd-Cu, Cd-Mn, Cd-Zn, Cu-Mg, Cu-Ni, Cr-Zn, Fe-Mg, Mg-P, Mg-Zn, Mn-Ni, Ni-P, P-Sr. The relation between Cd-Fe, Cr-Mn, Cu-P, Cu-Pb, Cu-Sr, Fe-Ni, Fe-Sr, Mn-P, Mn-Pb, Mn-Sr, P-Zn, Pb-Zn and Sr-Zn pairs is practically negligible (r 0 to ± 0.2).
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  The caffeine content (Table 4) is quite comparable in 5 out of 6 energy drinks (ca. 33 mg 100 mL-1). A 4 times higher caffeine concentration is found in Power and this agrees, because Power is called “energy shot”, i.e., a concentrated energy drink, containing as much as permissible caffeine concentration. Noteworthy, results obtained here are in a very good agreement with declared values, i.e., 0.133% (m/v) for Power and 0.03% (m/v) for other drinks. It seems that analyzed energy drinks are more source of caffeine than inorganic constituents. Assuming their size (Table 4), they contain 78-336 mg of caffeine per serving. Safe limits of caffeine are 300-400 mg per day (ca. 3 coffee cups) for healthy adults and only up to 45-85 mg per day for children,10 hence the consumption of such beverages by children should be discouraged. On the other hand, in case of elements, a comparison of the measured and the dietary reference values (i.e., recommended allowances/adequate  daily intakes, upper tolerable intake levels and maximum level of daily intake without detriment to health)11,12 indicates that energy drinks are within safety levels for human consumption and the found values did not represent a health problem.

  According to previous study of Kolaylı et al.,13 who found that caffeine would bind metal ions, i.e., Ca, Mg, Fe, Zn, Pb, Mn, Co and Cr, the such relations using the Pearson's correlation coefficient (r) between element and caffeine concentrations in analyzed here coffees were studied (see Table 5). Based on the results, a very high positive correlation was found for Mn (r = 0.999) and high correlations (0.8 < r < 0.9) were also established for Ba, Ca, Cu and Zn. It indicates the interactions between caffeine and these metal ions, suggesting a possible chelating activity of caffeine to complex formation.

   

  Conclusions

  This work demonstrates for the first time results on the mineral content of energy drinks determined by ICP OES. Considering the reliability of results and the simplicity of the sample treatment, the analysis after dilution with a diluted HNO3 solution demonstrates the highest simplicity, time-saving, reproducibility and dependability. This simpler sample handling is a vital alternative to the wet digestion procedure that can be adequately used for routine ICP OES analyses of energy drinks on the concentration of up to 13 elements.

  Based on the content results of elements and caffeine, it can be concluded that energy drinks supply human organisms with higher amounts of caffeine than of minerals and hence, they are not an important source of elements in the human diet. In the light of limits estimated for caffeine, an excessive consumption of energy drinks may cause health hazard.

  The complex formation capacity of caffeine was determined for Ba, Ca, Cu, Mn and Zn metal ions.
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    The study of the influence of steroidal compounds on tumor cell cultures, cell growth, induction of apoptosis and/or cell cycle changes, is a common way of discovering potential therapeutics for treating people suffering from hormone-dependent problems and diseases. Because of the very high mortality rate associated with this class of disease, therapeutics for treating different types of cancers are among the most important. This work presents the synthesis of two stereoisomeric 16,17-secoandrostane mesyloxy derivatives and their 17-hydroxy precursors. Compounds were structurally analyzed by X-ray crystallography, and their antiproliferative activity, influence on the cell cycle and potential to induce apoptosis were investigated.

    Keywords: 16,17-seco mesyloxy androstane derivatives, X-ray crystallography, tumor cell cytotoxicity, apoptosis, cell cycle

  

   

  
    Neste artigo, a influência dos compostos esteróides nas culturas de células tumorais foi estudada: o crescimento de células, a indução de apoptose e/ou alterações do ciclo celular. Esta é uma forma comum na descoberta de compostos terapêuticos potenciais para o tratamento de pessoas que sofrem de doenças dependentes de hormônios. Os tipos de terapêutica para o tratamento de diferentes tipos de câncer são os mais importantes devido à elevada taxa de mortalidade relacionada com esta classe de doenças. O trabalho apresenta a síntese de dois estereoisómeros 16,17-secoandrostane mesilados e seus precursores 17-hidroxi, e o estudo da sua atividade antiproliferativa, influência sobre o ciclo celular e indução de apoptose, assim como a análise cristalográfica destes compostos.

  

   

   

  Introduction

  Androgens play an important role in the development of diseases such as benign prostate hyperplasia and prostate cancer.1,2 On the other hand, estrogen-dependent breast cancer is the most common cancer among women and continues to be a major cause of cancer-related deaths.3 The efficacy of adjuvant endocrine therapy in hormone receptor-positive early breast cancer is constantly examined.4 Since many estrogen and androgen derivatives exhibit anti-hormone and/or cytotoxic activity, a large number of steroidal derivatives have been synthesized from appropriate estrogen or androgen precursors in order to obtain potential therapeutics for the treatment of steroid-dependent cancers.5-15 

  It is known that many sulfur-containing compounds display biological potency.16-19 In addition, some steroidal compounds induce apoptosis or cause changes in the cell cycle of tumor cells.20-22 In light of the above, as a continuation of our ongoing efforts on D-seco steroid synthesis as potential anticancer agents, in the present study, we report the structural analysis of recently (5)23 and newly (6) synthesized stereoisomeric D-seco-mesyloxy derivatives, the study of their antiproliferative activity against tumor cell lines and their impact on the cell cycle and apoptosis of tumor cells.

   

  Experimental

  Chemical synthesis

  General

  Melting points were measured on a Nagema Rapido melting point microscope. Infrared (IR) spectra were recorded on a Nexus 670 FTIR spectrometer. 1H (250 MHz) and 13C (62.5 MHz) nuclear magnetic resonance (NMR) spectra were recorded on a Bruker AC 250 apparatus using tetramethylsilane as an internal standard. High-resolution mass spectroscopy (HRMS) data (TOF) were recorded on a 6210 time-of-flight LC/MS Agilent Technologies (ESI+) instrument. Organic solutions were dried with Na2SO4. Column chromatography (CC) was performed on silica gel 60 (0.04-0.063 μm, Merck).

  3β-Acetoxy-(17S)-mesyloxy-17-methyl-16,17-secoandrost-5-ene-16-nitrile (5) and 3β-acetoxy-(17R)-mesyloxy-17-methyl-16,17-secoandrost-5-ene-16-nitrile (6)

  A mixture of compounds 3 and 4 served as starting material for the synthesis of mesylates 5 and 6. Compounds 5 and 6 were separated by flash chromatography (petroleum ether-ethyl acetate 3:1; 2:1; 1.5:1) giving pure compound 5 (0.4938 g, 78%, white crystals, mp 158-160 ºC, after crystallization from ethyl acetate/hexane) and 6 (0.0579 g, 9%, white crystals, mp 160-161 ºC, after crystallization from ethyl acetate/hexane).

  Compound 5: IR n/cm-1 3019, 2943, 2243, 1728, 1247, 1173, 896, 755; 1H NMR (250 MHz, CDCl3) δ 1.041 (s, 3H, H19); 1.050 (s, 3H, H18); 1.412 (d, 3H, J 6.25 Hz, H20); 2.046 (s, 3H, Ac); 3.054 (s, 3H, Ms); 4.600 (m, 1H, H3); 4.782 (q, 1H, J 6.41 Hz, H17); 5.391 (d, 1H, J 4.54 Hz, H6); 13C NMR (62.5 MHz, CDCl3) δ 15.07 (CH2); 15.39 (C-19); 17.18 (C-18); 19.11 (C-20); 19.76 (CH2); 21.39 (CH3, Ac); 27.54 (CH2); 31.00 (CH2); 31.88 (CH2); 31.91 (CH); 36.57 (CH2); 36.76 (q); 37.65 (CH2); 39.19 (CH3, Ms); 40.53 (q); 42.09 (CH); 48.61 (CH); 73.56 (C-3); 82.83 (C-17); 119.04 (C-16); 121.30 (C-6); 139.26 (C-5); 170.53 (Ac); HRMS calculated (M + NH4)+: 455.25742; measured: 455.25771.

  Compound 6: IR, n/(cm-1) 2941, 2243, 1727, 1241, 1172, 901, 800; 1H NMR (250 MHz, CDCl3) δ 1.045 (s, 3H, H19); 1.142 (s, 3H, H18); 1.410 (d, 3H, J 6.50 Hz, H20); 2.047 (s, 3H, Ac); 3.051 (s, 3H, Ms); 4.600 (m, 1H, H3); 4.798 (q, 1H, J 6.50 Hz, H17); 5.380 (d, 1H, J 4.54 Hz, H6); 13C NMR (62.5 MHz, CDCl3), δ 15.38 (C-19); 15.52 (CH2); 17.47 (C-18); 19.09 (C-20); 19.27 (CH2); 21.36 (CH3, Ac); 27.51 (CH2); 30.39 (CH2); 31.82 (CH2); 32.93 (CH); 36.57 (CH2); 36.84 (q); 37.65 (CH2); 39.02 (CH3, Ms); 40.52 (q); 44.23 (CH); 48.93 (CH); 73.50 (C-3); 85.43 (C-17); 118.68 (C-16); 120.99 (C-6); 139.55 (C-5); 170.50 (Ac); HRMS calculated (M + NH4)+: 455.25742; measured: 455.25753.

  Biological tests _ In vitro antitumor assay

  Cell lines and cell culture

  Six human tumor cell lines (ER+ breast adenocarcinoma, MCF-7; ER-breast adenocarcinoma, MDA-MB-231; prostate cancer, PC-3; cervical carcinoma, HeLa; myelogenous leukemia, K-562; colon adenocarcinoma, HT-29) and one human non-tumor cell line (normal fetal lung fibroblasts MRC-5) were used in this study. Cells were grown in Dulbecco's modified Eagle's medium (DMEM) with 4.5% of glucose (MCF-7; MDA-MB-231; PC-3; HeLa; HT-29; MRC-5) or RPMI 1640 medium (K562). Medium was supplemented with 10% of fetal calf serum (FCS, Sigma) and antibiotics: 105 IU mL−1 of penicillin and 100 mg mL−1 of streptomycin (ICN Galenika). All cell lines were cultured in flasks (Costar, 25 cm2) at 37 ºC in a 100% humidity atmosphere supplemented with 5% of CO2. Only viable cells were used in the assays. Cell viability was determined by the trypan blue dye exclusion assay.

  Antiproliferative activity

  Steroidal compounds 2 and 4-6 were evaluated for antiproliferative activity using the tetrazolium colorimetric MTT assay, after treating tumor cells with the study compounds for 48 h. The assay is based on conversion of the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) to formazan by mitochondrial dehydrogenases in viable cells.24 Doxorubicin (Dox) was used as a positive control. Exponentially growing cells were harvested, counted by the trypan blue exclusion test, and plated onto 96 well microplates (Costar) at an optimal seeding density of 104 (K-562) or 5 × 103 (other cell lines) cells per well, to assure a logarithmic growth rate throughout the assay period. Viable cells were plated in a volume of 90 mL per well, and pre-incubated in complete medium at 37 ºC for 24 h, to allow cell stabilization prior to the addition of test substances. Tested compounds were added in volume of 10 mL per well of appropriate concentration to all wells except controls in order to achieve the required final concentration in the growth medium (10-8 to 10-4 mol L−1). Microplates were then incubated for 48 h. Wells containing cells without tested compounds were used as control.

  After 48 h incubation, 10 mL of MTT solution were added to each well. MTT was dissolved in the medium at 5 mg mL−1 and filtered sterilized to remove a small amount of insoluble residue present in some batches of MTT. Acidified 2-propanol (100 mL of 0.04 mol L−1 HCl in 2-propanol) was added to each well and mixed thoroughly to dissolve the dark blue crystals. When all crystals were dissolved, plates were read on a spectrophotometer microplate reader (Multiscan MCC340, LabSystems) at 540/690 nm. Wells without cells containing complete medium and MTT only were used as a blank. Antiproliferative activity was expressed as the IC50 (50% inhibitory concentration).

  Data analysis

  Two independent experiments were conducted in quadruplicate for each concentration of tested compound; mean values and standard deviations (SD) were calculated for each experiment. IC50 defines the dose of compound that inhibits cell growth by 50%. The IC50 value of each tested compound was determined by median effect analysis.25 

  Morphological analysis of apoptosis and flow cytometric cell cycle analysis

  The MDA-MB-231 human breast adenocarcinoma (ER-) cell line was used to examine induction of apoptosis by the steroidal test compounds. Apoptosis was monitored by observing morphological changes in cells using light microscopy. The same cell line was used for flow cytometry cell cycle analysis.

  Cell culture and cell treatment

  Cells were grown in the same conditions as for the MTT test. Each culture of both control and experimental groups was seeded in duplicate. Flasks with seeded cells were left at 37 ºC, in an atmosphere comprising 5% of CO2, during the following 24 h to allow cells to adhere to the flask surface. After 24 h, test steroid compounds (4-6 and the reference formestane) were added to experimental cultures in 1 mL volume in order to achieve the appropriate final concentrations (equal to their IC50 concentrations, which were estimated earlier by cytotoxicity assays; equitoxic doses). Cells were then again incubated in total darkness at 37 ºC in a 100% humidity atmosphere with 5% CO2. Total incubation time with steroid compounds was 48 h, allowing cells to undergo two mitotic divisions, the same as in the control sample.

  Cell harvesting

  Cell harvesting and slide preparation were conducted under aseptic conditions, following a modified cytogenetic preparation procedure for micronuclei testing.26 Each culture was harvested and processed separately. Cell suspension preparations involved hypotonic treatment in order to achieve adequate cell spreading and high-quality cell preparation for scoring. Hypotonic treatment, fixation and centrifugation were modified to preserve the cell cytoplasm. The cell cytoplasm was retained to enable reliable detection and identification of all morphological features related to apoptosis.

  After 48 h of treatment, cells were separated from culture flask walls by trypsinization (0.5% solution of trypsin). One part was used for slide preparation, and the other for cell cycle analysis.

  Slide preparation for morphological analysis

  Cells were gently centrifuged (1200 rpm) for 5 min and the supernatant culture medium was removed. Cells were then hypotonically treated with 7.0 mL of cold (4 ºC) 0.075 mol L−1 KCl and centrifuged immediately at 1200 rpm for 8 min. The supernatant was removed and replaced with 5 mL of fixative, consisting of a mixture containing methanol and acetic acid (3:1) with 1% formaldehyde. The fixative was added while agitating the cells in order to prevent clump formation. The cells were then centrifuged again at 1100 rpm for 8 min, washed twice with fixative formaldehyde and gently resuspended. The final suspension was dropped onto clean glass slides and allowed to dry. Specimen staining (after 24 h) was performed using 2% Giemsa stain (Merck) in potassium phosphate buffer (pH 7.3).

  Analysis and scoring criteria

  Prepared material was observed and analyzed by light microscopy (Olympus BX51). All specimens, including controls, were independently coded before microscopic analysis and analyzed with no prior information regarding the origin of the material. Cells were counted and at least 1000 cells were scored for each specimen. Scored features included normal cells and all forms of induced morphological changes that can be attributed to apoptosis.27 

  Image capturing and data processing

  Images were captured with a 12 megapixel digital camera (Canon 350D) attached to a computer. Data were processed with Microsoft Excel.

  Flow cytometric cell cycle analysis

  The cell cycle was investigated using a flow cytometer, by analyzing the DNA content of ethanol-fixed MDA-MB-231 cells stained with propidium iodide (PI). For this purpose, a Becton Dickinson (BD) Immunocytometry System28 was used to analyze cell distributions.

  After trypsinization, cell fixation (70% ethanol 30 min on ice) and centrifugation, a solution of ribonuclease A (RNase A, 100 units mL−1) and propidium iodide (400 mg mL−1) were added to the cell pellet. Cell suspensions were incubated in the dark at room temperature for 30 min. After incubation, and prior to analysis by flow cytometry, each FACSCalibur BD sample was filtered through a 35 μm grid. The cell excitation wavelength was 488-514 nm, and the fluorescence emission of PI was approximately 610 nm. The FL2 parameter of BD FACSCalibur was used for one parametric analysis.

  Structure determination

  Diffraction data for compounds 5 and 6 were collected using an Oxford Diffraction Gemini S four-circle goniometer equipped with a Sapphire CCD detector. The crystal to detector distance was 45.0 mm and graphite monochromated Mo Kα (λ = 0.71073 Å) radiation was used for the experiment. Data were reduced using the CrysAlis PRO program.29 A semi-empirical absorption-correction, based upon the intensities of equivalent reflections, was applied, and the data were corrected for Lorentz, polarization and background effects. The structure was solved by direct methods using the Sir97 program,30,31 and refined by full-matrix least-squares procedures on F2 using SHELXL-97 programs,32 as implemented in the WinGX program suite.33 Non-H atoms were refined anisotropically. Hydrogen atoms were treated by a mixture of independent and constrained refinement. The figures representing molecular structure were made using the ORTEP-334 and PLATON35 programs.

   

  Results and Discussion

  Hydroxy oxime 1 by Beckmann fragmentation with acetic anhydride afforded D-seco derivative 2, which was reduced, giving a mixture of epimer alcohols 3 and 4. Mesylation of 3 and 4 resulted in D-seco mesyloxy derivatives 5 and 6 (Scheme 1).36,23 
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  The obtained mesyloxy derivatives 5 and 6 were successfully separated by column chromatography, and the crystallization afforded crystals suitable for X-ray structural analysis. X-ray structural analysis revealed that the major product, compound 5, has a (17S)-configuration, while the side-product 6 has a (17R)-configuration. Based on these results, it can indirectly be concluded that the reduction of D-seco ketone 2 with sodium boron hydride afforded a mixture of stereoisomeric alcohols 3 and 4, which could not be separated chromatographically, but from which the main product 4, with a (17S)-configuration, was isolated by crystallization (hexane/acetone, 3:1).36 

  Biological tests

  Antiproliferative activity

  The primary tests for biological and anti-proliferative activities of compounds 2 and 4-6 were in vitro cytotoxicity assays against six human cancer cell lines: estrogen receptor negative (ER-) breast adenocarcinoma (MDA-MB-231); estrogen receptor positive (ER+) breast adenocarcinoma (MCF-7); prostate cancer (PC-3); human cervical carcinoma (HeLa); myelogenous leukemia (K-562); colon adenocarcinoma (HT-29); and normal fetal lung fibroblast (MRC-5) cells (Table 1 and Figure 1). Results were compared with the non-selective cytotoxic drug doxorubicin.

  
    

    [image: Table 1. The results]

  

  
    

    [image: Figure 1. Cytotoxicity]

  

  D-seco 17-oxo derivative 2 exhibited weak antiproliferative activity only against human cervical carcinoma cells (HeLa). However, its C-17 hydroxy derivative 4 showed strong antiproliferative activity against MDA-MB-231 breast cancer cells and moderate activity against HeLa cells, with no inhibition potency displayed against other cell lines. The introduction of a C-17 mesyloxy function significantly increased the antiproliferative activity of both epimers 5 and 6 against the majority of the studied tumor cells, compared to precursors 2 and 4. Namely, mesyloxy derivatives 5 and 6 displayed the strongest antiproliferative activity against MDA-MB-231 breast cancer cells. In addition, compounds 5 and 6 displayed respectively 16- and 8-fold greater antiproliferative activity against PC-3 cells than Dox, and also strongly inhibited HeLa and HT-29 tumor cell growth. (17R)-Stereoisomer 6 was a slightly less potent antiproliferative agent against the same cell cultures than its (17S)-stereoisomer 5.

  Doxorubicin displayed significant cytotoxicity against nearly all cancer cell types, but was also highly toxic to healthy MRC-5 (control) cells, possibly explaining the severe side effects associated with Dox chemotherapy, including cardiotoxicity and nephrotoxicity.37 In contrast, the new steroidal compounds investigated in the present study were selectively cytotoxic being non-toxic to healthy MRC-5 cells.

  Effects of steroidal derivatives 4-6 and formestane on the cell cycle

  Since compounds 4-6 expressed significant antiproliferative potential, especially against estrogen receptor negative MDA-MB-231 breast cancer cells, the following experiments in our research were aimed at identifying a preliminary mechanism for their action. Particular interest was focused on their effect on the cell cycle and their potential to induce apoptosis. We performed cell cycle analysis and studied the morphological changes in MDA-MB-231 cells treated with equitoxic doses (IC50 concentrations) of the tested compounds over a 48 h time period.

  Figure 2 shows the effect of the tested compounds on treated cells, while the percentages of cells in G1/M, S, G2/M and subG1 phases of the cell cycle were calculated and presented in Table 2. Formestane was used as a reference compound.
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  The treatment of MDA-MB-231 cells for 48 h with each of the newly synthesized compounds resulted in almost the same number of cells in G1/M1 phase, while the treatment with formestane resulted in a slight decrease, compared to control. The cell population in the synthetic (S) phase in cultures treated with compounds 4 and 5 was very similar to the control sample, and somewhat lower in the sample treated with compound 6. Formestane slightly increased the number of cells in S-phase. Concerning G2/M phase, compounds 4 and 5 exerted similar effects compared to the control sample, while compound 6 and formestane showed a modest increase. The number of hypodiploid (subG1) cells, which are generally regarded as an apoptotic population, was very low after 48 h incubation, and practically the same as the control sample (Table 3).
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  Induction of apoptotic cellular morphology by steroidal derivatives

  Analysis of the morphology of MDA-MB-231 cells, which were treated for 48 h with equitoxic doses of compounds 4-6 and formestane (as a reference compound), was performed by visual observations using a light microscope. No significant difference was found concerning the quality of specimens between control and treated cells by light microscopy. The quality and clearness of the treated specimens were comparable to those of the control, regardless of the test compound.

  It was found that the number of cells with apoptotic morphology increased after treatment with investigated steroidal derivatives. Compounds 4 and 5 slightly increased the number of cells featuring apoptotic cellular morphology (less than 4%, compared to control samples). Compound 6 modestly affected this ratio (9.5%), while formestane increased the number of cells with apoptotic morphology more than the other tested compounds (12.5%).

  Apoptotic cells were identified by a series of typical morphological changes, and morphology still constitutes an important experimental proof of the underlying processes. To study the mechanism(s) behind the antiproliferative activity displayed by these novel seco-androstane derivatives, compounds 4-6 were selected and light microscopy was used to determine whether they induce apoptosis in MDA-MB-231 cells at the single cell level. As a reference molecule, the steroid formestane were used. Treated and untreated MDA-MB-231 cells were stained with Giemsa. Figure 3 shows the morphology of MDA-MB-231 cells following exposure to equitoxic doses of the tested compounds (4-6 and formestane) for 48 h, as well as untreated cells. The percentage of apoptotic cells, as estimated by visual observation of cell morphology, is given in Table 3. Numerous morphological changes indicative of apoptosis were detected: plasma membrane blebbing, cellular shrinkage, chromatin condensation and nuclear degradation (Figure 4). Most of the control cells appeared normal with round and homogeneous nuclei (Figure 3a).
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  After treatment with test compounds, alterations in the size, shape and structure of treated cell nuclei were detected in slightly larger number. Chromatin condensation, cell shrinkage and nuclear fragmentation, as well as the formation of apoptotic bodies, were observed. In addition to these morphological changes, treated cells also showed signs of impairment of the plasma membrane and cell disintegration (Figure 3).

  In order to study the origin of the differences between the biological activities of the two stereoisomeric mesyloxy derivatives 5 and 6, monocrystals of these two compounds were prepared, and their crystal structures by X-ray crystallography were analyzed. Comparing the structural features of compound 5 and 6, it is possible to notice that the bond lengths and bond angles, especially in the D-seco region, do not differ significantly (Table S11 in the Supplementary Information (SI) section). On the other hand, differences between conformations in the D-seco region were confirmed, as can be seen by inspection of selected torsion angles (Table S12 in the SI section).

  A perspective view of the molecular structure of compounds 5 and 6 is shown in Figure 6. Selected bond lengths and bond angles are given in Table S11 (in the SI section). Torsion angles are given in Table S12 (in the SI section).
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  A structural alignment of the X-ray crystal structures of the two stereoisomeric mesyloxy derivatives 5 and 6 is shown in Figure 7. It can be seen that compound 5 has a (17S)-configuration, while 6 has a (17R)-configuration. Bond lengths and bond angles in the D-seco region do not differ significantly (Table S11), in agreement with the slight differences in their observed cytotoxic and pro-apoptotic potency. The differences between the conformations in the D-seco region are connected with the differences in the values of selected torsion angles (Table S12 in the SI section).
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  Conclusions

  Starting from a 16,17-seco alcohol, two stereoisomeric mesyloxy derivatives were obtained (5 and 6). Both mesylates expressed strong antiproliferative activity against steroid receptor-independent tumor cell lines: breast adenocarcinoma (MDA-MB-231), prostate cancer (PC-3) and cervical carcinoma (HeLa), with no cytotoxicity against healthy cells (MRC-5). Their precursor, seco alcohol 4, strongly inhibited the growth of ER-breast adenocarcinoma cell line (MDA-MB-231). These three compounds did not influence the cell cycle of MDA-MB-231 cells, but slightly induced apoptosis in these cells. Slight differences in their cytotoxic and proapoptotic potency could be correlated with their molecular structures, i.e., with differences between their conformations in the D-seco region. Comparing cytotoxicity of D-seco ketone 2, (17S)-secocyanoalcohol 4 and both (17S) and (17R) D-seco mesyloxy derivatives 5 and 6, respectively, it may be concluded that compounds 4, 5 and 6 were much more effective in reducing tumor cell culture growth. It can be presumed that this difference arises from the differences in distances of oxygen atom at C-17 from steroidal skeleton: in molecule 2, in which hybridization of C-17 is sp2, it is less than in other compounds, in which hybridization of C-17 is sp3. On the other hand, antiproliferative effects of these three compounds, as well as their influences on the tumor cell cycle and inducing of apoptosis, are quite similar with each other, even though apoptosis induced by compound 6 is very slightly higher expressed.

  Based on these results, it is propose that compounds 4, 5 and 6 could be used to develop more potent inhibitors of breast and prostate cancer growth, with reduced cytotoxicity toward normal, non-cancerous cells. Synthesis of new steroidal compounds with mesyloxy function, but modified steroidal moiety, is being planned.

  The time- and dose-dependencies of the processes by which the tested steroidal compounds influence cell cycle progression (if at all) remain to be clarified. Western-blot analysis would help determine the exact pathways of the compound mode of action. In order to estimate if these compounds induce apoptosis in treated cells, translocation of phosphatidylserine at the cell surface could be examined using an annexine binding assay.

   

  Supplementary Information

  Data concerning the IR, 1H, 13C NMR, crystallographic and mass characterizations of the mesyloxy derivatives 5 and 6 are available free of charge at http://jbcs.sbq.org.br, or as a pdf file. CCDC 943744 and 943745 contains the supplementary crystallographic data for this work.
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    Over the last decades fungal infections have become an increasing health problem, especially for immunocompromised patients. Unfortunately, the gold standard prophylactic therapy for such ailment is based on azole derivatives, which are fungistatic rather than fungicidal against C. neoformans and cause hepatotoxicity. Aiming at circumvent these problems, non-azole CYP51 inhibitors were designed. Herein a comprehensive structure-activity relationships study was carried out for a dataset of 110 molecules by means of hologram– and descriptor–based QSAR studies. The best descriptor-based QSAR model (r2 = 0.92, q2 = 0.90, 6 LVs and r2 pred= 0.86) suggests that resonance effects (ESpm08r) play a major role for antifungal activity. The hologram-based QSAR (r2 = 0.87, q2 = 0.81, 6 LVs and r2 pred= 0.84) supports this hypothesis and hints at steric properties that should also contribute to non-azole inhibitors potency. The insights provided by the integrated analysis of QSAR models, along with their good predictive power prove their usefulness to future drug design efforts.

    Keywords: antifungal, non-azole, chemometrics, 2D QSAR, HQSAR

  

   

  
    Durante as últimas décadas as infecções fúngicas têm se tornado um crescente problema de saúde, especialmente para pacientes imunocomprometidos. Infelizmente, o padrão-ouro de terapia profilática para tal doença é baseada em derivados azólicos, que são mais fungistáticos do que fungicidas contra C. neoformans e causam hepatotoxicidade. Objetivando contornar estes problemas, inibidores não–azólicos de CYP51 foram planejados. Aqui, um abrangente estudo de relação estrutura-atividade foi executado para uma série de 110 moléculas através de um estudo de QSAR baseado em hologramas e descritores moleculares. O melhor modelo de QSAR baseado em descritores (r2 = 0,92, q2 = 0,90, 6 LVs e r2 pred= 0,86) sugere que o efeito de ressonância (ESpm08r) desempenha um papel principal para a atividade antifúngica. O modelo de QSAR baseado em hologramas (r2 = 0,87, q2 = 0,81, 6 LVs e r2 pred= 0,84) sustenta esta hipótese. Estas percepções obtidas pelas análises integradas dos modelos de QSAR, juntamente com o bom poder preditivo comprovam sua utilidade para futuros esforços em planejamento de fármacos.

  

   

   

  Introduction

  Over the last decades fungal infections have become an increasing health problem, especially for immunocompromised patients, such as those receiving chemotherapy, organ transplant recipients and HIV positive patients,1-3 for whom even opportunistic fungi, such as Cryptococcus sp present a life-threatens issue. In fact Cryptococcal meningoencephalitis, common among HIV patients, has a high mortality rate even when treated with first-line antifungal drugs.4,5 Currently, the standard prophylactic therapy and long term management of systemic deep seated fungal infections rely on azole derivatives, for instance fluconazole, or combinations thereof.1-6

  Unfortunately, the extensive use and prolonged therapy with azole antifungal agents have led to severe resistance, which significantly limits their use.7 Infections caused by C. neoformans present an additional complexity as it has inherent resistance to fluconazole.8,9 Furthermore, fungistatic rather than fungicidal activities and hepatotoxicity pose as serious drawbacks for azole use. Apparently, similarity between human and fungal therapeutic targets makes the pharmacophore requirements of azole drugs profoundly correlated to their toxicophore, as the binding of heterocyclic nitrogen atom (N-3 of imidazole and N-4 of triazole) to the heme iron atom in the active site of lanosterol 14α-demethylase (CYP51) enzyme is responsible both for the pharmacological outcome and the hepatic side-effects. In fact, cases of death due to liver failure are ascribed to the coordination of azole drugs to the heme of host cytochrome P450 enzymes, such as CYP3A4,10,11 whereas their binding towards fungal CYP51 leads to fungal growth arrest following the accumulation of precursor 14α-methylated sterols in the fungi membrane.

  Aiming at separating these effects, extensive medicinal chemistry efforts have been carried out.12-14 Despite novel azole derivatives, for instance posaconazole and voriconazole, present lower hepatotoxicity than first generation azoles, they still cause liver enzyme elevation.15 On the other hand, inhibitors that explore specific interactions (H-bonding, hydrophobic interaction and so forth) in the active site of fungi CYP51, but do not interact with heme prosthetic group are expected to have antifungal effect only.16 Taking this hypothesis into consideration homology modeling strategies guided the design and synthesis of diverse non-azole CYP51 inhibitors (Figure 1).10,16,17
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  Although this strategy relied on subjective structural data and docking studies, compounds that are more potent than fluconazole against C. neoformans, have been designed. As these compounds are structurally different from azole drugs, they probably have dissimilar physicochemical requirements for CYP51 inhibition. Nevertheless, as far as we are aware, no effort was made to investigate their structure-activity relationships from a quantitative point of view. The results described herein try to shorten this knowledge-gap by means of hologram-based and descriptor-based QSAR models that do not require structural information from the molecular target and thus are less prone to bias induced by other modeling strategies.

   

  Materials and Methods

  Data set

  The data set used for the QSAR studies contains 110 derivatives of isoquinolines, chromenes and 2-aminetetralines along with their antifungal activity (Table 1).2,10,18 The biological property of this dataset is reported as MIC80 values, which is the antifungal concentration required to inhibit 80% of C. neoformans growth. In order to overcome small data variability among different experiments, an internal standard was employed (MIC80fluconazole) so that the biological data used for QSAR models development is based on the ratio    (MIC80cpd /MIC80fluconazole). These values were converted to pMIC80 (-log(MIC80cpd/MIC80fluconazole)) and used as dependent variables in the QSAR model development.

  The chemical structures were drawn in the two-dimensional (2D) format and converted to 3D using CONCORD standard parameters, as available in "translate molecular file" tool, from Sybyl-X 1.1 plataform (Tripos Inc., St. Louis, USA) and then energy minimized by conjugated gradient using Tripos force field (convergence criteria 0.001 kcal mol−1). Next, MOPAC charges were added to each molecule (AM1 semi-empirical method with the following keywords: 1SCF XYZ ESP NOINTER NSURF = 2 SCALE = 1.4 SCINCR = 0.4 NOMM). This protocol is necessary so that charge-related descriptors can be properly calculated in DRAGON. A unsupervised method HCA (Hierarchical Cluster Analysis), carried out with Pirouette 4.0 software (Infometrix, Washington, USA), using the complete linkage clustering method (Euclidean distances) and data autoscaling, was used to guide to split the complete dataset into training (compounds 1-75) and test (compounds 76-110) sets. (Table 1) Accordingly, at least 1 compound from each cluster (similarity degree = 90%) was assigned to the test set (Figure 1S).
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  Descriptor-based QSAR approach

  About 2,500 2D molecular descriptors, including topological descriptors, connectivity indices, 2D autocorrelation and physicochemical descriptors and so forth, were computed using the DRAGON 5.5 software (Talette SRL, Milan, Italy) and then pre-selected as follows: descriptors with high inter-correlation (> 97%) or those poorly related to the biological property (r2< 0.10) were discarded. This strategy yielded 215 physicochemical descriptors that were employed to build multiple linear regression models (MLR) with up to 6 descriptors per model using genetic algorithm, as available in MOBYDIGS 1.0 software (Talette SRL, Milan, Italy). The MLR models were evaluated using the following fitting criteria: QUIK rule (0.005), asymptotic Q2 rule (−0.005), redundancy RP rule (0.05) and overfitting RN rule (0).19,20 Due to the stochastic nature of the genetic algorithm, the search (Population size = 100, reproduction/mutation trade-off = 0.5, selection bias = 50%) was carried out using 10 independent populations of 2000 models each that evolved for more than 100 generations or at least 2 million models. The descriptors found in the 20 best models were pooled together, autoscaled and employed to develop partial least squares (PLS) models, as implemented in the PIROUETTE 4.0 software (Infometrix, Washington, USA).19,21,22

  Hologram-based QSAR strategy

  Statistical HQSAR modeling was carried out as previously described.23,24 Briefly, each molecule in the dataset was decomposed into linear, branched, and overlapping fragments, which were hashed to a fixed-length array (53 to 401 bins) that is called molecular hologram. The bin occupancies encode compositional and topological molecular information used as independent variables in QSAR modeling. Parameters that affect hologram generation such as hologram length, fragment size and fragment distinction (atoms (A), bonds (B), connections (C), hydrogen atoms (H), chirality (Ch), and donor/acceptor (DA)) were evaluated during model development, using default fragment size 4-7 over the 12 default series of hologram lengths. Next, the influence of fragment size (2-5, 3-6, 5-8, 6-9, 7-10, 8-11) was further investigated for the best model. All models generated in this study were investigated using the full cross-validated r2 (q2) Partial Least Squares (PLS) Leave-One-Out (LOO) method and the stability of best model was evaluated using the mean value of full cross-validated r2 (q2) from 25 rounds of leave-5-out method.

  QSAR model validation

  External validation was carried out using a test set of 35 compounds, which were not considered for the purpose of QSAR model development. The predictive ability of the models was estimated as described by Schuumann and cols.25-27

   

  Results and Discussion

  Hepatotoxicity is one of the main concerns for long-term treatment of deep-seated fungal infections with azole drugs, especially among immune-compromised patients that suffer from recurring fungal infections.28 As a consequence, medicinal chemistry efforts have been directed towards separating azole´s toxicophore from their pharmacophore. Some progress has been achieved by maximizing the interactions with residues of fungal lanosterol 14α-demethylase that are different from or absent in the human counterpart, while ruling out interactions with the heme group. This strategy is hampered by the lack of reliable structural information on the macromolecular target, but could benefit from ligand-based strategies, such as quantitative structure-activity relationship models that rely either on topological or hologram-based descriptors.

  Accordingly, a dataset of 110 isoquinoline, chromene and 2-aminetetraline derivatives were split into training set (compounds 1-75) and test set (compounds 76-110) so that chemical diversity and potency range were similarly represented in both sets. (Figure 1S) The antifungal-activity against C. neoformans (MIC80) ranges from 1370 mmol L-1 to 0.5 mmol L-1 (a factor of about 2700) and was measured under the same experimental conditions. This fact renders this property suitable for QSAR studies. Although all assays were carried out under standardized NCCLS (National Committee for Clinical Laboratory Standards) conditions, the biological data still bear a minor inter-experiment variation, for instance MIC80 values for fluconazole vary from 6.5 mmol L-1 to 13.1 mmol L-1. Aiming at overcome this dilemma and produce robust QSAR models, the MIC80cpd/MIC80fluconazole ratio was employed to calculate pMIC80 (−log MIC80cpd/ MIC80fluconazole), the dependent variable used in QSAR modeling. This strategy improved the overall statistical soundness of the QSAR models due to experimental-noise reduction, proving essential to the following steps.

  Next, 215 topological descriptors, available in DRAGON 5.5, were computed and employed to build preliminary multiple linear regression QSAR models with up to 6 variables, by means of genetic algorithm, using MOBYDIGS 1.0. QSAR models with up to 5 variables have q2 values below 0.5, but improved results were achieved when    6 variables were employed (r2 = 0.78, q2 = 0.76). Nevertheless, the predictive ability of the MLR models was marginal (r2 pred = 0.19). This suggests that the chemical and structural features captured in the model do not extend beyond the chemical space of training set compounds, limiting its usefulness in drug design. In order to improve QSAR model applicability domain, we resorted to more powerful statistical tools such as partial least square (PLS) and principal component analysis (PCA), available in PIROUETTE 4.0 software. Thus, 32 descriptors, found in the 20 best models were pooled together, autoscaled and used for further PCA and PLS QSAR model development. The underlying goal of using unsupervised chemometric tools, such as PCA, is to investigate whether the low predictive power is due to insufficient sampling of descriptor space (reduced number of descriptors per model) or due to inadequate representation of chemical space (i.e., 3D information is required to describe the structure-activity relationship for this dataset).

  Analysis of the loading plot for the 2 first PCs, which account for 67.6% of the data variability (Figure 2), shows that the 80% of most potent inhibitors (pMIC80 > 0.01) have PC2 values below −2.5, whereas 79% of the average potency inhibitors (−1.0 < pMIC80 < 0.0) are grouped between −2.5 and 2.0 and 83% of weaker inhibitors (pMIC80 < −1.0) lie above 2.0. This result clearly shows that PC2 explain the compounds potency, suggesting that selected descriptors are capable of explaining the potency profile of this dataset and thus are suitable for QSAR model development. Accordingly, they were gathered, autoscaled and employed for QSAR models development by partial least square regression (PLS), as available in PIROUETTE 4.0. Initial models show only minor improvement in statistical values (r2 = 0.81 and q2 = 0.77, 6 LVs), but large increase in predictive ability (r2pred= 0.72), in comparison to the predictive power of the RLM model (r2pred = 0.19). In order to further improve the statistical soundness of QSAR models, an iterative exclusion of 16 descriptors that have minor contributions to the regression vector was carried out until no improvement in statistical values was achieved. The regression vector can be thought of as a weighted sum of the loadings included in the model. Thus, descriptors with small coefficients do not contribute significantly to explain the dependent variable (biological activity) and can be discarded from the model. This strategy lead to an overall improvement in model adjustment (r2 = 0.92, q2 = 0.90) and predictive power (r2pred = 0.86), when 6 latent variables (LV), 96.4% explained variance, where employed (Figure 3 and Table 2).
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  More than statistical soundness, useful QSAR models should also provide some insight into the physical-chemical and structural requirements for the biological activity.29 This sort of information can be gathered from the analysis of the regression vector plot, which underscores the relative importance of descriptors towards the final QSAR model (Figure 4). According to regression vector, B09[C−N] has the greatest positive contribution to antifungal activity of these compounds.
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  B09[C−N] describes the presence or absence of carbon (from aliphatic side chain or methoxyl group) linked to nitrogen at topological distance of 9 bonds. It is interesting to note that 93.33% of weak inhibitors (pMIC80 < −1.0) have zero value for this descriptor, whereas this moiety is easily identified in most of average (73.33%) and potent (93.33%) inhibitors (Figure 5). Although this descriptor can be traced to different molecular fragments, it is noteworthy that most of them are constant throughout the dataset, whereas some chemical diversity can be traced to fragments connecting methoxyl groups and the nitrogen atom of isoquinoline inhibitors (Figure 5). In fact, linear alkyl substituent groups with 8 or more atoms connected to nitrogen atom seems to improve the biological activity of non-azole compounds. This hypothesis is reinforced by docking studies carried out by Yao, B and cols. (2007) which suggest that such moieties might properly interact into the hydrophobic pocket of the lanosterol 14a-demethylase.10
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  On the other hand, ESpm08r which accounts for resonance integrals between atoms eight bonds apart30 shows a negative contribution to the biological activity (Figure 6). Then, it is reasonable to assume that moieties that affect charge distribution on aromatic rings, such as the fused pyranone or the dihydro-pyrane ring, play an important role towards the biological activity.
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  Ring substituent importance to the biological property have already been highlighted by Tang and cols (2008), but for a different reason as those authors claim that these moieties would contribute to activity through hydrogen bonding to Tyr169. Our results do not contradict this hypothesis, but adds a new, quantitative, perspective to the scenario: Charge distribution, which might strengths or weakens a hydrogen bond, contributes significantly to non-azoles antifungals potency.

  Despite the fact that homology models have played their part in novel antifungal drug design campaigns, we decided to investigate whether 2D information only would suffice to guide the development of second-generation non-azole antifungals. Therefore, we resorted to another 2D QSAR approach, Hologram QSAR, which has been proven as effective as many 3D QSAR approaches and complements the information provided by descriptor-based 2D QSAR models.26,27,31,32 Hence, molecular holograms were generated for training set compounds using a number of fragment distinction combinations (Table 3).
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  The standard fragment distinction (ABC) shows poor fit (r2 = 0.55), which was not improved by the addition of hydrogen (H) or chirality (Ch) to fragment distinction (compare models 2 and 3 vs. 1). A slight improvement was observed when donor and acceptor atoms (DA) was considered (r2 = 0.58). The low statistical quality of the models might indicate that hologram-based descriptors are not suitable to describe non-azole antifungals biological property or that the fragment distinction combinations investigated so far have contrasting effects to the model. For instance, use of DA might improve fit, but B could have the opposite effect. Aiming at further investigate this hypothesis simpler models (5 to 8) were built, in which either B or C on the distinction was not employed. This strategy provided two models with improved fit, but still with limited internal consistency (models 7 and 8). Further addition of the fragment distinction C to model 8 resulted in the best fitted model, but no significant improvement in internal consistency was observed. Aiming at circumvent this setback, the influence of fragment size over the statistical parameter was also investigated (Table 4). Generally, only the model with highest statistical quality is evaluated, but as shown below this strategy might be misleading.
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  It is well known that fragment-distinction and fragment-size control the number of fragments that are generated and then hashed to build the hologram. During this step, fragment collision, due to greater number of fragments than hologram length, leads to abrupt changes in the statistical parameters.33 Thus, it is reasonable to assume that even sub-optimal HQSAR models, built with default fragment size (4-7 atoms), might provide the best QSAR model after fragment-size optimization. Therefore, the influence of the size was investigated for all models with q2 > 0.50 (Table 4). This strategy revealed a common trend among the models: larger sized fragments afford models with significantly higher statistical quality, which is the best model (Figure S2 and Table 4).

  This intriguing feature, obviously, must be related to some hidden SAR pattern that was not captured by default-sized HQSAR models. One reasonable explanation is that 7-atom length fragments are not enough to explain the contribution of the N-alkyl side chain, which according to Yao and cols. (2007) and Tang and cols. (2010) is essential to activity.

  Beside of good statistical quality, QSAR models should be able to predict the biological property of congeneric molecules and thus guide the development of second generation non-azole antifungals. The predictive power of the best HQSAR model (Figure 7 and Table 2), evaluated as described in Material and Methods section, (r2 pred = 0.84) is similar to that observed for descriptor-based-QSAR model (r2 pred = 0.86). Although it should be mentioned that compounds with pMIC80 > 0.5, within the training-set, are frequently predicted as less potent than they really are. This trend is less obvious in descriptor-based QSAR model suggesting that hologram-based descriptors (molecular holograms) do not cover all the information required to explain the biological activity of non-azole antifungals that are more potent than fluconazole. Nevertheless, it should be possible to integrate the information provided by both models to reveal structural and chemical properties that are crucial for the antifungal activity. As stated before, regression vector plot can be used to analyze the contribution of each descriptor to the descriptor-based QSAR model. Similarly, contribution maps, which graphically represent atoms or fragments with positive (yellow or green) or detrimental (orange, red) contribution towards antifungal activity, can be used to analyze the HQSAR model. A shortcoming of this analysis it that fragments that hold pharmacophore groups into position can be colored gray (neutral contribution), once they are found in weak and potent compounds.
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  According to contribution map of the less potent compound (cpd 06, pMIC80 = −2.02), the aromatic ring appears partially colored in red (Figure 8) whereas in potent compounds (cpd 35, pMIC80 = 0.60) the aromatic ring is widely colored in green and yellow, indicating that this ring can either improve or decrease the biological activity. Apparently, this coloring scheme can be associated with resonance effects once the most potent compound has one of the lowest Espm08r values (11.5), whereas the less potent one has the highest one (12.2).
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  Conclusions

  Although our approach is based uniquely on 2D fragments or physical-chemical descriptor, QSAR models with good statistical values were developed (descriptor-based (r2 = 0.92, q2 = 0.90, 6 LVs and r2 pred = 0.86; hologram-based r2 = 0.87, q2 = 0.81, 6 LVs and r2 pred = 0.84). Furthermore, the interactive analysis of 2D QSAR models showed to be useful to highlight the importance of resonance effects towards antifungal activity of isoquinoline, chromenes and 2-aminetetralines derivatives as well as pinpoint which part of the molecules are most influenced by this feature. For instance, HQSAR contribution maps suggest that fused rings play a crucial role towards the antifungal activity, due to electrostatic interactions towards lanosterol 14-alpha demethylase. Besides, the great molecular diversity of the dataset along with the good predictive ability of the QSAR models indicate that molecular features underscored in this study should apply not only to training set compounds, but also the congeneric molecules that lie within the chemical space sampled by isoquinoline, chromenes and 2-aminetetralines derivatives. Thus, QSAR models reported herein should be useful to guide the design of more potent non-azole antifungal compounds.
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    Two approaches based on partition equilibrium, stir bar sorptive extraction (SBSE) and microextraction by packed sorbent (MEPS) were evaluated for determination of selective serotonin reuptake inhibitor antidepressants (SSRI): fluoxetine, sertraline, citalopram and paroxetine in plasma sample by non-aqueous capillary electrophoresis (NACE) with spectrophotometric detection. The SBSE/NACE and MEPS/NACE methods showed linear range from the LOQ up to 500 ng mL−1. LOQ values ranged from 10 to 30 ng mL−1 in both techniques, depending on the compound. The inter-assay precision of the methods presented coefficient of variation lower than 12%. According to the analytical validation results, the methods are adequate for SSRI antidepressant analyses at therapeutic levels, consequently, amenable to therapeutic drug monitoring. These methods reduced the volumes of biological samples, the use of organic solvents and the number of steps involved in sample preparation.

    Keywords: antidepressant, microextraction by packed sorbent, non-aqueous capillary electrophoresis, plasma sample, stir bar sorptive extraction

  

   

  
    Duas técnicas analíticas baseadas no equilíbrio de partição, extração sortiva em barra de agitação (SBSE) e microextração por sorvente empacotado (MEPS) foram avaliadas para a determinação de antidepressivos inibidores seletivos da recaptação de serotonina (SSRI): fluoxetina, sertralina, citalopram e paroxetina, em amostra de plasma por eletroforese capilar em meio não aquoso (NACE) com detecção espectrofotométrica. Os métodos SBSE/NACE e MEPS/NACE apresentaram linearidade na faixa de concentração do limite de quantificação (LOQ) até 500 ng mL-1. Os valores de LOQ variaram de 10 a 30 ng mL-1, em ambas as técnicas, dependendo do fármaco. A precisão interensaio dos métodos apresentou coeficiente de variação inferior a 12%. Os resultados analíticos de validação demonstraram que os métodos são adequados para análises de antidepressivos ISRS em níveis terapêuticos e, consequentemente, para fins de monitorização terapêutica. Estes métodos reduziram os volumes de amostras biológicas, a utilização de solventes orgânicos e o número de etapas do preparo das amostras.

  

   

   

  Introduction

  The selective serotonin reuptake inhibitors (SSRIs: paroxetine, fluoxetine, citalopram and sertraline) are the most widely prescribed pharmacological treatment for depression. Since their introduction, many have considered the primary mechanism, by which the SSRIs produced therapeutic improvement in depression, is their effect on monoaminergic signaling.1

  The prevalence of depression in elderly patients (those aged 65 years or older) may be as high as 40% in hospital and nursing home settings and 8-15% in community settings. Many studies show that depression and anxiety, if not treated adequately in older age groups, are associated with adverse outcomes, such as increased risk of disability, poor quality of life and mortality.2-4 Because of the age related changes in pharmacokinetics and pharmacodynamics of drugs, it is not possible to automatically extrapolate findings on the efficiency or tolerability of antidepressants from younger to older populations. In the latter case, the risk of overdose and adverse effects should be considered, and a laboratory measurement of plasma SSRI levels becomes mandatory.5,6

  Capillary electrophoresis (CE) is an established analytical method with a continuously growing potential for solving challenging problems, ranging from small ion to macromolecule analysis. The availability of various modes has made CE extremely useful for drug analysis, because pharmaceuticals are diverse in structures and physicochemical properties.7 Non-aqueous capillary electrophoresis (NACE) is an interesting alternative to modify selectivity, the substitution of water by an organic solvent may have an impact on the charge of the analyte and/or its solvation size. The latter often governs selectivity modifications, as ion solvation is dependent on the solvent nature.8

  Most of the NACE methods for analysis of antidepressants in biological fluids use laborious, time-consuming concentration techniques, such as solid-phase extraction (SPE) and liquid-liquid extraction (LLE), requiring large amounts of organic solvents.9-12 Time- and labor-saving sample pretreatment methods that reduce the matrix content and enrich the sample with the target analytes are desirable. Such methods should also employ smaller amounts of solvents and samples, and should involve as few steps as possible in order to be more eco-friendly, minimize potential errors, and shorten the analysis time.13 Some cleanup/concentration methods such as stir bar sorptive extraction (SBSE) and microextraction by packed sorbent (MEPS) are effective for preconcentration purposes and significantly enhance the detection sensitivity in CE.13

  In SBSE, the extraction sorptive phase (generally, polydimethylsiloxane) is coated (0.5 to 1-mm layer) onto magnetic stir bars (1 to 4 cm in length) composed of a magnetic rod surrounded by a glass jacket. During stirring of the aqueous sample, analytes are extracted in accordance with their partition coefficients into the extraction phase. Although not fully correct, the octanol-water distribution coefficient gives a good indication if and how well a given solute can be extracted with SBSE. Desorption can be performed thermally or by liquid desorption in a few microliters of an organic solvent for back-extraction.14

  MEPS consists of a 100 to 250 μL syringe containing 1 mg of packed sorbent (inserted into a barrel inside the syringe as a plug or between the barrel and needle as a cartridge). The sorbents are miniaturized to work with microliter bed volumes, enabling use of sample and elution volumes as low as 10 μL. The cartridge bed can be packed or coated to provide selective and suitable sampling conditions. Any sorbent material such silica based (C2, C8, C18) or strong cation exchanger (SCX) using sulfonic acid bonded silica can be used.15

  The aim of this study was to critically evaluate the potential of SBSE and MEPS techniques to be used in the determination of the sertraline, fluoxetine, citalopram and paroxetine levels in plasma samples obtained from elderly depressed patient plasma samples using NACE analysis.

   

  Experimental

  Reagents and analytical standards

  The fluoxetine and paroxetine analytical standards were kindly donated by Lilly (São Paulo, Brazil), and Libbs (São Paulo, Brazil), respectively. Roche provided citalopram, mirtazapine and sertraline standards (São Paulo, Brazil). The working standard solutions were prepared by diluting the stock solutions of these drugs (1 mg mL−1 in methanol) to an appropriate volume of methanol, based on their therapeutic intervals.

  These solutions were stable for 45 days, at a temperature of –20 ºC. The water used to prepare the solutions had been previously purified in a Milli-Q system (Millipore, São Paulo, Brazil). Methanol, acetonitrile (all HPLC grade), and monobasic and dibasic phosphates were purchased from Merck (Darmstadt, Germany). Ammonium acetate, sodium chloride, sodium hydroxide and phosphoric acid were acquired from Mallinckrodt Baker (Xalostoc, Mexico).

  Instrumentation and NACE procedure

  NACE experiments were carried out in a Beckman P/ACE 5500 CE instrument (Beckman Coulter Inc., Fullerton, CA, USA) equipped with a diode-array (DAD) detector. Analytes were monitored at 200 nm with a bandwidth of 16 nm. NACE was performed in the normal mode, by applying a positive voltage, and using a fused silica capillary with 75 μm i.d. and total length of 40 cm. Samples were introduced hydrodynamically using 6.9 mbar (10 s). Before each injection, the capillary was conditioning with 1 mmol L−1 sodium hydroxide (2.0 min), water (2.0 min) and the separation electrolyte (2.0 min), respectively. NACE separation of drugs was carried out using phosphoric acid (1.25 mol L−1) in acetonitrile as the background electrolyte (BGE).

  Plasma samples

  Drug-free plasma samples from patients that had not been exposed to any drug for at least 72 h (blank plasma) were kindly supplied by Hospital das Clínicas de Ribeirão Preto, University of São Paulo, Brazil. These plasma samples were spiked with the analytes and further used to optimize the MEPS and SBSE processes, and in the validation of the analytical methods.

  The plasma samples were collected from male geriatric patients (above 60 years old) that had been subjected to therapy with antidepressants for at least two weeks. Blood samples were withdrawn 12 h after the last drug administration. The principles embodied in the Helsinki Declaration were followed. These plasma samples were collected in agreement with the criteria established by the Ethics Committee of the University of São Paulo.

  SBSE procedure

  The commercial stir bar Twister® used for sorptive extraction was obtained from Gerstel (Gerstel GmbH, Mulheim an der Ruhr, Germany). The bar consists of a 10 mm length glass-encapsulated magnetic stir bar externally coated with 22 μg of polidimethylsiloxane (PDMS). This layer is 0.5 mm thick, which corresponds to a volume of 24 μL of PDMS. Prior to the first use, the stir bars were placed in a vial containing an acetonitrile:methanol solution (80:20, v/v), and conditioned for 24 h, under agitation. Between each extraction, the used stir bars were cleaned in methanol for 30 min at 50 ºC, under magnetic stirring rate at 1200 rpm.

  The effect of SBSE variables on extraction performance was evaluated on the basis of our previous work.16 First, the influence of the sample pH on the extraction of antidepressants was assessed for pH values ranging from 7.0 to 11.0 (buffer solutions, 0.05 mol L−1).

  In a glass vial (5 mL), sealed with a silicone septum, 50 μL internal standard (10 μg mL−1, mirtazapine) and 4.0 mL of the buffer solution were added to 800 μL of the plasma sample spiked with the standard solutions that resulted in a concentration of 500 ng mL−1. The vial was heated up to 50 ºC on a hotplate; the stir bar was immersed into the sample, and the extraction was carried out under magnetic stirring rate at 1200 rpm for 45 min. The influence of extraction time (15, 30, 45 and 60 min) and temperature (38, 50, 60 and 70 ºC) on the SBSE performance was investigated simultaneously. For desorption, the stir bars were removed from the vials with clean tweezers, rinsed slightly with Milli-Q water, dried with lint-free tissue, and placed in a glass vial containing 1.0 mL of the acetonitrile, ensuring the total immersion at 50 ºC for 15 min. After the desorption process, the stir bars were removed by means of a magnetic rod and the solvent (acetonitrile) was evaporated until dryness. This dry residue was redissolved in 50 μL of the acetonitrile, and an aliquot was injected in NACE-DAD system. After the desorption procedure, the carryover was evaluated by blank assay.

  MEPS procedure

  The MEPS procedure described here is based on our previous work.17 The MEPS syringe (250 μL syringe, C8 and strong cationic exchange sorbent, 2 mg) was donated by SGE (Melbourne, Australia). This sorbent has irregular particles with average size of 50 μm and nominal of 60 Å porosity. Before being used for the first time, the sorbent had been manually conditioned with 250 μL methanol followed by 250 μL of water. After that, 400 μL of the plasma sample, diluted with 400 μL of the phosphate buffer solution 50 mmol L-1 (pH 4.0), were manually drawn through the MEPS sorbent and dispensed into the same vial three times (3 × 250 μL). The solid phase was then washed once with 250 μL of 0.1% formic acid in water to remove proteins and other interferences. The drugs were then desorbed (eluted) with 150 μL of phosphate buffer (50 mmol L−1, pH 4.5) and methanol solution (55:45 v/v). Between extractions, the solid phase was washed 3 times with 250 μL of water followed by 250 μL of formic acid solution (0.01%) and of 250 μL methanol between sorbent extractions.

  Analytical validation

  The NACE methods were validated using blank plasma samples spiked with standard solutions at concentrations that included the therapeutic levels. The linearity of the methods was evaluated in concentrations ranging from limit of quantification (LOQ) values to 500 ng mL−1. LOQ was considered the lowest concentration quantified with a coefficient of variation less than 10% that was obtained from five determinations. Calibration curves were generated for every analyte by plotting the relative peak areas (analyte-to-IS) as a function of the plasma sample concentrations.

  Accuracy and inter-day precision were determined by quintuplicate microextraction/NACE assays of the blank plasma samples spiked with the analytes (quality control samples) that represented the entire range of the calibration curve. Accuracy values were calculated by comparison between the concentrations of the drugs added to the plasma samples with the plasma drug concentrations determined by the calibration curve.

   

  Results and Discussion

  NACE procedure

  In general, NACE is selected when there is an inherent solubility or selectivity problems with the analytes. NACE, however, is seldom used for other purposes despite the additional advantages that it bears, including the generation of reduced electric current, the possibility to perform rapid analyses, or even the efficient coupling with a variety of common detectors.18 The optimization of the separation conditions for all analytes was investigated in an earlier investigation.6 In brief, a variety of CZE, MEKC and even some NACE conditions were not able to satisfactorily achieve the separation of all four antidepressants along with the internal standard. Successful separation was only possible when the background electrolyte was plain phosphoric acid in acetonitrile.

  Optimization of the SBSE variables

  The major SBSE variables, such as time, temperature and pH of sample were optimized to establish the partition equilibrium conditions, and increase both the analytical sensitivity and the inter assay precision of the method. The sample volume, stirring speed and stir bar dimensions were maintained constant during the optimization.

  The dilution of plasma samples with borate buffer (pH 9.0) favors the partition of the drugs (absorption) into the PDMS phase (Figure 1a). In agreement with the pKa values of the drugs (6.7-9.8), the extraction efficiency should be increased with sample pH values when increasing from 7.0 to 11.0. However, we observed a decrease on the extraction efficiency for plasma samples diluted with buffer solutions with pH above 9.0. Probably, at this condition, the sorption of the drugs into PDMS phase indeed increased, but the desorption procedure (1.0 mL of the acetonitrile at 50 ºC for 15 min) was not efficient, leading to low recoveries.

  
    

    [image: Figure 1. Optimization of the SBSE]

  

  The dilution procedure decreased the plasma sample viscosity and favored the drugs to diffuse into the bulk of the coating. Figure 1b shows a representative time extraction profiles (15-60 min) of fluoxetine at different temperatures (38-70 ºC). The increase in the extraction temperature from 38 to 50 ºC resulted in larger amounts of extracted drug, but further increments in the temperature (60-70 ºC) decreased the extraction of the drugs. At lower temperature (38 ºC), the extraction conditions are far from equilibrium, and at higher temperatures (60-70 ºC), the partition coefficients of the drugs into PDMS phase decrease. As a result, the optimal equilibrium SBSE conditions were established at temperature of 50 ºC for 45 min.

  Carry-over and reuse of the microextraction devices

  After SBSE and MEPS desorption procedures, no carryover was observed when followed by a blank assays (data not shown). Even though, a sorbent cleanup step was incorporated in the protocol procedures to increase the lifetime of the sorbent. Each sorbent was reused in plasma samples for multiple extractions, typically more than 50 times.

  Analytical validation of NACE methods

  Representative SBSE/NACE electropherograms of a blank plasma sample and the same sample spiked with antidepressants at therapeutic concentrations attested to the specificity of the developed methods (Figure 2).
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  The SBSE/NACE and MEPS/NACE electropherograms of the spiked plasma samples were similar and evidenced the ability of both methods to measure the drugs in the presence of plasma endogenous components. Blank plasma samples from several individuals were tested and it was not observed any significant interference at the migration times of the analytes.

  The linearity of the SBESE/NACE and MEPS/NACE methods was determined with plasma samples spiked with analytical standards that resulted in concentrations ranging from the LOQ for each antidepressant up to 500 ng mL−1. Table 1 lists the regression equations and the corresponding correlation coefficients obtained for the drugs.

  
    

    [image: Table 1. Linearity and LOQ]

  

  The LOQ values (Table 1) were determined as the lowest concentration of the calibration curves that can be measured with acceptable accuracy and precision (coefficient of variation was lower than 20%). Accuracy and inter-assay precisions of both methods were evaluated at three levels (high, medium and low) and the results are compiled in Table 2.
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  The results from the SBSE/NACE and MEPS/NACE methods presented here were compared with those from conventional liquid-liquid extraction method (LLE/NACE) from our earlier work,6 Table 3.
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  The MEPS/NACE method presented shorter extraction time and lower CV values (inter-assay precision) than the other methods. LOQ values of the methods ranged from 10 to 30 ng mL−1, and the reference LLE/NACE method gave slightly better accuracy values. However, all methods (LLE, SBSE and MEPS) presented accuracy values greater than 87%.

  Compared to the reference method, LLE/NACE, the SBSE/NACE and MEPS/NACE methods consumed smaller volumes of sample (LLE: 1.0 mL, SBSE: 800 μL, and MEPS: 400 μL), used less organic solvents, and had fewer sample preparation steps, minimizing potential errors. Minimal volumes of organic solvents are used only on desorption procedures. Consequently, analyst exposure to biological fluids and toxic solvents also decreased.

  The stir bar (SBSE) cleanup, step between each extraction, is longer (30 min) than the MEPS procedure (< 1 min). However, the manual MEPS procedure  (draw/eject cycles) is one disadvantage of these technique. It is difficult in maintaining exactly the same conditions (i.e., sample flow rate through the sorbent).

  Both MEPS (C8 + SCX phase) and SBSE (PDMS phase) are sorptive extractions, by nature, an equilibrium technique, that were governed by the partitioning coefficient of the drugs between the stationary phase and the biological sample. However, MEPS is a dynamic sampling, a diluted plasma sample was drawn (3 × 250 μL) through the sorbent (pre-concentration of the drugs) and eject into waste, and a SBSE requires mixing procedures such as stirring to promote diffusion of the drugs from the biological sample into PDMS phase.

  Although static sampling (SBSE) can be an easy, reliable and straightforward technique, because it relies on the equilibrium distribution of compounds rather than on exhaustive extraction, care should be taken to ensure the distribution constant (K) is equal in all experiments, including calibration and sample extraction. Although this seems to be a simple requirement, in practice it is often not so. In chemical equilibria, temperature has a dominant effect on equilibrium and distribution constants, so careful control of the temperature; often within 1-2 ºC is necessary. Conducting SBSE/NACE and MEPS/NACE methods under partition equilibrium conditions resulted in inter-assay precision with lower coefficient of variation.

  Clinical application of the developed methods

  In order to evaluate the proposed methods for clinical use, the described protocols were applied in the analysis of plasma samples from elderly depressed patients, (Figure 3). SBSE/NACE (not shown) and MEPS/NACE electropherograms obtained from plasma samples from patients under medication had no significant  differences.
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  Conclusion

  The SBSE/NACE and MEPS/NACE methods presented high sensitivity, precision, accuracy and reduced matrix effect, allowing analysts to quantify antidepressants in human plasma following oral administration. MEPS/NACE method presented shorter extraction time (3 min), smaller volumes of plasma sample and lower CV values (inter-assay precision) than the other methods (LLE/NACE and  SBSE/NACE). Thus, the proposed methods can be a useful tool to determine antidepressants in plasma samples obtained from patients receiving therapeutic dosages. The methods may also be applied in the evaluation of plasma levels in urgent toxicological analyses after the accidental or suicidal intake of higher doses.
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    This study evaluated the bioaccumulation of tributyltin (TBT) by the blue crab (Callinectes sapidus). Animals were fed with contaminated food containing 30 μg g-1 of TBT expressed as Sn. The analytes were determined in the gills, hepatopancreas and muscle. Acid digestion was used in the total Sn determination, and a solid-phase extraction technique was used for the selective determination of TBT. Limits of detection of 44.6 and 4.46 ng g-1 were found for HG-ICP OES (hydride generation-inductively coupled plasma optical emission spectroscopy) and ICP-MS (ICP-mass spectrometry), respectively. The results for non-contaminated animals were below 50 ng g-1, while the animals subjected to the contaminated food showed higher tissue concentrations of Sn (until 6229 ng g-1) and TBT (until 3357 ng g-1) related to the number of exposure days. According to the results, Sn is bioaccumulated by the blue crab in higher concentrations in the hepatopancreas. For most of these animals, the results suggest that Sn is bioaccumulated as TBT.
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    O presente estudo avaliou a bioacumulação de tributilestanho (TBT) pelo siri azul (Callinectes sapidus). Os animais foram alimentados com comida contaminada com 30 μg g-1 de TBT, expresso como Sn. Os analitos foram determinados nas brânquias, hepatopâncreas e músculo. Realizou-se uma digestão ácida para determinação da concentração total de Sn, e a técnica de extração em fase sólida foi utilizada para determinação seletiva de TBT. Obteve-se limites de detecção de 44,6 e 4,46 ng g-1 para HG-ICP OES (geração de hidretos (HG) por espectrometria de emissão óptica com plasma indutivamente acoplado) e ICP-MS (ICP-espectrometria de massas), respectivamente. Os resultados para os tecidos dos animais não contaminados foram inferiores a 50 ng g-1, enquanto os submetidos à alimentação contaminada mostraram elevadas concentrações de Sn (até 6229 ng g-1) e TBT (até 3357 ng g-1) relacionadas aos dias de exposição. De acordo com os resultados, Sn é acumulado pelo siri azul em elevadas concentrações no hepatopâncreas. Para a maioria dos animais, os resultados sugerem que o Sn é bioacumulado como TBT.

  

   

   

  Introduction

  Bioaccumulation is the result of absorption (by surface, breathing and diet) and the excretion processes (by breathing, defecation, metabolic biotransformation and dilution) of substances in organisms. For crustaceans and marine bivalves, accumulation can occur from an aquatic environment, ingested food and sediment.1

  The presence of antifouling paints and biocides containing tributyltin (TBT) in coastal ecosystems is of great environmental concern. Although TBT can persist in sediments for years2,3 and be accumulated by benthonic biota,4 little material is known about its accumulation through food in high trophic level benthonic organisms.

  Animals exposed to TBT in marine waters can accumulate the compound in their bodies, resulting in morphologic, physiologic and ecologic problems. TBT can be very toxic to marine invertebrates.5,6

  Metallic elements, organochloride pesticides and organometallic compounds of tin have been found in Tachypleus tridentatus crabs from coastal waters near Japan.7 The results showed high absorption rates for this species, which can be a serious threat to their survival.7

  Many studies attempting to evaluate the TBT bioaccumulation process and its effects using amphipods,8 fish9-11 and molluscs12-17 can be found in the literature. Even at low concentration level in sediments, TBT causes imposex in molluscs.18 For fish, TBT can lead to a bias of sex toward males.19 However, few studies using crabs exposed to TBT have been reported.

  Weis and Kim20 studied U. pugilator crabs exposed to 0.5 mg L-1 TBT and concluded that the presence of the compound in the organism can delay tissue regeneration and ecdysis. In addition, anatomical abnormalities were found during tissue regeneration and basal growing, indicating that the compound has teratogenic effects on tissue development.

  Botton et al.21 investigated acute and chronic TBT exposure effects on Limulus polyphemus embryos and larval stages. It was concluded that these animals are highly resistant to TBT when compared with the first developmental stages of other marine arthropods. The survival of Limulus polyphemus embryos and larval stages in the presence of tin organometallic compounds could suggest the possibility of its contamination and circulation through the food chain to seabirds and fish.

  Rouleau et al.22 conducted a study on the distribution and pharmacokinetic effects of one dose of dietetic (5 μg) TBT radio-marked with 113Sn and 203Hg methylmercury (MeHg). These compounds were studied for 154 days in Chionoecetes opilio crabs. Both compounds showed high uptake by the crabs (80-100%). The autoradiography and dissection data showed that the distribution of TBT was less homogeneous compared with MeHg, and the data showed higher lumen intestinal radioactivity for TBT. In these animals, the bioaccumulation factor (BCF) resulting from chronic exposure to the TBT-contaminated food was estimated to be 0.1-0.6. Although these values were lower than those estimated for MeHg (1.8-2.4), they are not negligible and indicate that TBT absorption through food is an important route of bioaccumulation.

  Although there have been several studies evaluating metallic elements bioaccumulation (Cd, Cr, Cu, Hg, Pb and Zn) by the Callinectes sapidus crab,23-32 no study has investigated TBT.

  The main objective of this work was to investigate the TBT bioaccumulation process in C. sapidus. Additionally, the objectives focused on evaluating which form (organic or inorganic) the metallic element is stored and in which tissue the bioaccumulation predominates (gill, hepatopancreas or muscle). Thus, the animals were subjected to TBT-contaminated food, and after exposure, the total Sn and TBT concentrations in different tissues were determined. Several variables, such as time of exposure (days) and amount of ingested food, were evaluated.

   

  Experimental

  Materials

  Instruments

  In this study, an Agilent 7500ce inductively coupled plasma mass spectrometer (ICP-MS) and a GBC model Integra XL inductively coupled plasma optical emission spectrometer (ICP OES) were used. Operations conditions for the instruments and for hydride generation (HG) are described below:

  ICP-MS condition: plasma RF power of 1500 W; sample depth from load coil of 7.5 mm; carrier gas flow of 0.8 L min-1; makeup gas flow of 0.1 L min-1; spray chamber temperature at 2 ºC; sample flow rate of 0.6 μL min-1; concentric micromist nebulizer; nickel sample and skimmer cones interface; m/z 118; 120; integration time of 0.1000 s; reaction/collision cell without gas; detector mode in pulse HV.

  HG-ICP OES condition: forward power of 1200 W; plasma gas flow of 10 L min-1; auxiliary gas flow of 0.5 L min-1; radial view of 10 mm; Sn emission line at 189.926; borohydride flow of 1.4 mL min-1; sample flow of 2.6 mL min-1; and carrier gas flow of 0.6 L min-1.

  Reagents and solutions

  Deionized water (18.2 MW cm) was produced in a Milli-Q system (Millipore, Bedford, MA, EUA). The nitric acid used for the ICP-MS analysis was purified by distillation below its boiling point. The other reagents were analytical grade.

  Solutions of 3% NaBH4 (m/v) (MP Biomedicals, EUA) in 0.05 mol L-1 NaOH (Synth, São Paulo, Brazil) were used in the hydride generation system and prepared immediately before analysis.

  All solid phase extraction (SPE) tests for the TBT determination were conducted using commercially obtained dehydrated Saccharomyces cerevisiae yeast (Fermix, São José dos Campos, Brazil).

  The working solutions were prepared from stock solutions of 1000 mg L-1 Sn (IV) made from Sn0 (Aldrich, Milwaukee, EUA) and 1000 mg L-1 TBT made from TBTCl (tributyltin chloride, Aldrich).

  Methods

  Field work

  Callinectes sapidus, known as blue crab, were caught in the Santos city (São Paulo, Brazil) ocean coast (S 23º 54' 750" WO 45º 25' 460") using traps made of plastic mesh and by manual catching. All of the collected individuals were carried to the laboratory (Centro de Estudos Ambientais, Universidade Estadual Paulista).

  Exposure

  Four crabs were kept for 14 days and fed non-contaminated food (controls). Nine other crabs were incubated for 40 days and fed contaminated food.

  The crabs were individually kept in plastic bottles. The seawater used in the experiments was collected at the same place and in the same period in which the crabs were caught. This water was analyzed and it showed no significant amount of tin. The water was cleaned daily by suction of the eventual residue and renewed every 5 days.

  The concentration of TBT in contaminated food (30 μg g-1) was stated by considering a previously related exposure experiment.22 Hake (Merluccius hubbsi) fillet was cut into pieces and 5 g samples were then separated into flasks. The food was contaminated by adding 150 μL of a TBT stock solution to the 5 g fish samples, resulting in a final TBT concentration of 30 μg g-1. After this addition, the mixture was mixed into the fish meat using a vortex agitator for 5 min. The mixture visually seemed very homogeneous slurry. The flasks were then stored at 4 ºC. The contamination of the food with Sn from TBT was prepared one day before use.

  Each animal was fed 3 times a week with small pieces of fish (with or without contamination). The food was given to the animals until they refused to ingest it, and the eaten fish mass was registered for each animal. The mass of ingested food for each contaminated animal is shown in Table 1.
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  After exposure, all of the animals were euthanized by chilling at −10 ºC and classified by sex (6 females and 10 males), mass (average of 55.9 g), carapace length (3.9-5.2 cm) and width (8.1-11.4 cm). Using stainless materials, the gills, hepatopancreas and muscle tissues were removed from each individual, weighed and stored in 2 mL Eppendorf tubes at −10 ºC until analysis.

  All of the glassware and plastics used during exposure, tissue dissection and determination of Sn concentrations were decontaminated with 20% HNO3 (v/v) and rinsed with deionized water before use.

  Total Sn determination

  The collected tissues were digested using a nitro-perchloric digestion as previously reported.33,34 The digestion process was conducted with blank samples to evaluate any occasional contamination due to the reagents and/or the flasks.

  To evaluate the accuracy of the method, the total Sn concentrations in the digested samples were determined by hydride generation combined with inductively coupled plasma optical emission spectrometry (HG-ICP OES) and inductively coupled plasma mass spectrometry (ICP-MS). The experimental conditions for total Sn determination by HG-ICP OES were previously evaluated.35

  TBT determination

  TBT determination (and other tin organic compounds) in sediments and biological tissues has been effectively performed by coupling gas chromatography and inductively coupled plasma mass spectrometric (CG-ICP-MS).36,37 Although these methods are sensitive and selective, coupling between gas chromatography (CG) and ICP-MS is complex and expensive. Also, sample preparation for CG analysis requires a tedious derivatization procedure, which considerably reduces the analytical frequency of CG-ICP-MS methods. As the goal is only the selective tributyltin determination in the presence of Sn(IV), these drawbacks can be easily overcame by using a method combining hydride generation inductively coupled plasma optical emission spectrometry and SPE using baker yeast. This procedure is based on selective retention of TBT by the yeast at pH 6.35

  An essential requirement for selective retention of TBT by the yeast is the pH adjustment, since at pH near to 5, inorganic tin is significantly retained by the yeast, while at pH near to 7, the TBT is not retained quantitatively. Also, for analysis of biological tissues, the removal of methanol in the extracts is mandatory because this compound interferes on the retention of TBT by the yeast.35

  The tin extraction from biological material was performed with a procedure described by Silva et al.35 that consists of homogenizing and ultrasounding a mixture of tissues (0.33 g) in methanol (10 mL) and HCl (0.33 mL). Afterwards, this mixture was centrifuged, and the liquid phase was evaporated to 1 mL using a rotary evaporator. The 1 mL residue was recovered in 13 mL of water, in a 15 mL Falcon tube, and the sample pH was adjusted to 6.

  After the extraction of Sn from the tissues, a SPE was performed to separate the organic Sn compound (TBT) from the inorganic forms potentially present in the samples.35 Then, 10 mL of sample were added to a 15 mL Falcon tube containing 0.625 g Saccharomyces cerevisiae. The resulting suspensions were vigorously agitated and centrifuged. During this procedure, TBT is retained by the yeast (solid phase), while any inorganic Sn remains in the liquid phase. Finally, the solid phase was treated with nitric acid and analyzed by HG-ICP OES35 and ICP-MS.

   

  Results and Discussion

  Non-contaminated blue crabs

  HG-ICP OES and ICP-MS techniques were used to determine the total amount of Sn in the gills, hepatopancreas and muscle of the non-contaminated crabs. The results were similar for both techniques. The limit of detection (LOD) for Sn using ICP-MS (0.055 μg L-1) was 10 times lower than the one obtained using HG-ICP OES (0.55 μg L-1) and allowed for analyte determination in the majority of samples (Table 2). In this test, mass available for determination of total Sn changed from 0.7 to 1.4 g for gills, from 0.35 to 0.7 g for hepatopancreas and from 0.6 to 1.5 g for muscle. When a 0.35 g of tissue (minimum mass) was available for determination of total Sn (and considering 30 mL final volume of the digest), LOD (wet basis) (expressed in ng g-1) were 4.46 for ICP-MS and 44.6 for HG-ICP OES.

  
    

    [image: Table 2. Total Sn concentrations]

  

  The accuracy of the results obtained by both techniques was evaluated through recovery tests (by spiking Sn (IV) before the digestion step). The determinations made by ICP-MS presented better recoveries than those obtained by HG-ICP OES, with average values between 73 to 89% and 64 to 87%, respectively.

  All tissues showed relatively low Sn concentrations (highest value of 45.18 ng g-1 for the hepatopancreas sample), except for the concentration obtained from muscle sample 2 (Table 2). This sample may have been contaminated by the analyte during the digestion procedure. Therefore, it was not expected to interfere with the Sn concentration previously observed in the bioaccumulation experiments performed during the next step.

  Contaminated blue crabs

  Total Sn concentration

  Figures 1 and 2 show the total Sn concentrations found in each animal in relation to the number of days they were exposed to the contaminated food determined by HG-ICP OES and ICP-MS, respectively. The limits of detection (wet basis) for total Sn (Figures 1 and 2) were slightly higher than previous experiments (non-contaminated blue crabs) because available mass of tissues was lower (part of the tissues was used for TBT determination).
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  As observed in the figures, the results from both techniques were similar and yielded graphs with similar patterns. However, higher Sn concentrations (mainly for two hepatopancreas samples) were observed when ICP-MS determinations were used. Signal suppression due to change on stannane generation by the presence of organic material in these samples is a possible interference in HG-ICP OES determination. Due to the large variations observed in both data sets, the results could only be compared statistically by performing a logarithmic standardization of the data. After standardization, an F-test was applied to determine if it was possible to compare the samples. A paired t-test was performed after the F-test (significance level 95%). The t-test showed that both data sets were not significantly different (significance level 95%). Therefore, despite the observed increase in Sn concentration values, a significant difference between the results obtained by the HG-ICP OES and ICP-MS techniques was not statistically confirmed.

  Figures 1 and 2 show an increase in the total Sn concentrations for all tissues as incubation time increased, except for one case (hepatopancreas, 3rd day). Thus, to establish the bioaccumulation process (to evaluate the relationship between the days of exposure and the amount of tin in the tissues), the Pearson's correlation test was used considering data set from ICP-MS measurements. Correlations (√R2) of 0.87 (p = 0.002), 0.91 (p = 0.0007) and 0.86 (p = 0.002) were obtained for the gills, hepatopancreas and muscles, respectively, showing a strong trend between increases in Sn concentrations for all tissues as the number of exposure days increased. Therefore, we can assume that the Sn bioaccumulation process occurred throughout the entire experimental period (40 days).

  By studying the mass of the contaminated food eaten by the crabs, an identical pattern was observed compared with the data obtained for the number of exposure days (Figures 1 and 2). The correlation between tin concentrations and amount of food consumed was also high: 0.95 (p = 0.0001), 0.96 (p = 0.0001) and 0.90 (p = 0.0008) for the gills, hepatopancreas and muscles, respectively. This high correlation level indicates that the tin bioaccumulation source is directly related to the amount of tin contaminated food which was ingested.

  To evaluate the differences between the Sn concentrations in the tissues, a Friedman statistic test was used. This test allows for comparisons between dependent variables (different tissues from the same animal).

  The results showed significant statistical differences (p < 0.05), i.e., there were differences between the total Sn concentrations found in the different tissues. When comparing the gills and hepatopancreas separately, there was no significant statistical difference between the tissues. In addition, the same behavior (no significant statistical difference) occurred when the gills and muscle were compared. However, the hepatopancreas and muscle samples showed a statistically significant (p < 0.05) difference (12), suggesting that the hepatopancreas bioaccumulated more Sn than the muscle. This characteristic suggests that these animals preferentially store the metallic element in the hepatopancreas. When the differences between the gills and muscle (9), gills and hepatopancreas (3) and hepatopancreas and muscle (12) were analyzed, the data showed the following sequence for Sn concentrations in contaminated crabs: muscle < gills < hepatopancreas.

  The factors for the total amount of Sn bioaccumulation were calculated for all of the samples by dividing the final concentration of Sn (obtained for each tissue from each animal) by the Sn concentration of the food given during the experiment (30 μg g-1).38 The bioaccumulation factors are shown in Figure 3.
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  It was observed that BCF increased as the time of exposure increased for all tissues. The highest values for the bioaccumulation factors were found in the hepatopancreas. BCF values were similar to those reported by Rouleau et al.22 (0.1-0.6) for TBT. There are no values reported in the literature for total Sn BCF concerning  crab/food, crab/seawater or crab/sediment. As a comparison, the following BCF values of other metallic elements have been previously reported: for crab/seawater 15.019, 145, 525, 98, 20.647 and 380 for Zn, Pb, Cd, Ni, Cu and Cr, respectively; for crab/sediment 0.158, 0.002, 0.020, 0.003, 0.438 and 0.002 for Zn, Pb, Cd, Ni, Cu and Cr, respectively.38 The Sn BCF (hepatopancreas, after 18 exposure days) obtained is comparable to highest  crab/sediment BCF reported (for Zn, Cd and Cu).

  TBT concentration

  The relationships found between the TBT concentrations and number of exposure days determined by HG-ICP OES and ICP-MS are shown in Figures 4 and 5, respectively. By observing the patterns of these graphs for TBT concentrations, it is possible to infer that it is similar to the patterns obtained for the total Sn concentrations (Figures 1 and 2).
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  Figures 4 and 5 indicate that the results for the total Sn and TBT concentrations are consistent. The highest TBT concentrations were found in the samples that presented the highest total Sn concentrations. For almost all samples, the TBT concentrations represent a significant part of the total Sn concentrations (especially considering the results in Figure 5), suggesting that the metallic element is primarily stored as TBT (or other organic species of tin, e.g., DBT, MBT). For example, the concentration of TBT after 40 days of exposure represents 68 ± 36, 51 ± 63 and 32% (only one measurement) of total Sn concentration for gills, hepatopancreas and muscle, respectively (data set from ICP-MS measurements).

  The results from this study suggest that Callinectes sapidus is a potentially good bioindicator for the presence of TBT in an environment. Therefore, further studies with this species are of great importance because the deleterious effects of Sn on ecosystems, especially in its organic form (TBT), are well defined and related to many research studies.2-22

   

  Conclusion

  HG-ICP OES and ICP-MS techniques can be effectively used to evaluate total Sn concentration in contaminated crabs. However, the limit of detection for HG-ICP OES method does not allow the determination of Sn in non-contaminated crabs. Determinations of Sn in crab tissue digest by ICP-MS presented better recoveries values as compared with HG-ICP OES. Also, the results found by HG-ICP OES in some samples were lower than those found by ICP-MS. However, the two data sets were not significantly different (significance level  95%).

  The analysis of tissue samples from crabs subjected to contaminated food with TBT showed that these animals accumulate Sn in their tissues (gills, hepatopancreas and muscle). According to BCF, it appears that there is no mechanism for the regulation or excretion of TBT.

  Among the tissues analyzed in this work, the hepatopancreas showed the highest capacity for TBT bioaccumulation. By comparing the total Sn and TBT concentrations found in the tissues, we inferred that most of the accumulated Sn was present as TBT. In this sense, Sn could be used as a biomarker for TBT exposure in environment.
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    Uma abordagem rápida e sem solvente envolvendo a exposição de reagentes puros a radiação de micro-ondas em conjunto com o uso dos catalisadores clinopetilolita, H3PW12O40 e nanopartículas de Fe2O3 é descrita. Neste trabalho, a condensação de cloridrato de hidroxilamina, acetato de sódio, acetoacetato ou benzoilacetato de etila e aldeídos apropriados pelo emprego dos catalisadores forneceu 5(4H)-isoxazolona em etapa única. A quantidade de catalisador, efeito de temperatura e reutilização dos catalisadores foram monitorados. Entre os catalisadores, o catalisador de nanopartículas de Fe2O3 apresentou melhor desempenho que os demais do ponto de vista de rendimento e tempo de reação. Os presentes protocolos oferecem várias vantagens, tais como tempo de reação curto, rendimento razoável, condição de reação suave e fácil reciclagem dos catalisadores.

  

   

  
    A quick and solvent-free approach involving the exposure of neat reactants to microwave irradiation in conjunction with the use of clinoptilolite, H3PW12O40 and Fe2O3 nanoparticle catalysts is described. In this work, condensation of hydroxylamine hydrochloride, sodium acetate, acetoacetic or benzoyl acetic ethyl ester and appropriate aldehydes by employing catalysts gave 5(4H)-isoxazolone only in one step. Catalyst amount, temperature effects and catalysts reusability were monitored. Among the catalysts, Fe2O3 nanoparticles had better performance than other catalysts from viewpoint of yield and reaction time. The present protocol offers several advantages, such as short reaction time, reasonable yield, mild reaction condition and recycling catalysts with a very easy workup.

    Keywords: Fe2O3 nanoparticles, clinoptilolite, HPA, 5(4H)-isoxazolone, multicomponent reactions

  

   

   

  Introduction

  Heterocyclic compounds are acquiring more importance in recent years due to their pharmacological activities.1 Nitrogen, sulfur, oxygen containing five/six membered heterocyclic compounds have occupied enormous significance in the field of medicinal chemistry.2,3 Oxazoles play very important role in the manufacturing process of various biologically active drugs as anti-cancer,4 antimicrobial, anti-diabetic and anti-obesity.5,6 

  5-Isoxazolone derivatives have been associated with diverse pharmacological activities and they have been used in the dye chemistry.7-10 Recently, heterogeneous catalysts have attracted the attention of researchers due to their economic and industrial significance and published reports indicate that they scored over homogeneous catalysts. Amongst various heterogeneous catalysts, heteropolyacids (HPAs), zeolites and nanoscale catalysts are the most attractive ones.11 

  Heteropolyacids are very interesting solid acid catalysts and they can act as green and ecofriendly catalysts.12 Catalysis by HPAs and related compounds is a field of increasing importance in worldwide. The reactions, in which they can be used from dehydration, cyclization and esterification up to amine oxidation or olefin epoxidation, may find wide applications in the field of industrial chemical productions, such as fragrances, pharmaceuticals and foods.13-19 Clinoptilolite [(Na,K,Ca)3Al3(Al,Si)2Si13O36-12H2O] is one of the most useful natural zeolites. Clinoptilolite is a aluminosilicate framework, whose structure is characterized by cavities and channels, where exchangeable cations and water molecules are hosted.20 These structural features are responsible for the wide industrial applications of zeolites as catalysts and selective absorbers.21-25 They are used in many applications such as chemical sieves,26 gas absorbers27 and feed additives,28 odor control agents and as water filters for municipal and residential drinking water and aquariums.29 They can easily absorb ammonia and other toxic gases from air and water, and thus can be used as filters, for health reasons and for odor removal.30 Metal oxide promoted reactions at heterogeneous conditions is a proficient field of chemistry which is highlighted by the use of various nanosized catalysts.31-33 Metal oxide surfaces exhibit both acid and base properties. These dualities make metal oxides excellent adsorbents and activators of organic compounds. The promising factors which govern the catalytic activity of metal oxides are their metal cation nature, morphology, particle size and surface area. Recent developments on the nanoscience have provided great opportunity for the surface modification and chemical composition of nanosized metal oxides.34-37 

  H3PW12O40, clinoptilolite and Fe2O3 nanoparticles were selected as catalysts because there are no reports on their use for multicomponent synthesis of 5(4H) isoxazolone.

   

  Experimental

  Material and methods

  Melting points were obtained on a Gallenkamp melting point apparatus. Infrared (IR) spectra were recorded on a Mattson 1000 FT-IR spectrophotometer. Nuclear magnetic resonance spectra were recorded on a Bruker DRX-500 Avance spectrometer using tetramethylsilan (TMS) as an internal standard. Mass spectra were obtained by Shimadzu QP 1100EX. The microanalyses for C, H and N were performed on a Perkin-Elmer elemental analyzer. The used commercial microwave reactor was an Ethos 1600 Microwave Lab Station (Italy). All reagents and solvents were purchased from Merck Chemical Company except for γ-Fe2O3 which was bought from Nano Pars Lima Company. All materials were used without further purification. The size and structure of γ-Fe2O3 were also evaluated using transmission electron microscopy (Zeiss EM10 C Germany). TEM image shows that nanoparticle size is 40 nm with spherical morphology (Figure 1).
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  Method A: synthesis of 5(4H)-isoxazolone, using H3PW12O40 

  Hydroxylamine hydrochloride (1 mmol), sodium acetate (1 mmol), acetoacetic ester or benzoyl acetic ester (1 mmol), appropriate aldehydes (1 mmol) and H3PW12O40(5 mol%) were all poured into a beaker, the obtained suspension was irradiated by a microwave oven at a power output of 300 W for an appropriate time. After irradiation, the mixture was cooled down to room temperature, washed with cold water and filtered. Filtrate was evaporated under reduced pressure, and then the solid catalyst was collected, dried and reused. The filtered crud product was recrystallized from ethanol (96%).

  Method B: synthesis of 5(4H)-isoxazolone, using clinoptilolite

  Hydroxylamine hydrochloride (1 mmol), sodium acetate (1 mmol), acetoacetic ester or benzoyl acetic ester (1 mmol), appropriate aldehydes (1 mmol) and clinoptilolite (2.5 mol%) were all irradiated by a microwave oven (300 W) for an appropriate time. After irradiation, the mixture was washed three times with chloroform and filtered. The filtrate was evaporated under reduced pressure to give isoxazolone which was then recrystallized from ethanol 96%. The filtered catalyst was repeatedly washed with chloroform and reused.

  Method C: synthesis of 5(4H)-isoxazolone, using nano Fe2O3 

  Nano Fe2O3 (1 mol%) was added to a mixture of hydroxylamine hydrochloride (1 mmol), sodium acetate (1 mmol), acetoacetic ester or benzoyl acetic ester (1 mmol) and appropriate aldehydes (1 mmol). The resulting mixture was then reacted in an orbital shaker incubator for the appropriate reaction time. After the reaction completion, as indicated by thin layer chromatography (TLC), the reaction mixture was diluted using ethanol 96% and then heated. Nanoparticles were separated from hot ethanol by filtration. The filtrate was cooled to give 5(4H)-isoxazolone. The crud product was then recrystallized from ethanol 96%. Filtered nanoparticles were washed twice with dichloromethane, dried and reused without any significant deactivation even after five runs.

  3-Methyl-4-(1-phenylmethylidene)-5-isoxazolone (3a, C11H9NO2)

  Yellow crystal; mp 144-145 ºC; IR (KBr) ν/cm-1 1753, 1636; 1H NMR (500 MHz, DMSO-d6) δ 2.32 (s, 3H, CH3); 7.47 (s, 1H, vinyl); 7.53 (dd, 2H, J 7.6, 7.4 Hz, ArH); 7.61 (dd, 1H, J 7.4, 7.4 Hz, ArH); 8.37 (d, 2H, J 7.5 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 12.0, 120.0, 129.4, 132.7, 134.2, 134.4, 150.5, 161.7, 168.3; MS m/z 187 (68%, M+), 186 (100%), 128 (85%), 90 (65%).

  4-{1-[4-(Dimethylamino)phenyl]methylidene}-3-methyl-5-isoxazolone (3b, C13H14N2O2)

  Red crystal; mp 208-209 ºC; IR (KBr) ν/cm-1 1729, 1636; 1H NMR (500 MHz, DMSO-d6) δ 2.26 (s, 3H, CH3); 3.17 (s, 6H, 2CH3); 6.73 (d, 2H, J 9.2 Hz, ArH); 7.23 (s, 1H, vinyl); 8.42 (d, 2H, J 8.5 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 12.1, 40.5, 111.6, 111.9, 121.9, 138.0, 149.6, 154.7, 162.0, 170.5; MS m/z 230 (100%, M+), 215 (6%), 172 (11%), 144 (31%); CHN (C13H14N2O2) calc. (%) C (67.84), H (6.08), N (12.17); found (%) C (67.71), H (5.94), N (12.33).

  4-[1-(4-Methoxyphenyl)methylidene]-3-methyl-5-isoxazolone(3c, C12H11NO3)

  Yellow crystal; mp 160-161 ºC; IR (KBr) ν/cm-1 1753, 1612; 1H NMR (500 MHz, DMSO-d6) δ 2.32 (s, 3H, CH3); 3.96 (s, 3H, OCH3); 7.05 (d, 2H, J 9 Hz, ArH); 7.38 (s, 1H, vinyl); 8.47 (d, 2H, J 9 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 12.1, 56.1, 115.1 116.8, 126.3, 137.4, 149.7, 161.7, 165.0, 169.2; MS m/z 217 (100%, M+), 202 (8%), 159 (28%).

  3-Methyl-4-[1-(4-methylphenyl)methylidene]5-isoxazolone(3d, C12H11NO2)

  Yellow crystal; mp 132-133 ºC; IR (KBr) ν/cm-1 1753, 1636; 1H NMR (500 MHz, DMSO-d6) δ 2.32 (s, 3H, CH3); 2.49 (s, 3H, CH3); 7.35 (d, 2H, J 8.1 Hz, ArH); 7.43 (s, 1H, vinyl); 8.32 (d, 2H, J 8.2 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 12.0, 22.5, 118.9, 130.3, 130.4, 134.6, 146.1, 150.3, 161.6, 168.6; MS m/z 201(100%, M+), 186 (67%), 145 (50%), 128 (81%); CHN (C12H11NO2) calc. (%) C (71.66), H (5.47), N (6.96); found (%) C (71.78), H (5.46), N (6.81).

  3-Methyl-4-[1-(2-thienyl) methylidene]-5-isoxazolone (3e, C9H7NO2S)

  Yellow brown crystal; mp 148-149 ºC; IR (KBr) ν/cm-1 1753, 1612; 1H NMR (500 MHz, DMSO-d6) δ 2.32 (s, 3H, CH3); 7.29 (dd, 1H, J 4.9, 3.9 Hz, thienyl); 7.66 (s, 1H, vinyl); 7.96 (d, 1H, J 5 Hz, ArH); 8.13 (d, 1H, J 8.5 Hz, thienyl); 13C NMR (126 MHz, DMSO-d6) δ 11.9, 115.0, 129.3, 136.9, 139.6, 140.0, 141.9, 161.1, 169.1; MS m/z 193 (100%, M+), 135 (32%), 108 (18%); CHN (C9H7NO2S) calc. (%) C (55.96), H (3.62), N (7.25); found (%) C (55.85), H (3.57), N (7.39).

  4-[1-(4-Fluorophenyl)methylidene]-3-methyl-5-isoxazolone (3f, C11H8NO2F)

  Yellow crystal; mp 139-140 ºC; IR (KBr) ν/cm-1 1727, 1623; 1H NMR (500 MHz, DMSO-d6) δ 2.31 (s, 3H, CH3); 7.24 (dd, 2H, J 8.5, 8.5 Hz, ArH); 7.42 (s, 1H, vinyl); 8.47 (dd, 2H, J 8.38, 5.58 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 12.0, (116.8, 117.0 2JCF 22.01 Hz), 119.6, 129.29, 137.1, 137.2, 148.7, 161.5, (167.4, 168.4 1JCF 131.05 Hz); MS m/z 205 (100%, M+), 146 (78%), 147 (54%), 108 (39%), 120 (35%); CHN (C11H8NO2F) calc. (%) C (64.41), H (3.90), N (6.83); found (%) C (64.28), H (3.85), N (6.75).

  3-Phenyl-4-(1-phenylmethylidene)-5-isoxazolone (3g, C16H11NO2)

  Yellow crystal; mp 193-194 ºC; IR (KBr) ν/cm-1 1753, 1636; 1H NMR (500 MHz, DMSO-d6) δ 7.29 (dd, 2H, J 7.7, 7.5 Hz, ArH); 7.76-7.66 (m, 7H, vinyl, ArH), 8.37 (d, 2H, J 7.6 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 119.2, 127.8, 129.2, 129.4, 129.7, 131.5, 132.8, 134.4, 134.6, 153.2, 164.4, 168.5; MS m/z 249 (100%, M+), 205 (57%), 191 (65%), 102 (100%).

  4-{1-[4-(Dimethylamino)phenyl]methylidene}-3-phenyl5-isoxazolone (3h, C18H16N2O2)

  Red crystal; mp 142-143 ºC IR (KBr) ν/cm-1 1729, 1636; 1H NMR (500 MHz, DMSO-d6) δ 3.19 (s, 6H, 2CH3); 6.74 (d, 2H, J 9.2 Hz, ArH); 7.41 (s, 1H, vinyl); 7.57-7.63 (m, 5H, ArH), 8.42 (d, 2H, J 8.1 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 40.6, 110.4, 111.9, 122.2, 129.1, 129.3, 129.4, 130.7, 138.4, 152.1, 154.9, 165.2, 170.8; MS m/z 292 (100%, M+), 234 (5%), 144 (18%), 117 (30%).

  4-[1-(4-Methoxyphenyl)methylidene]-3-phenyl-5-isoxazolone (3i, C17H13NO3)

  Yellow crystal; mp 166-167 ºC; IR (KBr) ν/cm-1 1753, 1612; 1H NMR (500 MHz, DMSO-d6) δ 3.96 (s, 3H, OCH3); 7.04 (d, 2H, J 8.9 Hz, ArH); 7.56 (s, 1H, vinyl); 7.70-7.64 (m, 5H, ArH), 8.45 (d, 2H, J 8.9 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 56.2, 115.1, 115.8, 126.4, 128.2, 129.2, 129.6, 131.2, 137.7, 152.5, 164.8 165.3, 169.4; MS m/z 279 (100%, M+), 221 (14%), 132 (16%).

  4-[1-(4-Methylphenyl)methylidene]-3-phenyl-5-isoxazolone (3j, C17H13NO2)

  Yellow crystal; mp 181-182 ºC; IR (KBr) ν/cm-1 1753, 1636;1H NMR (500 MHz, DMSO-d6) δ 2.49 (s, 3H, CH3); 7.36 (d, 2H, J 8.2 Hz, ArH); 7.59-7.65 (m, 6H, vinyl, ArH), 8.30 (d, 2H, J 8.2 Hz, ArH); 13C NMR (126 MHz, DMSO-d6) δ 2.5, 118.0, 128.0, 129.2, 129.7, 130.3, 130.5, 131.4, 134.8, 146.4, 153.2, 164.6, 168.8; MS m/z 263 (100%, M+), 248 (44%), 219 (49%), 205 (44%), 116 (68%).

  3-Phenyl-4-[1-(2-thienyl)methylidene]-5-isoxazolone (3k, C14H9NO2S)

  Yellow crystal; mp 189-190 ºC; IR (KBr) ν/cm-1 1753, 1612;1H NMR (500 MHz, DMSO-d6) δ 7.31 (dd, 1H, J 4.6, J 4.5 Hz, thienyl); 7.59-7.66 (m, 5H, ArH ), 7.83 (s, 1H, vinyl); 8.01 (d, 1H, J 5 Hz, thienyl); 8.11 (d, 1H, J 3.7 Hz, thienyl); 13C NMR (126 MHz, DMSO-d6) δ 113.9, 128.0, 128.9, 129.3, 129.8, 131.4, 137.1, 140.6, 142.0, 142.5, 163.8, 169.4; MS m/z 255 (100%), 211 (42%), 105 (97%).

   

  Results and Discussion

  In this work, it is reported good catalytic activities for HPA, clinoptilolite and nano Fe2O3 for the synthesis of 5(4H) isoxazolone by microwave irradiation using a commercial microwave reactor. Initially, the reaction of benzaldehyde (1 mmol), hydroxylamine hydrochloride (1 mmol), sodium acetate (1 mmol) and acetoacetic ester (1 mmol) was chosen as a model of reaction for the optimization of catalyst amount (Table 1). Results summarized in Table 1 show the influence of the catalyst concentration on the reaction process. 5 mol% HPA, 2.5 mol% clinoptilolite and 1 mol% nano Fe2O3 gave maximum yields. It is noteworthy to mention that in the absence of the catalyst, only small amounts of the product were obtained and the microwave irradiation decreased just the reaction time. These results indicate that the catalysts exhibit a high catalytic activity in this transformation.
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  During the optimization of the reaction conditions, the effect of temperature was monitored. The product yields were not good even after 5 h under thermal heating condition but the yields were excellent by microwave irradiation. Thus, microwave irradiation has been employed to reduce the reaction time and rate enhancement, and to increase yields (Table 2). Reusability of the catalysts was examined under identical reaction conditions. The recycled catalysts were used five times to obtain 5(4H)-isoxazolone without appreciable decreasing in yields (Table 3).
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  The results presented in Table 4 show the scope and generality of the methods (Scheme 1). One of the salient features of these methods is that electron poor or rich aldehydes give good yields and purities. These catalysts are the most attractive ones because of their flexibility in modifying the acid strength, environmental compatibility, low toxicity and experimental simplicity. From these, Fe2O3 nanoparticle is the most promising catalyst because of its ease of handling, ease of recovery and high catalytic activities. This catalyst is highly preferred as it offers high surface area and low-coordinated sites which are responsible for the higher catalytic activities.
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  Further, a comparison to illustrate between our work and other methods for synthesis of 4-arylidene-5(4H)-isoxazolones in terms of yield and reaction rate is made. Recently Ablajan et al.38 prepared some 4-arylidene-5(4H)-isoxazolone derivatives in the presence of pyridine just in one step. Yields are similar to ours but our reaction time is shorter. Donleavy et al.39 also reported the synthesis of 4-arylidene-5(4H)-isoxazolone derivatives in two steps. The reaction takes longer time to be complete and yields are lower than ours (Table 4).

  Plausible mechanism for the synthesis of 5(4H)-isoxazolone has been proposed in Scheme 2. The acetoacetic ester or benzoyl acetic ester was first activated in the presence of the catalysts. The reaction between this intermediate and hydroxylamine produced oxime (A). Activation of oxime by the catalyst and intramolecular reaction provided (B). This, in effect on subsequent reaction and activated aldehyde in the presence of the catalyst, produced the 5(4H) isoxazolone. These three catalysts accelerate the reaction by carbonyl group activation. This idea is supported by performing the reaction in the absence of catalysts. Without any catalyst, only small amounts of the product were obtained even after long period of time.
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  Conclusions

  This procedure offers several advantages including mild reaction conditions, cleaner reaction, and satisfactory yields of products, as well as simple experimental and isolating procedures, which in effect make them useful and attractive protocols for the synthesis of these compounds. The salient features are short reaction times, good conversions, solvent-free conditions, and the use of easily recyclable catalysts without the loss of considerable catalytic activity. This method is also applicable for a wide range of substrates.

   

  Supplementary Information

  Supplementary information (spectra of synthesized compounds) is available free of charge at http://jbcs.sbq.org.br as a PDF file.
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    Uma nova flavona prenilada, 2,8-dihodroxi-3,10-dimetoxi-6-(2-metil-1-propeno-1-il)-6H,7H-[1]benzopirano[4,3-b][1]-benzopirano-7-ona, juntamente com 24 compostos conhecidos foram isolados do extrato bruto em acetona das raízes de um híbrido entre Artocarpus heterophyllus e Artocarpus integer. Suas estruturas foram determinadas pelos dados de espectroscopia da ressonância magnética nuclear (NMR) 1D e 2D. Avaliaram-se as atividades antioxidante e bactericida dos compostos isolados. O novo composto mostrou atividade antioxidante potente com relação a DPPH• e superóxido com valores de IC50 de 0,033 e 0,125 mg mL-1, respectivamente.

  

   

  
    One new prenylated flavone, 2,8-dihydroxy-3,10-dimethoxy-6-(2-methyl-1-propen-1-yl)-6H,7H-[1]benzopyrano[4,3-b][1]-benzopyran-7-one, together with 24 known compounds were isolated from crude acetone extract from the roots of a hybrid between Artocarpus heterophyllus and Artocarpus integer. Their structures were determined by 1D and 2D nuclear magnetic resonance (NMR) spectroscopic data. The antioxidant and antibacterial activities of the isolated compounds were evaluated. The new compound showed potent antioxidant activity against DPPH• and superoxide with IC50 values of 0.033 and 0.125 mg mL-1, respectively. Significant antibacterial activity against Acinetobacter baumannii was observed with MIC value of 50 μg mL-1.

    Keywords: Artocarpus, Moraceae, prenylated flavone, antioxidant activity, antibacterial activity

  

   

   

  Introduction

  Artocarpus plants, belonging to the family Moraceae, are distributed in tropical and subtropical regions. Plants in this genus are rich in phenolic compounds, flavonoids, stilbenoids and arylbenzofurans.1 Experimental studies performed in the past suggest that A. heterophyllus possesses diverse medicinal uses including antioxidant, anti-inflammatory, antibacterial, anticariogenic, antifungal, antineoplastic and hypoglycemic effects.1,2 Norartocarpetin and artocarpesin isolated from the twigs and woods of A. heterophyllus showed good tyrosinase inhibitory activity.3 Artocarpanone from the roots of A. heterophyllus significantly inhibited the nitric oxide (NO) production and inducible nitric oxide synthase (iNOS) in RAW 264.7 cell.4 Artocarpin isolated from the wood of A. heterophyllus showed potent cytotoxic activity on human T47D breast cancer cells.5 Prenylflavones, cycloheterophyllin and artonins A and B from A. heterophyllus showed lipid oxidation inhibitory activity,6 whereas prenylated flavones from A. champeden (syn. A. integer Merr.) showed antimalarial activity.7

  In Thailand, a hybrid between A. heterophyllus (jackfruit) and A. integer (champedak) has been developed for disease resistance, larger size of fruit with more firm aril texture and better taste than A. integer. There have been some reports on chemical studies on A. heterophyllus and A. integer, however, very little information is documented on A. heterophyllus root.4 In our preliminary study, the crude acetone extract from the roots of a hybrid between A. heterophyllus and A. integer exhibited antioxidant activity with IC50 (IC50: sample concentration that produced 50% inhibition of the radical) values of 0.11 and 0.66 mg mL-1 in DPPH (1,1-diphenyl-2-picrylhydrazyl) and superoxide anion assays, respectively, and antibacterial activity against Acinetobacter baumannii and Escherichia coli with MIC (minimum inhibitory concentration) value lower than 3.125 µg mL-1. Such results prompted us to investigate its chemical constituents in order to isolate bioactive constituents from this plant.

   

  Experimental

  General procedures

  Melting points were recorded on an Electrothermal 9100 melting point apparatus and are uncorrected. Infrared (IR) spectra were recorded using a FTS 165 FT-IR spectrometer (Perkin-Elmer 783). UV spectra were recorded on a SPECORD S 100 (Analytikjena), and optical rotations on a JASCO P-1020 polarimeter. 1H and 13C nuclear magnetic resonance (NMR) spectra were recorded on a Bruker FT-NMR Ultra ShieldTM 300 MHz spectrometer using CDCl3 solution unless otherwise stated with TMS (tetramethylsilane) as the internal standard. HRESIMS and LREIMS mass spectra were recorded on a Waters micromass and a Finnigan MAT 95 XL spectrometer, respectively. Vacuum liquid column chromatography (VLC) and column chromatography (CC) were carried out on 60H and 100 (70-230 mesh ASTM) silica gel (Merck) types, respectively, or on Sephadex LH-20 (GE Healthcare). Thin layer chromatograph (TLC) (thickness 200 mm) and precoated TLC (thickness 250 mm) were performed on F254 silica gel 60 (Merck).

  Plant material

  The roots of a hybrid between A. heterophyllus and A. integer were collected from Nakhon Si Thammarat Province, in the Southern part of Thailand, in July 2009. The plant was identified by Prof. Kitichate Sridith and a voucher specimen (No. T. Kanogwan) has been deposited at the Herbarium of the Department of Biology, Faculty of Science, Prince of Songkla University, Songkhla, Thailand.

  Extraction and isolation

  The dried and chopped roots of a hybrid between A. heterophyllus and A. integer (1.0 kg) were extracted with 100% acetone (15 L) for 7 days at room temperature three times to give the acetone extract as a red-brown gum (47.0 g). The crude extract was subjected to VLC, eluting with n-hexane, acetone and MeOH in a polarity gradient (n-hexane-acetone from 100:0 to 10:90, and acetone-MeOH from 100:0 to 0:100, 1000 mL each) to give 7 fractions (1-7). Fraction 2 (1.32 g) was further purified by recrystallization from acetone-n-hexane to afford 19 (108.0 mg). The mother liquor of fraction 2 (1.21 g) was further separated by silica gel CC using acetone-n-hexane (from 2:98 to 4:96) to 100% MeOH (350 mL each) to give 4 subfractions (A1-A4). Subfraction A2 (489.7 mg) was further separated by silica gel CC using acetone-petroleum ether (1:4) to acetone to give 6 (4.8 mg), 12 (9.7 mg) and 13 (1.0 mg), respectively. Subfraction A3 (447.6 mg) was further purified by recrystallization from acetone-n-hexane to afford 14 (15.0 mg). The mother liquor of subfraction A3 (432.6 mg) was repeatedly separated by silica gel CC using MeOH-CH2Cl2 (2:98) to MeOH and finally with precoated TLC using MeOH-CH2Cl2 (2:98 × 3) to yield 1 (32.3 mg), 15 (1.5 mg), 17 (15.0 mg) and 20 (2.8 mg), respectively. Fraction 3 (562.0 mg) was further purified by recrystallization from acetone-hexane to afford 12 (9.4 mg). The mother liquor of fraction 3 (552.6 mg) was further separated by silica gel CC using a gradient system (CH2Cl2-acetone) to give 5 subfractions (B1-B5). Subfraction B2 (20.3 mg) was further purified by precoated TLC using CH2Cl2-n-hexane (4:1 × 3) to yield 12 (9.4 mg). Subfraction B3 (139.2 mg) was further purified by silica gel CC using acetone-CH2Cl2 (1:4) to MeOH and followed by precoated TLC using EtOAc-n-hexane (1:4 × 11) to give 2 (2.4 mg) and 16 (2.4 mg). Subfraction B4 (26.0 mg) was further purified by precoated TLC using acetone-CH2Cl2 (6:94 × 3) to give 9 (1.2 mg). Subfraction B5 (63.3 mg) was further purified by silica gel CC using EtOAc-n-hexane (3:7) to MeOH and followed by precoated TLC using EtOAc-n-hexane (3:7 × 3) to yield 18 (20.4 mg). Fraction 4 (1.87 g) was further separated by silica gel CC using a gradient system (CH2Cl2-MeOH) to give 6 subfractions (C1-C6). Subfraction C5 gave 8 (306.8 mg). Subfraction C2 (179.4 mg) was further purified by silica gel CC using MeOH-CH2Cl2 (2:98) to MeOH to give 7 (2.6 mg). Subfraction C3 (368.8 mg) was further purified by silica gel CC using MeOH-CH2Cl2 (5:95) to MeOH and followed by recrystallization from acetone-hexane to give 21 (16.0 mg). Subfraction C4 (264.4 mg) was further purified by recrystallization from acetone-n-hexane to give 21 (74.8 mg). The mother liquor of subfraction C4 (189.6 mg) was further separated by silica gel CC using acetone-CH2Cl2 (2:98) to MeOH to give 2 subfractions (C4A-C4B). Subfraction C4B (82.5 mg) was further purified by silica gel CC using MeOH-CH2Cl2 (1:9) to MeOH and followed by precoated TLC using acetone-petroleum ether (3:7 × 2) to give 22 (5.6 mg) and 23 (6.2 mg). Fraction 5 (3.94 g) was separated by Sephadex LH-20 CC using MeOH-CH2Cl2 (1:1) to give 3 subfractions (D1-D3). Subfraction D2 (1.09 g) was further purified by silica gel CC using MeOH-CH2Cl2 (2:98) to MeOH to give 3 (12.0 mg) and 10 (8.0 mg). Subfraction D3 (1.51 g) was further purified by silica gel CC using MeOH-CH2Cl2 (2:98) to MeOH to give 4 (4.5 mg), and 11 (10.5 mg). Fraction 6 (7.45 g) was separated by Sephadex LH-20 CC using MeOH-CH2Cl2 (1:1) to afford 4 subfractions (E1-E4). Subfraction E2 (1.68 g) was repeatedly separated by silica gel CC using MeOH-CH2Cl2 (2:98) to MeOH to yield 24 (4.5 mg). Subfraction E3 (2.70 g) was further purified by silica gel CC using a gradient of CH2Cl2-MeOH and subsequent precoated TLC using acetone-petroleum ether (3:7 × 2) to afford 25 (5.6 mg) and 5 (8.0 mg).

  2,8-Dihydroxy-3,10-dimethoxy-6-(2-methyl-1-propen-1-yl)-6H,7H-[1]benzopyrano[4,3-b]-[1]benzopyran-7-one (1)

  Yellow solid; mp 201.2-202.2 ºC; [a]D26 +41.2º (c 0.05, acetone); UV (MeOH) λmax/nm (log ε) 264 (4.28), 305 (4.05), 394 (4.13); IR (neat) vmax/cm-1 3409, 1656; 1H NMR (CDCl3, 300 MHz) and 13C NMR (CDCl3, 75 MHz) see Table 1; HRESIMS m/z 397.1297 [M + H]+ (calcd. for C22H21O7, 397.1287); LREIMS m/z (rel. int.) 396 [M]+ (26), 381 [M–CH3]+ (37), 341 [M–C4H7]+ (55), 98 (100).
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  Free radical scavenging activity

  In this study, DPPH, hydroxyl and superoxide radical scavenging assays were carried out, according to those previously described.8

  Antibacterial activity

  A modified broth microdilution method9 was used to obtain the MIC values of the tested materials. 20 µL of a 3-5 h culture of each bacterial strain (multidrug-resistant Acinetobacter baumannii and Escherichia coli), containing approximately 5 × 104 CFU mL-1, were applied into Muller-Hinton broth (MHB, Merck, Germany) supplemented with the plant extracts. 100 µg of the extract and pure compounds were diluted in 1 mL of dimethyl sulfoxide (DMSO, Merck, Germany) and two-fold dilutions were made to obtain concentrations ranging from 0.05-100 µg mL-1. The microtiter plates were incubated at 37 ºC for 18 h. MICs were observed at least in duplicate as the lowest concentration of the plant extracts that produced a complete suppression of the bacterial growth.

   

  Results and Discussion

  The crude acetone extract (47.0 g) from the roots of a hybrid between A. heterophyllus and A. integer was investigated by chemical method and chromatographic techniques. In this work, it is described the isolation and structural elucidation of one new prenylated flavone, 2,8-dihydroxy-3,10-dimethoxy-6-(2-methyl-1-propen-1-yl)-6H,7H-[1]benzopyrano-[4,3-b][1]-benzopyran-7-one (1), as well as twenty-four known compounds: flavokawain-A (2),10 gemichalcone A (3),11 cyanomaclurin (4),12 dihydromorin (5),12 sakuranetin (6),13 naringenin (7),13 artocarpanone (8),4 isosinensetin (9),14 norartocarpetin (10),12 artonin Y (11),15 artoindonesianin S (12),16 artopeden A (13),17 artonin A (14),4 artonin F (15),18 5,3',4'-trimethoxy-6,7-methylenedioxyisoflavone (16),19 morusin (17),20 artocarpin (18),12 cycloheterophyllin (19),4 isocyclomulberrin (20),21 artoindonesianin A-2 (21),22 cyclocommunol (22),23 1,3,6-trihydroxy-2-(3-methyl-2-butenyl)xanthone (23),24 1,3,6-trihydroxyxanthone (24)25 and 1,3,5,6-tetrahydroxyxanthone (25)26 (Figure 1). Their structures were elucidated by spectroscopic data, especially using 1D and 2D NMR. The structure of known compounds (2-25) were confirmed by comparison of the 1H and 13C NMR spectroscopic data with those reported in the literature.
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  Compound 1 was obtained as a yellow solid. Its molecular formula was determined as C22H20O7 by HRESIMS measurement for C22H21O7 at m/z 397.1297 [M + H]+ (calcd. 397.1287). The UV spectrum showed maximum absorption bands at 264, 305 and 394 nm, which is typical of a pyranoflavone chromophore.26 The IR spectrum exhibited absorption bands for a hydroxyl group at 3409 cm-1 and a conjugated C=O group at 1656 cm-1. The 1H NMR spectrum (Table 1) showed one chelated hydroxyl signal at δ 12.76 (s), one non chelated hydroxyl signal at δ 5.35 (br s), two meta coupled aromatic signals at δ 6.33 (d, J 2.4 Hz) and 6.44 (d, J 2.4 Hz), two methoxyl groups at δ 3.86 (s) and 3.92 (s), an isoprenyl group at δ 1.98 (s, 3H), 1.71 (s, 3H), 6.22 (d, J 9.6 Hz) and 5.47 (d, J 9.6 Hz) and characteristic signals for a 1,2,4,5-tetrasubstituted aromatic ring at δ 7.29 (s) and 6.48 (s). The 13C NMR spectrum (Table 1) showed signals for 22 carbons, one of which corresponds to a conjugated carbonyl carbon (δ 178.7). The substitution pattern of the tricyclic flavonoid skeleton A-B-C was supported from the long-range (HMBC) 1H-13C NMR correlations indicated in Figure 2 and Table 1. The aromatic ring B and isoprenyl group were linked with an ether linkage at C-4a to C-6, as confirmed by HMBC cross-peaks between an oxymethine proton at δ 6.22 (H-6) with C-4a, C-6a, C-7, C-12a, C-14 and C-15, and that of proton at 
    δ 5.47 (H-14) with C-16 and C-17. Comparison of its NMR data with that of 2122 indicated that a hydroxy signal (δ 9.72, br s) at C-10 of 21 was replaced by a methoxy signal (δ 3.86, s) of 1. Thus, compound 1 was identified as 2,8-dihydroxy-3,10-dimethoxy-6-(2-methyl-1-propen-1-yl)-
    6H,7H-[1]benzopy-rano[4,3-b][1]-benzopyran-7-one.
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  All isolated compounds of sufficient amount (1-6, 8, 9, and 11-25) were assayed for their antioxidant and antibacterial activities (Table 2). Only compounds 1, 3, 13, 14, 15, 19, 24 and 25 exhibited DPPH• scavenging activity with IC50 values of 0.033, 0.14, 0.14, 0.033, 0.04, 0.032, 0.039 and 0.034 mg mL-1, respectively (standard BHA, 0.02 mg mL-1). Compounds 3, 13, 15, 20, 24 and 25 exhibited OH• scavenging activity with IC50 values of 0.008, 0.005, 0.0024, 1.56, 0.01 and 0.009 mg mL-1, respectively (standard tannin, 0.44 mg mL-1). The finding that compound 20 did not scavenge DPPH• but showed its activity in OH• assay suggests that this compound might inhibit the formation of OH• by chelating iron. Compounds 1 and 19 also exhibited superoxide scavenging activity with IC50 values of 0.125 and 0.05 mg mL-1, respectively (standard trolox, 0.39 mg mL-1). In vitro antioxidant activities of compounds 14, 19 and 25 have been previously reported.6,27,28 Only compounds 1, 2, 14, 24 and 25 showed antibacterial activity against Acinetobacter baumannii ATCC 19606 with MIC values of 50, 25, 50, 25 and 25 mg mL-1, respectively (standard gentamicin, 2 mg mL-1). Compounds 23 and 24 showed antibacterial activity against Escherichia coli ATCC 25922 with the same MIC value of 25 mg mL-1 (standard gentamicin, 1 mg mL-1).
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  Conclusions

  This is the first report on the chemical constituents and biological activities from the roots of a hybrid between A. heterophyllus and A. integer. A new prenylated flavone (compound 1) was isolated from the roots of a hybrid between A. heterophyllus and A. integer together with 24 known compounds. Compound 1 demonstrated potent antioxidant activity against DPPH• and superoxide with IC50 values of 0.033 and 0.125 mg mL-1, respectively and strong antibacterial activity against Acinetobacter baumannii with MIC value of 50 mg mL-1. Among the known compounds, compounds 2, 3, 6, 7, 9, 16, 17, 23 and 25 are firstly reported from Artocarpus genus.
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    Neste trabalho, o desenvolvimento de um método hidrotérmico simples para a síntese de nanofibras/nanoanéis de Na0,3V2O5 em etapa única e sem qualquer surfactante, a 200 ºC em 3-5 dias, é relatado. Os produtos foram caracterizados por difratometria de raios X (XRD), espectroscopia no infravermelho com transformada de Fourier (FTIR), espectroscopia UV-Vis, microscopia eletrônica de varredura (SEM), microscopia eletrônica de transmissão (TEM) e teste de descarga-carga eletroquímica para baterias de íon de lítio. Os difratogramas de raios X mostraram que, a 200 ºC por 2 e 3-4 dias, formaram-se fitas de Na0,3V2O5•1.5H2O e nanofibras/anéis de Na0,3V2O5, respectivamente. O espectro FTIR revelou picos em 1003 e 956 cm-1 atribuídos a V5+=O e V4+=O, respectivamente. O espectro UV-Vis mostrou absorbância máxima em 404 nm (3,07 eV). As análises por TEM revelaram uma grande quantidade de fibras com 70-100 nm de espessura e várias dezenas de micrômetros de comprimento. Os anéis apresentaram diâmetro de ca. 20 µm e espessura de 70-150 nm. As nanofibras/anéis exibiram uma capacidade específica de descarga inicial de 182 mAh g-1 e uma capacidade estabilizada de 179 mAh g-1 mesmo após 50 ciclos. Um possível mecanismo de crescimento para a formação dos anéis é discutido.

  

   

  
    In this work, a simple one step hydrothermal method to synthesize Na0.3V2O5 nanofibers/nanorings  without using any surfactant at 200 ºC in 3-5 days is reported. The products were characterized by X-ray diffractometry (XRD), Fourier transform infrared spectroscopy (FTIR), UV-Vis spectroscopy, scanning electron microscopy (SEM), transmission electron microscopy (TEM) and electrochemical discharge-charge test for lithium ion batteries. XRD patterns showed that, at 200 ºC for 2 and 3-4 days, Na0.3V2O5•1.5H2O belts and Na0.3V2O5 nanofibers/rings were formed, respectively. The FTIR spectrum revealed peaks at 1003 and 956 cm-1 assigned respectively to V5+=O and V4+=O. The UV-Vis spectrum showed maximum absorbance at 404 nm (3.07 eV). TEM analyses revealed a large quantity of fibers 70-100 nm thick and 20-90 µm long, and rings with diameters of ca. 20 µm and thickness of 70-150 nm. The nanofibers/rings exhibited an initial discharge specific capacity of 182 mAh g-1 and a stabilized capacity of 179 mAh g-1 even after 50 cycles. A possible mechanism for ring formation is discussed.

    Keywords: Na0.3V2O5 nanofibers/nanorings, hydrothermal, lithium ion battery, discharge capacity

  

   

   

  Introduction

  The synthesis of nanodimensional materials with both specific geometry and morphology is a key point in fields such as modern materials, biotechnology, catalysis, electronics and power sources. In particular, 1D nanostructures with defined geometries have attracted much attention because of their importance in both fundamental science and potential applications in nanodevices.1 Recently, it has been demonstrated that several new geometrical configurations such as nanosprings,2,3 nanorings,2,4-8 and nanohelices9,10 grown from 1D nanobelts or nanowires are of special interest owing to their unique periodic and elastic properties that result in structural flexibility and provide additional opportunities for nanoengineering. The ability to construct artificial ring-like building units has implications in the rational design of complex nanostructures for precise nanofabrication. Although much progress has been made in the synthesis of nanorings by coiling of nanobelts, all these successes are based on materials with polar surfaces.2,4,9,10

  Metal oxide nanostructured materials, for example, can exhibit unique chemical properties due to their limited size and high density of corner or edge surface sites.11 These properties make nanostructured metal oxides useful for a wide range of applications.12,13 In recent years, vanadium oxide compounds, VOx (such as V2O5, V2O4, V2O3, VO2, V6O13), have been a subject of intensive study. The unique properties of these compounds allow a wide range of practical applications such as electrodes for lithium ion batteries (LIB), electrochromic devices, sensors, transistors, actuators, catalysts and so on.7,14-16 Vanadium pentoxide (V2O5) is a typical intercalation compound with a layered crystal structure. V2O5 has been extensively used as an electrode material for rechargeable LIB because of its low cost, abundance, easy synthesis and high energy density.17 The theoretical capacity of V2O5 with two lithium insertions/extractions (294 mAh g-1) is much higher than those of more commonly used cathode materials, such as LiCoO2 (145 mAh g-1), LiMn2O4 (150 mAh g-1), LiFePO4 (170 mAh g-1), etc., making it a promising cathode material useful for high power batteries.15 Moreover, the electrode performance of pure V2O5 is enhanced by the addition of alkaline or alkaline-earth metal ions (Li, Na, Mg) into the V2O5 host.18-20 These additional alkaline ions are arranged to form pillars between the vanadium oxide layers and thus stabilize the structure during the lithium insertion/extraction. In addition, these pillars increase not only the interlayer space but also the ion diffusion rate.21 The structural anisotropy of the particles is believed to induce a better electrochemical response, compared to the analogous compound synthesized by solid state reactions.22 When sufficient sodium is introduced into the van der Waals planes of V2O5, it organizes into a regular and periodic pattern to form sodium-vanadium bronze phases. The most relevant is the β-phase, in which exactly half of the hexagonal interstitial sites are occupied by sodium atoms.23

  Nanostructured materials can provide a high specific surface area and a short ion diffusion pathway compared to that of the bulk, which benefits battery performance.24 Among various methods available to prepare 1D nanostructured Na0.3V2O5, the solution-based methods are well-known for their advantages in tailoring the size and morphology of the nanostructures.22,25-27 Amongst these, the hydrothermal method has several advantages: the control of parameters such as reaction temperature, pH, solvent concentration, as well as the addition of templates or additives, making it possible to obtain samples with different morphologies and structures in a simple manner. Recent literature survey shows that this method is very useful to synthesize doped and also mixed phases with tunable ratios of components.28-31 To the best of our knowledge, only few reports are available on the hydrothermal synthesis32,33 and electrochemical performance of Na0.3V2O5 nanorods/particles, especially as a cathode material for rechargeable LIB.27,34,35 Hadjean et al.34 synthesized Na0.3V2O5 nanoparticles by the decomposition of aqueous V2O5 solution in presence of sodium salt followed by calcination at 500 ºC. It showed an initial discharge capacity of 230 mAh g-1 and reached 195 mAh g-1 after 20 cycles. Liu et al.35 synthesized NaV6O15 nanorods by a hydrothermal method at 205 ºC for 4 days, followed by calcination at 500 ºC. It showed an initial discharge capacity of 160 mAh g-1 that increased continuously and did not show constant discharge potential. Millet et al.27 prepared Na0.3V2O5 nanoparticles by refluxing at 90 ºC for 3-4 days followed by calcination at 500 ºC, showing an initial discharge capacity of 163 mAh g-1 that decreased to 50 mAh g-1 after 15 cycles. In all the above mentioned cases, the calcination was necessary to get good crystallinity. Higher crystallinity implies better stability of the electrode materials.35

  In this article, we report a cost-effective, template-free and low temperature hydrothermal method to synthesize ultrafine nanofibers/rings in acidic medium. The electrode fabricated by the as-synthesized Na0.3V2O5 nanofibers/rings shows good discharge capacity as well as cycle stability. The synthesized 1D nanofibers/rings structures can efficiently transport charge carriers while maintaining a large surface-to-volume ratio that enhances contact with the electrolyte. The possible growth mechanism for the formation of Na0.3V2O5 rings is also discussed.

   

  Experimental

  Synthesis

  270 mg of NaVO3 were dispersed in 20 mL distilled water taken in a 30 mL capacity Teflon tube. 2-3 drops of HCl (pH ca. 3) were added to the dispersion and stirred for 5 min. The resultant wine-red solution was subjected to hydrothermal treatment at 200 ºC for 1-5 days. After the hydrothermal treatment, the autoclaves were cooled to room temperature naturally. The reddish-brown non-adherent sponge-like bulky material was centrifuged, washed with distilled water and absolute alcohol before being dried in an oven.

  Characterization

  Powder X-ray diffraction data were recorded on a Philips X'pert PRO X-ray diffractometer with graphite monochromatized Cu Kα (1.5418 Å) radiation. The Fourier transform infrared spectrum of the sample was collected on a Bruker Alpha-P spectrometer. The absorption spectrum of the sample was measured on a Perkin Elmer Lambda-750 UV-Vis spectrometer. The morphology of the product was examined with a JEOL-JSM-6490 LV scanning electron microscope (SEM) and a CM12 Philips transmission electron microscope (TEM).

  Electrochemical properties of the Na0.3V2O5 nanofibers/rings were tested in Swagelok cells assembled in an argon-filled glove box (Jacomex). The electrodes were prepared by mixing Na0.3V2O5 nanofibers/rings, acetylene black and PVDF (polyvinylidene difluoride) in 70:20:10 ratio. The slurry prepared using NMP (N-methylpyrrolidone) as a solvent was coated on aluminium foil as a current collector and finally dried in an oven at about 120 ºC for 1 day. Lithium disc was used as counter and reference electrodes. The electrolyte was 1 mol L-1 LiPF6 in ethylene carbonate and dimethylene carbonate (1:1 v/v). Cyclic voltammetry (CV) measurements were performed using CHI 660C (CH Instruments electrochemical workstation) between 1.5-4.0 V vs. Li+/Li at a scan rate of 0.5 mV s−1. Galvanostatic discharge-charge measurements were performed on an Arbin BT-2000 battery tested between 1.5-4.0 V vs. Li+/Li at a current density of 0.1 mA g-1.

   

  Results and Discussion

  The powder XRD patterns of the samples prepared at 200 ºC for 2-4 days are shown in Figure 1. The sample prepared at 200 ºC for 2 days (Figure 1, curve a) can be indexed as Na0.3V2O5•1.5H2O.22 It shows a 00l peak series in which the (002) harmonic is missing, suggesting that the double layer structure of the vanadium oxide network is preserved. The basal distance (d) of 10.8 Å is consistent with the intercalation of one water layer between the oxide sheets. As the duration of the hydrothermal treatment is increased, the sample is converted to Na0.3V2O5 (JCPDS No. 21-1175). The hydrated phase of this alkali metal vanadium oxide is characterized by an interlayer spacing of 11 Å.33 The decrease in the basal distance to d = 7.8 Å (at 2θ = 11.58º), Figures 1b and 1d, clearly indicates the absence of water between the oxide sheets in the crystal.
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  In the FTIR spectrum of nanofibers/rings of Na0.3V2O5 (Figure 2), the vanadium-oxygen stretching vibrations appear in the range of 400-1100 cm–1. The frequencies of the V5+=O and V4+=O absorption maxima are 1003 and 956 cm–1, respectively. The bands at 457, 715 and 825 cm−1 correspond to the V–O–V symmetric stretch, V–O–V asymmetric stretch and V–O–V deformation modes, respectively. The bands at 3584 and 1632 cm–1 are due to the symmetric and bending vibration modes of absorbed water molecule on the surface, respectively.36,37
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  To evaluate the optical properties of the as-obtained Na0.3V2O5 nanofibers/rings, the UV-Vis spectrum was recorded from 200 to 800 nm and is shown in Figure 3. The Na0.3V2O5 nanofibers/rings show maximum absorbance at 404 nm corresponding to a band gap of 3.07 eV. This band corresponds to the n → π* transition centered on the V=O group.

  
    

    [image: Figure 3]

  

  Figure 4 shows the SEM images of Na0.3V2O5•1.5H2O belts prepared at 200 ºC for 1-2 days. The belts are 0.5-1.5 µm in width and several tens of micrometers in length. After 2 days, the bending of belts and their increase in length to several micrometers are clearly observed. With further increase in the hydrothermal treatment duration, nanofibers/nanorings are observed. Figure 5 shows the SEM images of Na0.3V2O5 ultra-fine nanofibers/rings/rods prepared at 200 ºC for 3-5 days. The SEM images of the sample prepared at 200 ºC for 3 days (Figure 5a) reveal the products having large quantity of the fiber structure with lengths in the range of several tens to hundreds of micrometers. It has been observed that these fibers are flexible. On further increasing the hydrothermal treatment duration to 4 days (Figures 5c and 5d), the formation of concentric nanorings composed of ultrafine nanofibers is clearly observed. The thickness of these nanofibers is 150-600 nm and the length is in the order of several tens of micrometers. The thickness of the rings is about 400 nm and the width is about 10 µm. This shows that bending of the nanofibers leads to the formation of nanorings. On further increasing the hydrothermal treatment time to 5 days (Figures 5d and 5e), morphological changes, i.e., ultrafine fibers to nanorods are noted. The thickness of the nanorods is about 150-500 nm and they are several tens of micrometers in length. But interestingly, the presence of different kinds of rings is observed again. In Figure 5e, the ring is made up of microrods of thickness of about 1.2 µm. The inset of Figure 5e shows that the surface of the rings as well as the microrods are not smooth; instead, they look like humps/twisted threads. Very interestingly, the formed ring is an exact look-alike of an automobile tire with an inner diameter of about 3 µm (Figure 5f). The morphology of the nanofibers/rings was further investigated by TEM. Figure 6 shows the TEM image of Na0.3V2O5 ultra-fine nanofibers/rings prepared at 200 ºC for 4 days. It is clearly shown that the thickness of the fiber is uniform along its entire length of about 70-100 nm. The ring shows a thickness of about 70-150 nm.
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  Formation of Na0.3V2O5 nanorings

  It is well-known that the acidification of metavanadate solutions can be conveniently performed via an ion exchange between Na+ and H+ in a resin, leading to the formation of V2O5•nH2O. Na+ ions are not removed when acidification is performed by adding an acid; they remain intercalated within the layered oxide leading to poorly crystallized Na0.3V2O5•nH2O. Moreover, the presence of foreign cations introduces new electrostatic interactions leading to flocculation rather than gelation. Two phases can actually be formed upon acidification of sodium metavanadate aqueous solutions, namely, Na0.3V2O5•nH2O and NaV3O8•nH2O. The quantities of the aforesaid compounds depend on experimental conditions, pH, temperature, etc. The hydrated trivanadate is formed above pH 5, while Na0.3V2O5•nH2O is observed below pH 3.5.16,22,38,39

  In this process, sodium metavanadate undergoes ionization in aqueous solution, producing Na+ and VO3–. The acidification of VO3– with H+ leads to the formation of a wine-red solution of vanadic acid (HVO3, pH ca. 2), as shown in equation 1. Vanadic acid is then progressively converted into decavanadate ion (H2V10O28)4– (equation 2) and the resulting solution is subjected to the hydrothermal treatment. At the early stage of this treatment, it is expected the decavanadate (H2V10O28)4– species to be protonated and trivanadate to be formed. At low pH, trivanadate is unstable, and finally hydrated sodium vanadate is formed.
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  Mechanism of ring formation

  Several theories/concepts have been put forward to explain the formation of ring structures in the wet chemistry method. Murrey et al.40 explained the formation of PbSe nanorings by considering the orientation of the dipole moment in PbSe nanocrystals and also the oriented attachment of different faces. The formation of ZnO nanorings by vapor deposition was explained by Wang and co-workers41,42 on the basis of the polarity of the molecule. The spontaneous polarization of positively charged Zn2+ (0001) and negatively charged O2- (000-1) along the c-axis leads to the formation of nanorings. The self-assembly of nanoparticles for the formation of different types of CdS nanorings by the hydrothermal method is explained by Liu and Zeng.43 The formation of single crystalline rutile structure SnO2 springs, rings and spirals has been explained based on the the polar charge interaction model.3 The formation of CuO nanorings prepared by hydrothermal methods using sodium dodecyl benzene sulfonate as surfactant was explained by the formation of nanoribbons with polar surfaces that coil into nanorings to reduce the electrostatic energy.8 The mechanism of self-coiling of a single nanobelt has been suggested to explain the formation of ZnO nanorings.2 Flexible ZnO nanobelts, due to their polar surface, roll into nanorings to reduce the electrostatic energy. The present material, Na0.3V2O5 nanofibers/rings synthesized from the solution process in absence of surfactant, has morphologies similar to those of Ag2V4O11 nanorings obtained from the hydrothermal method. A similar mechanism may hold well also for the current material.4 The structure of Na0.3V2O5 can be described as an assembly of stacked V2O5 bilayers.

  The vanadium coordination is based on VO5 square pyramids with a short V=O double bond along the z-axis perpendicular to the basal planes. Na is intercalated between the vanadium oxide layers. The vanadium oxide layers exhibit a polar structure and positively charged Na+ ions can be attracted by the V2O5 dipoles on both sides of the bilayers. Moreover, the Na+ ions present inside the tunnels along the b-axis, in four interstitial equivalent sites per unit cell, make the vanadium oxide bilayers favor the ﬂexibility of Na0.3V2O5 nanobelts. According to the so-called cation-induced coiling model, when the residual amount of Na+ ions from the solution adsorbs asymmetrically at the top or at the bottom of a thin ﬂexible Na nanobelt, asymmetric strain energy is induced. When this induced asymmetric strain energy becomes larger than the elasticity energy, the ﬂexible Na0.3V2O5 nanobelt tends to self-coil into a ring. A tentative schematic diagram for the formation of nanorings is shown in Figure 7.
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  Electrochemical performance Na0.3V2O5 nanofibers/rings

  Figure 8 shows the cyclic voltamogram for the Na0.3V2O5 nanofibers/rings prepared at 200 ºC for 4 days for lithiation-delithiation in the voltage range of 1.5-4 V vs. Li/Li+. It shows one broad cathodic peak (lithiation) at about 3.5 V and anodic peak (delithiation) at about 2.15 V. In the fourth cycle, the CV curve is nearly intact, except that the anodic peak (1st cycle) at 2.45 V is shifted to 2.15 V. The insertion/extraction behavior of lithium ions thus can be tentatively expressed as:
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  The electrochemical properties of Na0.3V2O5 nanofibers/rings as cathodes in lithium ion storage were tested via charge-discharge measurement at a current density of 0.1 mA g-1 as shown in Figure 9. The specific capacity of Na0.3V2O5 nanofibers/rings increased in the beginning from 181 mAh g-1, reached a maximum capacity of 200 mAh g-1, became relatively stable in the further cycles and finally reached a capacity of 179 mA h g-1 after the fiftieth cycle. At the same time, it was also noticed that the capacity increased from the first to the third cycle, and then gradually stabilized during the subsequent discharge-charge cycles. In fact, this capacity increase in the initial stage is not an accidental result. It was reported that some materials prepared by low temperature methods exhibited amorphous nature and nanocrystalline phase. The increased capacity is most probably due to the relaxation of the amorphous structure to create a smooth pathway for the lithium ion insertion and extraction during the initial stage of the cell operation.44 The Na0.3V2O5 monoclinic structure remains stable all along the Li insertion process, which makes this compound very attractive as rechargeable cathodic material for lithium cells.26 Figure 10 shows that the discharge profile exhibits one plateau, which is consistent with the cyclic voltammogram. The average coulombic efficiency at different currents is no less than 85% from the first cycle to the 50th, and the enhanced Li insertion properties are relevant to the increased crystallinity of the material. These results indicate that the Na0.3V2O5 nanofibers/nanorings synthesized by this hydrothermal method are promising cathode materials in lithium-ion batteries.
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  Conclusion

  In this work, a facile one step hydrothermal route to synthesize Na0.3V2O5•nH2O microrods/nanofibers/nanorings without using any surfactant in acidic medium (pH ca. 3) was demonstrated. Following the increase in the hydrothermal treatment time from 2 to 3 days at 200 ºC, the layered structure of Na0.3V2O5•1.5H2O changes to the tunnel structure of Na0.3V2O5. The resulting Na0.3V2O5 nanofibers are 70-100 nm in thickness and several tens of micrometers in length. The ring shows a concentric diameter of about 20 µm and thickness of about 70-150 nm. The rings are predominantly formed due to the self-coiling of polar surface Na0.3V2O5 nanofibers. Electrochemical tests show that the Na0.3V2O5 nanofibers/rings have an initial specific capacity of 181 mAh g-1 in the potential range of 1.5-4 V and that its stabilized capacity still remained as high as 179 mA hg-1 after 50 cycles. Compared to V2O5, the structural changes by Li insertion into β-Na0.3V2O5 are stable. The resulting Na0.3V2O5 nanofibers/nanorings are a promising cathode material for lithium-ion batteries.

   

  Acknowledgements

  Dr. Nagaraju thanks Dr. G. T. Chandrappa (Department of Chemistry, Bangalore University, Bangalore) for the discussion on vanadium chemistry, Prof. S. Sampath (Department of Inorganic and Physical Chemistry, Indian Institute of Science, Bangalore) for providing electrochemical measurements and Prof. Jairton Dupont (Department of Molecular Catalysis, UFRGS, Porto Alegre, Brazil) for providing the TEM facility.

   

  References

  1. Mohan, V. M.; Hu, B.; Qiu, W.; Chen, W.; J. Appl. Electrochem. 2009, 39, 2001.

  2. Kong, X. Y.; Ding, Y.; Yang, R. S.; Wang, Z. L.; Science 2004, 303, 1348.

  3. Yang, R.; Wang, Z. L.; J. Am. Chem. Soc. 2006, 128, 1466.

  4. Shen, G. Z.; Chen, D.; J. Am. Chem. Soc. 2006, 128, 11762.

  5. Ashoka, S.; Nagaraju, G.; Chandrappa, G. T.; Mater. Res. Bull. 2010, 45, 1736.

  6. Chandrappa, G. T.; Chithaiah, P.; Ashoka, S.; Livage, J.; Inorg. Chem. 2011, 50, 7421.

  7. Liu, J.; Xue, D.; Nanoscale Res. Lett. 2010, 5, 1619.

  8. Wang, X.; Xi, G.; Xiong, S.; Liu, Y.; Xi, B.; Yu, W.; Qian, Y.; Cryst. Growth Des. 2007, 7, 930.

  9. Yu, D.; Wu, J. Q.; Gu, Q.; Park, H. K.; J. Am. Chem. Soc. 2006, 128, 8148.

  10. Nath, M.; Parkinson, B. A.; J. Am. Chem. Soc. 2007, 129, 11302.

  11. García, M. F.; Arias, A. M.; Hanson, J. C.; Rodriguez, J. A.; Chem. Rev. 2004, 104, 4063.

  12. Pinna, N.; Neri, G.; Antonietti, M.; Niederberger, M.; Angew. Chem., Int. Ed. 2004, 43, 4345.

  13. Viswanatha, R.; Sapra, S.; Gupta, S. S.; Satpati, B.; Satyam, P. V.; Dev, B. N.; Sarma, D. D.; J. Phys. Chem. B 2004, 108, 6302.

  14. Pan, A.; Zhang, J. G.; Nie, Z.; Cao, G.; Arey, B. W.; Li, G.; Liang, S. Q.; Liu, J.; J. Mater. Chem. 2010, 20, 9193.

  15. Wang, S.; Lu, Z.; Wang, D.; Li, C.; Chen, C.; Yin, Y.; J. Mater. Chem. 2011, 21, 6365.

  18. Livage, J.; Coord. Chem. Rev. 1999, 391, 190.

  17. Yu, D.; Chen, C.; Xie, S.; Liu, Y.; Park, K.; Zhou, X.; Zhang, Q.; Li, J.; Cao, G.; Energy Environ. Sci. 2011, 4, 858.

  18. Pistoia, G.; Pasquali, M.; Wang, G.; Li, L.; J. Electrochem. Soc. 1990, 137, 2365.

  19. Maingot, S.; Baffier, N.; Ramos, J. P.; Willman, P. A.; Solid State Ionics 1993, 67, 29.

  20. Manev, V.; Momchilov, A.; Nassalevska, A.; Pistoia, G.; Pasquali, M.; J. Power Sources 1995, 54, 501.

  21. Spahr, M. E.; Novak, P.; Scheifele, W.; Haas, O.; Nesper, R.; J. Electrochem. Soc. 1998, 145, 421.

  22. Durupthy, O.; Steunou, N.; Coradin, T.; Maquet, J.; Bonhomme, C.; Livage, J.; J. Mater. Chem. 2005, 15, 1090.

  23. Darling, R. B.; Iwanaga, S.; Sadhana 2009, 34, 531.

  24. Lou, X. W.; Deng, D.; Lee, J. Y.; Feng, J.; Archer, L. A.; Adv. Mater. 2008, 20, 258.

  25. Pereira-Ramos, J. P.; Messina, R.; Znaidi, L.; Baffier, R.; Solid State Ionics 1986, 28-30, 886.

  26. Pereira-Ramos, J. P.; Baddour, R.; Solid State Ionics 1992, 53-56, 701.

  27. Millet, M.; Farcy, J.; Pereira-Ramos, J. P.; Sabbar, E. M.; De Roy, M. E.; Besse, J. P.; Solid State Ionics 1998, 112, 319.

  28. Meng, F.; Li, J.; Hong, Z.; Zhi, M.; Sakla, A.; Xiang, C.; Wu, N.; Catal. Today 2013, 199, 48.

  29. Shen, X.; Tian, B.; Zhang, J.; Catal. Today 2013, 201, 151.

  30. Shen, X.; Zhang, J.; Tian, B.; Anpo, M.; J. Mater. Sci. 2012, 47, 5743.

  31. Meng, F.; Hong, Z.; Arndt, J.; Li, M.; Zhi, M.; Yang, F.; Wu, N.; Nano Res. 2012, 5, 213.

  32. Zhou, G. T.; Wang, X.; Yu, J. C.; Cryst. Growth Des. 2005, 5, 969.

  33. Yao, T.; Oka, Y.; Yamamoto, N.; J. Mater. Chem. 1992, 2, 331.

  34. Hadjean, R. B.; Bach, S.; Emery, N.; Ramos, J. P.; J. Mater. Chem. 2011, 21, 11296.

  35. Liu, H.; Wang, Y.; Li, L.; Wang, K.; Hosono, E.; Zhou, H.; J. Mater. Chem. 2009, 19, 7885.

  36. Volkov, V. L.; Zakharova, G. S.; Podvalnaya, N. V.; Kuznetsov, M. V.; Russ. J. Inorg. Chem. 2008, 53, 854.

  37. Fei, H. L.; Liu, M.; Zhou, H. J.; Sun, P. C.; Ding, D. T.; Chen, T. H.; Solid State Sci. 2009, 11, 102.

  38. Livage, J.; Chem. Mater. 1991, 3, 578.

  39. Livage, J.; Materials 2010, 3, 4175.

  40. Cho, K. S.; Talapin, D. V.; Gaschler, W.; Murray, C. B.; J. Am. Chem. Soc. 2005, 127, 7140.

  41. Li, F.; Ding, Y.; Gao, P. X.; Xin, X. Q.; Wang, Z. L.; Angew. Chem., Int. Ed. 2004, 43, 5238.

  42. Peng, Y.; Xu, A. W.; Deng, B.; Antonietti, M.; Colfen, H.; J. Phys. Chem. B 2006, 110, 2988.

  43. Liu, B.; Zeng, H. C.; J. Am. Chem. Soc. 2005, 127, 18262.

  44. Liu, H.; Wang, Y.; Wang, K.; Hosono, E.; Zhou, H.; J. Mater. Chem. 2009, 19, 2835.

   

   

  Submitted: January 25, 2013

  Published online: September 4, 2013

   

   

  
    *e-mail: nagarajugn@rediffmail.com

  





  DOI: 10.5935/0103-5053.20130214

  ARTICLE

  
  Temerk YM, Ibrahim HSM. Individual and simultaneous square wave voltammetric determination of the anticancer drugs emodin and irinotecan at renewable pencil graphite electrodes. J. Braz. Chem. Soc. 2013;24(10):1669-78

  

  
    Individual and simultaneous square wave voltammetric determination of the anticancer drugs emodin and irinotecan at renewable pencil graphite electrodes

  

   

   

  Yassien M. Temerk*; Hossieny S. M. Ibrahim

  Chemistry Department, Faculty of Science, Assiut University, Assiut, Egypt

   

  
    Um método versátil e com rápida sensibilidade para a determinação individual e simultânea das drogas anticancerígenas emodina (Em) e irinotecano (Irino) em fluidos biológicos baseados na voltametria de onda quadrada (SWV) utilizando um eletrodo de grafite de lápis renovável (PGE), foi investigado. A acumulação adsortiva controlada de Em e Irino na superfície PGE foi explorada para a determinação de traços de drogas anticancerígenas em fluidos biológicos. Sob as condições experimentais otimizadas como o pH do eletrólito suporte, potencial e tempo de acumulação e parâmetros eletroquímicos, curvas de calibração para análise de traços de Em e Irino individualmente e simultaneamente, mostraram uma excelente resposta linear. Os limites de detecção 5,17 × 10-10 e 1,68 × 10-9 mol L-1 de Em e Irino foram obtidos usando SWV em um PGE, respectivamente. Os resultados obtidos mostraram boa estabilidade, reprodutibilidade, repetibilidade e alta recuperação para a determinação de traços das duas drogas em fluidos biológicos. A análise estatística e os dados da curva de calibração para determinação de traços de Em e Irino individualmente, bem como, simultaneamente, são relatados.

  

   

  
    A rapid sensitive and versatile method for the individual and simultaneous determination of the anticancer drugs emodin (Em) and irinotecan (Irino) in biological fluids based on the square wave voltammetry (SWV) using a renewable pencil graphite electrode (PGE) was investigated. Controlled adsorptive accumulation of both Em and Irino on the PGE surface was exploited for trace determination of the anticancer drugs in biological fluids. Under the optimized experimental conditions such as supporting electrolyte pH, accumulation potential and time and electrochemical parameters, calibration curves for trace assay of Em and Irino individually and simultaneously showed an excellent linear response. Limits of detection of 5.17 × 10-10 and 1.68 × 10-9 mol L-1 Em and Irino in bulk form were achieved using SWV at a PGE, respectively. The obtained results showed good stability, reproducibility, repeatability and high recovery to assay of two drugs in biological fluids. The statistical analysis and the calibration curve data for trace determination of Em and Irino individually as well as simultaneously are reported. 

    Keywords: emodin, irinotecan, voltammetry, drug analysis, biological fluids

  

   

   

  Introduction

  The antitumoral activity of emodin (1,3,8-trihydroxy-6-methyl-anthraquinone) and irinotecan {7-ethyl-10-[4-(1-piperidino) 1-piperidino] carbonyloxycamptothecin} (Figure 1) against certain types of cancers was previously reported.1−5 In this context, emodin (Em) drug has a specific antineuroectodermal tumor activity in vitro and in vivo.6 It suppresses tyrosine kinase activity in HER-2/neu over expressing breast cancer cells, and mainly represses the transformation phenotypes of these cells, acting as a tyrosine kinase inhibitor; furthermore; it can hit androgen receptors directly suppressing cell growth in prostate cancer.7,8 Irinotecan (Irino) was widely used for the treatment of colorectal cancer, refractory cervical cancer and other gynecological cancers.9
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  Because emodin and irinotecan are being increasingly used for therapeutic purposes, their determination and quality control are of a vital importance. Many methods for determining Em and Irino drugs were reported, such as chromatographic,10−21 spectrofluorimetric,22 chemiluminescent,23,24 spectroscopic25-30 and electrochemical techniques.31−39 To the best of our knowledge, individual and simultaneous determination of the anticancer drugs emodin (Em) and irinotecan (Irino) has never been investigated using SWV at a PGE. In view of the biological importance of Em and Irino, this work was aimed to develop a simple and a sensitive electrochemical method based on square wave cathodic adsorptive stripping voltammetry using a PGE for individual and simultaneous determination of the anticancer drugs Em and Irino in biological fluids. 

  In the current work renewable pencil graphite electrode (PGE) is used for the individual and simultaneous determination of Em and Irino using Osteryoung square wave voltammetry procedure. The proposed methodology is simple and does not generate hazardous chemical wastes, thus it is easily possible to be used in control analysis of Em and Irino in biological fluids. The developed method permits the screening of the two anticancer drugs in a single voltammetric run with high accuracy and precision. 

   

  Experimental

  Instrumentation

  Square-wave voltammetry was performed using an EG&G PAR 384 B polarographic analyzer controlled by the 394 software. The electrode system consisted of the pencil graphite working electrode, a Ag/AgCl (3 mol L-1 NaCl) reference electrode (Model RE-1, BAS), and a platinum counter electrode. A rotring pencil Model Tikky special 0.5 mm (Germany) was used as a holder for the pencil lead (rotring, 2B, 0.5 mm diameter, Germany). Electrical contact with lead was achieved by soldering a metallic wire to the metallic part that holds the lead in place inside the pencil. The pencil was fixed vertically with 6 mm of the pencil lead extracted outside and 3 mm of the lead pencil immersed in the solution. Prior to experiments, the electrochemical treatment of PGE was achieved by the potential cycling between 0.4 V and – 1.4 V with scan rate 50 mV s-1 for 5 scans in blank Britton-Robinson buffer. The treated PGE was washed with deionized water and stored at room temperature in vacuum desiccator until its use. Details of the pencil electrode were described earlier.40 For voltammetric measurements, the test solution was placed in a polarographic cell (10 mL) and deoxygenated by bubbling nitrogen for 15 min to remove any oxygen to a level not interfering with the voltammetry to cathodic potentials. 

  Chemicals and reagents

  Emodin and irinotecan were obtained from sigma (U.S.A) and used without purification. Stock solutions of Em and Irino were prepared by dissolving a required weight of chemically pure product in a specific volume of deionized water. As a supporting electrolyte, a series of Britton-Robinson (BR) buffer of pH 2-11, a mixture of 0.04 mol L-1 of each acetic, orthophosphoric and boric acids adjusted to the required pH with 0.2 mol L-1 sodium hydroxide was prepared. The BR buffer was brought to a constant ionic strength by the addition of 0.5 mol L-1 NaX (X = Cl-, NO3-, SO42-). The pH values of the buffer solutions were measured with a digital radiometer pH meter, Jenway 3310 accurate to ± 0.5 unit. All chemicals were reagent grade (E. Merck Darmstadt). Deionized water was used to prepare the solutions. 

  Urine and serum treatment

  Human urine and serum samples were taken from healthy donor and used shortly after collection. Urine samples were centrifuged and filtered before use. A 0.9 mL aliquot of the serum sample was treated with 2 mL methanol as serum-protein precipitating agent. The precipitated proteins were separated out by centrifugation for 20 min at 1400 rpm using tabletop high speed centrifuge TDZ4A-WS. The clear supernatant layer was filtered through 0.45 µm millipore filter to obtain a protein-free spiked human serum samples. The standard addition method was then applied, adding successive concentrations of the investigated drug.

   

  Results and Discussion

  Voltammetric behavior of Em and Irino individually and in a combined mixture

  The electrochemical behaviour of Em and Irino on a pencil graphite electrode was studied in BR buffer solutions in the presence of different anions such as NO3-, Cl- and SO42- using square wave voltammetry. The maximum responses for the electroreduction of Em and Irino in BR buffer at different pH values containing 0.5 mol L-1 NO3- indicate that NO3- exhibits lower tendency for specific adsorption and less adsorption forces on the electrode surface (Figure 2). The recorded SWV peaks of Em at various pH values in the potential range of 0.0 to – 1.0 V are mainly due to the direct reduction of the anthraquinone moiety.41 Voltammograms, obtained for Irino, in BR buffer solutions are attributed to the electroreduction of the lactone moiety of camptothecin to a lactol ring.42
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  The peak potential (EPC) shifted linearly to more negative values on the increase of pH of the medium according to the equations 1 and 2:
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  The peak height is clearly dependent on pH and maximum response for Em was found at pH 5.0 whereas pH 3.0 for Irino gave concentration sensitive peak height compared to media with other pH values.

  The electrochemical responses when Em and Irino co-exist using the pencil graphite electrode were investigated. Figure 3 shows square wave voltammograms for a mixture solution of Em and Irino in solutions of different pHs in order to obtain the best cathodic peak resolution (ΔEPC) and maximum sensitivity in mixture solution of two drugs. The results of SWV indicate that the electroreduction of the two drugs in combined mixtures depend on pH of the solution and the reduction peaks shifted to more negative potential with increasing pH value. Two well-defined peaks are observed at pH 3.0 corresponding to the adsorption and reduction of the two drugs in the combined mixture.
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  The reduction of Em in the combined mixture at pH 3.0 showed well-defined peak at –0.41 V (vs. Ag/AgCl saturated KCl) while that of Irino indicated a cathodic peak at –0.85 V in BR buffer of the same pH. The peak position of Em and Irino in a mixture might be attributed to different electrochemical activity of their functional groups on the electrode surface. According to the presented results, the best peak separation can be achieved at pH 3.0 which permits the limits of detection and quantitation for simultaneous determination of both drugs. This means that the cathodic peaks generated for both drugs in BR of pH 3.0 are well potentially separated and therefore the SWV form using a PGE is a suitable mode for the voltammetric assay of the two drugs in a mixture. The EPC for both drugs in a mixture has linear relationship with pH of the buffer solution regarding following equations 3 and 4:
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  The peak potential of the two drugs in the binary mixtures using a PGE was dependent on pH and shifted to more negative potential with increasing of pH.

  Selection of electrochemical parameters

  The influence of electrochemical parameters known to affect SWV, viz pulse height, frequency and scan increment were studied. In the investigation process for assay of Em and Irino separately or in a combined mixture, each variable was changed while the other two were kept constant. The variables of interest were studied over the range of 10-60 mV of pulse height, 20-120 Hz of frequency and 2-10 mV of scan increment. Table 1 indicates the optimum obtained values which reflect voltammograms of relatively high sensitivity and well-shaped waves with relatively narrow peak width.
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  Effect of accumulation parameters

  The effect of varying accumulation potential (Eacc) on the bulk current of the square wave voltammograms for the assay of both investigated drugs individually or in a combined mixture was evaluated. Maximum peak heights were achieved at accumulation potentials of +0.4 V and -0.75 V for the individual assay of Em and Irino, respectively, whereas at +0.4 V for the detection of Em and Irino in a combined binary mixture.

  Moreover, dependence of the accumulation time of the two drugs individually or in a combined mixture was studied. Such time dependent profiles represent the corresponding adsorption isotherms as the peak current depends on the amount accumulated. As in all type of stripping measurements, the choice of accumulation time requires a trade off between sensitivity and speed. At a relative longer accumulation time an equilibrium surface concentration is reached and the peak height became then constant. The rising part corresponds to the diffusion controlled adsorption and the plateau part represents the full coverage of the electrode surface. The optimized accumulation time should be chosen according to the concentration level for assay of Em and Irino drugs separately, or in a combined mixture. Preconcentration time of 5 min was arbitrary adopted at the concentration range of 10-8 –10-7 mol L-1 to determine the Em and the Irino drugs individually or in a combined mixture throughout this work as compromise between high sensitivity and short analysis time.

  Determination of Em and Irino individually

  For determination of anticancer drugs Em and Irino individually the best results were obtained using SWV, as indicated by figures of merit such as detection limit and sensitivity (Figure 4). The plot of the peak reduction current vs. Em or Irino concentration was linear in the concentration range 3.98 × 10-8 to 2.34 × 10-7 mol L-1 for Em and 7.94 × 10-8 to 4.03 × 10-7 mol L-1 for Irino, at optimum values of experimental conditions (Table 1). The variation of ip (µA) with concentration of the investigated drug is represented by the straight line equation ip = aC + b where a and b are the slope and the intercept of straight line respectively. The data for three to five replicated measurements are subject to a least square refinement and the values of the regression coefficient (R) are computed and assembled together with the straight line constant. The calibration curve data for assay each of Em and Irino drugs in bulk solution are cited in Table 2.
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  The limits of detection (LOD) and quantitation (LOQ) for both drugs individually were calculated using the relation kS.D/b (where k = 3 for LOD and 10 for LOQ, S.D is the standard deviation of the intercept and b is the slope of calibration curve).43 The LOD and LOQ for the investigated drugs were estimated and reported in Table 2, their values confirming the sensitivity of the proposed procedure for the determination of Em and Irino drugs by SWV using a PGE.

  The obtained limit of detection for Em (5.17 × 10-10 mol L-1) using SWV at a PGE is quite lower compared with data reported previously at glassy carbon electrode (1.6 × 10-7 mol L-1 , 7.8 × 10-9 mol L-1),31,34 multi-walled carbon nanotube modified glassy carbon electrodes (3.0 × 10-7 mol L-1),35 graphene modified electrode (3.0 × 10-9 mol L-1)36 carbon paste electrode (3.0 × 10-9 mol L-1),37 carbon-coated nickel magnetic nanoparticles modified glassy carbon electrode (2.08 × 10-9 mol L-1),38 flow injection chemiluminescence (7.4 × 10-10 mol L-1),24 fluorescence emission spectra (1.26 × 10-6 mol L-1),28 resonance light scattering (3.81 × 10-8 mol L-1)29 and resonance Rayleigh light scattering technique (5.55 × 10-9 mol L-1).30 An improved detection limit was also achieved for determination of the anticancer Irino (1.69 × 10-9 mol L-1) at a PGE using SWV than one obtained by HPLC method (2.41 × 10-8 mol L-1, 4.01 × 10-9 mol L-1).12,14

  In order to evaluate the accuracy and precision for the proposed method, analysis of Em and Irino drugs at three levels of low, moderate and high concentration of the calibration curve was carried out to seven independent series of the same day (Intra-day) and performed at the same level on seven different days (Inter-day). The average % RSD of intra-day and inter-day precision was 0.43% and 0.61% for Em and 1.11% and 1.113% for Irino, respectively. The mean amount (%) of analyte recovered in the assay was 99.15-100.63% for Em and 98.73-101.44% for Irino. The results demonstrated that the values were within the acceptable range and that the SWV method using a PGE was both accurate and precise for the trace determination of each Em and Irino.

  Simultaneous determination of Em and Irino

  The square wave curves presented peak reduction potential at –0.41 V for Em and –0.85 V for Irino; this good peak potential separation of about 440 mV clearly allows the simultaneous determination of the two investigated drugs. To further investigate the electrochemical response when both substances are present in solution, square wave curves were obtained in the presence of a large excess of Em or Irino in the BR buffer solution (pH 3.0). The separate determination of Em in the concentration range 1.99 × 10–8 to 1.57 × 10–7 mol L–1 was accomplished in solution containing Irino at fixed concentration of 3.10 × 10–7 mol L–1 (Figure 5). On the other hand, the separate determination of Irino in the concentration range 5.96 × 10–8 to 3.84 × 10–7 mol L-1 was achieved in solution containing Em at the fixed concentration of 1.00 × 10–7 mol L-1 (Figure 6). A current of Em increases regularly as its concentration is increased at a fixed concentration of Irino (its peak reduction current remains constant). Similarly, as shown in Figure 6, the peak reduction current of Irino increases regularly as its concentration increases at a fixed concentration of Em (its peak reduction current remains constant).
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  After this previous study, Em and Irino were determined by simultaneous changing their concentrations under the optimum conditions. Figure 7 shows the square wave voltammograms obtained for solution containing Em and Irino in BR buffer solution at pH 3.0, the concentration of Em and Irino increases synchronously in increasing the concentration of two drugs. It can be seen that the peak currents for the two drugs in the combined mixture increase linearly with their concentrations. The calibration curves for Em and Irino present good linear responses in the concentration range 10-8 to 10-7 mol L-1 (R < 0.998). The corresponding calibration equations and the limits of detection and quantitation are given in Table 2. The lower values of detection limits of Em and Irino in a combined mixture indicate that the simultaneous determination of Em and Irino can be considered as efficient as their separate determinations.
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  Repeatability (intra-day) of the proposed method was tested for the two drugs in a combined mixture containing lower, middle, and higher concentrations in the linear range. The intermediate precision (inter-day) of the method was evaluated by considering lower, middle, and higher concentrations in linear range in three days. The average % RSD of intra-day and inter-day precision was 1.18% and 1.72% for Em and 1.92% and 4.21% for Irino, respectively. The values obtained for the recoveries (97.22-105.79%) are within limits regarded as acceptable for analysis of biological samples. The aforementioned results for both, intra and inter-day precision and accuracy are within the acceptance criteria.

  Effect of foreign ions

  The effect of several types of many interfering species on the determination of Em and Irino drugs individually or in a combined mixture was examined and listed in Table 3. The presence of the investigated metal ions at concentration of 3.98 × 10-7 mol L-1 and 1.38 × 10-6 mol L-1, respectively, invoked a visible decrease of the analyte reduction peak. At 3.98 × 10-7 mol L-1 of Mg2+, Pb2+, Cd2+, Ca2+, Ba2+, Co2+, Ni2+ and Zn2+ the peak height of Em and Irino separately and in a combined mixture decreased by 1.87%, 0.78-2.18%, 0.68-3.27%, 1.53-3.88%, 1.43-3.81%, 0.83%, 1.56% and 3.54%, respectively. The recovery of Em and Irino separately or in a combined mixture was evaluated by comparing the peak current of analyte reduction in absence and presence of interfering metal ions. The aforementioned result could be explained in terms of the formation of complexes between the interfering metal ions and the investigated drugs in solution. In this case, competitive adsorption of these complexes would decrease the response of reduction of both drugs. In addition, organic molecules could additionally interfere with simultaneous determination of Em and Irino if they adsorbed on the surface of the PGE electrode or if they are electroactive with a reduction potential close to that of the investigated drugs. Phenylalanine, alanine, oxalic acid, glutaric acid and ascorbic acid were added to solutions containing Em and Irino in a combined mixture to test their influence on square wave response. The peak height for the reduction of both Em and Irino in a combined mixture decreases by 3-11% in the presence of the aforementioned substances at concentration levels of 5 × 10-7 mol.L-1. Triton X-100 was added to the solution as a model surfactant. The percentage of recovery of the analyte response was decreased by 15% in the presence of 0.5 mg L-1 Triton X-100. Interference of foreign ions as a result of decreased sensitivity of analyte signal can be overcome to so extent by means of the standard addition of the investigated drugs.
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  Analytical applications

  Individual and simultaneous analysis of Em and Irino in human blood serum

  The optimized analytical procedure was applied for assay of Em and Irino drugs individually and simultaneously in human serum samples. Representative stripping voltammograms for, simultaneous assay of Em and Irino drugs spiked in human serum samples with the method of standard additions were illustrated in Figure 8. The two reduction peaks at – 410 mV and –850 mV were obtained corresponding to the electroreduction of Em and Irino, respectively and were used as a detection signal for assay of the investigated drug in serum sample. The variation of the peak current vs. the concentration of Em and Irino drugs individually and in a combined mixture was represented by straight lines (R < 0.998) and the results were summarized in Table 2. The mean percentages recoveries of 95% and 97% were achieved for Em and Irino respectively in human blood serum samples. The aforementioned results indicate that the electrochemical renewal of PGE is efficient and insures the reproducibility of individual and simultaneous measurement of anticancer drugs in serum samples. 
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  Individual and simultaneous analysis of Em and Irino in human urine 

  The developed procedure was applied successfully for the individual and simultaneous determination of Em and Irino in human urine samples. Figure 9 shows the SW voltammograms for the simultaneous determination of Em and Irino drugs spiked in human urine samples. A good separation of 440 mV between the reduction peaks of Em and Irino clearly permitted the simultaneous determination of the two anticancer drugs in urine samples. The calibration curves for Em and Irino present good linear responses (R < 0.998). Results obtained for the determination of Em and Irino individually and simultaneously in urine samples are summarized in Table 2. The observed better recoveries (95%-98%) of spiked Em and Irino in urine indicate that this method could be efficiently used for the simultaneous determination of anticancer drugs Em and Irino in real samples. The obtained results indicate that the SWV method using a PGE is promising for the vivo and vitro measurement of Em and Irino in the combined mixture.
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  Conclusions

  The developed SWV procedure using inexpensive PGE provides a convenient and efficient method for individual and simultaneous trace determination of anticancer drugs Em and Irino without generation of hazardous wastes. The practical application of SWV method using a PGE is demonstrated by individual and simultaneous analysis of these anticancer drugs in human urine and blood serum. This work opens a new possibility in the application of the stripping performance at a PGE to a simultaneous analysis of more than two anticancer drugs which affect cell division or DNA synthesis.
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    A redução eletroquímica do agente anestésico inalatório isoflurano foi estudada em eletrodo de carbono vítreo na presença de cloreto de tetrafenil porfirinaferro(III) (Fe(TPP)Cl) em solução de dimetil sulfóxido (DMSO). A capacidade da Fe(TPP)Cl como potencial catalisador homogêneo para a redução de isoflurano foi testada por voltametria cíclica e cronomperometria. Revelou-se a excelente capacidade eletrocatalítica para a redução de isoflurano com sobrepotential de aproximadamente 1150 mV mais positivo do que o potencial observado para redução de isoflurano em solução de DMSO. Uma faixa linear entre 3,0 × 10-5 e 2,1 × 10-4 mol L-1 para a determinação de isoflurano em solução de DMSO contendo Fe(TPP)Cl foi obtida de medições de voltametria cíclica. Estimou-se o limite de detecção em 1,8 × 10-5 mol L-1. Um possível mecanismo catalítico é proposto.

  

   

  
    The electrochemical reduction of the inhalational anesthetic agent isoflurane was studied at glassy carbon electrode in presence of iron(III) tetraphenylporphyrin chloride (Fe(TPP)Cl) in dimethyl sulfoxide (DMSO) solution. The ability of Fe(TPP)Cl as potential homogenous catalyst for the reduction of isoflurane was tested by cyclic voltammetry and chronomperometry. It showed excellent electrocatalytic ability for the reduction of isoflurane with overpotential of about 1150 mV more positive than the potential for observed reduction of isoflurane in DMSO solution. A linear range between 3.0 × 10-5 and 2.1 × 10-4 mol L-1 for the determination of isoflurane in DMSO solution containing 0.04 mmol L-1 Fe(TPP)Cl was obtained from cyclic voltammetry measurements. The limit of detection was estimated at 1.8 × 10-5 mol L-1. A possible catalytic mechanism is proposed.

    Keywords: isoflurane, anesthetic, electrocatalytic reduction, iron porphyrin

  

   

   

  Introduction

  Isoflurane (1-chloro-2,2,2-trifluoroethyl difluoromethyl ether, trade name Forane®) is a methyl ethyl ether having many physical properties similar to those of its isomer, enflurane (Figure 1). It is a colorless, volatile, nonflammable liquid used in general inhalational anesthesia. Isoflurane is a member of the fluorinated family of anesthetics that induces and maintains general anesthesia through depression of the central nervous system with resultant loss of consciousness.1 It was first synthesized for its anesthetic properties in 19652 and clinically employed since 1971. Isoflurane is resistant to degradation by the absorber breathing circuit and can therefore be used during low flow or closed system anesthesia. Monitoring the concentration of exhaled inhalation anesthetic agents, in the operating room's environment, where operating room personnel may be exposed, is essential. In addition, the concentration of these agents in a patient blood must be monitored to ensure the patient safety. The monitoring has been undertaken by measuring the concentration of these agents by different methods in the last two decades.3-9 However, these methods require complicated and expensive instrumentation, professional operators, a time-consuming detection process and complex pre-treatment steps. Thus, a simple and inexpensive electrochemical detection of these agents in blood and inhaled air is very important. Despite the extensive use of fluorinated family of anesthetics as an inhalation anesthetic agents, there are a few reports on electrochemical investigation of these compounds in literature.
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  Most attempts on electrochemical studies of fluorinated ethers have been performed by some researchers.1,10-16 In 1988, Compton et al.10 reported the indirect electroreduction of isoflurane mediated by a polymer coated (polyvinylfluoranthene) platinum electrode. This work showed promise for the future development of amperometric sensors for anesthetic agents.10-12 Recently, the electroreduction of stereoisomers, enflurane,12,13 isoflurane1 and sevoflurane,14 were reported at Au, Ag and Cu microelectrodes in dimethyl sulfoxide (DMSO). Floate and Hahn13 at a variety of microelectrode substrates (Au, Ag and Cu) in DMSO investigated the electrochemical reduction of isoflurane individually and as a component of a simple gas mixture with oxygen or nitrous oxide.

  Isoflurane as other fluorinated stereoisomers showed a large overpotential associated with the electroreduction (-2.5 V vs. Ag) in DMSO solution. It is a major challenge, which calls for the development of a high-performance catalyst for facilitating the reduction process.

  Porphyrins and metalloporphyrins are unique classes of compounds widely present in nature. Porphyrins were named "purple" (porphyra) for the Greek root. The name porphyria commonly w credited to Schultz, who was a German medical student in 1874.17 Due to their distinct chemical and photophysical properties, they have a variety of applications. The most important ones include industrial (catalysts, sensors, pigments and military), analytical (high performance liquid chromatography (HPLC) and spectrophotometric regent) and medical (cancer therapy and photodiagnosis) application.

  Metalloporphyrins have attracted a great deal of interest owing to the diversity of their structures and interaction between the central metal and the analyte. Metalloporphyrins are used effectively in many electrochemical studies owing to their good catalytic properties. Iron porphyrins have been used for the electrocatalytic reduction of molecular oxygen and hydrogen peroxide,18,19 carbon dioxide,20 some anions as nitrite, sulfite and chlorite,21-23 nitric oxide,24 olefination of aldehydes25 and so on. In recent works carried out in our laboratory, the catalytic reduction of sevoflurane by cobalt(III) Schiff base complex26 and Fe(TPP)Cl27 (Figure 1) in DMSO containing tetrabutylammonium perchlorate was investigated. It was found that the metal complexes have a potent electrocatalytic activity toward the reduction of sevoflurane. To our best knowledge, there is no report about application of any electrocatalyst for reduction of isoflurane. Continuing our investigation, here we report application of Fe(TPP)Cl as homogeneous electrocatalyst for reduction of isoflurane in DMSO solution. The focus of these studies has been directed towards the possible development of accurate and simple electrochemical sensors for determination of fluorinated ethers as inhalation anesthetic agent.

   

  Experimental

  Reagents

  Chemical reagents used throughout the experiments were obtained at the highest grade commercially available and utilized without further purification. Tetra-n-butylammonium perchlorate (TBAP) for use as electrolyte in electrochemical studies was obtained from Fluka. The anesthetic agent isoflurane was supplied by Abbott Laboratories Ltd. Fe(TPP)Cl was synthesized and characterized by reported procedure.28 The solvent used for the electrochemical experiments was DMSO (HPLC grade, Merck). All solutions were thoroughly degassed with nitrogen (99.999% purity, Sabalan, Tehran, Iran) prior to use. Isoflurane was introduced into the electrolyte solution in liquid form by gravimetric aliquots before each voltammetric measurement. After N2 gas purge and injection of isoflurane, the electrochemical cell was sealed to avoid loss of analyte and any interference of oxygen during measurements.

  Apparatus

  Electrochemical measurements were conducted using a computer controlled µAutolab type III/FRA2 (PGSTAT, Eco-Chemie, Netherlands) and run with the General Purpose Electrochemical System (GPES) software. A three electrode system comprising a glassy carbon (GC) electrode (geometric area of 0.0314 cm2) as working electrode, a platinum wire as auxiliary electrode and silver rod as reference electrode were used for all electrochemical experiments. The electrochemical measurements were carried out in DMSO solution containing 0.05 mol L-1 TBAP. All experiments were performed at room temperature.

   

  Results and Discussion

  Electrochemical properties of Fe(TPP)Cl in DMSO

  In all experiments, the iron(III) tetraphenylporphyrin (TPP) catalyst was introduced in the DMSO solution as Fe(TPP)Cl. Figure 2 demonstrates a typical cyclic voltammograms (CVs) of the Fe(TPP)Cl complex in DMSO solution at different scan rates (ν) recorded with a glassy carbon electrode. This complex exhibits three chemically reversible systems, corresponding successively to the formation of the Fe(III)+/Fe(II), Fe(II)/Fe(I)- and Fe(I)/Fe(0)2– couples. Such results were reported for some similar iron porphyrins.20 The cyclic voltammogram of Fe(TPP)Cl for the three systems exhibited anodic peaks at –0.02, –1.08 and –1.56 V, corresponding to the cathodic peaks on the reverse scan –0.07, –1.13 and –1.61 V, respectively. Formal potentials (Eº') taken as the average of the anodic and cathodic peak potentials ((Epa + Epc)/2) are at –0.043, –1.104 and –1.586 V vs. Ag reference electrode for each redox couple respectively. Plots of peak current vs. ν1/2 for both anodic and cathodic peaks are linear for scan rates between 25-300 mV s-1 (Figure 2B for the first couple). For each couple, the ratio of anodic to cathodic peak currents is approximately one and the separation between the cathodic and anodic peak potentials (∆Ep = Epa – Epc) are about 75 mV at low scan rate (25 mV s-1). The electrode processes are quasi-reversible, with ∆Ep greater than the (59/n) mV (n: number of electrons) expected for a reversible system.
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  Electrochemical behavior of isoflurane in the presence of Fe(TPP)Cl

  A cyclic voltammogram of isoflurane in DMSO solution at a scan rate of 100 mV s−1 is shown in Figure 3A. An irreversible reduction peak for isoflurane is observed with a peak potential of –2.81V vs. Ag electrode. This behavior is in accordance with a previous result.1 Figure 3B shows typical cyclic voltammograms of DMSO solution containing 0.04 mmol L-1 Fe(TPP)Cl in the absence and presence of isoflurane. As can be seen in Figure 3B, scan a, the glassy carbon electrode in solution without isoflurane exhibits a well-behaved redox reaction, but in presence of isoflurane, there is a dramatic enhancement of the cathodic peak current, and the anodic peak current disappeared. As shown in Figure 3, the cathodic peak potentials for reduction of isoflurane on the surface of glassy carbon electrode in the absence and presence of Fe(TPP)Cl are about –2.81 and –1.66 V, respectively. So, a decrease in overpotential of ca. 1.15 V and an enhancement of peak current indicate an electrocatalytic process in which Fe(TPP)Cl works as a homogeneous catalyst.
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  The cyclic voltammograms of 3 × 10−5 mol L−1 isoflurane in DMSO solution containing 0.04 mmol L−1 Fe(TPP)Cl at various scan rates on the surface of glassy carbon electrode were recorded (Figure 4A). As can be seen in Figure 4B, the plot of peak currents for the reduction of isoflurane linearly increases with ν1/2. It appears that the electrochemical reduction of isoflurane is a diffusion-controlled reaction.
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  By increasing scan rate, the cathodic peak potential for reduction of isoflurane shifted slightly toward the negative direction due to the irreversibility of charge transfer step in the electrode process. The current function (Ip/ν1/2) significantly decreased with increasing scan rates (Figure 4C). It is speculated that the irreversible electron-transfer process is affected by a following chemical step within the range of the scan rate used in this study. A Tafel plot is a useful device for evaluating kinetic parameters. Figure 4D shows the Tafel plot drawn using the data derived from the rising part of the current-voltage curve at a scan rate of 5 mV s−1. The number of electron (n) involved in the rate-determining step nα (α is transfer coefficient), can be estimated from the slope of Tafel.29 A Tafel slope of 149 mV was obtained, indicating that one electron is involved in the rate-determining step, assuming a transfer coefficient (α) of 0.4.

  Based on our results, it seems that the following reaction probably occurs in the system under study here. 
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  where

  R = F3C−CHCl−O−CF2H, isoflurane

  Chronoamperometry study

  The catalytic reduction of isoflurane by Fe(TPP)Cl as homogenous electrocatalyst was studied by chronoamperometry. Figure 5 shows the chronoamperograms that were obtained for a series of isoflurane solutions with various concentrations (3 × 10-5 to 2.1 × 10-4 mol L-1). The results show that an increase in concentration of isoflurane was accompanied by an increase in cathodic current obtained for a potential step of –2 V vs. Ag. For an electroactive material with a diffusion coefficient of D (cm2 s-1), the current for the electrochemical reaction (at a mass transport limited rate) is described by the Cottrell equation.29
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  where D (cm2 s-1) and C (mol cm-3) are the diffusion coefficient and the bulk concentration, respectively. Under diffusion control, a plot of I vs. t-1/2 (s-1/2) will be linear, and the value of D can be obtained from the slope. Figure 5B shows the fitted experimental plots for different concentrations of isoflurane. The slopes of the resulting straight lines were plotted vs. the isoflurane concentration (Figure 5C), and the mean value of D was found to be 6.31×10-5 cm2 s-1.

  Effect of isoflurane concentration

  Figure 6 displays a series of cyclic voltammograms recorded with the glassy carbon electrode in the presence of different concentrations of isoflurane ranging from 3 × 10-5 to 2.4 × 10-4 mol L-1 in DMSO containing 0.04 mmol L-1 Fe(TPP)Cl. The correlation between the reduction peak intensity and isoflurane concentration is shown in Figure 6B. The voltammetric calibration curve for the peak current vs. isoflurane concentration is linear (correlation coefficient = 0.997) in the range of 3 × 10-5 to 2.1 × 10-4 mol L-1. The linear regression equation is expressed as: I(µA) = 1.53 × 10-6 Cisoflurane (mol L-1) – 1.578 and the limit of detection (3σ) is 1.8 × 10-5 mol L-1, where σ is the standard deviation of responses for blank solution.
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  Conclusions

  The effect of Fe(TPP)Cl toward isoflurane electroreduction in DMSO was illustrated. Resulting voltammograms obtained with a glassy carbon electrode in a solution containing isoflurane and iron porphyrin complex indicates a well-defined irreversible peak at nearly –1.66 V vs. Ag. Fe(TPP)Cl catalyzed the electroreduction of isoflurane in DMSO solution with an overpotential of about 1150 mV lower than that electroreduction in absence of the catalyst. It is concluded that the catalytic process is controlled by the rate of electron transfer between isoflurane and Fe(TPP)Cl complex and diffusion of isoflurane. This investigation provides area for the development of simple and sensitive electrochemical gas sensor for measuring inhalation anesthetic agent vapor under clinically related conditions.
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    A atividade leishmanicida de uma série de derivados enônicos (chalconas) sintetizados via reações de condensação de Claisen-Schmidt assistidas por radiação ultrassom foi caracterizada através da análise de suas citotoxicidades contra formas promastigotas de Leishmania (Viannia) panamensis, espécie responsável por mais de 90% dos casos de Leishmania na Colômbia. Dois compostos foram ativos contra Leishmania com índices de seletividade de LC50 EC50-1 (concentração letal média e concentração efetiva média) maiores que 27 e 3, respectivamente. Estes resultados sugerem que a substituição de um dos dois anéis de chalcona (anel A aromático) com oxigênio é apropriada. Um composto deve ser pesquisado quanto à sua atividade leishmanicida, especialmente por ser fácil de obter em elevados rendimentos, tornando possível a produção de medicamentos para o tratamento de leishmaniose cutânea.

  

   

  
    The antileishmanial activity of a series of enonic derivatives (chalcones) synthesized via Claisen-Schmidt condensation reactions assisted by ultrasonic radiation was characterized by analyzing their cytotoxicity against Leishmania (Viannia) panamensis promastigotes, a species responsible for over 90% of Leishmania cases in Colombia. Two compounds were active against Leishmania with selectivity indexes of LC50 EC50-1 (lethal concentration 50 and effective concentration 50) higher than 27 and 3, respectively. These results suggest that a substitution on one of the two chalcone rings (aromatic ring A) with oxygen is convenient. Compound 3g should be further investigated for its antileishmanial activity, especially for being easy to obtain in high yields, making it possible to produce drugs for the treatment of cutaneous leishmaniasis.

    Keywords: chalcone, sonochemistry, antileishmanial activity, Leishmania (Viannia) panamensis

  

   

   

  Introduction

  Leishmania spp is a protozoan parasite of the Trypanosomatidae family that infects approximately 12 million people worldwide. This parasite causes a wide variety of diseases, ranging from cutaneous manifestations to clinical pictures with visceral leishmaniasis.1 This parasitic infection has become endemic in tropical and subtropical areas around the world due to the incidence of new cases in which Leishmania spp is common among patients with human immunodeficiency virus (HIV).2 The administration of pentavalent antimony salts (sodium stibogluconate or meglumine antimoniate), pentamidine, miltefosine and amphotericine B are first and second option treatments to control all leishmanial clinical forms. However, these treatments have severe side effects and have led to the emergence of parasite strains that are resistant to treatment.3-8 Thus, there is an urgent need for new alternatives to control this parasitosis. A large number of natural and synthetic compounds with diverse chemical structures have been analyzed in vitro. However, synthetic difficulties and low yields represent the limitations for the development of new antileishmanials. Within the group of compounds with promising antileishmanial activity are nitrogenated heterocycles, such as quinozolines,9-12 benzodiazepines,13 indolylglyoxylamides derivatives,14 pyrimidines and triazines.15-16 These α,β-unsaturated systems are convenient and easily available as materials or intermediates for the synthesis of a wide variety of heterocyclic compounds.17 Compounds with α,β-unsaturated-based structures have been reported to exhibit a range of pharmacological activities, including cytotoxicity toward neoplastic,18,19 antimitotic,20 antiviral,21 antibacterial22,23 and antileishmanial cells.24 With regards to leishmanial activity, many compounds have been studied, but only a few prototypes have made it to preclinical stages, due to, among other reasons, the difficulty of scaling up their production to industrial levels. Strategies that utilize simple syntheses and guarantee the production of sufficient quantities of the compound with the required quality for a pharmochemical activity are needed to provide new therapeutic alternatives to control infectious diseases, such as leishmaniasis. The synthesis of heterocyclic compounds with enonic fragments can be performed via the non-conventional procedures of green chemistry, in which large amounts of compound can be obtained using methodologies compatible with the environment. In this study, the antileishmanial activity of a series of synthetic chalcones was characterized by screening for the viability of macrophages and promastigotes of Leishmania (Viannia) panamensis, the specie responsible for over 90% of cutaneous leishmaniasis cases in Colombia.25

   

  Results and Discussion

  Chemistry

  An ultrasonic-enhanced synthesis of N-(4-((E)-3-arylacryloyl)phenyl)acetamides (3a-k) was performed under Claisen-Schmidt conditions using the various substituted aromatic aldehydes shown in Figure 1.
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  The synthesis of N-(4-((E)-3-arylacryloyl)phenyl) acetamide derivatives was performed by dissolving N-(4-acetylphenyl)acetamide 1 (1.0 mmol) and aromatic aldehydes (1.0 mmol) in ethanol (5.0 mL) with a KOH catalytic amount. The reaction mixture was placed in an ultrasonic bath at room temperature for 5-20 min, cooled to room temperature and then poured onto crushed ice to obtain the products. The precipitate obtained was filtered, washed with distilled water and recrystallized from ethanol. Although the yields are similar to those reported in the literature for conventional method (stirred at room temperature), the reaction times were significantly shorter (Table 1).26 Thus, it was clear from the data that, ultrasound could accelerate the reaction times to obtain chalcones affording more yield than conventional conditions as can be appreciated from Table 1.
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  After purification, all synthesized chalcones were characterized by spectroscopic methods, such as infrared and nuclear magnetic resonance (NMR) spectroscopies, mass spectrometry and elemental analysis. In the infrared spectra of compounds 3(d, g, h, i), absorptions were observed between 1662-1676, 1667-1681 and 1532-1598 cm-1, which were related to HN–C=O, carbonyl and –C=C stretching, respectively. The 1H NMR spectra for all chalcones displayed signals between 7.45 and 7.52 ppm, corresponding to hydrogens attached to nitrogen. The signals corresponding to aromatic hydrogens were displayed between 6.84 and 8.15 ppm. The 1H NMR spectra of compounds (3d, 3g, 3h and 3i) showed a doublet between 7.35 and 7.69 ppm, as well as 7.39 and 7.98 ppm, corresponding to Hα and Hβ, respectively. The 1H NMR spectra indicated that the chalcones were geometrically pure and of the trans configuration (J 15.6 Hz), which is in agreement with data previously described.26

  Biological activity assays

  Recent studies have focused on searching whether modifications as substitutions and additions, located specifically on the ring A of the molecule, differentially modulate chalcones biological activity. In this study, we examined the leishmanicidal activity of various chalcones with structural modifications and identified two compounds with antileishmanial activity against promastigotes. Results of the bioassays with the synthesized compounds are summarized in Table 2. Compounds 3g and 3h (selectivity index of ca. 27 and ca. 3, respectively) were the most active against Leishmania parasites with respect to other derivatives. Notably, compound 3g exhibited superior parasiticidal activity compared to pentamidine isethionate (positive control). These compounds are substituted with oxygen on the ring A, enhancing their leishmanicidal capacity over flagellate forms. Similar findings have been reported for other synthetic chalcones with antileishmanial activity, demonstrating that chalcone molecules acting as growth inhibitors of promastigotes and amastigotes are preferable if they contain oxygenated substitution patterns and are hydrophilic in character.27
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  The pharmacophore for antileishmanial chalcones has been proposed to be composed of two aromatic rings and a spacing chain (propanone). In addition, the importance of the substituents on the ring A has been demonstrated, as well as the low impact of the ring B substitution pattern on the antileishmanial activity.28 It has been reported the notable influence of the hydrophilic/lipophilic radius of substituents on both aromatic rings.29 In the present study, all compounds have the p-acetamide substituent on the ring B. Thus, the differences in cytotoxic activity are strictly a result of the influence of the substituent on the ring A. Due to the presence of the α,β-unsaturated carbonyl system, molecules could possibly react with nucleophilic species through a Michael addition, which has already been reported for chalcones with antimalarial activity.30 However, a study has demonstrated the low influence of this system on antiparasitic activity, indicating that propanone only functions as a spacer between the aromatic rings.29 None of the synthesized analogs, such as the 4-halogenated and heteroaromatic rings, exhibited significant cytotoxic activity against promastigotes. Notably, the 3f analog (4-H3CO), although oxygenated, does not show significant inhibitory activity, which may be due to the lack of a more voluminous substituent which is present in compounds 3g and 3h. Finally, with our data and the number of compounds synthesized, it is premature to conclude appropriately about the influence of electron-donating or-withdrawing substituents in the activity.

  Our results also show that the methylenedioxy derivative exhibits strong inhibitory activity on promastigote growth with an appreciable selectivity index. The fact that compound 3g does not show citotoxicity is probably consequence that the methylenedioxy bridge prevents its oxidation to a reactive quinone molecule, being in that way less citotoxic.31 Thus, this molecule acts on some molecular target of the parasite. However, it is necessary to complement this data with biological activity studies on amastigotes, as well as in vivo studies, to determine if this activity is conserved. The mechanism of action of this chemical compound needs to be elucidated for the development of novel therapeutic agents to treat cutaneous leishmaniasis or parasiticidal compounds against promastigote forms.

   

  Conclusions

  In the present work, we report the preparation in two steps of N-(4-((E)-3-arylacryloyl)phenyl)acetamide derivatives under ultrasonic irradiation. This mild, convenient and improved protocol for the ultrasound-promoted preparation of chalcones indicates that, unlike conventional conditions, ultrasonic irradiation results in higher yields, shorter reaction times and milder conditions. Due to the broad spectrum of biological activities of chalcones, specifically N-(4-((E)-3-arylacryloyl)phenyl)acetamide derivatives were selected to biological evaluation against Leishmania panamensis promastigotes (in an initial screening to analyze the antileishmanial potential).

  Higher cytotoxic activity against promastigotes was observed with compounds with oxygenated functions on the ring A. Due to its significant antileishmanial activity and high selectivity index, compound 3g (methylenedioxy derivative) appears to be a potential candidate for more detailed future studies for the development of new drugs against leishmaniasis, specifically, cutaneous forms associated with the infection caused by Leishmania (Viannia) panamensis.

   

  Experimental

  General

  All the chemicals and solvents were purchased from Merck or Sigma Aldrich and used without purification. Melting points were determined using a Thermo Scientific Fluke 51 II, model IA 9100 melting point apparatus and are reported uncorrected. 1H and 13C NMR (400 and 100 MHz, respectively) spectra were recorded at room temperature on a Bruker Ultra Shield 400 using TMS (tetramethylsilane) as internal standard and deuterated chloroform (CDCl3) as solvent. High-resolution mass spectrometry ESI-MS analyses were conducted in a high-resolution hybrid quadrupole (Q) and orthogonal time-of-flight (TOF) mass spectrometer (Waters/Micromass Q-TOF micro, Manchester, UK) with a constant nebulizer temperature of 100 ºC. The experiments were carried out in positive ion mode, and the cone and extractor potentials were set at 10 and 3.0 V, respectively, with a scan range of m/z 100-600. MS/MS experiments were carried out by mass selection of a specific ion in Q1, which was then submitted to collision-induced dissociation (CID) with helium in the collision chamber. The product ion MS analysis was accomplished with the high-resolution orthogonal TOF analyzer. The samples were directly infused into the ESI source, via a syringe pump, at flow rates of 5 µL min-1, via the instrument injection valve. EIMS spectra were run on a Shimadzu GC-MS 2010 spectrometer, which was operating at 70 eV. IR spectra were recorded as KBr pellets on a Shimadzu FTIR-8400 instrument. The ultrasonic irradiation was performed by using a Branson ultrasonic cleaner bath, model 1510, 115 V, 1.9 L with mechanical timer (60 min with continuous hold) and heater switch, 47 KHz.

  Typical procedure for the synthesis of 4-acetylaminochalcones (3)

  A mixture of 4-acetamidoacetophenone (5 mmol), appropriate aromatic aldehyde (5 mmol), KOH (1 mmol) and ethanol (2 mL) was sonicated for 5-20 min in the water bath of an ultrasonic cleaner bath. The progress of the reaction was monitored by thin layer chromatography (TLC) using dichlorometane:ethyl acetate (9:1 v/v) as eluent. The reaction mixture was cooled in ice-water bath. The formed precipitate was filtered, washed with cool water and purified by recrystallization from ethanol to give the target compounds in high yields of 71-92%. The spectral data and melting point of compounds 3a-c, 3e-f and 3j-k were consistent with literature values.26 The authenticity of the products (3d, 3g, 3h and 3i) was established by their 1H NMR, IR and MS data.

  (2E)-1-(4-Acetylaminophenyl)-3-(4-fluorphenyl)prop-2-enone (3d): 80% yield; mp 119-121 ºC; FTIR ν/cm-1 3473 (H-NCO, st), 1657 (NC=O, st), 1596 (–C=O, st), 1508 (–C=C, st); 1H NMR δ 8.04 (d, 2H, J 8.5 Hz, 1-Aryl), 7.84 (t, 2H, 3-Aryl), 7.76 (d, 1H, J 15.6 Hz, Hβ), 7.69 (d, 2H, J 8.5 Hz, 1-Aryl), 7.63 (d, 1H, J 15.6 Hz, Hα), 7.21 (t, 2H, J 8.5 Hz, 3-Aryl), 2.06 (s, 3H, CH3); MS (ESI, positive scan) m/z 306.1270 [M + Na]+.

  (2E)-1-(4-Acetylaminophenyl)-3-(3,4-metilendioxyphenyl)prop-2-enone (3g): 92% yield; mp 175 ºC (dec); FTIR ν/cm-1 3455 (H-NCO, st), 1657 (NC=O, st), 1599 (–C=O, st), 1532 (–C=C, st); 1H NMR δ 8.00 (d, 2H, J 8.7 Hz, Hm, 1-Aryl), 7.72 (d, 1H, J 15.6 Hz, Hβ), 7.63 (d, 2H, J 8.6 Hz, 1-Aryl), 7.35 (d, 1H, J 15.5 Hz, Hα), 7.15 (d, 1H, J 1.5 Hz, Ho, 3-Aryl), 7.12 (dd, 1H, J 8.03, 1.5 Hz, Ho, 3-Aryl), 6.84 (d, 1H, J 8.03 Hz, Hm, 3-Aryl), 6.01 (d, 1H, J 8.0 Hz, CH2), 2.21 (s, 3H, CH3); 13C NMR δ 188.8, 149.9, 148.5, 129.8, 101.6; MS m/z 309 (100, M+).

  (2E)-1-(4-Acetylaminophenyl)-3-(3,4,5-trimetoxyphenyl)prop-2-enone (3h): 83% yield; mp 150 ºC (dec); FTIR 
    ν/cm-1 3456 (H-NCO, st), 1671 (NC=O, st), 1599 (–C=O, st), 1532 (–C=C, st); 1H NMR d 7.99 (d, 2H, J 8.5 Hz, Hm, 1-Aryl), 7.93 (s, 1H, N-H), 7.68 (m, 3H, Ho, 1-Aryl y Hα), 7.39 (d, 1H, J15.6 Hz, Hβ), 6.83 (s, 2H, Ho, 3-Aryl), 3.90 (s, 6H, m (OCH3)2), 3.88 (s, 3H, p-OCH3), 2.20 (s, 3H, CH3); 13C NMR δ 189.0, 153.5, 144.7, 142.1, 130.4, 129.8, 121.2, 105.9, 60.9, 56.2, 56.0; MS m/z 355 (100, M+).

  (2E)-1-(4-Acetylaminophenyl)-3-(2-pirryl)prop-2-enone (3i): 90% yield; mp 216-218 ºC; FTIR ν/cm-1 3301 (H–NCO, st), 1669 (NC=O, st), 1647 (–C=O, st), 1527(–C=C, st); 1H NMR δ 11.65 (s, 1H, NH), 9.91 (s, 1H, NH), 7.98 (d, 2H, J 8.3 Hz, 1-Aryl), 7.73 (d, 2H, J 8.3 Hz, 1-Aryl), 7.54 (broad signal, 2H, Hα and Hβ), 7.10 (broad signal, 1H, 2-pirryl), 6.69 (broad signal,1H, 2-pirryl), 6.20 (broad signal, 1H, 2-pirryl), 2.08 (s, 3H, CH3); MS (ESI, positive scan) m/z 277.1696 [M + Na]+. 

  Cell cultures

  Murine macrophages of the J774 cell line

  Macrophages of the J774 cell line were stored in 25 cm2 polystyrene boxes (Techno Plastic Products AG, Switzerland) in RPMI 1640 medium (Gibco BRL-Life Technologies Inc, Grand Island, NY) supplemented with 5% of fetal bovine serum and incubated at 37 ºC with 5% CO2. The culture medium was replaced every other day.32

  Parasites

  Promastigotes of Leishmania panamensis (MHom/CO/87/UA140) were generously donated by Dr. Sara María Robledo from the Universidad de Antioquia (Colombia) and cultivated in 25 cm2 polystyrene boxes (Techno Plastic Products AG, Switzerland) in RPMI 1640 medium (Gibco BRL-life Technologies Inc, Grand Island, NY) supplemented (cRPMI) with 5% fetal bovine serum (FBS, Microgen, Bogota, Colombia) and 1% L-glutamine (Gibco BRL-Life Technologies, Inc, Grand Island, NY) at 26 ºC. The parasites were incubated in 5 to 6 mL of medium for 6 days. To change the media, the parasite culture was placed in 15 mL polystyrene tubes (BD Biosciences, Falcon) and centrifuged at 1500 rpm for 5 min. Fresh medium was subsequently added.32

  Evaluation of the cytotoxicity of chalcones against the J774 cell line

  An aliquot of cell suspension (100 µL, 1 × 104 cells well-1) was used to seed 96 well flat bottom boxes (Techno Plastic Products AG, Switzerland) for a 24 h incubation period to allow adhesion. Cells were later exposed to 100 µL of 4 different compounds prepared by a series of 1:4 dilutions in curved bottom plates of 96 wells (Techno Plastic Products AG, Switzerland) at the following concentrations: 200, 50, 12.5 and 3.25 µg mL-1. Next, the cells were incubated at 37 ºC with 5% CO2 for 72 h. Cells that were not exposed to these compounds and wells containing only the culture medium served as controls. For positive controls for cytotoxicity, cells were exposed to the following concentrations of pentamidine isethionate (Pentacarinat®, Sanofi-aventiz, UK): 10, 2.5, 0.625 and 0.156 µg mL-1. The cells were later exposed to resazurin at a final concentration of 44 µmol L-1 well-1 and incubated again for 4 h under the same conditions. Subsequently, the reduction of resazurin to resorufin was evaluated using a plate reader, Tecan GENios Microplate Reader (Tecan Trading AG, Switzerland).32,33

  Evaluation of the efficiency of chalcones on Leishmania (Viannia) panamensis promastigotes

  Leishmania (Viannia) panamensis promastigotes (2 × 105 parasite well-1) were placed in a 96 well plate containing different concentrations of compounds (200, 66.6, 22.2 and 7.4 µg mL-1) and incubated at 26 ºC for 72 h. Subsequently, 44 µmol L-1 well-1 of resazurin were added to parasites and incubated for 48 h. Resorufin derived from viable cells was quantified using the Tecan GENios Microplate Reader (Tecan Trading AG, Switzerland). Wells with either only promastigotes or culture medium served as controls. As antileishmanial positive control, the promastigotes were exposed to pentamidine isethionate (leishmanicidal drug) in a series of four 1:3 dilutions to an initial concentration of 10 µg mL-1.32,33

  Variable incubation time in the exposition to resazurin for murine and parasite cells is based in previous assays in which we evidenced a differential metabolism that depends of the kind of cellular population. Specifically J774 macrophages are faster in metabolizing (activity of mitochondria) the resazurin than the promastigotes and a period of 4 and 48 h, respectively, is necessary to obtain the maximum production of resorufin (derived from wells with viable cells without treatment).

  Analysis of results

  The results were analyzed using Graph Pad Prism version 5.00 statistical software (Graph Pad Software, USA) to calculate the lethal concentration 50 (LC50) of compounds 3a-k. This value corresponds to the concentration at which 50% inhibition of the viable cell population is observed after being exposed to compounds 3a-k in cytotoxicity assays against J774. The effective concentration 50 (EC50) corresponds to the concentration at which there is a 50% inhibition of promastigote viability with respect to that of the control. These data were obtained in efficiency assays in which compounds (3a-k) were incubated with promastigotes.

   

  Supplementary Information

  Supplementary information (Figures S1-S12) is available free of charge at .http://jbcs.sbq.org.br as PDF file.
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    Um método potenciométrico verde é proposto para a determinação do número de acidez de óleos vegetais e de gorduras animais. A amostra é dissolvida em mistura etanol-água (1:1 v/v) e titulada, usando um eletrodo combinado de vidro, com uma solução aquosa padrão 0,02 mol L-1 de NaOH. Analisaram-se óleos de canola, girassol, linhaça, mamona, milho e soja além de gordura de porco, em um total de doze amostras. Os resultados obtidos com o método proposto foram estatisticamente comparados com aqueles resultantes dos métodos AOCS Cd 3d-63, ABNT NBR 14448 e de titulação verde com detecção visual, através de procedimento de regressão linear em nível de confiança de 95%, não sendo encontrada diferença sistemática. O desvio padrão relativo médio observado para o método proposto foi de 2,7%, enquanto que para os procedimentos ABNT e AOCS foi de 5,4% e para o método verde de titulação visual foi 4,8%.

  

   

  
    A green titrimetric method using potentiometry is proposed for determination of the acid number of vegetable oils and animal fats. The sample is dissolved in a water-ethanol mixture (1:1 v/v) and potentiometrically titrated with a 0.02 mol L-1 aqueous NaOH standardized solution using a glass pH combined electrode. Canola, sunflower, linseed, castor, corn and soy oils as well as swine lard, a total of twelve real samples, were analyzed. The results were compared with those from the application of the procedures AOCS Cd 3d-63 and ABNT-NBR 14448 and a green visual titrimetric method, through a statistical linear regression procedure at the 95% confidence level. No evidence for systematic differences was observed. Mean relative standard deviation for the proposed procedure was 2.7%, whereas that for the AOCS and ABNT methods 5.4% and for the visual green method 4.8%.

    Keywords: acid number, vegetable oil, animal fat, potentiometric method, green chemistry

  

   

   

  Introduction

  Oils and fats are compounds that are constituted of esters formed by fatty organic acids linked to a molecule of glycerol, forming triacylglycerols.1-3 Due to their structural composition, they are susceptible to diverse degradation reactions.4

  In the hydrolytic rancidity reactions, the carboxylic group suffers the action of enzymes of a microbial order commonly found in oleaginous seeds. It can also react with water. These reactions cause the breaking of the triacylglycerol molecule leading to the formation of free fatty acids which are responsible for the unpleasant flavor characteristic of the oxidized fats as for example, rancid butter.5-7 The oxidative rancidity reactions are characterized by reactions of the unsaturations in the fatty acid chain and by the formation of degradation compounds such as alcohols, aldehydes, ketones, etc.8-10 The oxidation reactions are influenced by several external factors as, for example, oxygen from the air, temperature, the presence of metallic cations, light and humidity.11-14

  The presence of free fatty acids is undesirable in oils and fats as it reflects the nutritional quality of the product. The quantity of these acids indicates how the feedstock was treated during industrial processing and during the storage. High concentrations mean loss of money as the rating of the product decreases. Therefore, the determination of their concentrations throughout the refining process and during the storage is important for monitoring the occurrence of degradation reactions.9,10,15,16

  During the cooking of the food submitted to frying, the triacylglycerols are degraded as a consequence of the high temperature, of the loss of water and of exposure to the oxygen of the air.9,10,16-18 Besides the formation of the oxidized products and the resulting disagreeable flavor and taste, polymeric compounds can be produced which present unhealthy properties as they can promote arteriosclerosis and cancer.9,16,17 Therefore, it is very important to know if an oil or a fat is appropriate for human intake because as part of the diet it is absorbed by the body.

  The acid number is a parameter that quantifies the acid products of degradation reactions of an oil or a fat. It is expressed in mg of KOH per g of sample. The usual method for its determination is the AOCS Cd 3d-63 (AOCS, 1973) procedure, in which the sample is dissolved in toluene and isopropyl alcohol and a visual titration is performed with a 0.1 mol L-1 KOH solution prepared in this alcohol. The detection of the end point is done with phenolphthalein.

  This non aqueous potentiometric titration presents as a disadvantage the use of organic solvents that, besides the toxicological and environmental problems of the solvents, also causes the dehydration of the glass membrane of the electrode. Several authors, with the aim of overcoming these aspects have described methods using infrared detection,19-21 flow injection with detection in the visible region of the spectrum22,23 and an absorbance/fluorescence procedure.24

  Recently a green visual titrimetric method was presented for the determination of the acid number of oils and fats, using as titrant an aqueous 0.02 mol L-1 NaOH solution, and a mixture of water and aqueous ethanol as solvent.25 Despite the good results and the simplicity of this method, an instrumental option was desired. Therefore, the present work has as objective to apply potentiometric detection to the titrimetric method aiming at low cost, operational simplicity and, especially, as environmentally friendly procedure. Knowledge related to this subject, acquired in developing earlier methods, was applied in the present work.25-27

   

  Experimental

  Materials and methods

  Instruments

  A Metrohm model 691 pH meter and a Metrohm 808 Titrando titrator were used to perform, respectively, point-by-point and automatic titration. A Metrohm Solvotrode, (3.0 mol L–1 in ethanol) electrode was used for the ABNT-NBR 14448 method and a 3.0 mol L–1 aqueous solution was used for the green method proposed herein. The electrodes were calibrated as usual with aqueous buffer solutions of pH 7.00 ± 0.05 (25 ºC, phosphate buffer) and pH 4.00 ± 0.05 (25 ºC, acetate buffer) before the analytical measurements. The potentiometric curves obtained with point-by-point titrations were constructed using Origin® 7.0 software and the bisectrix method was applied to obtain equivalence points. The automatic titrator Metrohm Tiamo® software was used to determine the equivalence points through the first derivative method.

  An ultrasonic bath was used to degasify solvents and solutions. A Biohit 50 mL Digitall Burette and a Brand 50 mL Digital Burette III were used for the point-by-point titrations.

  Reagents, solutions and solvents

  All the reagents and solvents were of analytical grade. Distilled water was obtained from a glass distiller. Solutions of sodium hydroxide and of potassium hydroxide were prepared by dissolving adequate masses of the bases in water. The obtained concentrations were standardized through automatic potentiometric titration using potassium biphthalate as primary standard.

  Soy, corn, canola, sunflower, linseed and castor oils and swine lard used in the present study were purchased at local markets.

  Analytical procedures

  Green potentiometric method

  Weight with at least 0.01 g precision, 20 g of the sample directly into a 200 mL tall form beaker. Using a graduated cylinder, add 75 mL of the 1:1 v/v water/ethanol mixture, and gently mix with a stirring bar on a magnetic stirrer for 1 min. Potentiometrically titrate with 0.02 mol L-1 aqueous sodium hydroxide standardized solution. After each titration, carefully rinse the electrode with small portions of ethanol (total of 15 mL) to remove traces of oil or fat, followed by washing with distilled water, and immerse the electrode in distilled water for 1 min to rehydrate the glass membrane. The acid number of the 75 mL of solvent (blank value) must be obtained by a similar titration. The acid number is calculated using equation 1 where A is the titrant solution volume (mL) used in the titration of the sample, B is the titrant solution volume (mL) used in titration of the blank. C is the concentration of the titrant solution (mol L-1), and m is the mass of the sample (g).

  
    [image: equation 1]

  

  AOCS Cd 3d-63 official method28

  The acid number of oils and fats is determined through the titration of the sample with a standardized 0.1 mol L-1 solution of KOH in isopropyl alcohol. According to this method, a quantity of the sample, which varies with its acidity, is dissolved in 125 mL of a solvent that is a 1:1 v/v mixture of toluene with isopropyl alcohol. This solvent mixture is previously neutralized with the standard KOH solution using phenolphthalein until the appearance of a slight pink color. The sample is then added and the obtained solution is titrated under vigorous shaking throughout until the moment a pink color that persists for 30 s is observed. The acid number of oils and fats is calculated through equation 1.

  ABNT-NBR 14448 method29

  Weigh the sample directly into a 200 mL tall form beaker. Add 125 mL of the toluene/isopropyl alcohol/water (1.0:0.95:0.5 v/v/v) mixture and mix gently with a magnetic stirrer for 1 min. Potentiometrically titrate with 0.1 mol L-1 potassium hydroxide in isopropyl alcohol standardized against potassium biphthalate. The electrode (3.0 mol L-1 LiCl in ethanol) is rinsed with isopropyl alcohol and also with the solvent mixture. Then, it is placed in distilled water for 5 min to rehydrate the glass membrane. It was observed in the present work, that after about 10 titrations, it is advisable to keep the electrode immersed in a 0.1 mol L-1 HCl solution for at least 24 h in order to re-activate the glass membrane. The acid number is calculated using equation 1. It should be noted that this method was originally proposed for the determination of the acid number of mineral oils and of biodiesel.

  Statistical treatment

  Comparison of the analytical results of the proposed method with those of the AOCS Cd 3d-63, of the ABNT-NBR 14448 and with the visual green titration25 procedures was performed through weighted linear regression procedure at 95 and at 99% confidence level.30,31

   

  Results and Discussion

  In order to verify the stability of the basic titrant solutions, 0.1 mol L-1 KOH in isopropyl alcohol (AOCS and ABNT) and 0.02 mol L-1 NaOH in water (potentiometric green method), standardization against potassium biphthalate using an automatic potentiometric procedure was repeated throughout 20 days. The solutions of the bases were stored in alkaline resistant bottles. Both 0.1 mol L-1 KOH in isopropyl alcohol (relative standard deviation (RSD) of 2.2%) and aqueous 0.02 mol L-1 NaOH (RSD of 1.5%) solutions were stable during this period within the precision of the standardization method.

  Soy, corn, canola, sunflower, linseed and castor oils and swine lard were used in the present study. The potentiometric method herein proposed was performed point-by-point and also using an automatic titrator in order to obtain the acid number of the solvents. Figure 1 shows titrations curves obtained for the ethanol-water solvent by these two methods.
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  The potentiometric titration curves obtained for the oils and for swine lard are quite similar to those seen in Figure 1, and therefore, the end point is easily determined. Table 1 shows the acid numbers obtained for swine lard and for the vegetable oils (canola, sunflower, linseed, castor, corn and soy) applying the AOCS Cd 3d-63, the ABNT-NBR 14448, the green visual25 and the proposed potentiometric methods.
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  Observing the results in Table 1, it is easy to note that those of the official AOCS method present a tendency to be a little higher than those of the proposed method and also of the others. This can be attributed to the fact that it is more difficult to determine the end point of the titration with the official method than in the other cases. With respect to the precision of the methods, it is clear that the green potentiometric procedure herein proposed presents the best performance. The other methods present similar standard deviation among them with a little lower value for RSD for green visual procedure. In order to verify the accuracy of the potentiometric procedure developed with respect to the AOCS Cd 3d-63 and to the two other applied methods, a statistical weighted linear regression procedure was used. For the comparison of the precisions of the methods, the F-test was applied.30,31

  Table 2 shows the statistical comparison of the results obtained with the ABNT, AOCS25 and VIS25 methods vs. the POT procedure through the weighted linear regression method at the 95 and 99% confidence levels.30,31 The results of each method are correlated with those of the POT method through a linear equation: (ABNT, AOCS, VIS) = a + b POT. The limits of confidence of the parameters a and b are calculated as confidence limits: the linear coefficient confidence limit = a ± (SD × t) whereas the confidence limit of the slope = b ± (SD × t). For the 95% confidence level, the student's t-value is 2.23 and for the 99% confidence level, t-value is 3.17 (degree of freedom = 10). As can be seen in the results presented in Table 2, the calculated slopes and the intercepts are close to the ideal 1 and 0, respectively, in all cases. However, in the comparison of the proposed method with the AOCS procedure, agreement was observed only at the 99% confidence level. This fact can be attributed to the tendency of the AOCS method to produce higher results because of the difficulty in the accurate determination of the end point of the visual titration of a colored sample. If the AOCS procedure is compared with the ABNT method, the statistical treatment shows that there is no agreement between the two even at 99% confidence level, because of the tendency of the higher results of the first method as above discussed. The green potentiometric procedure here proposed presents statistical concordance with the ABNT and with the green visual25 (VIS) methods at 95% confidence level and at 99% confidence level with the AOCS method.30,31
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  Based on the F-calculated values in Table 3, the comparison of the precision of the methods two by two can be done and statistical concordance was observed in the majority of the cases at 95% confidence level (α = 0.05), with the following exceptions. (i) In the POT vs. AOCS case, for canola B, sunflower B and linseed B oils, statistical agreement occurs at 99% confidence level (α = 0.01). For swine lard, F-calculated is higher than the tabulated, even for α = 0.01, and therefore, there is no agreement in this case. In conformity with Table 2, this disagreement is caused by the higher imprecision of the AOCS method with respect to the here proposed. (ii) In the POT vs. ABNT comparison, for the soy A, sunflower B and for castor oils, there is agreement at 99% confidence level. For linseed, no statistical concordance was observed. It is easy to note in Table 2 that the high F-values occur due to the larger imprecision of the ABNT method. (iii) In the comparison of the POT vs. the VIS methods, in two cases, sunflower B and castor oils, the statistical agreement is observed at 99% confidence level. (iv) In the comparison between ABNT vs. AOCS procedures for swine lard, there is statistical agreement at α = 0.01. For the castor oil, however, no concordance was found. Because of the above observations, it is evident that the precision of the proposed green potentiometric method is higher than of the all others here used for comparison.
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  Despite the fact that the potentiometric methods can be more easily applied, in comparison to the visual method, as they do not depend on the color of the sample, in presence of organic solvents, the glass membrane of the electrode is dehydrated, a fact that results in instability of the measured electric potential. The membrane must be frequently rehydrated or the electrode can be irreversibly damaged. In the green method proposed in this article, the solvent is a 1:1 v/v aqueous solution of ethanol, thus this problem is significantly minimized. Rapid preventive rehydration (1 min) is enough to maintain the membrane of the electrode in good conditions.

  The automatic potentiometric titration is usually done in about 5 min, whereas the point-by-point procedure needs about 30 min. The shorter time of the automatic procedure means, as an evident consequence, that the glass membrane remains in contact with the solution for a shorter time interval in comparison with the point-by-point titration. This situation not only reduces the time of the analysis, but also minimizes the possible effect of dehydration of the electrode as it remains for a shorter period in contact with the 1:1 v/v ethanol-water solution.

   

  Conclusion

  The green potentiometric method for the determination of the acid number of oils and fats herein proposed furnishes similar but more accurate and precise results to those obtained by the AOCS Cd 3d-63 and by the ABNT-NBR 14448 methods that use organic solvents, such as toluene, and as titrant a KOH solution in isopropyl alcohol. It also furnishes equivalent results to those obtained by the visual green method with the advantage that the end point of the titration is determined instrumentally. Comparison of the AOCS, ABNT and the green visual methods vs. the green potentiometric procedure herein presented was done through the weighted linear regression correlation of the results at the 95% confidence level. No evidence for systematic differences between the different sets of results was observed, except in the case of the comparison between the AOCS and the ABNT methods.

  The proposed green potentiometric procedure presents less toxic characteristics than the official procedures as it uses ethanol and water as solvents in place of isopropyl alcohol and toluene and therefore is greener.

  Considering the above observations, the green method developed in this work can be proposed for the routine determination of the acid number of oils and fats.
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    O estudo fitoquímico das folhas de Maytenus distichophylla Mart. ex Reissek levou ao isolamento de um novo triterpeno 3,16,21-trioxo-6β,12α-dihidroxi-1-en-friedelano, nomeado maytensifolona, juntamente com os triterpenos conhecidos, 3-oxofriedelano, 3,12-dioxofriedelano, 3β-hidroxifriedelano, 3-oxo-29-hidroxifriedelano, 3-oxo-12α-hidroxifriedelano e 3-oxo-30-hidroxifriedelano. A identificação estrutural foi baseada em métodos espectroscópicos e comparação com dados da literatura

  

   

  
    Phytochemical study of the leaves of Maytenus distichophylla Mart. ex Reissek led to the isolation of the new triterpene 3,16,21-trioxo-6β,12α-dihydroxy-1-en-friedelane, named maytensifolone, along with the known triterpenes 3-oxofriedelane, 3,12-dioxofriedelane, 3β-hydroxyfriedelane, 3-oxo-29-hydroxyfriedelane, 3-oxo-12α-hydroxyfriedelane and 3-oxo-30-hydroxyfriedelane. Their structural identification was based on spectroscopic methods and comparison with literature data.
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  Introduction

  The family Celastraceae is composed of 90 genera and approximately 1300 species.1 The genus Maytenus comprises about 80 species distributed throughout Brazil.2 They are chemically characterized mainly by the presence of flavonoids and pentacyclic triterpenes, which are considered taxonomic markers for this genus.3-5 Various pharmacological activities have been reported for triterpenes isolated from Maytenus, such as antiulcerogenic and antifungal.6,7

  In previous works, we reported the isolation and structural characterization of triterpenes and flavonoids from M. obtusifolia,3 as well as their toxicity and antiulcerogenic activity.8 In continuing our work on Maytenus sp., we conducted a phytochemical study of M. distichophylla Mart. ex Reissek, a species that was not previously subjected to chemical or pharmacological studies. Accordingly, seven triterpenes of the friedelane group were isolated and characterized (Figure 1), including the new 3,16,21-trioxo-6β,12α-dihydroxy-1-en-friedelane, here named as maytensifolone (1), and known triterpenes 3-oxofriedelane (2),9 3,12-dioxofriedelane (3),10 3β-hydroxyfriedelane (4),11 3-oxo-29-hydroxyfriedelane (5),12 3-oxo-12α-hydroxyfriedelane (6)13 and 3-oxo-30-hydroxyfriedelane (7)14 which are being reported for the first time in this species.
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  Results and Discussion

  Compound 1 was isolated in the form of a white amorphous solid, mp 310-312 ºC, [α]D25 +1.4, (c. 0.001 in CHCl3). The high resolution mass spectrum utilizing the ESI+ ionization mode showed a quasi-molecular peak at m/z 485.3306 [M + H]+, compatible with molecular formula C30H44O5 (calc. 485.3261). The infrared (IR) spectrum showed absorptions in the region of 3504 cm-1 (hydroxyl group), 1681 cm-1 (ketone carbonyl) and 1662 cm-1 (α,β unsaturated carbonyl). The 13C APT (attached proton test) NMR spectrum (125 MHz, CDCl3 + C5D5N) showed 29 signals corresponding to 30 carbon atoms: eight methyl, five methylene, eight methine and nine non-hydrogenated, in line with a triterpene skeleton of the friedelane type.4 The signals at δC 200.87, 146.28 and 130.14 were attributed to C-3, C-1 and C-2, respectively, consistent with an α,β unsaturated carbonyl system of friedelane triterpenes.9 The signals at δC 77.25 and 69.32 were attributed to C-6 and C-12, respectively.4,15 The location of the hydroxyl groups at C-6 and C-12 was corroborated by the chemical shift at 8.69, corresponding to the methyl groups CH3-24 and CH3-27, both subject to a γ effect. Also, this spectrum displayed signals at δC 214.24 and 218.13 attributed to carbons C-16 and C-21.15 The 1H NMR spectrum showed signals at δH 0.74 (s), 0.84 (s), 0.89 (s), 0.91 (s), 1.04 (s), 1.09 (s), 1.11 (s), and 1.17 (d, 1H, J 6.5 Hz), attributed to eight methyl groups. In agreement with literature, the doublet at δH 1.17 is consistent with CH3-23 of ∆1 friedelanes.16 In addition, signals were observed at δH 6.65 (d, 1H, J 10.5 Hz, H-1), 5.92 (dd, 1H, J 10.5, 3.0 Hz, H-2), 3.63 (dd, 1H, J 9.5, 5.0 Hz, H-6ax) and 3.94 (dd, 1H, J 11.0, 4.0 Hz, H-12ax), thereby inferring the equatorial orientation of the hydroxyl groups bound to C-6 and C-12. Observed HMQC (heteronuclear multiple quantum coherence) correlations are shown in Table 1. In the long-range (HMBC) 1H-13C NMR correlation spectrum, the following correlations were observed: δH 2.23 (H-4) with carbons at δC 200.87, 49.10, 60.35, 8.69 and 9.80 confirming the attributions of C-3, C-5, C-10, CH3-24 and CH3-23, respectively; δH 0.74 (CH3-24) with carbons at δC 77.25 and 57.72, corresponding to C-6 and C-4, respectively; δH 2.08 (H-10) with the carbon at δC 19.57 (CH3-25) and δH 0.89 (CH3-25) with carbons at δC 48.19, 36.66 and 45.37, which were attributed to C-8, C-9 and C-11, respectively; δH 1.40 (H-8) with carbons at δC 19.93 and 49.56 (CH3-26 and C-15), respectively; δH 1.82/1.17 (2H-11) with the carbon at δC 69.32 (C-12); and δH 0.84 (CH3-27) with carbons at δC 44.66 (C-18) and 69.32 (C-12). The other correlations are given in Table 1. The relative stereochemistry was determined by NOESY (nuclear Overhauser effect spectroscopy) and is shown in Figure 2, confirming the equatorial orientation of the hydroxyls at C-6 and C-12. The above findings support the structure of 1 as 3,16,21-trioxo-6β,12α-dihydroxy-1-en-friedelane, a new natural product named as maytensifolone.
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  The other compounds were identified by comparison of their spectroscopic data with those described in literature, as 3-oxofriedelane (2),9 3,12-dioxofriedelane (3),10 3β-hydroxyfriedelane (4),11 3-oxo-29-hydroxyfriedelane (5),12 3-oxo-12α-hydroxyfriedelane (6)13 and 3-oxo-30-hydroxyfriedelane (7),14 and are reported here for the first time in M. distichophylla.

   

  Experimental

  General experimental procedures

  Melting points were determined with a digital apparatus model MQAPF-302 from Microchemical and were not corrected. IR spectra were recorded on a BOMEM-MB 100 spectrophotometer. One-dimensional (1H and 13C) and two-dimensional (gHMQC, gHMBC, gCOSY and gNOESY) NMR analyses were performed on a Varian-System spectrometer operating at 500 MHz (1H) and 125 MHz (13C). CDCl3 and C5D5N were used as solvents with TMS (tetramethylsilane) as an internal standard. HRESIMS (high resolution electrospray ionization mass spectrometry) was obtained using a micrOTOF-II system from Bruker. Silica gel 60 (0.063-0.20 and 0.04-0.063 mm; Merck), was used in column chromatography (CC), whereas silica gel TLC (thin layer chromatography) plates PF254 7749 (Merck) stained with iodine vapor and viewed under UV light (254/366 nm) were used to monitor chromatographic purification procedures.

  Plant material

  The botanical material utilized was collected in the Matureia city (Paraíba, Brazil) in June 2009, and identified by Prof. Dra. Maria de Fatima Agra. A dried specimen is deposited in the Herbarium Professor Lauro Pires Xavier at Universidade Federal da Paraíba (Paraíba, Brazil) under No. 7448.

  Extraction and isolation

  The leaves of M. distichophylla (3.5 kg), dried and pulverized, were extracted with 95% ethanol at room temperature for 3 days. The obtained extract was concentrated in a rotary evaporator under reduced pressure at 40 ºC, yielding 685.0 g of ethanolic extract. A portion (100.0 g) was suspended in MeOH:H2O (7:3) and partitioned successively with n-hexane, CHCl3 and EtOAc to obtain the n-hexane (2.5 g), chloroform (5.4 g) and ethyl acetate (6.5 g) fractions. The ethyl acetate fraction (5.4 g) was separated by CC, on silica gel 60 (0.063-0.200 mm), eluted with n-hexane, EtOAc and MeOH, pure or in binary mixtures, in increasing order of polarity, resulting in 110 fractions of 100 mL each, which were submitted to analytical NMR. Fraction 14 eluted with n-hexane:EtOAc (7:3) yielded compound 2 (50.3 mg). Fractions 1-2 (168.3 mg) were submitted to another CC utilizing similar conditions as before, providing 25 subfractions of 10 mL each. Subfractions 10-15 eluted with n-hexane:EtOAc (8:2) gave the triterpene friedelane 1 (13.4 mg). Fractions 27-35 (99.3 mg) were rechromatographed as before, resulting in 55 subfractions of 10 mL each. Subfractions 33-37 eluted with n-hexane:EtOAc (6:4) yielded 3 (26.2 mg).

  The chloroform fraction (5.0 g) was submitted to CC, on silica gel 60 (0.063-0.200 mm), eluted with hexane, EtOAc and MeOH, pure or in binary mixtures and with increasing order of polarity, resulting in 110 fractions of 100 mL each, which were

  concentrated in a rotary evaporator and submitted to analytical NMR. Fractions 42-45 eluted with n-hexane:EtOAc (8:2) provided compound 4 (22.7 mg). Fractions 67-81 (675.3 mg) were submitted to another CC, utilizing a column packed with silica gel 60 (0.04-0.063 mm) and the eluents n-hexane and EtOAc and MeOH, resulting in 53 subfractions of 100 mL each, which were submitted to analytical NMR and combined into 10 groups. Subfractions 2-3 eluted with n-hexane:EtOAc (85:15) yielded compounds 5 (8.5 mg), 6-7 eluted with n-hexane:EtOAc (6:4) yielded compound 6 (5.0 mg) and 9-10 eluted with n-hexane:EtOAc (1:1) yielded compound 7 (9.0 mg).

  3,16,21-Trioxo-6β,12α-dihydroxy-1-en-friedelane (1)

  White amorphous powder; mp 310-312 ºC; IR (KBr) νmax/cm-1 at 3504, 1681, 1662; HRESIMS m/z 485.3306 [M + H]+, (calc. for C30H44O5, 485.3261); 1H NMR (500 MHz, CDCl3 + C5D5N) and 13C NMR (125 MHz, CDCl3 + C5D5N), see Table 1.

   

  Supplementary Information

  Supplementary data associated with this paper are available free of charge at http://jbcs.sbq.org.br as a PDF file.
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    Um procedimento de extração em fase sólida (SPE) altamente sensível, seletivo e de baixo custo foi desenvolvido para separação e enriquecimento de íons Au(III) em amostras ambientais previamente a sua detecção por espectrometria de absorção atômica com chama (FAAS). O complexo Au(III)-2-piridina-5-(4-toluil)-1,3,4-oxadiazol (PYTOX) foi quantitativamente adsorvido em resina Amberlite XAD-4 na condição de HNO3 0,5 mol L-1 e a eluição foi realizada com 7,5 mL de HCl 1,0 mol L-1 em acetona. Alguns parâmetros analíticos afetam as recuperações de íons Au(III), tais como concentração de HNO3 da solução da amostra, quantidade de PYTOX, tipo, concentração e volume do eluente, volume de amostra e concomitantes. Sob condições experimentais ideais, o limite de detecção para Au(III) foi 1,03 µg L-1, com fator de pré-concentração de 50 e desvio padrão relativo (RSD) de 3,7%. A determinação de íons Au(III) em resíduo anódico, minério de ouro, solo e águas de mar e de rio foi efetuada após verificação da exatidão do método por testes de adição e recuperação.

  

   

  
    A highly sensitive, selective and low cost solid phase extraction (SPE) procedure was developed for separation and enrichment of Au(III) ions in environmental samples prior to its flame atomic absorption spectrometric detection. Au(III)-2-pyridin-5-(4-tolyl)-1,3,4-oxadiazole (PYTOX) complex was adsorbed quantitatively on Amberlite XAD-4 resin in 0.5 mol L-1 HNO3 condition and the elution was carried out with 7.5 mL of 1.0 mol L-1 HCl in acetone. Some analytical parameters, affect the recoveries of Au(III) ions, such as HNO3 concentration of sample solution, amount of PYTOX, type, concentration and volume of eluent, sample volume and concomitants were examined. Adopting optimized experimental conditions, the limit of detection for Au(III) ions was 1.03 µg L-1 with preconcentration factor of 50 and a relative standard deviation (RSD) of 3.7%. The determination of Au(III) ions in anodic slime, gold ore, soil and sea and stream waters was performed after checking the accuracy of the method by addition-recovery tests.
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  Introduction

  Gold, one of the precious metals, is present on Earth in very low levels. Its products are widely used in several industrial applications including medicine, electronics, petrochemical industry and nuclear power industry.1 Its concentration is about 4.0 ng g-1 in basic rocks, 5.0 ng g-1 in ultrabasic rocks, 4.5 ng g-1 granitoide rocks and 1.0 ng g-1 in soils. Apart from these, Au(III) levels are 0.05 and 0.2 µg L-1 in sea and river water, respectively.2-4

  The determination of Au(III) ions is generally difficult in environmental, geological and metallurgical materials because of high interfering effects of matrix components and also lower levels of Au(III) than the limit of detection of the instrumental methods. Consequently, to enhance the sensitivity and accuracy of the analyses and to eliminate matrix effects, separation and preconcentration techniques are usually necessary.5,6

  Various techniques such as coprecipitation,7,8 solid phase extraction (SPE),2,9,10 cloud point extraction,11 liquid-liquid extraction12 and electrodeposition13 have been used for separation and enrichment of Au(III) ions. Solid phase extraction has a wide range of applications in comparison with other preconcentration methods because of its several advantages including simple operation and easy automation, obtaining high enrichment factor, rapid phase separation, reusability of adsorbent, environmentally friendly and inexpensive due to low consumption of chemical reagents.14,15

  In the presented method, a selective SPE procedure has been proposed for Au(III) ions by using Amberlite XAD-4 adsorption resin and 2-pyridin-5-(4-tolyl)-1,3,4-oxadiazole (PYTOX) as a complexing reagent prior to its flame atomic absorption spectrometric (FAAS) determinations. At the beginning of the study, the selectivity of PYTOX towards the quantitative recovery values of several metal ions, such as Au(III), Cu(II), Pb(II), Cd(II), Mn(II), Co(II), Cr(III), Cr(VI), Fe(III), Ni(II), Zn(II), Pd(II) and Pt(IV), was tested. For optimization of the developed procedure, experimental conditions were examined in detail. After checking the accuracy of the procedure, it was applied to anodic slime, gold ore, soil and sea and stream waters to determine their Au(III) concentrations.

   

  Experimental

  Apparatus

  A Perkin Elmer AAnalyst 400 flame atomic absorption spectrometer equipped with deuterium lamp background corrector was used for determination of Au(III) and also other metal ion levels. The instrumental settings of the spectrometer for Au(III) ion detection were as follows: wavelength at 242.80 nm, spectral resolution of 2.7 nm, lamp applied current at 10 mA, acetylene flow rate of 2.5 L min-1 and air flow rate of 10.0 L min-1. The pH adjustments were carried out using a Hanna pH-211 (Hanna Instruments, Romania) digital pH meter with a glass electrode. A closed vessel microwave system (Milestone Ethos D) was used for digestion of solid samples.

  Reagents and solutions

  All chemical reagents were obtained from Merck (Darmstadt, Germany) or Fluka (Buchs, Switzerland). 1000 mg L−1 stock solutions of metal ions were diluted to obtain standard and working solutions. Distilled/deionized water (Sartorius Milli-Q system) was used in all the experiments. For adjustment of the pH values of aqueous solutions, 0.1 mol L-1 HNO3 and NaOH solutions were used. PYTOX was synthesized16 according to the literature and 0.2% m v-1 PYTOX solution was prepared in ethanol.

  Column preparation

  The Amberlite XAD-4 resin was washed according to the literature.15 It was dried at 105 ºC in an oven. A mass of 250 mg washed resin was slurred in water and poured into the column (10.0 cm length and 1.0 cm diameter) with a porous disk and stopcock. After each use, the resin was conditioned with 1.0 mol L-1 HNO3 in acetone, and then stored in water for further application.

  Analytical procedure

  Volumes of 25 mL of sample solutions containing 20 µg of Au(III) were prepared in 0.5 mol L-1 HNO3, and then 0.5 mL (0.2% m v-1) of PYTOX solution was added to them. After standing for 15 min, the resulting solution was passed through the column with a flow rate of 20 mL min-1. The retained metal ions on the resin were eluted with 7.5 mL of 1.0 mol L-1 HCl solution in acetone. The eluent was evaporated to near dryness on a hot plate and volume was made up to 5.0 mL with distilled water. Finally, solutions were analyzed for their Au(III) levels by FAAS.

  Sample preparation

  The stream water (Şana River, Trabzon, Turkey) and sea water (Blacksea, Trabzon, Turkey) samples were collected in prewashed polyethylene bottles. First of all, the water samples were filtered through a cellulose nitrate membrane and after acidified with 1% v v-1 HNO3 solution, they were stored at 4 ºC in a refrigerator. When the water samples were used in the experiments, appropriate amount of PYTOX was added and the developed procedure was applied.

  Anodic slime, soil and gold ore samples were microwave-assisted acid digested. Masses of 0.100 g of gold ore and anodic slime and 0.750 g of soil samples were weighed into PTFE vessels, separately. Volumes of 1.5 mL of HNO3, 4.5 mL of HCl, 2 mL of H2O2 and 2 mL HF were added into the vessels. The digestion conditions were set according to the literature.17 The volume of the digests was made up to 50.0 mL with distilled water and the developed procedure was applied.

  Results and Discussion

  Parameter optimization

  The experimental parameters which affect the quantitative recoveries of Au(III) were studied in detail and optimized, before applying the procedure to environmental samples. First of all, the influence of the HNO3 concentration on recoveries of Au(III) and also other metal ions including Cu(II), Pb(II), Cd(II), Mn(II), Co(II), Cr(III), Cr(VI), Fe(III), Ni(II), Zn(II), Pd(II) and Pt(IV) was studied in HNO3 concentration range of 0.01-3.0 mol L-1. Although recoveries of Au(III) ions were quantitative in the 0.25-3.0 mol L-1 HNO3 concentration range, the recovery values were lower than 5% for other metal ions. The effect of HNO3 concentration on the recoveries of the Au(III) ions is shown in Figure 1. Au(III) were quantitatively separated from other metal ions in the 0.25-3.0 mol L-1 HNO3 concentration range. Thus, for selective separation and preconcentration of Au(III) ions, 0.5 mol L-1 HNO3 medium was recommended.
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  Effects of PYTOX amount on recoveries of Au(III) were examined in the PYTOX amount range of 0-4.0 mg (0-2.0 mL, 0.2% m v-1). Au(III) ion recoveries were quantitative in the PYTOX amount range of 1.0-4.0 mg (Figure 2). Above 2.0 mg of PYTOX amounts, recoveries were approximately constant. As a result, all further experiments were carried out by using 1.0 mg (0.5 mL of 0.2% m v-1 of PYTOX amount).
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  HNO3 and HCl solutions, prepared in water, acetone and methanol at different concentrations, were tested as eluent solutions for desorption of Au(III) from Amberlite XAD-4 resin (Table 1). Quantitative recoveries (95%) for Au(III) were obtained when using 1.0 mol L-1 HCl solution in acetone as eluent. The effect of the eluent volume on the recovery of Au(III) was also studied in the eluent volume range of 2.5-10.0 mL. Quantitative recoveries were obtained with 7.5 mL of 1.0 mol L-1 HCl in acetone solution.
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  To evaluate the effect of the sample volume on the separation and preconcentration of Au(III), 50-1000 mL of sample solution containing 20 µg of Au(III) ions were processed. Recoveries of Au(III) were quantitative until 250 mL of sample volume (Figure 3). The preconcentration factor is calculated by the ratio of the highest sample volume and the lowest final volume, and it was found as 50 when the final volume was 5.0 mL.
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  Effects of matrix ions

  The effects of some foreign ions on the retention of Au(III) on Amberlite XAD-4 resin were investigated by testing some common anions, cations and trace metal ions at different concentrations. Results are summarized in Table 2. Recoveries of Au(III) were generally higher than 90%. These results indicated that the developed procedure can be applied to samples containing high amount of salts and transition metal ions.
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  Adsorption capacity of the resin

  To determine the adsorption capacity of the Amberlite XAD-4 resin, 50 mL of sample solutions containing different amounts of Au(III) in the range of 50-2000 µg were loaded to the column containing 250 mg of resin. The Langmuir isotherms were plotted in order to determine the resin capacity (Figure 4) , where qe (mg g–1) is the amount of Au(III) ions adsorbed per unit mass of adsorbent, Ce (mg L–1) is the equilibrium Au(III) ion concentration in aqueous solution. The maximum amount of Au(III) adsorbed onto 1.0 g of resin and the adsorption equilibrium constant were calculated as 2.7 and 0.137 L mol−1, respectively.
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  Analytical performance of the presented procedure

  The limit of detection (LOD), defined as the concentration that gives a signal equivalent to three times the standard deviation of 10 replicate measurements of the blank samples, for Au(III) was found to be 1.03 µg L-1. The precision of the procedure, expressed as relative standard deviation (RSD), was determined after analyzing a series of ten replicate solutions under the optimum conditions mentioned in the analytical procedure section, and it was found to be 3.7% for Au(III).

  Accuracy test and application to real samples

  In order to test the accuracy of the method, different amounts of Au(III) ions were added to liquid samples (sea and stream waters) (Table 3) and microwave-assisted acid digested environmental solid samples (soil, anodic slime and gold ore) (Table 4). Then, the developed procedure was performed to determine Au(III). Good agreement was obtained between added and recovered values.

  
    

    [image: Table 3]

  

  
    

    [image: Table 4]

  

  Lastly, the procedure was applied to soil, anodic slime, gold ore and sea and stream waters samples for the determination of trace amounts of Au(III) ions after being verified the accuracy of the method (Table 5).
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  Conclusion

  The proposed Amberlite XAD-4/2-pyridin-5-(4-tolyl)-1,3,4-oxadiazole solid phase extraction system is a simple, highly selective and low cost method for separation and preconcentration of Au(III) in complex matrices. Most of the common ions present together with Au(III) do not interfere with the selectivity of the procedure. After optimizing the experimental parameters and checking the accuracy of the procedure, it was successfully applied to anodic slime, gold ore, soil and sea and stream waters to determine their Au(III) levels. The procedure was also compared with other reported SPE methods in terms of pH, preconcentration factor, limit of detection, relative standard deviation, adsorption capacity of the resin, type of the sample and determination technique.2-4,6,18-23 First of all, the proposed method is less expensive with respect to the sorbent used4,21,23 and the determination technique.2,19,23 Contrary to many studies3,19,21 given in Table 6, the suitability of the acidic medium for the selective separation, preconcentration and determination of Au(III) in complex matrices prevents the contamination risk that originates from the precipitation of different metal ions at high pH values. This also avoids the use of additional chemical reagent for adjusting the pH of the acid digested solid samples. On the other hand, although the adsorption capacity of the resin for Au(III) is lower in the proposed system than in other similar methods, it has high preconcentration factor,18,19,20 low RSD6 and relatively low LOD6,18,20,22 values when compared with some of the other methods reported in Table 6.
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Figure 3. UV-Vis spectrum of Na,.V,0, nanofibers/nanorings prepare
at 200 °C for 4 days.
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Figure 10. Discharge-charge profile of Na,,V.0, nanofibers/nnorings
prepared at 200 °C for 4 days.
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Figure 1. Cytotoxiciy of synthesized steroidal derivatives 2, 4-6 and doxorubicin against six human cancer cell lines and one normal human cel line,

expressed as IC, values.
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Na,..V.0, nanofibers/nanorings prepared at 200 °C for 4 days.
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Figure 3. Morphology of MDA-MB-231 cells treated with no substance (s, f, k; control), with formestane (b, g, 1), compound 4 (¢, b, m), 5 (d, i, ) or 6
(e,3,0) for 48 h. Images in the 1 nd 22 rows were photographed with a Canon 350D digital camera atached to a Reichart BioStar inverted microscope:
at 10 x 10 and 20 x 10 magnification, respectively; images in the 3* row were photographed with an Olympus Camedia 3040 digital camera attached to
an Olympus BX51 microscope at 10 x 15 magnification, after staining with giemsa.
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Figure 2. The effects ofthe investigated seroidal derivaives on thecell cycle of MDA-MB-231 cels. Cells were collected,stained with propidium iodide and
‘analyzed by flow cytometry aftertreatment with equitoxic doses over 48 h: (a) untreated control cels; (b) formestane; (c),(d) and (¢) compounds 4, 5 and
6. respectively. Marks M1, M2, M3 and M4 on the histograms correspond to GI/M. S, G2M and subG1 phases of cell cycle.
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Figure 8. Cyclic voltamogram of Na, V.0, nanofibers/nanorings prepared
at 200 °C for 4 days.
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Figure 6. ORTEP drawings of the molecular structures of compound
5 (2) and 6 (b). Non-H atoms are labelled. Displacement ellipsoids are
shown at 50% probability level and H atoms are drawn as spheres of
arbitrary radi.
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Figure 2. FTIR spectrum of Na, V.0, nanofibersinanorings prepared at
200 °C for 4 days.
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Figure 2. Main fragmentation pathways for the PCA selected ions
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Figure 6. BTX conversion as a function of reaction temperature for
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“Response factor relative 10 19:0 (10.832 ugmL"), used asinternal standard; “mean of quintuplicate injection for a concentration of 44,44 pgmL " ‘mean
of quintuplicate injections for a concentration of 22.2 gL ‘mean of quintuplicate injections for a concentration of 66.67 pgmL_".





OPS/images/a08img03.png
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“Mean =D of eight injections; FAME class: 0, saturated; 1, one double.
‘bond: 2, two double bonds; 3, three double bonds; > 4, four, five or six
double bonds; “number of FAME in the class.
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Figure 3. Representative FAME ion chromatogram showing FA present in red blood cell membranes.
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“Values are mean = SD (a =5, analyzed in duplicate); "p < 0.05 compared with plasma PL p < 0.05 compared with plasma TG; % < 0.05 compared with
plasma CE: n.d.: not detected.
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“Mean = SD of seven injections; ‘chromatogram obtained as described in material and methods; 9 < 0.05 compared with relative abundance of O class
(satureted): ‘avalable as individual standard: internal standard: ,, retention time.
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‘Table $2. Relative abundance of the ions with m/z 74,79, 81 and 87 in mass spectra obtained by SIM for contaminations, artifacts and co-eluition
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“Mean = SD of tiplicate analyses; "chromatogram obtained as described in mateial and methods; co-eluted FAME; p < 0.0 compared with 0 class;
1p<0.05 compared with 1 class; %p < 0.05 compared with 2 class; *p < 0.05 compared with 3 class; 'p < 0.05 compared with > 4 class.
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Figure $2. Representative FAME ion chromatogram showing FA present in: (2 RBCM; (b) plasma phospholipids(PL): (c) plasma trglycerides (TG) and
(@) plasma cholesteryl esters (CE). Chromatographic conditions: described into CG-MS section.

‘The unmarked chromatographic peaks were not identified, but aso do not match known faty acid methyl esters due to different etention times and reltive
‘abundance of ions with v 74,79, 81 and 87. Some fatty acid methyl ester, like 17:1 in RBCM; 21:0 i plasma phospholipids and cholesteryl esters were
detected only in fow samples and remained below the limit of quantificatin.
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the dilution with adiluted HNO, solution (P3)
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‘Table $3. Relative abundance of the ions with m/z 74, 79, 81 and 87 in mass spectra obtained by SIM from FA present in blood lipids
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Figure S1. (x) Scores plot from PCA based on mass spectra in SIM mode (/2 74,79, 81 and §7), confirming the cluster of several FAME in fiv classes,

‘according to the alkyl chain double bond number and (b) Loading plot highlighting the most important ions of the mass spectra. Legend: FAME class:
0, saturated (M); 1, one double bond (@); 2, two double bonds (4); 3, three double bonds (¥); 2 4, four, five orsix double bonds (#).






OPS/images/a09img04.png
‘Table 4. Concentrations of elements in the analyzed energy drinks

e Concenteation! (ug mL")

Bum  Monser  Ngine  Power  RedBul  Tiger  MinMax  Mear
Ba 000G 001926 009QD 00R04) 008G O00BGH 009008 0037
ca 13307 31409 262 1003 GIQH 206029 230120 158
c 0005(13) 00016(19) 0040 00017(82) 0001209  <LOD'  LODOOS 00018
o <LOD 0014@3)  <LOD'  0006T(LT) 00035G3) 000527 LODOOM 0006+
o 00319 0MTQO  003GS) 00903 0011QD 001220 001007 002
ke 009D 006415 003523 008 000D 006G 0050078 0049
Mg 32906) 04009 0IRET  9BQE  IFTED 24904  0I21sT 327
Ma 00004 011D 000425 05622 001D 003106 00004058 0030
Ni 001508 00560 0016@5) 004108 009G 001224 0012005 0024
v 3360 1803 01T LMD 0T6Q9 066063 0548334 LI
» 003(L0) 0046050 003623 000@D 000(L) 001913 0019005 0032
se 001D 000(L) 00I8AY) 01T 080  0027(G5) 000BO6S 0046
z 00069 00006 00077AS 00849 001264 0084@H 000770058  00IT3
Caffeine/ (mg 100mLY) 336068 31164 34562 13062 31668 34106 L0 414
Package /L. 1000 00 20 @ 250 50 - B
Caffeine per serving /mg___ 336 156 863 780 0 83 7015 us

‘Average values (n =3) with relative standard of deviations (RSDs) in brackets. *Geometric mean. *Below the limit of detection.
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‘Table 5. Pearson’s correlation coefficeats (1)

Hement _Ba  Ca G C  Cu  Fe Mg Mo Ni P P St 7o Caffeine
Ba 1

[ 008 1

[ 0497 0541 1

oo 0560 0470 +0746 1

cu 40567 #0658 0318 0440 1

Fe 40423 0520 000 0520 +0868 |

Mg 40372 033 070 0590 0279 0302 |

Mn 0832 0870 0218 0074 40871 078 0171 |

Ni H0695 <0691 0910 -0408 40260 0152 +0846 +030 1

P 0327 0279 40488 10976 0022 +0465 -0283 0152 028 |

”m 0463 0424 +0740 10960 40095 +0461 -0520 -0131 0432 0843 1

St 40561 052 -07M -0636 0103 0101 0970 +0047 10917 0218 -0491 |

F2 H0639 T2 0245 0319 0965 094 0235 0902 $0302 012 40084 002 |

Cafleine_ +0835  +0.867 0195 0092 +0857 +0712 0173 +0999 +0314 0163 0130 +004 403
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Table 2. Calculated values of the -est (1) for the comparison
of average concentrations of clements determined by ICP OES using.
the standard procedure (P1) and other alternative procedures: the
solubilzation in agua regia (P2) and the dilution in HNO, (P3)

et Procedure

n v
Ba 1640 0540
c 6514 0785
@ 0o 033
o 1209 0192
c 2218 0305
ke 1240 0742
Mg 6844 0446
Ma 4560 0460
N 2038 0288
» 1076 oss1
Ph 1831 037
st 1833 0599
Zn 4261 325

Critical value of the r-test (to): 4.303 (p = 0.05, n = 3).
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Table 3. Recoveries of elements determined in solutions of Monster energy drink prepared using the hot-plate digestion in HNO, with H.0, (P1), the
solubilzation in agua regia (P2) and the dilution with diluted HNO, (P3)

Hlement Added/ (ug mL") Pl 2 2]
Ba 05 10223 10223 10222
10 94226 10123 96216
[ o0s 10624 10828 10222
10 992:32 971261 995218
[ o0s 95268 1029 10026
10 95261 989274 10026
o o0s 98015 10223 10221
10 10121 994222 995208
o0s 985228 10326 999219
10 10022 99.125.1 10021
Fe o0s 10421 1053 10321
10 91:14 972222 992207
Mg o0s 10324 1828 10123
10 94233 053256 998229
Mo o0s 10323 095.1250 10121
10 991523 10125 997208
Ni o0s 10424 10424 986224
10 90+25 990232 10021
» o0s 10623 1023 10022
10 98627 976228 10022
» o0s 10321 906224 991211
10 98.1+10 1022 10021
st o0s 10222 10623 999212
10 9517 984231 10021
zn o0s 10222 10322 10121

10 94:12 990227 998204
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Table 4. One-pot synthesis of 3(4H)-isoxazolone under microwave irradiation
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Reactions were performed using: hydroxylamine hydrochloride (1 mmol), sodium acetate (1 mmol), acetoacelic ester or benzoyl aceic ester (I manol),
aldehydes (1 mmol). a: H,PW,,0,, (5 mol%); b: Clinoptilolite (2.5 molf% ); : nano Fe,O, (1 molf%) under microwave irradiation at a power output of
300 W d: presented method in reference 38: e: presented method in reference 39.
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Aable 3. Reusability of catalysts for synthesis of Ja
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Reactions were performed using: hydroxylamine hydrochloride (1 mmob),
sodiumacetate (1 mmol), acetoacetic ester (1 mmol),aldehydes (1 mmol).
a: HPW,.0,, (5 molf%); b: clinopilolite (2.5 mol%); ¢: nano Fe,0,
(1 mol%) under microwave irradiation at a power output of 300 W,
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Scheme 1. Synthesis of S(4H)-isoxazolone by using HPW O, clinotilolite and nano Fe.O. under microwave irradiation.
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fable 2. Intluence of the temperature on the synthesis of Ja.

entry Temperature / °C Yield % (ave)
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5 microwave (reaction time: 6075
“Table 1)

Reactions were performed using: hydroxylamine hydrochioride (1 mmob)
sodium acetate (1 mmol), acetoacetic ester (1 mmol ), benzaldehyde
(1 mmol). a: HPW,,0,, (5 mol); b: clinopilolite (2.5 mol%):
¢: nano Fe,0, (1" mol‘%) under thermal heating condition for Sh and
microwave irradiation at a power output of 300 W.





OPS/images/a06img02.png
=1+ 2e

(o





OPS/images/a14img01.png
Aable 1. Infivence of the catalyst concentration on the synthesis of 5a
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Reactions were performed using: hydroxylamine hydrochloride (1 mmob),
sodium acetate (1 mmol), acetoacetic ester (1 mmol ), benzaldehyde
(1 mamol). a: HPW,,0,, (5 mol%): b: clinotilolite (2.5 mol% );
¢: nano Fe,O, (1 mol%) under microwave iradiation at a power output
FI00W
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‘Table 3. Recovery results obtained for the amperometric quantification of iodide in produced water samples.
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“Table 4. Limits of detection (LOD) and of quantification (LOQ) for the.
amperometric detection of iodide n solution
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Figure 5. TBT concentrations afterdifferen days of exposure determined
by ICP-MS: G = gills, H = hepatopancreas and M = muscle. Limits of
detection (wet basis): 6ng g
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Figure 5. Intermediate precision study for the spectrophotometric method: (x) analytial curves obtained on different days, (b) analyical curves obzined
by different operators, (c) analytial curves constructed i different matrices and (d) the anion interference study.
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Figure 2. Total Sn concentrations after different days of exposure
determined by ICP-MS: G = gill, H = hepatopancreas and M = muscle.
Limils of detection: 3 ng g forthe gills and muscle and 6 ng g for the
hepatopancreas.
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Figure 4. Langmuir adsorption isotherm for Au(III).
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Figure 1. Total Sn concentrations after different days of exposure
determined by HG-ICP OES: G = gills, H = hepatopancreas and
M = muscle. Limits of detection (wet basis): 30 ng g for the gills and
‘muscle and 60 ng g for the hepatopancreas.
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Figure 3. Effctof sample volume on the recovery of Au(lD) (V:3,cluent
75 mL of 1.0 mol L~ HCl in acetone).
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different operators, () analytical curves constructed in different matrices and the (d) anion interference study.
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Figure 4. TBT concentrations afterdifferent days of exposure determined
by HG-ICP OES: G = gills, H = hepatopancreas and M = muscle. Limits
of detection (wet basis): 140 ng -
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chioride: (a)blank, (6) 1, (©)2,(@)3, (64, (05, )6, ()7, ()8, G) 9 and
(k) 10 mg L iodide.





OPS/images/a13img05.png
HGHCP OFS

Y- 023
= Hopaioparciens = epaioparcrens
i i .
oz oz
o 05
=% T % @ e

Exposire/ day Exposure / day

Figure 3. Bioaccumulation factor (BCF) for the total Sn in crab tssues
determined by HG-ICP OES and ICP-MS.
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Figure S8. "C NMR spectrum (126 MHz. CDCL.) and mass spectrum of compound 3d.
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Figure $10. C NMR spectrum (126 MHz, CDCL) and mass spectrum of compound 3e.
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Figure $9. IR spectrum and 'H NMR spectrum (500 MHz. CDCL) of compound Je.





OPS/images/a06img14.png
Table 7. Limits of detection (LOD) and of quantification (LOQ) for the
spectrophotometsic detection of iodide in solution

Creron LOD/mgl)  LOQ/ (mgL)
Soand 106 3 )
Siope 1 N
Signa/Noise (1) o8 N

Experimental 10 30






OPS/images/a14img11.png
e

EwE

pgad Lo n 1o

L

Figure S4. "C NMR spectrum (126 MHz. CDCL.) and mass spectrum of compound 3b.
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Table 8. Analysis of reservoir produced water samles by spectrophotometry and amperometry

Spectrophotometric method Amperometric method
Pooled

1/ Awnge/ S/ s/ 1/ Awnge/ S/ s/ fa
(Mgl (mgL)  (mgl?) (mgL"  (mgl) (mgl)  (mglh)  (mgL'y
94 154

Reservoir | 189 192 0031 00099 161 159 0041 00068 000134 1131
194 160
227 170

Reservoir2 227 241 030 00 192 182 010 o021l 004 403
267 182
60 680

Reservoir3 635 63 0103 00105 639 694 064 04012 020603 137
655 16
5 185

Reservoird 182 18 0008 000006 185 & 020 00536 0071 084
183 143

Critical t-value (3.75), S: Standard deviation, S* Variance.
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Table 5. Recovery results obtained for the spectrophotometric
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Figure S6. °C NMR spectrum (126 MHz, CDCL,) and mass spectrum of compound 3c.
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Figure 5. IR spectrum and 'H NMR spectrum (500 MHz, CDCL) of compound 3.
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Figure 1. Nitrogen isotherms of the catalysts Si0,,.,Cu,.
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Figure 2. XRD patterns for the samples (@) Si0z; (b) Si0q.,Cu,
(©) 5103055 Ctt s () Si03,Cty, 3nd (&) S0,
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“Table 1. Textural data for the supported copper catalysts.
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Vp = pore volume; Dp = pore diameter; *letermined by XRD; ®obtained by HRTEM; <calculated from semi-quantitative EDX data; ‘calculated using
formula (Wu et a. 2011): De, = 60, M,.Jrg, N, dc, , where ,is the number of Cu atoms a the surface per unit area (1.7 x 10°m), M, s the molar mass

of copper (63.546 g mol ), 1, isthe density of copper (8.92 g cm), N is Avogadro’s number (6.023 x 10 mol) and d, s the average Cu particl size
(obtained by HRTEM).
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Figure S1. IR spectrum and 'H NMR spectrum (500 MHz. CDCL) of compound 3a.
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Scheme 2. Plausible mechanism for synthesis of S(4H)-isoxazolone.
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Figure 83. IR spectrum and 'H NMR spectrum (500 MHz. CDCL) of compound 3b.
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Figure S2. "C NMR spectrum (126 MHz. CDCL.) and mass spectrum of compound 3a.
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Figure $20. “C NMR spectrum (126 MHz, CDCL) and mass spectrum of compound 3j.
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Figure $19. IR spectrum and "H NMR spectrum (500 MHz. CDCL) of compound 3j.
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Figure $22. “C NMR spectrum (126 MHz, CDCL) and mass spectrum of compound 3k.
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Figure S21. IR spectrum and "H NMR spectrum (500 MHz, CDCL.) of compound 3k.






OPS/images/a14img22.png
oo E3 E) E3 o & £] T
N I B PR PP WP i

Figure $16. “C NMR spectrum (126 MHz, CDCL) and mass spectrum of compound 3h.
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Table 2. Composition of the binary mixture samples in the testset and their predicted values by various PLS modelings
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3Ch and Ca refer to chlorpyrifos and carbanyl, respectively.
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Figure S15. IR spectrum and 'H NMR spectrum (500 MHz, CDCL.) of compound 3h.
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Figure S18. “C NMR spectrum (126 MHz, CDCL) and mass spectrum of compound 3i.
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Figure 6. The influence of the ensemble size and number of samples on R, of the boosting-PLS model.
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Table 4. Results for the determination of the different concentrations of carbaryl and chlorpyrifos spiked in tap water*
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“Recovery was calculated by ((t — 1)) 100, where x and t are real concentration and the estimated one, respectively.
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Table 3. Statistcal parameters of the different PLS modeling

‘Component Model RMSE,, RMSE_, R R
Tullspectrum PLS 0873 L8491 0.0958 0.9660
Chlorpyifos TSPLS 04578 10738 0.9987 0.9907
boosting-PLS 045%6 09627 0.9989 09928
fullspectrum PLS 09195 14138 0.9960 0.9867
Carbaryl TSPLS 05434 Lo7o1 0.9986 09888
boosting-PLS 05446 07776 0.9975 09947






OPS/images/a04img20.png
Absorbance

00

Wavelengih / nm
Figure 5. Absorbance specira of samples in the taining set and the sclected wavclength in th analysisof hlorpyrfos by TS in three different runs (3-0)





OPS/images/a05img03.png
25,2830

@ 000
10000 L]
o0
8000 H30
000 000
suat
SH30
aom 200
2000 1000
15t Time (5) BT 1stTime () 3352 3352 3352 3362 3952 32 P2 2
2rdi Time (3) 5 35 Ca 4s dTime@ 3325 35 375 4 425 45 475
—m — —m = =
@
58
3808 s
§ w0
5w

am 3328 .

a2

4 Dimension 5

an son®
20 2Dimension s

Figure 2. GCxGC-TORMS avz 191, 177 and 123 EIC of saturated hydrocarbon fraction from Oil #2, showing the separation and identification of
biomarkers and solved coelution problems: (a) and (b) expansion chromatograms in the first dimension: (¢) and (d) tri-dimensional chromatograms.





OPS/images/a14img19.png
' A i
4

Il
AL 25
000 08y 0" o
27 138
d 3y 0 Pe f9 L1578 16 %0
e "0 4 % s 70 0 $ 160 110 120 130 10 160 160 170 180 160 20 210
Toiraanc 123185 S A damnobodnistes] oK ASRAGH 000
1w
5000
183
o
s B0 4o %0 8 7 0 B0 100 1i0 120 130 140 150 169 170 180 130 200 210
===y 3 iy e 2o ol St .
e
0l w
d "
ma> %0 40 S 6 70 8 9 100 110 120 130 140 130 160 170 180 190 200 210
Aomdnca 2is 2 pmnazrne
00

_— w
10
2 Q5%

e "0 o % 60 70 80 G0 10 110 130 130 140 150 180 170 180 160 200 210

Figure $12. °C NMR spectrum (126 MHz. CDCL) and mass spectrum of compound 3f.
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Figure 3. GCXGC-TORMS EIC m/z 191 of saturated hydrocarbon
fraction from Oil #2, showing the identification of hopanes, with
details for 28-nor-spergulane and oleanane at low abundances.
25.NH: 17a(H)21b(H)-25-nor-hopane; Tm: 17a(H) 21B(H)-22,29.30-
isnorhopane: H20: 17a(H),21B(H)-30-nor-hopane; TPP: tetracyclic
polyprenoid; H30: C,, 17a(H),21(H)-hopane; Ha: Cn hopane;
Gam: gammacerane; Ol: oleanang; 20NSP: Cy, 28 nor-spergulane. To
abbreviation identiications see also Table SI (i the SI section).
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Figure S11. IR spectrum and "H NMR spectrum (500 MHz. CDCL) of compound 3f.
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Table 1. SAP results. Chemical group-type composition for the samples.

Compownd ___OW#1____OlR__ Oi#3 _ Oiw
Swraed /% 23 ) s B
Aromatic /% 15 30 2% E
Polar/ % 3 9 i3 10

Recovery /% T1 » 89 95
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‘Figure 1. Saturated hydrocarbon fracton from Oil £2: (3) GC-MS iz 123
mass chromatogram; (b) mvz 191 mass chromatogram; () m/z 177
mass chromatogram and (d) GCxGC-TORMS overlaid EIC mz 191,
177 and 123 of the same sample, showing the separation and
identification of biomarkers and solved coelutions in 2D. Note the
separation achicved for hopanes, 25-nor-hopanes and secohopanes
in 2D. DTs: 18a(H).21b(H)-22,25.29,30-tetranorneohopane:
DT 17(H) 21B(H)-22.25,29 30-etra-nor-hopane: Ts: 18a(H) 21p(H)-
22,29,30-trisnomeohopane: Tm: 17ax(H).21B(H)-22,29.30-tris-
nor-hopane; 25,28, 30-TNH: 17a(H),18a(H) 21B(H)-25,28,30-
tris-nor-hopane; 25,30-BNH: 17a(H), 18a(H), 21 B(H)-25.30-bis-
nor-hopane; 25,28-BNH: 17a(H), 18a(H),21 B(H)-25.28.bis-nor-
hopane: H28: 17a(H), 18a(H),21B(H)-28,30-bis-nor-hopas
25-NH: 17a(H).21B(H)-25-nor-hopane; H29: 17a(H)21B(H)-
30-nor-hopane; C29Ts: 18a(H),21B(H)-30-nor-neohopane;
TPP: Tetracyclic polyprenoid; M29: 17B(H).21a(H)-30-nor-hopane:
H30:C,y 170(H) 21(H)-hopane; Has: C,hopane; D30: demethylated C,
hopane NG: nor-gammacerane: SH: secohopane. To more abbreviation
identification see also Table S1 (in the SI section).
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Figure S14. C NMR spectrum (126 MHz, CDCL) and mass spectrum of compound 3g.
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Figure 4. GCXGC-TOFMS EIC m/z 177 of saturated hydrocarbon
fraction from Oil #2, showing the identification of demethylated
hopanes (25-nor-hopanes), with details for nor-gammacerane
identification. 25,30-BNH: 17a(H), 18a(H) 21B(H)-25,30-bis-nor-
‘hopane; 25-NH: 17a(H) 21B(H)-25-nor-hopane; NG: nor-gammacerane;
D30: demethylated C, hopane, Dn: demethylated C,,, hopane. To
abbreviation identiications see also Table SI (i the SI section).
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Aable 2. Antuoxidant and antibacterial activities of isolated compounds
from the roots of a hybrid between A. heterophyllus and A. integer

‘Antioxidant activity, IC, /_ Antibacterial activity, MIC/

(mg mL (ug L)
Compound P OF  Superoxide Acinetobacter Escherichia
anion __baumannii__coli
1 0B ND 015 50 >100
2 NA  ND  ND 23 >50
3 014 0008+ ND >100 > 100
$ - - - >100 > 100
5 - - - >100 > 100
6 NA ND D >50 >50
8 NA  ND D >100 >100
9 NA  ND D >50 >50
1 NA  ND D >100 > 100
2 - - - >100 >100
&) 014 0005+ ND - -
1 0033+ ND 325 50 > 100
15 004 00024 ND - -
16 NA ND D - -
1 NA  ND D >100 > 100
18 - - - >100 > 100
1 0032+ ND 005 >100 >100
2 NA1S6r NA >50 >50
2 - - - >100 > 100
23 NA  ND  ND >50 >50
n NA  ND D >50 25
% 0039+ 001+ ND 25 25
5 0034 0009 ND 23 >50
BHA 0 - - - -
Tannin - om - - -
Trolox - - 039 - -

IC,’ sample concentration that produced S0% inhibition of that radical
NA: no actvity; ND: not determineds +*: very good actvity; *: good;
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Figure S4. HMBC (300 MHz, CDCL.) spectrum of compound 1.
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Figure $3. HMOC (300 MHz. CDCL) spectrum of compound 1.
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Figure 1. XRD patterns of the () Na, V0,1 SH.O microbelts at 200 °C
for 2 days, (b) Nay.V,0, nanofibers at 200 °C for 3 days, (¢) standard
XRD pattern of Na, V.0, JCPDS file No. 211175 and (d) Na, V.0,
nanofibers/nanorings at 200 °C for 4 days. (e: NaV.0,-1.5H,0).
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Figure S5. HRESIMS spectrum of compound 1.
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454

Figure . GCxGCTORMS EIC v 191 and 177 of saturated hydrocarbon
raction from Oil £2,showing the distinction between the homohopane and
‘gammacerane families. H30: C,, 17a(H),21B(H)-hopane; Hn: Cn
hopane; Gam: gammacerane NG: nor-gammacerane; D30: demethylated
C,, hopane, Dn: demethylated C,,, hopane. To more abbreviation
identifcations see also Table SI (i the ST section).
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Figure 2. Key HMBC (H — C) correlations of compound 1.
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Table 2. Geochemical data showing selected source, thermal evolution 1nd biodegradation parameters of samples via GC-MS and GCxGC-TOFMS|

[CE] Ol e Oi# Ol
Perameer GCMS__GCxGCTORMS __GCMS _GCxGC-TORMS _GCMS _GCxGC-TORMS _GCMS_GO-GC-TORMS.
Hop/st™ d d 08 090 16 099 46 08
H30C,, aoo? nd nd 109 155 108 097 158 187
ot l% nd nd 374 490 03 a8 386 26
Cal% nd nd 364 344 97 77 330 37
Cal% nd nd %2 166 300 305 84 256
To/Tm* nd nd 063 057 060 070 065 064
Gam/H30° nd nd nd o1 nd 03 nd 016
ouH30 nd nd nd 008 nd nd nd 010
H2OH30 nd nd 080 079 090 100 o088 064
T3H30 262 7 191 866 150 389 138 591
TeH30 060 104 04 080 037 064 031 053
Tasage 157 089 057 074 058 105 062 174
H3SH34! nd nd 139 139 129 149 131 157
H32S/S + RY® nd nd 051 056 053 054 054 o057
TSCTs + T nd nd 039 036 037 041 040 039
C,y oSS + R)* nd nd 051 053 060 04 o058 067
Cy Bpl(aa+ BY* nd nd 051 055 053 080 054 o057
25NHH30 345 604 158 238 13 214 [t 136
252830 TNHHZ0" 201 254 159 205 13 149 095 0%
New parameter

2530-BNHH30™ 579 1253 206 612 ) 3 266 3%
2528 BNHH30" 127 102 04 047 044 045 [t 035
SH30/H30® 27 1356 L3 758 097 59 068 23

d: not detected; “Calculated from peak areas of EH29-H3S hopanes i the /2 191 chromatogram over peak. arcas of £C,.-Cy seranes inthe mz 217
chromatogram. Hop/St: (H29-H3SVIC, Cs, Cs e (205 + 20R) and aBp 208+ 20R) (2 191 and 217, Caleulaed from peak arcaof Cs, 1Ta(H) 21P(H)-
30-hopanein the i 191 chromalogram ove peak areas o C Sa(H),Lo(H), I TaH)-cholstanes (205 + J0R) n the /217 chromatogram. H30/C27 azc:
(H30VC,, e 208+ 20R). ‘Caleulted from % C sterane  217): 100 C e (205 + 20R) + C;, B (205 + J0R)/[(C, e (205 + 20R)+ C, B
208+ 20R) + Cs (205 + 20R) + Coy BB (205 + 20R) + C, e (205 + 20R) + Cs B 205 + 208 “Calculated from peak area o 15, 21p(H)-
22.29.30-is-no-neahopane (TS)over peak area of 17a(H)2[(H-22.29.30sis-nor-hopane (T i the m/z 191 chromatogram. ‘Caculated from peak
area of gammcerane (Gam) over peak areaof C,, 1a(H)21(H). 30-hopane (H30) in the v 191 chromatogram. “Colculated from peak ara ofoleananc
(0D over peakarea of C, () 21(H)-30-hopane (H30) n the i 191 chromatogram. Calculated from peak aea of 17a(H) 21(H)-20-hopane (1H29)
over peak arca of ,y 17a(H),21p(H)- 30-hopanc (H30) i the mz 191 chromatogram.‘Calculate from peak area of ., icyclic terpane (Te23) over pesk
area of C () 21(H)-30-hopanc (H30)in the m/z 191 chromatogram. *Calculated from pesk area of C eracyclic terpanc (Te24) over pak area
of C,y 17a(H),21B(H)-30hopane (H30) in the m/z 191 chromatogram. "Calculated from pesk area of C,, ricyclic terpanc (TF23) ovr pesk area of Csy
wieycic terpanes (Te26)in the vz 191 chromatoaram " Calculated from peak area of 17a(H) 21(H -ttrakishomohopane (225 + 22R) (H34) over peak
arcasof 7a(H) 21B(H)-pentakishomohopane (225 + 22R) (H3S) inthe m/z 191 chromtogram. H34/H3S: [H34 (225 + 20R)/ H3S (225 + 220)] v 191)
“Calculated from peak areas of H32 17a(H) 216(H)-bishomahopane (225 + 22R) i the iz 191 chromatogam, "Calculted from peak areas of 18a(H),
210229 30-tris-nor-neohopane () and 7a(H)21B(H)-2229 30-ss-nor-hopane (Tm)i the miz 191 chromatogram,. “Calculated from peak aras
of .y Sat), L(H), 1 TaH)-24-cthyl.chalcstane (205 + 20R)in the s 217 chromatogram, "Calculted fom peak areas of C, S, 14afi), T(H)-
24-chyl-cholesane (205 + 20R) and C, Sa(H), Loo(H), 1 Ta{H)-2-cthyl.cholstane (205 + 208) in the m 217 chromatogram. *Calculated from peak
area of 25-nor-hopane (25-NH) i the chromatogram vz 177 over pesk area of Cs, 17(H) 21 (H)-30-hopane (H30) i the m/z 191 chromatogram.
"Calculated from peak areaof 25,28 30-tris-nor-hopane (25,28 30-TNH) i the 177 chromaogram over peak area of Cy, () 21(H)-30-hopane
(H30) i the 2 191 chromatogram. "Calculatd from peak arc of 25.30-bis-nor-hopane (2530-BNH) i the s 177 chromatogram over pak area of
Cyp 70(H) 21B(H)-30-hopane (H30) in the mz 191 chromatogram. "Calculated from peak area of 25,28-bis-nor-hopane (25.28-BNH) i the mz 177
chromatogram over peak area o C,, 17a(H) 21(H- 30-hopane (H30) in the 'z 191 chromatogram. ™Calculated from peak area o C,, . 14-sccohopanc
(SH30)in the 123 chromatogram oves peak areaof Gy, 1TaH),21(H)-30-hopane (H30)inthe s 191 chromatogram. "> Propesed new geochemical
parameters for heavy biodegradation.
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Figure 1. Structures of isolated compounds 125
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Figure S2. "C NMR (75 MHz, CDCL,) spectrum of compound 1.
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Figure S1. 'H NMR (300 MHz, CDCL) spectrum of compound 1.

"






OPS/images/a05img10.png
‘Table 1. Table of abbreviations.

T
Ten
T
Tm
DTs

DTm

H28
H29
(e
H30
H31
H32
H33
H34

H3s

D30
D31

D32

C, ticyclic terpane
€, tetracyclic terpane:

180(H) 21(H)-2229.30-tris-nor-neohopane
170(H) 21B(H)-2229 30-sis-nor-hopane:
demethylated Ts: 18a(H) 21B(H)-22.2529 30-etra-
nor-neohopane.

demethylated Tm; 17a(H), 21B(H)-22.25.29,30-etra-
nor-hopane

17a(H),18a(H) 215(H)-2830-bis-nor-hopane.

17AGH) 21B(H)-30-nor-hopane

180(H) 21B(H)-30-nor-neohopane

C 17a(H).216(H)-30-hopane.

17(H) 21B(H)-30-homohopane (225 + 228)
17a(H)21B(H)-3031-bishomohopane (225 + 228)
17a(H)21B(H)-3031,32-rishomohopane (225 + 228)
170(H) 21(H)-30.31 32, 33-terakishomohopane:
(@25+228)

170(H) 218(H)-3031,32.33 34-pentakishomohopane:
(@25+228)

170(H)218(H)-25-nor-30-homohopane (225 + 228)
170(H)218(H)-25-n0r-3031-bishomohopane
(@25+228)

170(H)218(H)-25-n0r-30.31 32-tishomohopane.
25 +228)

D33

D34

17a(H) 218(H) 251013031 3233
tetrakishomohopane (225 + 22R)

17a(H) 21B(H)25-n0r-30.31 3233 34-
pentakishomohopane (225 + 22)

17B(H) 21 AH)-30-nor-hopane

C.y 17B(H)21AGH-hopane

170(H) 30-n0r-29-homohopane:

Cy 2nor-spergulane

nor-gammacerane.

Cy 17alH).21B(H)-25-nor-hopane.
tetracyclic polyprenoid

sammacerane

oleanane
170a(H),18a(H),218(H)-25.28-bis-nor-hopane.
17a(H),18a(H) 218(H)- 25 30-bis-nor-hopane:
17a(H),18(H),218(H)-25,28,30-tris-nor-hopane
secohopane.

sterane

€, sterane e (CorCy) 5+ R)

€, sterane @ (C.r-Ca) (S+R)

C, diasterane
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Figare S1. Whole oil chiomatogram (GC-FID), and saturted hydrocarbon fraction GC-MS mz 191 chromatogram, m/z 177 chromatogram, mvz 123 chromatogram and vz 217 chromatogram, respectively,

from (a) Oil #1, (b) Ol 2, (¢) Oil #3 and () Ol #4.
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Table 3. Biomarker composition of the oils and Peter & Moldowan scale.

‘CompoundClass Oil#1_Oi#2 _ Oi#3  On#s PM Scale
‘n-Alkanes (GC-FID) - - - - 1 sight
Isoprenoids (GC-FID) - - + + 3 moderate
C,y () 21B(H)-25-n0r-Hopane (GC-MS and GCXGC-TOFMS) ++ - - + 4 heavy
25-nor-Hopancid seris (GC-MS and GCXGC-TOFMS) ++ + -+ + s heavy
nor-Gammacerane (GCXGC-TOFMS) + + + + 56 sowen
25-nor-Tricyclic terpanes (GC-MS and GCXGC-TOFMS) + + -+ + 56 sowen
Hopanes destroyed (GC-MS) + - - - 56 sowen
Steranes destroyed (GC-MS) + - - - 56 sowen
2530-Bis-nor-hopane (GCGC-TORMS) ++ - - +

2528-Bis-nor-hopane (GCGC-TORMS) ++ - - +

2528.30-Teis-nor-hopane (GCXGC-TOFMS) ++ - - +

PM Scale 6 6 >6 6

- not detected; +: detected; ++: detected in higher abundance then +.
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Figure 6. GCXGC-TOFMS EIC nv/z 191 and 177 of: (2) Oil #2, showing the presence of n-alkanes, trycyelic terpanes, tetracyclic erpanes, hopanes and
Steranes; (b) Oil #1, showing the absence the same compounds mentioned above; (¢) Oil #2, showing ihe presence of homohopanes; (d) Oil #1, showing

the absence of homohopanes.
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Figure S4. Mass spectra of: (x) C., 28-nor-spergolane, (b) nor-gammacerane, (¢) 25,30-bis-nor-hopane (25,30-BNH), (d) 25,28 bis-nor-hopane (25,28
BNH), () 25,28 30-tris-nor-hopane (25,28 30-TNH) and {3 C.y8.14-secohopane with the fragmentation which leads 1o the diagnosiic ion.





OPS/images/a15img01.png
Table 1. "H and "CNMR (300 and 75 MHz, respectively) data and major
HMBC correlations for compound 1 in CDCL,
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Figure 1. Linear voltammograms (A), differential pulse
voltammograms (B) and square wave voltammograms (C) recorded using
different concentrations of odide n a 24 g L' chloride solution: (x) blank,
®)1.©)2(@3,©)4.05. ©6.0)7.6)8.) 9and () 10me L iodide.





OPS/images/a14img29.png
L
i |

R
%

i Ha

Figure S13. IR spectrum and 'H NMR spectrum (500 MHz, CDCL) of compound 3g.
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Figure $2. Correlation graphics between: () 25,30-BNH/H30 and 25-NH/H30, (b) 25.28-BNH/H30 and 25-NH/H30, (¢) SH30/H30 and 25-NH/H30.





OPS/images/a05img13.png
H31 M30

ol Gam

25-NH

25,28-BNH

R R

@ a
NS

H

Sterane Diasterane

Figure S3. Selected structures of cited compounds.

TP 28NSP

NG : D30

8, 14-Secohopanes





OPS/images/a18img10.png





OPS/images/a10img22.png
“Table S1. Crystal data and structure refinement for compound 5

entifiction code Compound 5

Empirical formula CHNOS

Formula weight 758

Temperature WK

Wavelength 070734

Crystal system orthorhombic

Space group P212121

Unit cell dimensions 1=8539)A azor
b=0.1905) A =
¢=300245) A y=or

Volume 3561019 &

z 4

Densiy (calculated) 1234 mg mr

Absorption coeffcient 0170 mm:

F(000) 944

Crysalsize 0569 %0328 x 0.082 mnv

“Theta range for data collection 31302500

Tndex ranges. -10sh<7,9<k< 103151535

Reflecions collcted &7

Independent efecions 3816 [RGn) = 0.0261]

‘Completeness o theta = 25.00° %75

Absorption corecion Sermi-empirical from equivalents

Max. and min. transmission
Refinement method

Data/ restraints / parameters
Goodness-of-fit on F

Final R indices [1 > 2sigma(D]
Rindices (all data)

Absolute structure parameter
Largest diff. peak and hole

1.00000 and 091093
full-matrix least-squares on F2

3816/0/279
L2
RI=00581, wR2=0.1217
RI=00680, wR2 =0.1267

-005(12)
0198 and—0.238 ¢ A*
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Figure $10. HRMS (ESI/TOF) spectrum of 3B-acetoxy-(17R)-mesyloxy-17-methyl-16,17-secoandrost-5-ene-16-nitrile (6).
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Figure 5. In situ FTIR-ATR spectra obtained from 0.2 to 1.0V (RHE) in 0.1 mol L' HCIO, + 1.0 mol L ethanol using IrPISn/C electrocatalysts.
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Figure S6. IR spectrum of 3-acetoxy-(17R)-mesyloxy-17-methyl-16,17-secoandrost-S-cne-16-nirile (6).
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Figure S5. HRMS (ESI/TOF) spectrum of 3B-acetoxy-(/75)-mesyloxy-17-methyl-16,17-secoandrost-5-ene-16-nitrile (3).
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Figure S8. °C NMR spectrum (62.5 MHz, CDCL,) of 3B-acetoxy-(17R)-mesyloxy-17-methyl-16,17-secoandrost-5-ene-16-nitrile (6).
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Figure S7. 'H NMR spectrum (250 MHz, CDCL,) of 33-acetoxy-(17R)-mesyloxy-17-methyl-16,17-secoandrost-5-ene-16-nitrile (6).
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Figure S1. IR spectrum of 3-acetoxy-(175)-mesyloxy-17-methyl-16,17-secoandrost-5-cne-16-nitrile (5).
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Figure S4. DEPT 135 and DEPT 90 spectrum (62.5 MHz, CDCL,) of 3-acetoxy-(178)-mesyloxy-17-methyl-16,17-secoandrost-5-ene-16-nitrile ().
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Figure 5. (A) Chronoamperometric response for DMSO containing 0.05 mmol L TBAP in the presence of 0.04 mmol L* Fe(TPP)CI, at  potential
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Figure $3. “C NMR spectrum (62.5 MHz, CDCL) of 3-acetoxy-(/75)-mesyloxy-17-methyl-16,17-secoandrost-S-ene-16-nitrile (5).
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Figure $9. DEPT 135 and DEPT 90 spectrum (62.5 MHz, CDCL) of 3p-acetoxy-(17R)-mesyloxy-17-methyl-16,17-secoandrost-5-ene-16-nitrile (6).
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Table $10. Torsion angles (degree) for compound 6
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‘abie 1. Values of acid number (2 standard deviation) obtamned with the ABNT NBR 14448 (ABNT), AOCS Cd 3d-63 (AOLS) and green visual (VIS)
methods vs. the potentiometic (POT) method proposed herein for oils and fat

ABNT=SD/ POT=SD/ AOCS = SD/ VIS=SDF/

megy PO gy PP imgey  BPI% gy RO
CamlaA 013720005 36 015020005 36 015008 52 OM6=0011 75
Snlower A' 0030005 60 0080=0004 S50 0092-0005 54 00770003 39
LineedA' 16554004 25 L6I=008 17 169008 28 L8200 18
Com A 008420013 1S5 008520005 59 011920010 84 009=000 112
Soy A" 007750008 104 008420000 24 00720005 68 0020000 25
SwineluP 04340008 18 042050007 17 04705003 72 042720015 35
CalaB 0120000 28 01002 13 012000 59 015%20005 32
Sulower B 010050008 80 009550002 21 01042000 87 010220007 69
Lineed B SS00281 51 S4T320053 10 56190215 38 60192 34
Castor® 075820003 04 07920012 16 081520018 22 074320018 24
Com B* 009950005 51 010820003 28 01320004 35 009120008 88
Soy B 008420003 36 00220003 37 008320004 48 007920000 25
Mean RSD/ % 54 27 54 8

*Point_by-point potentiometric procedure. "Automatic potentiometric procedure. ‘Reference 25. Number of replicates: 5: RSD: relative standard deviation in %.
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Figure S4. 'H NMR. MS and IR spectra for compound 3i.
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‘Table $12. Selected torsion angles for compounds § and 6

Compound 5 Compound 6
Torsion angle / degree
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table 3. Statistical companison of the precision of the ABNTNER 14438 (ABNT), AOLS (d 3¢-63 (AOLS), green potentiometric (1) and green visual
(VIS) methods using the satistical F-est. F-abulated = 9.6 (n, = 1, = 5; v =4 o = 0.05); F =232 (n, =, = 5; v =4 = 001>

Feealeulted
POT 15, AOCS POT s, ABNT POT s VIS ABNT 5. AOCS

Canola A* 26 0 ) 26

Sunflower A¢ 16 16 18 10

Linsced A* 29 21 12 n

Com A+ 40 68 40 17

Soy A* 63 160 10 26

Swine lard® 236 13 6 181

Canola B 203 40 63 51

Sunflower B 203 160 123 13

Linsced B* 165 81 51 17

Castor® 23 160 23 360

Com B 18 28 7 16

Soy B* 18 10 23 18

*Puint $0-paint potcatiometric fitration. “Automatic potentiometric fitration.
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Table S11. Selected bond lengths and bond angles for compounds § and 6

- Compounds____Compound - Compound5____Compound 6
Bond length /A Bond angle / degrc
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“able 2. Statistical comparison through the weighted finear regression procedure of the results obtained with the ABNT NER 14338 (ABNT).
AOCS Cd 3063 (AOCS) and the green visal (VIS) methods vs. the potentiometsic (POT) procedue proposed herin a the 95 and at 9% confidence
levels (canola, sunlower,lnseeds,castor, com,soy oils and swine ard). Sudent’s f-vales are 223 and 3.17,respectively (degre of freedom = 10)°

. Confdencelimits  Confidence mits _ Confdence
A=SD B=sD ® A=(SDxt) Bx(SDxt) level / %
POT 1x. AOCS 000420005 053620024 0993 000420010 093620054 o5
000420014 0936 20077 %
POT 1s. ABNT 000520003 058320016 0997 000520006 0983 20035 95
000520009 0983 20050 %
POT 1. VIS 000420003 096420017 0996 000420007 096420039 o5
000420010 096420055 %
ABNT 1 AOCS 000020003 053020007 0999 000020006 093020015 95
000020010 093020021 »

SD- standard deviation.





OPS/images/a04img10.png
B R Y e

m





OPS/images/a10img28.png
‘Table $7. Atornic coordinates (x 10 and equivaleat isoropic displacement parameters (A* x 10°) for compound 6. Ueq)is defined as one third of the
raceofth onthogonalzed U tensor

x Y B Uteq)
) 10266(1) ) 55791 521
oa 96062) 8910) 66870 a0
om 84909 88880) 2082) 550
o5 109363) 66730) 60023) L)
L) 52510) 90440 85420) 350
s 0716 9556 6 34
o 93830) e 4561) 0
cas T 88560) 69003) )
can 63000) T986(4) 87129 4600
cas 00 9576) a8 34
cao 39910 85620) %0163) )
s 2055) 95940) 86920) 380
can 91150) 107086) 7m0 a0
) 1986(4) 93094 1066203) 491
oo 70 109073) 108286) 88(1)
on 41650) 107766) 7159 a1
cay 75206 850404) 82526) 4600
o 3074 105796 7900 a0
cae) 52364 9660(4) 4607 510
can 86126) 94500) 65000) 410
c 17534) 94264) 93093) 5000
cas) 70264 T80 61344 530
cas) 60834 1049404) 5402) 450
cn am@ 8469(3) 51
c 2055(4) 82129 s6)
can 13476 91125) 0
ca 1104 97634) 60
) 12176 91315) L0
ca9 358064 T1643) 57
NI 45574 %0174 85(1)






OPS/images/a19img05.png
B

2eseszzee

W

o i

Figure S2. 'H. "C NMR. MS and IR spectra for compound 3g.
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Table $6. Crystal data and structure refinement for compound 6

Identification code Compound 6

Empirical formula CHNOS

Formula weight 3758

Temperature 200K

Wavclength 0710694

Crystal system monoclinic

Space group Pi2lt

Unit cell dimensions 2= 1063405) A =00
b=08235) A 9499505
= 110685) A y=00°

Volume 1152810 &

z 2

Density (calculated) 1261 mg

Absorpton coeficient 0174 mmt

F000) m

Crystal size 0532% 0.178 % 0.079 m

Theta range for datacolletion 328102500°

Index ranges. Bhsi2llsksIL3SISI2

Refcctons collected 336

Independent reflectons 3445 [RGn) = 0.0249]

‘Completeness o theta = 25.00° 90.7%

Absorpton correction semiempirical from equivalents

Max. and min. transmission 1.00000 and 074065

Refinement method fll matrix least squares on -

Data restrints / parameters 3448/1/275

‘Goodnessoffit on F2 1058

Final R indices [1 > 2igma(D] RI=00535, wR:

R indices (al data) RI= 00678, wR:

Absolute siructure parameter 001010

Largest dif. peak and hole.

0.169.and 0200 A
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Figure S1. 'H NMR. MS and IR spectra for compound 3d.
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‘Table $9. Anisotropic displacement parameters (A* x 10°) for compound 6. The anisotropic displacement factor exponent takes the form:
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‘Table S8. Bond lengths (A) and angles (degree) for compound 6
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Figure §3. 'H. "C NMR. MS and IR spectra for compound 3h.
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Table $3. Bond lengths (A) and angles (degree) for compound 5.
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‘able 1. Reaction conditions of synthesis of N-(3-((£)-3-arylacryloyl)phenyl)acetamide denvatives

Reaction condition
e A time /min Yield/ % mp/°C
3 CH, Wovernight TUS0 T61-163/161.7-162.2
3 4HOCH, Sovernightt 8470 198-201/197.5-199"
3 4CICH, ITlovernight To/83 22U ASAST
3 4FCH, 10 80 19121
% 4ONCH, Tiovernight: 8750 2823023072410
a 4HCOCH, Slovernight: 85/ 198-2001206.5-207.0°
3 34-0CHOCH, 6 92 175 (dec)
3 3454 H,COCH, 5 8 150 (dec)
3 2yl 7 % 216218
3 2furyl Wovernight 8795+ 99-103/118.1-119.0°
3K thicayl Wovernight 9090 143-147/1478-1493

*Data to N-(4((E)-3-arylacryloyl)phenylacetamide derivatives reported in the literature.®
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‘Figure 2. Absorbance spectra of carbaryl (a) and chlorpyrifos (b).
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Table S5. Torsion angles (degree) for compound §
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Figure 1. Scheme of synthesis of N-(4-((E)-3-arylacryloyl)phenyl)acetamide derivatives.
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Table 1. Parameters of the linear regression equations for each pesticide

Parameter Cartany! Chlonpyrifos
Sumple number % 7
Linear cange  (pg mL") 1604500 1505000
Tnercept 00004 00033
Stope 0030 oou
Comelaton coeficent 0998 09%

Limit of detection / (g mL") Lol 089
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Table $4. Anisotropic displacement parameters (A% x 10" for compound . The anisotropc displacement factor exponent takes the form:
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Aable Z. In vitro cytotoxic activity against Phagocyte 1774 cell lines and
leishmanicidal activity against Leishmania panamensis promastigotes
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Figure 4. Plots of log (PRESS) versus number of latent varizbles for
both pesticides.
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Table 3. Influence of fragments distinction over HQSAR statstical
parameters, using standard fragment size (4-7)¢

Model :u?""""‘: 7 ” HL WV
1 ABC 046 055 19 3
2 ABCH 053 0ss 7 2
3 ABCHCH 053 054 s 3
4 ABCHCRDA 048 0S8 71 3
s ABH 053 0 7 3
6 ACH 055 0se T 3
7 ABCH 053 01 1t S
8 AcCh 052 06 115
9 ABHCH 054 071 1t 3
10 ACHCh 054 0% 07 3
n ABCCh 02 06 41 6
2 ACDA 048 066 6

. cross-validated correlation coefficient; 1%, noncross-validated
‘cortelation coeffcient; HL, hologram length LV, optimal number ofltent
varisble. Fragment distinction: A, atoms; B, bonds; C, connections; H,
‘hydrogen atoms; Ch, chirality; DA, donor and acceptor.
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Figure S4. "C APT NMRspectrum (125 MHz, CDCL, + C.D.N) of compound 1.
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Figure 6. (A) Plot of ESpm0Sr values versus pMIC,, of training set
‘compounds; (B) Influence of fused rings over the charge density and
antifungal activity of selected compounds.
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Figure S3. 'H NMR spectrum (500 MHz, CDCL + C,D.N) of compound 1.
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Figure S6. HMOC NMR spectrum (500 MHz, CDCL + C.D.N) of compound 1.
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Figure S5. °C BB NMR spectrum (125 MHz, CDCL + C.D.N) of compound 1.
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Figure S2. IR spectrum (KBr) of compound 1.
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Figure 4. Regression vector plot. Desecriptors that increase potency have.
positive leverage, whereas those that reduce potency display negative

values.
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Figure S1. HRESIMS spectrum of compound 1.
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Table 2. Predicted pMIC,, values for test set compounds according to hologram-based (HQSAR) and descriptor-based QSAR models
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Figure 1. Non-azole antifungals designed as lanosterol 14ar-demethylase:
inhibitors.
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Figure 1. Potentiometric titration curves obtained by the application of
the proposed green potentiomelric method on the cthanol-water solvent:
(a) point-by-point tiration and (b) Metrohm Titrando 808 automatic
itrator. In both cases, a glass pH electrode (Ecotrode® 3.0 mol L* KCI
was tsed
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Figure 3. Predicted vs. Experimental values of pMIC,, according to the
best descriptor-based QSAR model,
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Figure 2. NOESY correlations of 1.
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Figure 2. Loading plot for training set compounds according to PCA.
‘Weak inhibitors (open diamond) are clearly separated from average (grey.
‘squares) and potent (black cycles) non-azole antifungals.
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Figure 1. Triterpene isolated from M. distichophyila.
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Figure 3 MEPS/NACE electropherograms obtined forclderly depressed
patient plasma samples. Determined concentrations: a): (1) serraline:
(387.1 ng mL-Y; (b): (2) fluoxetine (220.1 ng mL"; (¢): (3)citalopram
(2338 ng mL-Y; (d): (4) paroxetine (403.5 ng mL"); (5) mirtazapine
(1S). NACE conditions: BGE, 1.25 mol L phosphoric acid in
acetonitile, hydrodynamic ijection, 10, electric feld, 500V e and
temperature 25 °C. Peaks: (1) sesraline, (2) fluoxetine, (3) citalopram,
(@) paroretine and (5) mirtazapine (1S.). The electropherograms were
stacked and offset to facilitate visualization.
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[fable 6. Comparison of the developed procedure with some recent studies based on SFL reported in literature
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‘Table 3. Comparison of the SBSE/NACE, MEPS/NACE and LLE/NACES methods with spectrophotometric detection
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Zable 3. Au(lll) contents in real samples after application of the presented
SPE procedure (N:3, stream and sea water volume: 250 mL, amount of
sample: 0.750 g of soil, 0.100 g of gold ore and anodic slime, and final
volume: 5.0 mL)

Liguid sample / (ug L") Solid sample / (g ¢)
Scawaler_Streamwater _ Anodic slime_Goldore __Soil

474202 0642032 211502530 2030124 <LOD*
Relow the limit of detection.
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‘Table 2. Total S concentrations determined by HG-ICP OES (OES) and ICP-MS (MS) for non-contaminated crabs

‘Total Sn concentration / (ng )

Animal Gills Hepalopancreas Muscle

Ms OES ms OES ms OEs
1 <236 B 36 s NA NA
) 2147 <ns <446 <0 i o186
38 2061 <ns 3203 <0 147 <261
B 2400 <Bs 418 <459 2516 <2661

NA: not analyzed.
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Figure 2. Effect of ligand quanies on the recovery of Au(lll) (V3
eluent: 7.5 mL of 1.0 mol L-* HCl in acetone, and sample volume: 50 mL)
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Table 1. Crab exposure

Animal S Exposure/day Ingested food /g
i female 0 000
n female 2 009
3 female 3 000
an female 3 034
A female s 021
o female 7 064
£ male 18 233
sA male W 1007

oA male 4 1361
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Figure 1. Relation between HNO, concentration and recovery values

(N3, PYTOX amount: 1.0 mg, eluent: 7.5 mL of 1.0 mol L HCl in
acetone, and sample volume: 50 mL).
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Table 2. Iter-day precision (CV, coeffcient of varation) and accuracy of the methods

‘SBSE/NACE method MEPS/NACE method
Dru Added —
e concentration  1merassay precision,  Accuracy / % Inter assay precision, Accuracy /%
CVI%n=5 =5 CVI%n=5 n=s
50 105 95 85 o7
Sertaline 200 48 101 38 %
500 32 ) 32 %5
50 126 98 76 o5
Fluoxetine 200 78 98 58 2
500 29 o7 39 o
50 16 % 87 o7
Citalopram 20 45 98 44 98
500 43 o7 40 %
50 o8 o7 68 o5
Parosetine 200 76 9% 46 o1
500 29 101 29 101
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Table 4. Recoveries of Au(lll) from solid samples (N-3, sample amount: 0.750 g of soil, 0.100 g of gold ore and anodic slime, and final volume: 5.0 mL)

et ‘Anodic sime Gold Ore Soil
Determined /pg __ Recovered /% __ Determined /pg __ Recovered /% Determined /g Recovered/ %

0 2152053 - 2032012 - <LoD* -

10 30932081 918 11882025 985 9252049 25

) 40382124 %2 20082074 953 18.6820.60 934

Relow the Tt of detection.





OPS/images/a22img03.png
Table 3. Recoveries of Au(IID) from water samples (N-3,0.5 mol L HNO,
conditions, and sample volume: 50 mL)

Strcam water Seawater

Added/ye  Determined | Recovered / Determined / Recovered/
4 % ue 5

0 o - <o -

10 9455014 045 0682025 9638

2 52046 962 18952057 048

Relow the limit of detection.
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Table 1. Linearity and LOQ values obisined for the SBESE/NACE and MEPS/NACE methods
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Figure 2 SBSE/NACE electropherograms obtained for s blank plasma
sample and (b blank plasma sample spked wilh antidepressants at 2
concentration of 500 ng mL-". NACE conditons: BGE, 1.25 mol Lt
phosphoric aid in acetonitile, hydrodynamic njection, 10, lectric
field, 500 V e, and temperature 25 °C. Peaks: (1) sertaline,
@) Muoxetine, (3)citalopram, (4) parosetine and (5) mirazapine (LS.).
The electropherograms were stacked and offset o faciltate visualizaton.
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“able Z Influence of matrix components on recoveries of Au(ll) (V-3
0.5 mol L HNO, conditions, PYTOX amount: 1.0 me, clueat: 7.5 mL
of 10 ml L' HC inacctone, nd sample volume: 30 mL)

‘Concentration/_ Recovery /
lon Added as e o

Na NaCl 5000 1028232
K KCl 1000 1003231
co cacl, 1000 043211
Mg MgNOy, 500 054223
N NaNO, 5000 051234
0 NaCO, 1000 91217
s07 NaSO, 1000 055244
PO Na,pO, 1000 916215
r KI 100 053225
F NaF 100 0958240
CH,C00- NaCH,C00 250 043208
cadn, Nin, B 25 931206
AICIID, Ph(1D),

Cr(lID, V(V)

Mixed® 043227

V(V) added as V0, other ions added as their itrate sals. 7428 mg L
Na', 8389 mg " CI-, 6461 mg L' NO;, 265 mg L K*, 250 mg L, Ca,
Mg, CO SO PO, S0 mg L' I, F, CH,COO, 10 mg L' Cd(I),
Ni(ID). AICTID. Pb(ID). Ce(IID). V(V)
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Figure S1. Histogram (upper panel) and HCA dendrogram (lower panel)
forthe complete dataset of non-azole antifungals. Test set compounds are
highlightcd in the HCA by a small black cicle
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Figure S8. COSY NMR experiment (500 MHz, CDC, + C.D.N. 8. 2.9-0.2) of compound 1.

11 (ppm)
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Figore 8. Contribution maps forweak (upperpanc, cpd 06 pMIC, =21
and potent (ower pancl cpd 35 pMIC,, = 0.60) non-azole anifungals
according o the best HOSAR model.
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Figure S7. HMBC NMR spectrum (500 MHz, CDC, + C.D.N) of compound 1.

11 (ppm)
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Figure 1. Optimization of the SBSE variables.(2) The effect of extraction
pH on SBSE performance of al analytes, and (b) SBSE time extraction
profils for luoxetine a differen temperatures.
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Aable 1. Effects of eluent type and concentration on the recovery of
AulID) (N:3,0.5 mol L' HNO, conditions, PYTOX amount: 1.0 mg, and
sample volume: 50 mL)

Eluent type and concentration Recovery 1%
1.0 mol L HC (in water) 91=08
1.0 mol L HNO, (in water) 60202
2.0 mol L HC (in water) 05216
2.0 mol L* HNO, (in water) 155201
1.0 mol L HC (in acetone) 986215
1.0 mol L* HNO, (in acetone) 235203
2.0 mol L HC (in acetone) 957213
2.0 mol L* HNO, (in acetone) 58914
1.0 mol L HC (in methanol) 884214

1.0 mol L HNO, (in methanol) 77206
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Figure S2. Influence of fragment size over the statistcal parameters
(internal consistence and fit) of the ABCH model.
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Figure $9. NOESY NMR experiment (500 MHz, CDCL + C.D.N. 8., 9.0-0.0) of compound 1.
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Figure 2. XRD pattern decomposiion for IfPISC using the Paley
refinement method.
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Figure 1. X-ray diffrction patterns for the IFPISWC electrocatalysts.





OPS/images/a03img04.png
T s ) G R0 L=
2% a0 a0
gz 2 2
£ . P
315 15 7 15
£ 10 0
2 B s
o ol =z L
0 12345678910 012345678651 01230456
Pariciodameter Parici dameter v Parici iamter (1

Figure 3. (2) TEM micrograph of the IrPLSn/C 60:20:20 electrocatalyst and (d) histogram of the catalyst particle mean diameter distibution for this
electrocatalyst; (b) TEM micrograph of the ItPLS/C 60:30:10 electrocatalyst and () histogram of th catalyst particle mean diameter distribution for this
electrocatalyst; (¢) TEM micrograph of the IrPtSn/C 60:10:30 electrocatalyst and (1) a istogram of the catalyst particle mean diameter distibution for
this electrocatalyst.
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Table 1. XRD results for the IePiSa/C (60:10:30; 60:20:20; 60:30:10)
clectrocatalysts

Catalyst composition (IrPtSn)  60:1030 602020 60:30:10

Lattice parameter of PU/ nm. 0393 0394 0394
Lattice parameter of It/ nm 0389 030 03%
Mean crystallite size of Pt/ am 7 6 6
Mean crystallte sze of It/ am s 5 6

Mean erystallite size of 102/ nm. s s s
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Figure 3. SW voltammograms of a misture of 9.62 x 107 mol L' Em
and 2.88 x 10 mol L Irino at different pH values: (1) pH 2, (2) pH 3,
(3) pH 5 and (4) pH 7. Other conditions are the same as in Figure 2.
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Figure S13. IR spectrum and 'H NMR spectrum (500 MHz, CDCL) of compound 3g.
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Aable 3. Influence of some metal 1ons on the degree of recovery for individual and simultaneous determination of Em and Inno separately and in 2
combined mixture using SWV at a PGE.

Degre of recavery / %
Concentration of

Metal fons. L) Em and Irino separately Binary mixture of Em and Irino
Em Iino Em Irino

can 398x107 9932 9673 9821 9745
138x10¢ 9639 0425 9349 23

Catt) 398x107 9718 %6.15 9847 or.18
138x10¢ 9521 0238 9273 o564

Badl) 398x107 9622 96.19 9857 0727
138x10¢ 9258 0323 0446 18

Mig(ID) 398x107 9836 1000 9921 o813
138x10¢ 9759 9921 9765 9647

Po(ID) 398x107 9921 0834 9877 o182
138x10¢ 9824 96.18 9.1 9537

Collly 398x107 9827 1000 9921 99.17
138x10¢ 9558 1000 9828 9683

Ni(ID 398x107 1000 1000 9958 o844
138x10¢ 9857 9877 9724 9659

Za(l) 398x107 1000 9646 9922 o785

138 10% 9668 9417 0754 9597
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fable 2. Charactenistics of the calibration curves lor individual and simultaneous determination of Em and Irino in bulk solutions and human urine and
blood serum samples using SWV at a PGE.

Straight line equation

Lincarity range / (mol L) =140 Regression coefficient (/) LOD/ (mol L) LOQ/ (mol LY
Individual assay of each Em and Irino.

Bulk solution

3,98 x 105234 x 107 418+ 116 % 10°C 0.997 Sa7x10% 172107
7,94 x 104403 x 107 1= 1024+ 103 % 10°C 0.997 LE8x 107 563%10°
Simulianeous assay of Em and Irino.

Bulk solution

11,99 x 10°-1.57 x 107 0.998 171%107 569%10°
'5.96 % 104-3.84 x 107 I=-210+348x 10C 0.997 103 10% 34410
Serum

1,99 x 104330 x 107 059+ 498 % 10°C 0.998 7.89x10° 261 x10%
'5.96 % 107740 % 10 016+ 171 % 10°C 0.997 281 x10* 936 10%
Urine

7.94 % 104530 x 107 5234769 % 10°C 0.997 235x10° 780x10°
9,90 % 104164 x 10¢ 1= 087+ 178 x 10C 0.998 L18x10% 39310

Emodin]: "[Irinotecan].
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Figure 2. SW voliammograms of 1.96 x 10 mol L' Em (A) and
9.90 x 10 mol L-* Irino (B) at different pH vlues: (1) pH 3, (2) pH 5,
(3) pH 7 and (4) pH 9; accumulation potential, 0.0 V; accumulation ime,
60's: scan increment, 6 mV: frequency, 100 Hz and pulse height, SOmV pp.
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Figure 1. The molecular structures of emodin and irinotecan.
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Figure 7. Superimposed ft o the molecular structures of compound §
(C atoms in green) and compound 6 (C atoms in gray).
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Figure 1. Structures of (a) isoflurane, (b) enflurane and (¢) iron(IID)
tetraphenylporphyrin chloride (Fe(TPPYCI).
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Figure. (A) SW voltammograms for different concentrations of Em and Irino drugs spiked in human urine samples, Em concentrations: 1) Blank solution,
) Urine, 3) 7.04 x 10° mol L, 4) LI8 x 107 mol L™, 5 2.72 x 107 mol L. 6 347 x 107 mol L, 7) 439 x 107 mol L") 530 x 107 mol
and Irino concentrations: 1) Blank solution, 2) Urine, 3) 9.90 x 10 mol ", 4) 291 x 107 mol L. 5) 678 x 107 mol L, 6) 871 x 107 mol L™, 7)
126 x 10 mol L, 8) 164 x 10 mol L, other parameters are as those indicated in Figure 5; (B) Plot of 1, as a function of Em concentration; (C) Plot
of I, as a function of Irino concentration.
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Figare . (A) SW voliammogramsfo iferent concentations o Em and Iino drugs spiked in human serum samples, E concentrations: 1) Blank solution,
2) Serum. 3) 1.99 % 10% mol L ", 4) .96 x 10 mol L, 5) 9.90 x 10" mol L. 6) 138 x 10 mol L. 7) 176 x 107 mol L%, 8) 215 x 10” mol
9)2.53x 107 mol L, 10)3.3 x 107 mol L, and Irno concentatons: 1) blank soluton, 2) Serum, 3)5.96 x 107 mol L, 4) 138 x 10+ mol L,
205 10 mol L 3,10 x 104 mol L+, 7 4.03 x 104 mol L™, 8 494 x 10 mol L. 9) 6.19 x 10 mol L, 10) 7.4 x 10 mol L, other parameter
are as those indicated in Figure 5: (B) Plot of |, as a function of Em concentration; (C) Plot of I, as a function of Irino concentration.
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Figure 5. SW voltammograms of Em at different concentrations in
presence of 3.1 x 107 mol L-* Irino at pH 3.0; [Eml: 1) Blank soluton,
2) 199 x 10 mol L%, 3) 3.98 x 10 mol L, 4) 5.96 x 10* mol L,
5)7.94 x 10 mol L, 6) 9.90 x 10 mol L, 7) 138 x 10 mol LM and
) 157 107 mol L accumulation potential, 0.4 V; accumulation tme,
5 min: scan increment, 4 mV: frequency, 120 Hz and pulse height, 60 mVipp.
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Figure 4. (A) Concentration dependence of the SWV peak height of Em
in bulk form at pH 5.0 (1) Blank solution. 2)3.98 x 10, 3) 7.94 x 10°,
4 118 x 107,5) 157 x 107,6) 1.96 x 107 and 7) 234 x 107 mol L*
Em; (B) Concentration dependence of the SWV peak height of Irino in
bulk form at pH 3.0 (1) Blank solution 2)7.94 x 10, 3) L8 x 107, 4)
157 107,5) 1.9 x 107, 6) 234 x 107, 7) 291 x 107, 8) 3.47 x 107
and 9)4.03 x 107 mol L-" Irino.
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Figare 7. (A) SW voltammograms for simltancous determination o Em and Iin in bk solutons a pH 3.0, Em concentations: 1) Blank soutin,
21,99 10° mol L. 3) 398 10+ mol L+4)5.9 x 10 mol L, 5) 794 10 mol L. 6) .90 x 10* ol L, 7) 138 X 107 mol L. 8) 57 x 10 mol L',
and Iino concentrations: 1) Blank soluion, 2)5.96 x 10+ mol - 3) 138 107 mol L™, 4) .96 x 107 mol L™, 5)2.53 107 mol L, 6)3.10 107 mol L
7)3.84 x 107 mol L, other condiions are the same asin Figoe 5; () Plot of I, as a functio of Em concentsation; (C) Plotof 1 s  funcion ofIing
et
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Figure 6. SW voliammograms of Irino at different concentrations in
presence of 1 x 107 mol L-* Em at pH 3.0; Irinol: 1) Blank solution,
2)5.96 10 mol L%, 3) 138 x 107 mol L, 4) 1.96 x 107 mol L,
5)2.53 % 107 mol L%, 6)3.10 % 107 mol L-+ and 7) .84 x 107 mol L.
Other conditions are the same as in Figure 5.
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