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RESUMO

Introducdo: A utilizacdo de alternativas para o ensino de quimica analitica na graduacéo tem sido um desafio
para professores, uma vez que a maior parte dos métodos demandam de equipamentos de alto custo e
habilidades analiticas funcionais. Este trabalho apresenta o uso do RGB, um sistema de cores aditivas presentes
em médios digitais como método de quantificagdo de um determinado analito em amostras. Objetivo: Analisar
diferentes amostras contendo distintas concentra¢des de café, comparando-as por meio de duas técnicas: 1)
espectrofotometria e 2) RGB, e posteriormente realizar os calculos para a determinacdo de uma concentracédo
desconhecida. Métodos: Oito amostras foram preparadas, seis com concentragfes definidas de café, uma em
branco e uma sem concentracéo definida. O método 1 utilizou o espectrofotbmetro para leitura da absorvancia
no comprimento de onda 420 nm para a leitura das melanoidinas, no método 2 foi utilizado o RGB, posicionando
cubetas em frente uma tela digital emitindo luz no comprimento de onda correspondente. O Microsoft Powerpoint
foi utilizado para coleta dos dados RGB e o Microsoft Excel para o tratamento dos dados. Resultados: Os dados
obtidos por meio do equipamento analitico, bem como os obtidos via RGB foram capazes de estimar a
concentracdo desconhecida de café, ambas as técnicas estimaram uma concentracdo entre 3 e 4%, ambos com
equacdo da reta e r2 capazes de estimar valores correspondentes as concentracdes das amostras. Discussao:
A técnica RGB vem sendo estudada nas Ultimas décadas, principalmente para analises colorimétricas, uma vez
possibilita de forma acessivel o estudo ou experiencias laboratoriais. Aproximando o discente da técnica
espectrofotométrica, promovendo desenvolvimento cientifico e a elaboracdo de hipotese sobre o uso da
tecnologia como ferramenta de analise. Conclusdes: As praticas experimentais promovem o desenvolvimento
de investigacdo, que orientam tanto o docente como o discente na utilizacdo de novas tecnologias e no
desenvolvimento de novas atividades voltadas para o ensino, este trabalho em questdo abre um leque para a
utilizacéo de ferramentas e métodos de facil acesso e baixo custo.

Palavras-chave: Café, Melanoidinas, Métodos de quantificagéo, espectrofotometria, RGB.

ABSTRACT

Background: The use of alternatives for teaching analytical chemistry in undergraduate studies has been a
challenge for teachers since most methods require high-cost equipment and functional analytical skills. This work
presents the use of RGB, an additive color system n digital media, as a method of quantifying of a given analyte
in samples. Aim: To analyze different samples containing different concentrations of coffee, comparing them
using two techniques: 1) spectrophotometry and 2) RGB, and then perform the calculations for the determination
of an unknown concentration. Methods: Eight samples were prepared, six with defined concentrations of coffee,
one in white, and one without a defined concentration. Method 1 used the spectrophotometer to read the
absorbance at 420 nm wavelength for melanoidin reading, in method 2 the RGB was used, positioning buckets
in front of a digital screen emitting light at the corresponding wavelength. Microsoft Powerpoint was used to collect
RGB and Microsoft Excel data for data processing. Results: The data obtained through the analytical equipment,
as well as those obtained via RGB, were able to estimate the unknown concentration of coffee, both techniques
estimated a concentration between 3 and 4%, both with the equation of the line and r2 capable of estimating
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values corresponding to the concentrations of the samples. Discussion: The RGB technique has been studied
in recent decades, mainly for colorimetric analyses, since it makes the study or laboratory experiments available
in an accessible way. Bringing the student closer to the spectrophotometric technique, promoting scientific

development, and elaborating the hypothesis about using technology as an analysis tool.

Conclusions:

Experimental practices promote the development of research, which guide both teachers and students in the use
of new technologies and in the development of new activities aimed at teaching, this work in question opens a
range for the use of tools and methods of easy access and low cost.

Keywords: Coffee, Melanoidins, Quantification Methods, Spectrophotometry, RGB

1. INTRODUCAO:

A quimica analitica pode ser definida como
um processo autossuficiente, capaz de gerar
dados qualitativos e quantitativos dentro de uma
amostra ou material, no qual obtém-se
informacdes sobre a composicdo quimica,
estrutura presente, arranjo e volume de atomos de
uma amostra (Cammann,1992). E uma disciplina
ofertada em diversas graduacbes, incluindo
cursos das areas das ciéncias exatas, bioldgicas,
naturais, saude e tecnologia. De forma generalista
0 ensino de quimica é frequentemente relatado
como algo dificil, isso se da principalmente pela
utiizacdo de termos técnicos complexos
diretamente relacionados a linguagem cientifica
(Ménch e Markic, 2022). Dentre as principais
barreiras do ensino de quimicas estdo as
dificuldades de realizacdo de  praticas
experimentais, principalmente no que diz respeito
da contextualizacdo da teoria junto a pratica
(Moisés et al., 2022).

Nessa perspectiva, gerar o conhecimento
e desenvolvimento cientifico se faz necessério
para o bom desempenho académico do aluno na
vida cotidiana bem como no profissional. O
conhecimento cientifico exerce influéncia no
cotidiano da sociedade e do meio ambiente. Na
tentativa de conhecer os fenbmenos e descrevé-
los torna-se comum a realizacdo de praticas
experimentais que de forma extensa e controlada
gue impulsionam o desenvolvimento nos mais
diversos setores tornando-os mais atraentes,
acessiveis e promovendo o avanco tecnolégico de
materiais e processos como nha indudstria de
medicamentos, na agricultura, na alimentacdo, na
comunicacao, entre outros (Coelho e Marques,
2007)

Os laboratérios exercem uma grande
importancia no contexto do ensino, através dele é
possivel fornecer treinamento e observacdo no
qual estimulos e curiosidade podem ser treinados,
uma vez que a utilizacdo deste espaco configura
uma importante abordagem para 0

desenvolvimento intelectual do aluno,
considerada uma experiencia popular e valiosa
tanto para professores quanto para alunos (Salta,
Ntalakou e Tsiortos, 2022). Neste cenario, a
contextualizacdo das atividades experimentais
auxilia e contempla a educacdo cientifica ao
promover entre os discentes descobertas,
interacbes e participacbes ativas de forma
reflexiva e dialégica, e promovem o0
desenvolvimento de conhecimentos e
habilidades, afastando a premissa de que praticas
laboratoriais requerem equipamentos e materiais
caros e inacessiveis (Di6égenes et al.,, 2020;
Pucinelli et al., 2021)

A espectrofotometria é uma técnica
analitica quantitativa, que tem como objetivo a
absorcéo de luz em espectros do ultravioleta ou
luz visivel por espécies quimicas, tanto em
solugdo quanto em fase gasosa (Worsfold, 2017),
€ uma técnica ensinada a alunos do ensino médio
(Silva et al., 2021) e graduacéo, sendo aplicada
na caracterizacdo de compostos quimicos (Lietard
et al.,, 2021). Desta forma a técnica € definida
como a quantificacdo de um determinado
composto a partir da luz emitida ou absorvida
pelos constituintes presentes em uma amostra.
Concomitantemente, aplica-se a Lei de Lambert-
Beer, que ¢é wusada na determinacdo da
concentracao (Paristiowati et al., 2021). Trabalhos
ja  publicados sobre a utilizacdo da
espectrofotometria de forma didatica (Wang et al.,
2022; Destino e Cunninghan, 2020; Angarita-
Rivera et al., 2019; Arrebola et al., 2020; Dooling
et al., 2013) trazem método como peca-chave ou
como uma ferramenta estratégica que busca
aproximar o discente de situacdes que simulem o
ambiente do laboratério. A utilizacdo da Webcam
(Silva et al., 2021) e construcdo do proéprio
espectrofotdmetro tem sido uma das maneiras de
desmistificar a técnica analitica e aproxima-la dos
discentes (Diawati et al., 2018).

Segundo Paulo Freire (1996), é necessario
gue o processo de ensino-aprendizagem
contemple a realidade histérico-social do aluno,
como principal meio para a sua autonomia (Freire,
1996). Logo, buscar o uso de elementos do
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cotidiano para faciltar a compreensdo dos
conceitos é essencial. Neste contexto, insere-se
o café, bebida altamente apreciada no Brasil, que
€ 0 maior produtor e exportador destes graos no
mundo, ocupando a segunda posicdo em
consumo nho ocidente (Brasil, 2022). Os aspectos
relativos as propriedades do café e sua
composi¢do quimica pode ser uma ferramenta
utilizado no processo ensino-aprendizagem visto
que h& possibilidade da aproximagdo de uma
situagdo conteudista a algo pratico no cotidiano do
discente.

A determinacdo da qualidade do café é
realizada a partir  das caracteristicas
organolépticas do produto, tal qual a aparéncia
fisica e os constituintes quimicos (Tolessa et al.,
2017) dentre os constituintes quimicos de maior
relevancia estdo o acido clorogénico (figura 1), a
cafeina (figura 2), a trigonelina (figura 3) e as
melanoidinas (figura4)( Monteiro e Trugo, 2005),
essas responsaveis pela cor e aroma, com 0
percentual de até 25% da matéria seca do produto
(Tolessa et al.,, 2017). O processo pirolitico é
induzido pela torrefacdo dos polissacarideos
presentes na parece celular do café, como as
arabinogalactanas que correspondem a 47% das
melanoidinas formadas (Rufian-Henares e
Pastoriza, 2015), aquecimento também provoca a
reducdo dos teores de &cido clorogénico e
trigonelina, que sdo compostos termolabeis, com
consequente formacao de melanoidinas por meio
da Reacdo de Maillard (Marcucci et al., 2013).

OH

ACIDO CLOROGENICO wel

Figura 1. Estrutura do Acido Clorogénico. Fonte:
autores.

I
N N (@)
'Y
N
/N N CHa
CHs 5

CAFEINA

Figura 2. Estrutura da Cafeina. Fonte: autores.

O

Ned

CHg;

TRIGONELINA

Figura 3. Estrutura da Trigonelina. Fonte:
autores.
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Figura 4. Estrutura basica das melanoidinas.
Fonte: autores, adaptado de Cammerer,
Jalyschkov e Kroh (2002)

Areacédo de Maillard, (RM) é definida como
uma cascata de reacfes quimicas que envolve
aminoacidos ou proteinas em conjunto com
acucares redutores, ndo enzimaticas, ocorre em
altas temperaturas (Su et al., 2012), e como
resultado ha a formacdo de compostos que
conferem cor, sabor e aroma aos alimentos
(Starowicz e Zielinski, 2019). Dentre os produtos
obtidos pela RM, destacam-se as melanoidinas,
compostos de alto peso molecular formadas na
altima etapa da RM, sdo reconhecidas
estruturalmente pela presenca de nitrogénio entre
0 grupo carbonila dos acUcares redutores e o
grupo amino dos amino&cidos ou proteinas e pela
cor marrom e dourada que confere aos alimentos
(Johnson et al., 2019)

As cores e 0s corantes possuem papeéis
notaveis em nossa vida, seja pelo fascinio que a
sociedade atribui a eles, ou pela sua utilizacédo
antes da era comum, pelas civilizagbes mais
remotas, que os utilizavam para os tingimentos e
pinturas (Goldani, 2005). As melanoidinas nao
sdo classificadas como corantes, mas
especificamente as encontradas no café exercem
fungbes proximas, uma vez que possui a
capacidade de deixar manchas de tons marrom
nos tecidos nos quais teve contato direto.

Visando uma abordagem simplificada e de
facil realizacdo, o objetivo da experiéncia é

demonstrar a técnica espectrofotométrica de
forma simples, a partir das cores expressas em
diferentes concentracdes das solucdes de café.
Utilizando como ferramenta de leitura o sistema
de cores RGB (red, green, blue). O foco do
experimento € observar as diferentes diluicdes
das solugbes, avaliando as utilizacbes de

ferramentais digitais como estratégia didatica.

2. PARTE EXPERIMENTAL:

O Café (Coffea arabica L.) torrado e
moido, do tipo torra escura (extra forte), foi
adquirido no comércio da cidade de Montes
Claros em Minas Gerais - Brasil.

2.1. Obtencéo da solucao estoque

A preparacdo da solucdo estoque foi
realizada adicionando 10 gramas do p6 de café,
em funil com filtro de papel, em seguida foram
vertidos 100 mL de agua mineral a
aproximadamente 90 °C sobre o p6 (Santos et al.,
2007; Yen et al., 2005). O método utilizacdo para
a extracdo das melanoidinas foi a liquido-sélido,
no qual por meio do processo de filtracdo o liquido
foi coletado e armazenado para andlise posterior.
Diferente da liquido-liquido que utiliza-se dois
liquidos, geralmente uma fase aquosa e uma
organica, no qual ha a transferéncia de solutos de
uma solucdo para outra, que posteriormente sédo
separadas por um funil de separacdo (Polli,
Prochnow e Tamanini, 1998).

2.2. Analises experimentais

As analises experimentais se deram em
cinco etapas:

1) Diluicdo da solucao estoque em agua
nas concentracbes de 1, 2, 3, 4, 5, 6% e uma
amostra desconhecida, completadas com agua
filtrada até a aliquota de 2 mL de uma cubeta.
Para o branco foi utilizado agua filtrada.

2) Andlise das amostras no
espectrofotébmetro Shimadzu UV-VIS
(Spectrophotometer UV-VIS 2550, Tokio, Japéo)
no comprimento de onda 420 nm.

3) Alocacao das imagens sobre um fundo
de tela colorido equivalente ao comprimento de
onda desejado por meio de conversédo on-line do
comprimento de onda para RGB (Gee et al. 2017),
para a analise foi utilizado o comprimento de 420
nm, comumente utilizado para avaliagdo de
melanoidinas (figura 6).
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Figura 6. Amostras em frente a um fundo como
RGB equivalente ao comprimento de onda de
420 nm. Fonte: autores

4) Agquisicdo das imagens utilizando
smartphone Xiaomi Mi A2 provido de flash (12
megapixels com resolucdo de 4000 x 3000 pixels).
A andlise das imagens foi realizada por meio do
software Microsoft Powerpoint 365 (verséo
16.0.15028.20160), no qual inseriu-se o formato
retangulo por meio do menu “inserir> ilustracbes>
formas> retadngulo” e utilizou-se a ferramenta
conta gotas “forma de formato>estilos de forma>
preenchimento de formas> conta-gotas". Foi
selecionada a forma retangulo e posteriormente
preenchida por meio do conta-gotas através do
padréo soélido da cor de cada amostra (figura 7).

Cores 7 bt

Padrdo

Cores: Cancelar

Modelo de Cores: | RGE ~
Vermelho: 137 |2
Verde: 78 =
™ MNova
Azul: 244 =
Hex: #304EF4

Atual

Transparéncia:

—_ 0% =
Y.

Figura 7. Janela do Powerpoint utilizada para
coleta dos dados. R: 137, G: 78 e B: 244
referentes a amostra “branco”. Fonte: autores.

5) Comparacéo dos resultados obtidos por
meio do sistema RGB utilizando o Microsoft Excel
365 (versdo 16.0.15028.20160), e os dados

obtidos por meio da espectrofotometria. O céalculo
das concentragfes através da equacao da reta e
a estimativa da concentragdo desconhecida. No
gual foi plotado os gréaficos, com equacéao da reta,
linha tendencia e R2 (Gee et al., 2017).

2.3 Andlise de Dados

Os resultados da aborvancia foram
calculados utilizando a equacdo 1 (Gee et al.,
2017):

(Eqg. 1)

No qual, o I é correspondente aos valores
de RGB, que sdo adaptados com os melhores
resultados dentre os obtidos. lpranco € 0 valor RGB
para agua filtrada.

A= -log (In/lbranco)

3. RESULTADOS E DISCUSSAOQ:

3.1. Resultados

As anadlises realizadas por meio do
espectrofotbmetro foram concisas com a atividade
proposta, as leituras no comprimento de onda 420
nm foram eficientes, capazes de apresentar a
equacdo da reta necessaria para revelar a
concentracao desconhecida (figura 7). A medicéo
da concentracdo desconhecida foi realizada ap6s
a andlise das concentragbes conhecidas, que
apresentou a aborvancia de 0,414. O branco foi
realizado com agua filtrada.

Espectrofotometro

y - 0,1191x-0,0018
R = 0,9984

Absorvancia 420nm
=
w

4] 1 2 3 4 5 [ 7

Concenlragdo

Figura 8. Gréafico com as medidas de
aborvancias no espectrofotémetro das
concentragdes conhecidas. Fonte: autores

Os resultados obtidos por meio da
utilizacdo de uma tela, com a cor equivalente ao
comprimento de onda de 420 nm, apresentou
eficiéncia na organizacao dos dados, originando a
equacao da reta necessaria para o calculo do
ponto desconhecido (figura 8). O branco foi
realizado com agua filtrada (R: 137, G: 78, B:244).
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A medicdo da concentragdo desconhecida foi
realizada ap6s a andlise das concentracdes
conhecidas, que apresentou a aborvancia de
0,065.

PowerPoint reta Blue (B)
0,25

0,2 °
0,15

0,1
g y =0,0367x-0,0441

0,05 e R?=0,0492

Aborvancia em 420 nm

-0,05 N
Concentrac¢do

Figura 9. Grafico com as medidas de
aborvancias RGB - B no Powerpoint das
concentracdes conhecidas. Fonte: autores

Os calculos foram realizados por meio das
equacles da reta referentes a cada um dos
métodos. Para o célculo referente a
espectrofotometria foi utilizada a equacgéo 2:

y=0,1191x-0,0018  R2 0,9984 (Eq. 2)

Para o célculo referente ao RGB- B foi
utilizada a equacéo 3:

Y=0,0367%x-0,0441 R2:0,9492 (Eq. 3)

Os resultados equivalentes as técnicas
utilizadas foram expressas nas tabelas 1 e 2,
respectivamente leitura no espectrofotdmetro e
leitura no RGB-B para a determinacdo da
concentracdo desconhecida.

Tabela 1. Resultados da analise
espectrofotométrica.

Tabela 2. Resultado da analise em RBG - B

Equacao da reta RGB (B) Powerpoint: y = 0,0367x - 0,0441 R2=

0,9492
Concentracao
Concentracdo inicial Absorbancia estimada no
RBG
1% 0,012 1,52
2% 0,025 1,88
3% 0,052 2,61
4% 0,084 3,49
5% 0,139 4,9
6% 0,194 6,4
Concentrag_ao 0,065 2.97
desconhecida

Equacao da reta espectrofotdmetro: y = 0,1191x - 0,0018 R2=

0,9984
Concentragéo inicial Absorbancia Concf(iar?etl:agao

1% 0,121 10

2% 0,243 2,0

3% 0,349 2.9

2% 0,459 3,86

5% 0,599 5.0

6% 0,719 6.0
Concentrag_ao 0,414 3,49
desconhecida

Fonte: autores

Fonte: autores
3.2. Discussao

A atividade realizada proporcionou
experiéncia importante sobre o uso de duas
ferramentas para estimar a concentracdo de café,
por meio das melanoidinas. Ambas as técnicas
utilizadas apresentaram resultados significativos
no que se diz respeito sobre a determinacdo de
concentracdo de uma amostra desconhecida, por
meio da equacédo da reta.

O conceito de cor luz pode ser traduzida
como a cor que enxergamos refletidas em um
determinado objeto, isto é, reflete a que se
encontra do mesmo comprimento de onda e
absorve aquelas fora do espectro, nesse conceito
h& denominacéo de trés cores primarias, o azul,
verde e vermelho (Zimmermann, 2005). Nos
meios digitais € usado esses mesmos sistemas de
cores aditivos, o RGB, R=vermelho, G: verde e B:

azul.

Na andlise realizada pelo método RGB
demostrou eficiéncia tanto para a leitura quanto
para a estimativa de concentracdo, com ressalvas
uma vez que a técnica ndo é tao precisa quanto
um equipamento analitico, mas é capaz de gerar
estimativas em concordancia com diferentes
concentracdo, como pode ser observado na figura
7 e tabela 2. A linear adotada para a realiza¢do do
estudo foi a B, que refere-se a cor azul, que
apresentou melhores resultados, proximos aos
encontrados das obtidas do espectrofotdbmetro. A
definicdo de qual é o melhor canal de cor (R, G ou
B) deve ser utilizada com base nos resultados que
apresentam uma maior faixa dindmica (Gee et al.,
2017).

A utilizagcdo de RGB ja foi utilizada em
inUmeros estudos colorimétricos, 0 uso tem sido
implicado na realizacéo de experimentos de baixo
custo, quando comparado ao uso do
espectrofotbmetro. A técnica ja foi aplicada na
guantificacdo de curcumindides em curcuma, no
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gual os resultados obtidos foram muito préximos,
ndo havendo diferencas significativas quando
comparado com o0s resultados obtidos via
espectrofotometria (Supannarach e Thanapatay,
2008). A mesma metodologia, aplicada a variagédo
e intensidade de ~cor foi utlizada no
monitoramento do crescimento da alga Chlorella
vulgaris (Peter et al., 2021).

Mais especificamente para a andlise do
café, foram realizadas analises em sala de aula
onde o RGB foi aplicado para verificar diferentes
intensidades, teores de fendlicos e o poder
redutor, mostrando eficacia do método, além do
baixo valor agregado as analises (Barreto, 2019).
Em nossa pesquisa andlise de diferentes
concentracdes de café por meio do RGB foi uma
estratégia do ensino da espectrofotometria de
forma simplificada, que pode ser realizada tanto
em laboratério, sala de aula ou em casa, fazendo-
se possivel realizar as leituras, e confeccionar as
curvas de regressdo linear e estimar a
absorbéancia de cada amostra.

Praticas experimentais promovem o0
desenvolvimento de posturas investigativas e a
construcdo dos saberes cientificos que podem
ocorrer de forma contextualizada. Assim, a
experimentacgdo vai além do preconceito relativo a
uma simples aplicacdo de “receita” que tem como
resultado um relatério pré-determinado. Na éptica
proposta, neste trabalho, o discente e o docente
envolvem-se na experimentacdo de forma
cooperativa, investigativa e dindmica com a
utilizacdo de tecnologia que usam os padroes
RBG que sao funcionais como estratégia para o
ensino da espectrofotometria, especialmente
durante as aulas ndo presenciais. Na
experimentagdo investigativa ha a discussao por
parte dos alunos no processo da elaboracdo de
hipoteses, e o auxilio do professor responsavel,
mediando as ideias, para 0 exercicio da
capacidade de argumentacdo (Oliveira et al.,
2011)

4. CONCLUSOES:

A diluicho das amostras, a analise
colorimétrica e o calculo de absorcdo séao
exercicios importantes para o desenvolvimento
critico do aluno e aulas experimentais como esta
trata-se de estratégias didaticas para o ensino de
guimica, a partir destas surgem investigacdes que
possibilitam a criacdo de hip6teses sobre as
atividades a serem realizadas, aproximando-os do
método cientifico na prética.

Concluimos que a utilizacdo do RGB em
sala de aula como um método alternativo ao

espectrofotbmetro é eficiente, barato e de facil
realizacdo. Unindo a teoria por traz da
espectrofotometria de forma clara utilizando
materiais presentes no cotidiano.
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RESUMO

Introducdo: 4-aminoantipirina € um dos derivados pirazolona, expds uma grande variedade de atividades
bioldgicas como compostos antimicrobianos, analgésicos, antivirais, anti-inflamatorios e anticancerigenos. Um
dos derivados importantes é a pirazolona hibrida que inclui dois compostos organicos ou inorganicos ligados
para produzir novos agentes farmacéuticos que podem possuir atividade igual ou diferente dos medicamentos
originais. Objetivo: O objetivo desta pesquisa foi sintetizar novos compostos derivados de 4-aminoantipirina e
testar sua atividade bioldgica. Métodos: A sintese de derivados de 4-aminoantipirina, que contém
estruturalmente dois metades heterociclicas, pirazolona com anéis de oxadiazol, triazol ou tetrazol. As estruturas
dos compostos foram identificadas por espectroscopia de *H-NMR e FT-IR. Os compostos desenvolvidos foram
in vitro para testar sua atividade analgésica e atividade antibacteriana contra cepas bacterianas de gram (+) e
gram (-). Resultados: Os testes de avaliacdo antibacteriana mostraram que alguns compostos deram boa
atividade e outros ndo apresentaram atividade antibacteriana. A atividade analgésica indicou que os compostos
sintetizados tinham poténcia promissora. A energia de ligagdo livre (S) dos compostos com a proteina 6B73 foi
de -4,90 a -8,76 kcal/mol, enquanto a energia livre (S) com a proteina 5C1M foi de -4,94 a -9,21 kcal/mol.
Discussédo: Entre os compostos testados, verificou-se que os compostos l1a, 4b e 5a apresentam atividade
antibacteriana mais potente. A atividade analgésica mostrou que os compostos 1b, 4b e 5a apresentamram o
melhor resutado usando métodos de placa quente em comparagdo com a droga padrdo. Por outro lado, os
compostos 1a, 4b e 5b deram boa atividade usando o método de contor¢cao. Conclus@es: Agentes analgésicos
potentes, bons ou moderados e antibacterianos foram sintetizados usando reag8es quimicas simples e de alto
rendimento. As reagdes quimicas incluem a sintese de agentes hibridos antibacterianos e analgésicos usando
compostos de pirazolona.

Palavras-chave: Pirazolona, azoles, antibacteriano, analgésico, acoplamento molecular

ABSTRACT

Background: 4-aminoantipyrine is one of the pyrazolone derivatives, it has been exposed to a large range of
biological activities as an antimicrobial, analgesic, antiviral, anti-inflammatory, and anticancer compound. One of
the important derivatives is the hybrid pyrazolone which includes two organic or inorganic drugs attached to give
new pharmaceutical agents which may be the same or different activity from the original drugs. Aim: This research
aimed to synthesize novel compounds derived from 4-aminoantipyrine and test their biological activity. Methods:
Synthesis of 4-aminoantipyrine derivatives, which contain structurally two heterocyclic moieties, pyrazolone with
oxadiazole, triazole, or tetrazole rings. The structures of the compounds were identified by *H-NMR and FT-IR
spectroscopy. The in vitro, developed compounds were screened for their analgesic activity and antibacterial
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activity against medically important gram (+) and gram (-) bacterial strains. Results: The antibacterial evaluation
tests showed that some compounds gave good activity and others had no activity. The analgesic activity referred
that the synthesized compounds had promising potency. The free binding energy (S) of the compounds with the
protein 6B73 were -4.90 to —8.76 kcal/mol, whereas free energy (S) with the protein 5C1M gave -4.94 to -9.21
kcal/mol. Discussion: Among the tested compounds, it was found that compounds 1a, 4b, and 5a had more
potent antibacterial activity. The analgesic activity showed that compounds 1b, 4b, and 5a gave the best activity
using hot plate methods compared with the standard drug. On the other hand, compounds 1a, 4b, and 5b gave
good activity using the writhing test method. Conclusions: Potent, good, or moderate analgesic and antibacterial
agents were synthesized using simple and high-yield chemical reactions. The chemical reactions include the
synthesis of hybrid antibacterial and analgesic agents using pyrazolone compounds.

Keywords: Pyrazolone, azoles, antibacterial, analgesic, molecular docking.
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1. INTRODUCTION:

The increased biological activity of
heterocyclic compounds and the fact that they
allow for the creation of novel materials with
distinctive features are two factors that contribute
to the continual rise in interest in their synthesis. A
biologically significant scaffold known as
pyrazolone has been linked to numerous
pharmacological activities, including antimicrobial
(Verma et al, 2021), anti-inflammatory
(Mantzanidou et al., 2021), analgesic (Bekhit et al.,
2022), antitubercular (Meta et al.,, 2019),
antioxidant (Silva et al., 2018), and anticancer
activities (Bennani et al., 2020; Hassan et al.,
2021). Since they are members of a class of
compounds with established medical chemistry
applications, the synthesis of pyrazolone and its
derivatives has attracted considerable interest
from organic and medicinal chemists for many
years.

Due to the widespread drug resistance,
infectious diseases brought on by bacterial
infections have emerged as a major public health
issue. Bacterial and fungal infections play a role in
morbidity and serious health issues produced
globally (Ventola, 2015; Rayens & Norris, 2022).

Millions of people experience bacterial illnesses
yearly (Mukherjee et al., 2019). Winder and Collins
published the first study on the isoniazid (INH)
mechanism of action in 1970 (Vilchéze & Jacobs,
2019). Isoniazid derivatives can potentially make
bacterial strains resistant (Al-Khattaf et al., 2021),
and isoniazid hybrids have been the subject of
numerous antimicrobial agent attempts (Pienaar
etal., 2018; Panda et al., 2019; Dackouo & Arama,
2019).

The idea of hybrid compounds, in which
two or more pharmacophores are covalently
connected to form a single entity, is appealing in
medicinal chemistry (Pawefczyk et al., 2018). The
two components of the hybrid molecule may either
exert dual pharmacological action by acting on
distinct targets or work in opposition to each other
to balance out undesirable effects. It is
hypothesized that adding lipophilic moieties to the
INH structure may boost the ability of the drug to
penetrate tubercle bacilli and increase its anti-TB
efficacy (Szumilak et al., 2021).

An INH-pyrrole hybrid exhibits bactericidal
activity against drug-sensitive and drug-resistant
strains (Johansen et al., 2021). Since isatin (2,3-
dioxoindole) provides a hydrophobic aromatic ring,
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isatin-based compounds have remarkable anti-M.
Tuberculosis capabilities and isatin-INH hybrids
have drawn interest among the INH derivatives
described thus far (Ding et al., 2020; Abdel-Aziz et
al., 2017). Other research later showed that
adding INH to isatin enhanced the
antimycobacterial action of fresh compounds
(Elsayed et al., 2021).

The present study deals with synthesizing
novel pyrazolone—isoniazid conjugates connected
through sulfur linker wusing a molecular
hybridization approach and investigating their
biological properties against various microbial
strains, including, Staphylococcus aureus,
Streptococcus, Escherichia coli, and Klebsiella
pneumonia mycobacteria and as analgesic
agents.

2. MATERIALS AND METHODS:

The chemicals used were procured from
the following companies, hydrazine hydrate,
isonicotinic acid hydrazide, phenyl iso-
thiocyanate, and sodium azide from Sigma-Aldrich
Chemical Co. 4-aminoantipyrine, chloroacetyl
chloride and 3-chloropropionyl chloride from
Sunway Pharm (China). Absolute ethanol,
dioxane, chloroform, and hydrochloric acid from
Merck Ltd. Molar-Hintin agar from ALPHA (India).
Uncorrected Barnstead electrothermal equipment
in open capillaries was used to determine the
physical characteristics of the produced
compounds, particularly their melting point. Under
UV light (A = 254 nm), thin layer analytical
chromatography on silica gel 60 F254 aluminum
sheets measuring 20 x 20 cm (Merck) was used to
track the progress of the reaction and check the
purity of the produced chemicals. * H-NMR
spectrum of the compounds, tetramethylsilane
(TMS) served as an internal standard, and
dimethyl sulfoxide (DMSO-d6) served as the
solvent and using a 500 MHz INOVA (Switzerland)
spectrometer. In the Chemistry Department of the
College of Science at Basrah University, the FT-IR
spectra of each tested compound were measured
as KBr disks using an FT-IR 8400S SHIMADZU
(Japan) instrument. Using a CHN elemental
analyzer flash EA 1112 series, synthetic
substances underwent elemental microanalysis
(CHN) (Thermo Finnigan).

2.1. Synthesis of compounds

2.1.1 Synthesis of 2-chloro-N-(1,5-dimethyl-3-oxo0-
2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)acetamide
(1a) and 3-chloro-N-(1,5-dimethyl-3-ox0-2-phenyl-

2,3-dihydro-1H-pyrazol-4-yl)propenamide (1b)

The compounds la and 1b were
synthesized according to the procedure in our
paper (Mohammad et al., 2021).

In a 100 mL round-bottomed flask, 15ml of
chloroform, 203 g, 0.01 mole of 4-
aminoantipyrine, and 0.132 g, 0.01 mole of
anhydrous potassium carbonate was added. To
this mixture, 0.01 mole of chloroacetyl chloride or
3-chloropropionyl chloride was added dropwise
with stirring for 20 minutes. The reaction mixture
was refluxed in a water bath at 60 °C for 3 hr. Next,
chloroform was flashed to give the viscous
solution, which was washed with (5% wi/v, 35 mL)
agueous solution of sodium bicarbonate, the
precipitate formed was filtered and dried, then
recrystallized with ethanol.

la: Pale yellow crystals, 55% vyield, m. p.
190-193 °C, IR (KBr): v (cm™?) = 3190 (N-H), 3043
(C-H, aromatic), 2928, 2874 (C-H, aliphatic), 1693,
1639 (C=0, amide), 1558, 1489 (C=C), 1315,
1296 (C-N). 'H NMR (DMSO-de): 8 = 9.47 (s, 1H,
NH), 7.52 -7.31 (m, 5H, Ar-H), 4.24 (s, 2H, CH.-
Cl), 3.06 (s, 3H, N-CHg), 2.13 (s, 3H, C-CH3). Anal.
Calc. (Found) for C13H14CIN3O2 (279.72): C, 55.82
(55.89), H, 5.04 (5.17), N, 15.02 (14.66).

1b: Pale yellow crystals, 80% vyield, m. p.
210-211 °C, IR (KBr): v (cm) = 3190 (N-H), 3009
(C-H, aromatic), 2889 (C-H, aliphatic), 1685, 1647
(C=0, amide), 1531, 1489 (C=C), 1315, 1199 (C-
N). *H NMR (DMSO-dg): & =9.27 (s, 1H, NH), 7.53
-7.31 (m, 5H, Ar-H), 3.86 (t, 2H, J = 6.2 Hz, -CH.-
Cl), 2.73 (t, 2H, J = 6.2 Hz, -CH>-), 3.05 (s, 3H, N-
CHs), 2.13 (s, 3H, C-CHs). Anal. Calc. (Found) for
C14H16CIN3O, (293.75): C, 57.24 (57.62), H, 5.49
(5.13), N, 14.30 (14.70).

o cl
Wi

N
N N
- ©  cHel, N
s + ¢l ,\]‘
j T
o 2 S

n=1, (1a)
=2, (1b)

Scheme 1. Synthesis of compounds 1a and 1b

zZ—

2.1.2 Synthesis of 5-(pyridin-4-yl)-1,3,4-oxadiazole-
2-thiol (2b)

In a mixture of 1.37g (0.1 moles) of
isonicotinic acid hydrazide (INH) (2a), 0.9 mL (0.15
mole) of carbon disulfide, and 0.4g (0.1 moles) of
sodium hydroxide (dissolved in the least amount
of water) were added to a solution of 95% ethanol.
The reaction mixture was heated at reflux for three
hours until it no longer produced hydrogen sulfide.
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The resulting mixture was diluted down and
acidified with ice-cold diluted hydrochloric acid.
The reaction mixture was filtered, water-washed,
and recrystallized from ethanol for 30 minutes in
an ice bath, as shown in Scheme 2 (Mohammed-
Ali and Majeed, 2012).

2a: White crystals, 69% yield, m. p. 199-
201 °C. IR (KBr): v (cm?) = 3032 (C-H, aromatic),
2684 (S-H), 1597 (C=N, oxadiazole ring), 1489
(C=C), 1267, 1149 (C-O-C). '*H NMR (DMSO-de):
d (ppm) = 7.81 (d, 2H, pyridine-Horho), 8.81 (d, 2H,
pyridine-Hmeta).

2.1.3 Synthesis of triazole
2.1.3.1 Synthesis of thiosemicarbazide (2¢)

At 60 °C, 1.19 mL (0.1 mole) of phenyl iso-
thiocyanate was added to a mixture of 1.37g (0.1
mole) isonicotinic acid hydrazide 2a in a cosolvent
of dioxane:ethanol (4:1). The reaction mixture was
agitated for 15 minutes at 60 °C and then for 1
hour at room temperature. The crystals were
separated, filtered, and then dried at room
temperature after being rinsed with cold ethanol,
as shown in Scheme 2 (Alyahyaoy, 2019). Without
additional purification, the products were utilized in
the following phase.

2.1.3.2 Synthesis of 4-phenyl-5-(pyridin-4-yl)-4H-1,2,4-
triazole-3-thiol (2d)

Thiosemicarbazide 2c and  sodium
hydroxide (0.005 mole) were dissolved in 50 mL of
water and heated over reflux for two hours. After
filtering, a cold solution of 2 M HCI was added to
the yellow solution to lower the pH level to 4.
Crystals were separated, filtered, and water-
washed (Dhaif et al., 2019). The end products
were dried at room temperature after being
recrystallized from methanol, as shown in Scheme
2.

2d: Pale yellow crystals, 64.7% yield, m. p.
290-292 °C. IR (KBr): v (cm) = 3066, 3093 (C-H,
aromatic), 2688 (S-H), 1566 (C=N, triazole ring),
1550 (C=C), 1288 (C-N). IH NMR (DMSO-d¢): &
(ppm) = 7.23 (d, 2H, pyridine-Horho), 8.57 (d, 2H,
pyridine-Hmeta), 7.41-7.56 (m, 5H, Ar-H phenyl-
triazole).

o

7\ CS,, NaOH o
N e N/ \ \(
— HNH, C,H;0H . \N/k
. (2a) (20)
Dioxane: PhNCS
C,HOH

o
H
N 7
X N7 NaOH (2N) N
'\O)l\H m s ) _ \ \NTSH
F N_

(2c) (2d)

Scheme 2. Synthesis of compounds 2b and 2d

2.1.4 Synthesis of 1-Phenyl-1,2,3,4- tetrazole-5-
thiol (3)

The following materials were combined and
refluxed for 4 hours: 150 ml of water, 5.98 ml (0.05
mole) of phenyl isothiocyanate, and 4.87 g (0.075
mole) of sodium azide. The mixture was filtered off
after cooling to remove the unreacted phenyl
isothiocyanate, and the filtrate was then extracted
with diethyl ether. Litmus paper was used to
measure the pH of the aqueous layer, which was
then treated with hydrochloric acid to a pH of about
3. The precipitate was a white solid. After being
dried and recrystallized with ethanol, the filtered
crystals underwent a water wash, as shown in
Scheme 3 (Abdul-Nabi & Jasim, 2014; AL-
Hakiem, 2020).

3: White crystals, 91% yield, m. p. 153-155
°C. IR (KBr): v (cm) = 3034 (C-H, aromatic), 2713
(S-H), 1589 (C=N, oxadiazole ring), 1500 (C=C),
1454 (N=N), 1215 (C-N).

I
N
s NaNg+H,0 7
c# B —
o
N SH

Scheme 3. Synthesis of compound 3

2.1.5 Synthesis of hybrid organic molecules 4a, 4b,
5a, and 5b

The compounds N-(1,5-dimethyl-3-ox0-2-
phenyl-2,3-dihydro-1H-pyrazol-4-yl)-2-((4-phenyl-
5-(pyridin-4-yl)-4H-1,2,4-triazol-3-
yhthio)acetamide 4a, N-(1,5-dimethyl-3-ox0-2-
phenyl-2,3-dihydro-1H-pyrazol-4-yl)-3-((5-
(pyridin-4-yl)-1,3,4-oxadiazol-2-
ylthio)propenamide 4b, N-(1,5-dimethyl-3-o0xo-2-
phenyl-2,3-dihydro-1H-pyrazol-4-yl)-2-((1-phenyl-
1H-tetrazol-5-yl)thio)acetamide 5a and N-(1,5-
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dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-
4-y1)-3-((1-phenyl-1H-tetrazol-5-
ylthio)propenamide 5b were synthesized by the
same procedure. (Othman et al., 2019)

To a mixture containing 50 mL of absolute
ethanol, 0.015 mole of the compounds 2b, 2d, or
3 and 0.018 mole of 1a or 1lb, 0.02 mole of
anhydrous sodium acetate were added. After
being heated under reflux for three hours, the
reaction mixture was allowed to cool and poured
into 100 mL of ice-filled cold water. In order to
recrystallize the solid, ethanol was collected and
heated, as shown in Schemes 4 and 5.

4a: Off-white crystals, 68.8% yield, m. p.
224-225 °C. v (cm?) = 3321 (N-H), 3039 (C-H,
aromatic), 2931 (C-H, aliphatic), 1678, 1643 (C=0,
amide), 1600 (C=N), 1539 (C=C), 1188, 1148 (C-
O, C-N).1H NMR (DMSO-de): & (ppm) = 9.51 (s,
1H, NH), 7.51-7.62 (m, 5H, Ar-H phenyl-triazole),
7.30 (d, 2H, pyridine-Hortno), 8.56 (d, 2H, pyridine-
Hmeta), 7.32-7.50 (m, 5H, Ar-H Phenyl-pyrazolone),
4.18 (s, 2H, -CH>-S), 3.04 (s, 3H, N-CHj3), 2.11 (s,
3H, -CHs). Anal. Calc. (Found) for CzsH23N702S
(497.58): C, 62.76 (62.85), H, 4.66 (4.77), N, 19.71
(19.68).

4b: Off-white crystals, 69.1% vyield, m. p.
210-211 °C. v (cm) = 3205 (N-H), 3032 (C-H,
aromatic), 2889 (C-H, aliphatic), 1693, 1651 (C=0,
amide), 1612 (C=N), 1531, 1452 (C=C), 1192,
1141 (C-N).*H NMR (DMSO-ds): & (ppm) =9.25 (s,
1H, NH), 7.82 (d, 2H, pyridine-Horno), 8.80 (d, 2H,
pyridine-Hmeta), 7.31-7.50 (m, 5H, Ar-H Phenyl-
pyrazolone), 3.56 (t, 2H, -CH2-S), 2.89 (t, 2H, -
CH,-CH»-S), 3.05 (s, 3H, N-CH3), 2.13 (s, 3H, -
CHs3). Anal. Calc. (Found) for C21H20NO3S
(436.49): C,57.79 (57.89), H, 4.52 (4.49), N, 19.25
(19.32).

5a: Pale yellow crystals, 66.2% yield, m. p.
110-113 °C. v (cm?) = 3301 (N-H), 3027 (C-H,
aromatic), 2989 (C-H, aliphatic), 1678, 1658 (C=0,
amide), 1613 (C=N), 1589, 1535 (C=C), 1199,
1095 (C-N).tH NMR (DMSO-de): 6 (ppm) = 9.58 (s,
1H, NH), 7.67-7.73 (m, 5H, Ar-H phenyl-tetrazole),
7.31-7.53 (m, 5H, Ar-H Phenyl-pyrazolone), 4.36
(s, 2H, -CH>-S), 3.05 (s, 3H, N-CH3), 2.10 (s, 3H, -
CHs). Anal. Calc. (Found) for CyHi9N7O2S
(421.48): C, 57.92 (57.84), H, 4.86 (4.80), N,
22.51 (22.46).

5b: Off-white crystals, 78.4% vyield, m. p.
156-158 °C. v (cm?) = 3178 (N-H), 3020 (C-H,
aromatic), 2931 (C-H, aliphatic), 1681, 1647 (C=0,
amide), 1620 (C=N), 1589, 1531 (C=C), 1203,
1145 (C-N). 'H NMR (DMSO-de): 6 (ppm) = 9.23
(s, 1H, NH), 7.65-7.67 (m, 5H, Ar-H phenyl-
tetrazole), 7.31-7.52 (m, 5H, Ar-H Phenyl-

pyrazolone), 3.67 (t, 2H, -CH-S), 2.86 (t, 2H, -
CH,-CH2-S), 3.04 (s, 3H, N-CHj3), 2.06 (s, 3H, -
CHs). Anal. Calc. (Found) for Cz1H21N702S
(435.51): C,56.99 (57.11), H, 4.54 (4.52), N, 23.26
(23.16).

(o]} | _N
o St A By
N —NH e A\)—@ CH,COONa N X~S/LY \
o SO s oy
N
/

o C,Hs0H

n :71‘ (1a) Y=0, (2b)
=2, (1b) =NPh, (2d) X =CHy, Y =NPh, ()

=CH,CH,, =0, (4b)

Scheme 4. Synthesis of compounds 4a and 4b
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Scheme 5. Synthesis of compounds 5a and 5b

2.2 Antibacterial Activity Evaluation

For evaluating in vitro antibacterial, Gram-
positive bacteria (S. aureus and Streptococcus)
and Gram-negative bacteria (E. coli and Klebsiella
pneumonia) were used by disc diffusion method.
Dimethyl sulfoxide (DMSO) was used to dissolve
the compounds in solutions at concentrations of
1000, 500, 250, 125, and 50 g/ml. Mueller-Hinton
Agar in the 20-30 ml volume was put into the 100
mm Petri plate. Whatman No. 4 (6 mm) diameter;
impregnated with solutions of the chemicals under
investigation. After that, the disc was placed on the
medium's surface utilizing microorganisms.
Twenty-four hours of incubation on Petri dishes at
37 °C. The antibacterial efficacy was calculated by
measuring the diameter of the inhibitory zone in
mm. (Mohammed & Mustafa, 2020; Fouad et al.,
2021).

2.3 Evaluation of Analgesic Activity
2.3.1 Writhing Test

Six albino mice were placed in each of the
fourteen groups of albino mice. Animals that had
been fasting overnight received the following care:
Group 1 of mice was treated with (10 mL/kg) of
vehicle (olive oil) and served as the control group,
and Group 2 of mice was treated with 10 mg/kg of
paracetamol and served as a standard group,
while groups (3—-14) were received 10 mg/kg of
tested compounds. Every dosage of the
compounds, paracetamol, and experimental drugs
was administered orally via gastric gavage. To
produce the nociception condition, mice in all
groups received 10 mL/kg of a 1% v/v acetic acid
solution intraperitoneally (i.p.) after 1 hour (pain).
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The number of observed writhings in each mouse
was tallied for 15 minutes, starting 5 minutes after
the administration of acetic acid. The following
method, Equation 1, was used to compute the
percentage inhibition (1%) of writhing (abdominal
constrictions), which was used to assess the
analgesic potency:

Inhibition% (1%) = (“=~) x100  (Eq. 1)
Where N. is the average of writhing numbers in the
control group and N; is the average of writhing
numbers in the tested groups (Yimer et al., 2020).

2.3.2 Hot Plate Test

Swiss albino mice of both sexes were
divided into fourteen groups for this experiment,
with six mice in each group. The mice were given
the following care after an overnight fast: As a
control group, group 1 of mice received 10 mL/kg
of vehicle (olive oil), while group 2 of mice received
10 mg/kg of paracetamol as the standard group,
and groups 3 through 14 of mice received 10
mg/kg of the test compounds orally. Mice were
placed inside a glass cylinder on a well-controlled
hot plate that was kept at a temperature of 55°C
after an hour of all oral treatments. The time
interval between the placement of the mice on the
hot plate surface and the occurrence of fore or
hind paw licking or jumping was noted as reaction
time and was calculated using Equation 2.

Inhibition% (1%) = ("£7¢) x100 (Eq. 2)

Where T:is the average reaction time in the
tested group and Tcis the average reaction time in
the control groups. To prevent paw injury, it has
been considered that the cutoff period should not
last more than 20 sec (Santenna et al., 2019).

2.4 Docking studies

All  compounds were projected using
ChemDraw Software 2016. All water molecules
and ligands were removed during molecular
docking of the produced compounds 1a, 1b, 2b,
2d, 3, 4a, 4b, 5a, and 5b using MOE 2015 v10.
The crystal Structure of a nanobody-stabilized
active state of the kappa-opioid receptor (protein
ID: 6B73) and the crystal structure of the active
mu-opioid receptor (proteins ID: 5C1M) were
obtained from the RCSB protein data bank.

3. RESULTS AND DISCUSSION:

3.1. Results

In this study, it was synthesized some
derivatives of 4-aminoantipyrine and tested for
their antibacterial activity against selected
bacteria, as well as their analgesic activities.
Finally, we theoretically analyzed their properties
regarding their molecular docking properties with
selected protein sites. All the compounds were
synthesized with good vyield in pure form.
Synthesized compounds were identified using
melting point, and spectroscopic methods include
FT-IR and 'H-NMR techniques.

Synthesized compounds were evaluated
for antibacterial and analgesic activities. The
results of the antibacterial potential of compounds
are presented in Table 1, and the results gave a
clear view that the synthesized compounds
exhibited different values of potency. We noted
that compounds 1a, 1b, 4b, and 5a gave an
inhibition zone against all types of bacteria at the
highest concentration (1000 pg/mL), whereas
compound 5b exhibited activity against three
bacteria except Streptococcus, and finally,
compound 4a gave an activity against only Gram-
negative bacteria.

The analgesic activity of the compounds
1a, 1b, 4a, 4b, 5a, and 5b was evaluated in mice
using the analgesia hot plate and writhing test
methods compared with paracetamol as a
standard drug. Table 2 shows the analgesic
activity depending on the reaction time and
inhibition% of the synthesized compounds and
standard drugs by hot plate method, while Table
shows the number of writhing and inhibition% of
the synthesized compounds and standard drugs
by the writhing method. Figure 1 shows the
analgesic activity of the compounds using two
methods.

Molecular docking analysis is the most
effective way of determining how a target protein
interacts with an inhibitory substance (Attique et
al., 2019; Arjmand et al., 2022; Durhan et al.,
2022). Docking investigations were performed
using the software MOE (2015.10). The 3D
crystallographic structure of the protein was
downloaded from the Protein Data Bank website
(www.rcsb.org) (PDB ID: 6B73 and ID: 5C1M). All
compounds were represented by their 2D
structures on ChemDraw Ultra 16.0.

The covalent docking of the synthesized
compounds into the largest pocket of the kappa-
opioid receptor (6B73) and mu-opioid receptor
(5C1M) was simulated, and the docking scores
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results are shown in Table 4. Tables 5 and 6
display the findings for just the substances that
produced reliable molecular docking scores. The
best simulation of the synthesized compounds
with two types of protein was the final derivatives
4a, 4b, 5a, and 5b, which showed greater value S
scores, as shown in Figures 1 and 2.

3.2. Discussions
3.2.1. Chemistry

Heating of isonicotinic acid hydrazide with
carbon disulfide in the presence of an alcoholic
alkaline medium gave sodium xanthate salt, which
lost the hydrogen sulfide to form sodium
oxadiazole ion, which was converted to oxadiazole
thiol 2b in an acidic medium. IR spectrum showed
the medium absorption band at 2684 cm?
attributed to the stretching vibration of the S-H
bond (Hudson and Gerakines, 2018), and the
medium band at 1597 cm? referred to the
stretching vibration of C=N of the oxadiazole ring.
In addition, the *H-NMR gave aromatic protons of
the pyridine ring at 7.81 and 8.81 ppm, attributed
to ortho and meta protons as doublet, respectively.

Two steps synthesized the triazole
compound 2d, and the first included the synthesis
of the intermediate thiosemicarbazide 2¢ by mild
heating of isonicotinic acid hydrazide and phenyl
iso-thiocyanate in dioxane:ethanol cosolvent. In
the second step, the white crystals of 2c, which
separated, were subjected to cyclization in an
agueous alkaline medium. After treatment with an
acidic solution, pale-yellow precipitation was
formed. IR spectrum of 2d gave a medium band at
2688 cm™* which attributed to the stretching
vibration of the S-H band, and the medium band at
1688 cm- referred to the stretching vibration of the
C=N bond of the triazole ring (Salinas-Torres et
al., 2022). In addition, *H-NMR gave doublet
signals aromatic pyridine protons at 7.23 and 8.57
ppm, another multiplet signal in the range 7.41-
7.56 ppm related to protons of phenyl ring
attached to triazole ring.

The synthesis of compound 1-phenyl-
1,2,3,4- tetrazole-5-thiol 3 included cyclization of
phenyl iso-thiocyanate with sodium azide in an
aqueous solution to give white crystals with a good
yield. The final product identified by IR
spectroscopy gave a medium absorption band at
2713 cm? attributed to the stretching vibration of
the S-H band and a strong band at 1454 cm
referred to as N=N stretching vibration.

The final compounds 4a, 4b, 5a, and 5b

were synthesized by sulfur  nucleophilic

substitution (an attack by S°) at the carbon atom
attached to chloride of 1la and 1b, and the
mechanism of the reaction is according to SN2.
The IR spectra of the products characterized by
the lake of the S-H band and appearing in the
medium-strong bands at the range 1678-1693 cm-
1 and 1643-1658 cm™ attributed to stretching
vibration of carbonyl open and cyclic amide groups
(Balan et al., 2019). *H-NMR of all compounds
showed the following signals, singlet signal at
9.23-9.58 ppm related to one proton of the H-N-
C=0 group, characteristic high field singlet signals
at 3.04-3.05 and 2.06-2.13 ppm attributed to three
protons of methyl groups attached to nitrogen and
carbon atoms, respectively, of pyrazolone ring.
The compounds 4a and 5a gave singlet signals at
4.18 and 4.36 ppm, respectively, related to two
protons of methylene groups attached to the sulfur
atom, while the compounds 4b and 5b gave triplet
signals at 3.56 and 3.67 ppm attributed to
methylene protons attached to sulfur atoms and
coupled with another proton of methylene group
with J=6.7 Hz.

3.2.2 Antibacterial activity

The compounds 1a, 1b, 4a, 4b, 5a, and 5b
were tested for their antibacterial activity against
Gram-negative bacteria (Escherichia coli and
Klebsiella pneumonia) and Gram-positive bacteria
(Staphylococcus aureus and Streptococcus)
employing the filter paper disc diffusion method,
and the inhibition zone diameter was measured
after 24 hr. The preliminary results indicated that
some compounds were active against the tested
bacteria, as shown in Table 1.

Compound la gave the best activity (17
mm) against Streptococcus at 1000 pg/mL as
compared with other compounds, while mild
activity as compared with standard drug
(amoxicillin) at the same concentration. The
compounds 1la, 4b, and 5a showed good activity
against all bacterial strains under investigation at
the highest concentration (1000 pg/mL). All
compounds gave an inhibition zone in the range
(7-9) mm against Escherichia coli. In contrast,
some compounds gave an inhibition zone from no
inhibition to 12 mm against Klebsiella pneumonia
at the highest concentration. The compound 4a
gave weaker activity, which showed no inhibition
against Gram-positive bacteria while giving
inhibition zone 9 and 7 mm against Escherichia
coli and Klebsiella pneumonia, respectively.

3.2.3. Analgesic activity
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The results showed that compounds 1b,
4b, and 5a gave the best activity (40%, 45%, and
51%, respectively) compared with other
compounds. On the other hand, the synthesized
compound 4a gave moderate activity (32%) as
compared with the standard drug.

The good activity of compounds 4b and 5a
may be attributed to the chemical structure of the
two types of compounds. It was observed that the
presence of the compound fragment that contains
the heterocyclic rings (oxadiazole and tetrazole) in
these compounds gave better activity, which may
be attributed to the presence of the heterocyclic
rings that affect the physicochemical and
pharmacokinetic  properties of the entire
compound (Hardjono et al., 2017; Mazak et al.,
2019).

The results showed that compounds 1a, 4b,
and 5b gave good activity (68%, 52%, and 47%,
respectively) compared with other compounds. On
the other hand, the synthesized compounds 1b
and 4a gave moderate activity (30% and 30%) as
compared with the standard drug. Finally, it was
noted that compound 4b gave the best activity in
every two methods as compared with the standard
drug, as shown in Figure 1.

3.2.4. Molecular Docking Studies

The results showed that compounds
favorable docking scores ranging from —-4.90 to
-8.76 kcal/mol and RMSD values in the range
1.05 to 2.31 A with 6B73, whereas these
compounds gave affinity in the range -4.94 t0 -9.20
kcal/mol and RMSD values 1.10 to 2.34 A with the
5C1M protein. Compound 5b gave the best affinity
with 6B73 protein at -8.76 kcal/mol, whereas
compound 4b showed the best affinity with 5C1M
protein (-9.20 kcal/mol).

According to Table 1, compound 5b gave
the highest docking scores of -8.76 kcal/mol and
RMSD value 1.91 A, which gave a good inhibitory
potential of 47% in the writhing method.
Compound 5b docked with a binding affinity of
-46.85 kcal/mol, which is the highest compared
with the others, and interacted with LEU 212.
Compound 4a docked with a good binding affinity
of —46.83 kcal/mol and interacted with LEU 212,
LYS 227, and TYR 139. Compound 4b docked
with a binding affinity of —-45.79 kcal/mol and
interacted with CYS 210, GLN 115, and GLN 115.

Compound 4b, which docked with the
highest binding affinity of -48.66 kcal/mol when
compared to the other compounds and interacted
with MET 151, LYS 303, and HIS 54, had the

highest docking scores of -9.21 kcal/mol and
RMSD value 1.34 A, as shown in Table 2. With a
binding affinity of about -46.52 kcal/mol,
compound 5b docked and interacted with LYS 233
and SER 53. With a binding affinity of about -46.21
kcal/mol, compound 5a docked and interacted
with HIS 54 and SER 53.

4. CONCLUSIONS:

The present study describes the synthesis
of pyrazolone compounds 4a, 4b, 5a, and 5b by
reaction of 4-aminoantipyrine derivatives la and
1b and some synthesized heterocyclic
compounds (oxadiazole; 2b, triazole; 2d, and
tetrazole; 3). The results of the antimicrobial
evaluation revealed that the activity of the
compounds was between good and moderate. In
contrast, the analgesic activity gave a clear view
of the potency of some of the synthesized
compounds as analgesic agents. Furthermore,
according to the molecular docking studies, the
final compounds (4a, 4b, 5a, and 5b) gave very
good binding affinity coordinated with the largest
site proteins (6B73 and 5C1M) compared with
other synthesized compounds under investigation.
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Table 1. Inhibition zone of the synthesized compounds against the tested bacteria at different

concentrations
Compound Conc. Inhibition zone (mm)
(Mg/ml) S. Streptococcus E.coli Klebsiella
aureus pneumonia

1000 10 17 9 8

500 10 15 7 8

la 250 8 15 7 NI
125 7 10 NI NI

50 7 8 NI NI

1000 10 10 7 NI

500 9 7 7 NI

1b 250 7 7 NI NI
125 NI NI NI NI

50 NI NI NI NI

1000 10 9 8 8

500 9 9 8 7

4b 250 7 7 7 7
125 7 NI NI NI

50 NI NI NI NI

1000 NI NI 9 7

500 NI NI 7 NI

4a 250 NI NI 7 NI
125 NI NI NI NI

50 NI NI NI NI

1000 11 9 9 12

500 8 7 7 9

ba 250 7 NI 7 7
125 NI NI NI NI

50 NI NI NI NI

1000 10 NI 9 10

500 9 NI 9 9

5b 250 7 NI 8 7
125 7 NI NI 7

50 NI NI NI NI
1000 17 15 40 35
500 14 12 36 30
Amoxicillin 250 14 12 31 28
125 12 10 29 22
50 9 9 25 20

NI: No Inhibition
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Table 2. Evaluation of analgesic activity by the hot plate method

Group Reaction Time (Seconds) Inhibition (%)

Standard 13.41+£1.84™ 73
Control 3.62+0.74

la 4.35 +0.95 16

1b 6.08+1.02° 40

4a 5.33+0.81 32

4b 6.63+0.73" 45

5a 7.36+1.14" 51

5b 4.09 + 0.86 10

Each value is mean £S.D. for six mice, *p <0.05, **p <0.01, ***p <0.001 compared with normal
control. Data were analyzed by using one-way ANOVA followed by a T-test

Table 3. Evaluation of analgesic activity by the writhing method

Group Number of Writhing Inhibition (%)

Standard 12.36 £ 3.25 *** 71
Control 42.36 + 4.47

la 13.95 £ 2.58 *** 68

1b 29.65 £ 5.24 30

4a 29.79£4.21 30

4b 20.41 + 3.62 ** 52

5a 41.60 + 7.08 3

5b 22.31+3.69* 47

Each value is mean £S.D. for six mice, *p <0.05, **p <0.01, ***p <0.001 compared with normal
control. Data were analyzed by using one-way ANOVA followed by a T-test

Table 4: Docking scores of synthesized compounds covalently bound to the active site of 6B73
protein and 5C1M protein

Compd. Docking affinity (kcal/mol)
6B73 RMSD A 5C1M RMSD A
la -6.89 1.05 -6.29 1.20
1b -6.73 1.18 -6.56 1.98
2b -4.90 1.17 -5.04 2.13
2d -5.86 1.59 -5.54 1.10
3 -5.18 1.13 -4.94 1.39
4a -8.48 1.77 -9.00 2.34
4b -8.01 2.31 -9.21 1.34
5a -8.00 2.11 -8.94 1.48
5b -8.76 191 -8.86 2.13
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Table 5. Molecular docking score, RMSD, and binding affinity for the compounds showed valid

molecular docking scores with 6B73

S Score

RMSD

Bonds between Atoms of Compounds and Residues of Active Site of 6B73

Compd Compd Receptor Receptor . E Total E
i keal/mol A AtorrF])s Ator%s Residpues Interaction dA (kcal/mol)  (kcal/mol)
la -6.89 1.05 CI33 o] HIS 291 H-donor 3.04 -0.1 -29.62
025 CA HIS 291 H-acceptor 3.29 -1.2
1b -6.73 1.18 025 CA LYS 227 H-acceptor 3.45 -0.7 -27.51
Cl 36 NZ LYS 227 H-acceptor 3.95 -0.8
C29 5-ring HIS 291 H-pi 3.90 -2.4
2b -4.90 1.17 - - - - - - -23.28
2d -5.86 159 S16 OoD1 ASP 138 H-donor 3.76 -1.2 -24.60
3 -5.18 113 S1 SD MET 142 H-donor 4.04 -1.0 -24.47
5-ring Cz3 TRP 287 pi-H 3.95 -0.8
da -8.48 177 032 N LEU 212 H-acceptor 3.22 -2.7 -46.83
5-ring Nz LYS 227 pi-cation 3.64 -0.8
6-ring 6-ring TYR 139 pi-pi 3.82 0
4b -8.01 231 S38 o] CYS 210 H-donor 4.00 -0.4 -45.79
o3 NE2 GLN 115 H-acceptor 3.02 -2.3
N 34 NE2 GLN 115 H-acceptor 3.06 -1.4
5a -8.00 211 S33 oD2 ASP 138 H-donor 4.10 -0.5 -36.34
6-ring NZ LYS 227 pi-cation 4.25 -1.2
5b -8.76 191 032 N LEU 212 H-acceptor 2.98 -1.7 -46.85

Table 6. Molecular docking score, RMSD, and binding affinity for the compounds showed valid

molecular docking scores with 5C1M

Bonds between Atoms of Compounds and Residues of Active Site of 5C1M

Compd |<Sc§|c/r?1roe| RMASD Compd Receptor Receptor Interaction  d (A) E Total E
Atoms Atoms Residues (kcal/mol)  (kcal/mol)
la -6.29 1.20 N22 SD MET 151 H-donor 4.40 -1.4 -30.44
C 26 SD MET 151 H-donor 3.80 -0.8
1b -6.56 198 C33 5-ring HIS 297 H-pi 3.60 -0.7 -29.17
5-ring 5-ring HIS 54 pi-pi 3.92 0
2b -5.04 213 S16 o] HIS 54 H-donor 3.63 -3.2 -22.10
5-ring 5-ring HIS 54 pi-pi 3.66 0
2d -5.54 1.10 N12 SD MET 151 H-donor 3.71 -0.5 -22.43
C1 5-ring HIS 297 H-pi 412 -1.0
5-ring 6-ring TYR 148 pi-pi 3.48 0
3 -4.94 139 S1 o] ASP 147 H-donor 3.68 -0.7 -21.48
4a -9.00 234 03 CE LYS 233 H-acceptor 3.13 -0.9 -45.89
6-ring CG2 VAL 300 pi-H 4.40 -0.7
5-ring CD LYS 303 pi-H 4.00 -0.9
4b -9.21 1.34 C29 SD MET 151 H-donor 3.89 -0.8 -48.66
6-ring CE LYS 303 pi-H 4.64 -0.6
5-ring 5-ring HIS 54 pi-pi 3.66 0
5a -8.94 148 N26 o] HIS 54 H-donor 3.11 -2.3 -46.21
6-ring CB SER 53 pi-H 3.95 -1.0
5-ring CA HIS 54 pi-H 3.95 -1.2
5-ring 5-ring HIS 54 pi-pi 3.97 0
5b -8.86 213 03 CB LYS 233 H-acceptor 3.27 -1.1 -46.52
5-ring CE SER 53 pi-H 4.01 -0.6
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RESUMO

Introducdo: O Brasil sofre com a falta de saneamento basico e esse fato se intensifica na regido Amazénica
guando pensamos nas populacgées vivendo em areas de dificil acesso. A aplicacéo de coagulantes naturais surge
como uma alternativa promissora, apresenta metodologia simples, de baixo custo, de facil reproducdo e
acessivel, promovendo a salde e melhorias ambientais. O uso de coagulantes quimicos pode acarretar
maleficios ao ambiente e a salde humana. Objetivo: Portanto, o objetivo desse estudo foi avaliar o efeito de
coagulacdo de uma espécie de cacto amazobnico aplicado ao tratamento de agua para consumo humano.
Métodos: Para o estudo, coletou-se cerca de 500 gramas da parte aérea do Cereus jamacaru as margens da
BR 174 na regido do lavrado de Roraima. No laboratério, foram retirados os espinhos, o material vegetal foi
lavado, cortados a uma espessura de um centimetro, secos em estufa a 60 °C por 36 horas, triturados em
liquidificador e peneirados até a obtencéo de um pg, o qual foi testado como coagulante natural. A agua utilizada
no estudo foi coletada do Rio Branco no municipio de Boa Vista-RR e caracterizada quanto a sua turbidez inicial.
Resultados: A dosagem de 0,2g do coagulante natural de cacto apresentou significativa reducéo na turbidez da
agua de estudo, deixando-a dentro dos padrdes de potabilidade estabelecidos para as 4gua subterraneas.
Discusséo: A coagulacdo no contexto sanitario € evidenciada em razao da remocao de particulas microscopicas
associadas aos microrganismos patogénicos, normalmente encontrados nas aguas brutas e com velocidade de
sedimentacdo muito reduzida. Substituir substancias quimicas poluidoras por coagulantes naturais no tratamento
da 4gua para consumo humano contribui para a qualidade de vida. Conclusédo: O cacto amazonico Cereus
jamacaru demonstrou eficicia de coagulagcdo para a andlise do parametro turbidez da agua para consume
humano.

Palavras-chave: Qualidade da 4gua, Satde humana, Biocoagulante

ABSTRACT

Background: Brazil suffers from a lack of basic sanitation in many regions, intensified in the Amazon region due
to its difficult access. The application of natural coagulants is a promising alternative since it eliminates the use of
chemicals, is a simple, low-cost method that is easy to reproduce, and is accessible to any community, thus
promoting health and environmental improvements. On the other hand, the use of chemical coagulants can cause
harm to the environment and human health. Aim: Therefore, the objective of this study was to evaluate the
coagulation effect of a species of Amazonian cactus applied in the treatment of water for human consumption.
Methods: For the study, about 500 grams of the aerial part of the Cereus jamacaru was collected on the banks
of the BR 174 in the region of Roraima. The spines were removed in the laboratory, the plant material was washed,
cut to a thickness, dried in an oven at 60 °C for 36 hours, then ground and sieved until obtaining a powder, which
was tested as a natural coagulant. The water used in the study was collected from the Branco River in Boa Vista,
Roraima, and characterized its initial turbidity. Results: The dosage of 0.2g of the natural cactus coagulant
showed a significant reduction in the turbidity of the study water, leaving it within the potability standards
established for groundwater. Discussion: Coagulation in the sanitary context is evidenced by the removal of
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microscopic particles associated with pathogenic microorganisms, normally found in raw water and with very low
sedimentation speed. Replacing polluting chemical substances with natural coagulants in the treatment of water
for human consumption contributes to the quality of life. Conclusion: The Amazonian cactus Cereus jamacaru
demonstrated coagulation efficiency for analyzing the turbidity parameter of water for human consumption.

Keywords: Quality water, Human health, Biocoagulant

1. INTRODUCTION:

According to the National Information
System on Basic Sanitation, 39.4 million Brazilians
do not have access to treated water (BRASIL,
2018). The problem of lack of basic sanitation
intensifies in the Amazon region of Brazil,
principally due to its difficult access areas. In
addition, economic viability and the complexity of
the operation may make itimpossible to implement
specific water treatment methods in some
locations (MELLO, 2018). To supply good quality
water to the population for their daily activities,
water intended for supply goes through a
treatment process in water treatment plants (ETA).
The conventional and most commonly used
treatment in Brazilian ETAs consists of four
stages: coagulation and flocculation, decantation,
filtration, and finally, chlorination and fluoridation.
Coagulation stands out as a process involving the
application of chemicals that allow the removal of
dissolved compounds in the water and the
destabilization of colloidal suspensions and solids
that cannot be removed by sedimentation or
filtration. Closely linked to coagulation is
flocculation, during which particles destabilized by
the coagulant coalesce and form flakes amenable
to decantation (LIMA JUNIOR, 2018; RICHTER,
2009).

Following the principles of green chemistry
proposed in the 90s, Lima Junior and Abreu (2018)
state that the development of coagulants and
flocculants, based on biodegradable natural raw
materials abundant in nature, called natural
coagulants or biocoagulants, has been gaining
more and more space in research focused on
environmental technologies since  natural
coagulants follow the concept of eco-friendly
material, those designed to cause the least harm
to nature. Therefore, studies with cacti that can be
used for water treatment have received great
attention due to their chemical composition since
they have nutrients with coagulation potential
(ZARA; THOMAZINI; LENZ, 2012). Furthermore,
during water treatment, the accumulation of
residues of non-biodegradable metal hydroxides
generated during coagulation and flocculation
processes, the high concentration of sludge that

presents ecotoxic potential (OLADOJA et al.,
2017), and the relationship with pathologies that
affect the central nervous system, such as
dementia and Alzheimer's and Parkinson’s
diseases, are some of the results of the application
of chemical coagulants to the treatment of water
for human consumption (CHUA et al., 2019;
FERMINO et al.,, 2017; WALTON, 2013). Such
hazards make studies with natural coagulants
advantageous as there is a high availability of raw
materials, are often renewable, have Ilow
corrosiveness on the water distribution system,
and there is a decrease of up to five times in the
volume of sludge generated in the water treatment
process. In addition, they do not present risks to
human and animal health, and there is a significant
reduction in costs and dangers in the treatment
processes (TEIXEIRA et al., 2017).

Mandacaru (C. jamacaru) is a cactus
native to Brazil, abundant in the northeast region
of the country (ZARA; THOMAZINI; LENZ, 2012)
and found in the Roraima field (OLIVEIRA, 2016;
PASSOS, 2019). According to Cavalcante (2013),
some metabolic and structural adaptations are
necessary, so that species of the cactus family can
survive in different environments, including
adverse ones. Studies with cactus intended for
water treatment have received significant attention
due to their chemical and structural composition
since they contain nutrients, proteins, amylose,
malic acid, resin, vitamins, and cellulose (ZARA;
THOMAZINI; LENZ, 2012). However, research on
the application of cactus in water treatment is still
scarce, and it is worth mentioning that no records
were found about this application with species
from the Amazon region of Brazil.

This study was developed in the context of
the Brazilian Amazon and considered the
environmental, spatial, temporal, and mainly
social conjuncture. The state of Roraima is located
in the northwest of the northern region of Brazil
and is predominated by rainforest vegetation;
however, in the central-eastern region, there is a
huge strip of farmland known as “lavrado”, a local
name given to the savanna region. The farmland
of Roraima is highly important for conserving
biodiversity and water resources; therefore, the
cactus Cereus jamacaru De Candolle (popularly
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known as Mandacaru) was studied for treating
water. Furthermore, due to its polymers, which
have coagulating and flocculating action, it is
believed that the cactus is not only effective but
also safer in the treatment of water, thus promoting
lower impacts on the environment and human
health. Therefore, the objective of this study was
to evaluate the coagulation effect of a species of
Amazonian cactus applied to water treatment for
human consumption.

2. MATERIALS AND METHODS:

Raw water samples from the Branco River
were collected near the extraction point used by
the Water and Sewage Company of Roraima
(CAER), located in the city of Boa Vista, state of
Roraima, Brazil, under geographic coordinates
760511 E, 312928 N. The collection was carried
out in March 2021 in a period of drought in the
State of Roraima. 12 liters of water were collected,
stored in amber glasses, placed in a styrofoam box
containing ice for cooling and transported to the
laboratory of the Federal University of Roraima.
Coagulation assays were performed on the same
day of collection. Water characterization before
and after treatment was performed by measuring
turbidity (Akso TU430) based on the 20th
Standard Methods for the Examination of Water
and Wastewater (APHA; AWWA; WEF, 2017).

2.1. Preparation of the natural coagulant

The natural coagulant (NC) was prepared
with 500 grams (g) of the aerial part of C.
jamacaru, which was collected in the agricultural
region of Roraima. First, the spines of the plant
material were removed and discarded, and then
the cactus was washed under running water, cut
into pieces of about 1 centimeter (cm), and placed
on trays (Figure 1a). These were then placed in an
oven at 60 °C for drying (MILLER et al., 2008;
OTHMANI et al., 2020).

After drying, the cactus pieces were
ground in a household blender and sieved to
provide a powder (Figure 1b) with particles of
about 300 micrometers (um) in diameter. This
powder was stored in a sealed container, dated
and identified, and kept in a refrigerator until the
tests were performed using the jar test equipment.

2.2. Coagulation test

The coagulation assay was performed
using jar test equipment (Afakit AT-700) with six

jars with a blade speed regulated for two mixing
regimes: fast (150 rpm for three minutes); slow (60
rpm for 17 minutes); plus a sedimentation time of
30 minutes with the equipment turned off (Table
1). In the jars, 400 milliliters (mL) of raw water were
used according to the adapted methodology of
Zara et al. (2012).

The dosages of the natural coagulant of
cactus and the aluminum sulfate (control) were
determined according to values obtained in the
literature and in the pre-assays of this study. They
were 0.032 g of aluminum sulfate (Zara et al.,
2012) and 0.01, 0.02, 0.04, 0.05, 0.1, 0.2, 0.3, 0.4
and 0.5 g of natural cactus coagulant (ORTIZ;
ASTUDILLO; MARTINEZ, 2013; FEDALA et al.,
2015), which were applied directly to the 400 mL
of water contained in individual jars. At the end of
the coagulation assay, samples of the treated
water were collected from each jar with a 20 mL
graduated pipette, and a new turbidity
measurement was performed.

Table 1. Stages and rotation speeds and duration
for each step of the coagulation assay.

Stages Rotation/Duration
Rapid mixing 150 rpm/3 minutes
Slow mixing 60 rpm/17 minutes

Sedimentation 0/30 minutes

3. RESULTS AND DISCUSSION:

3.1. Results

The raw water used in the coagulation test
showed initial turbidity of 23 turbidity units (NTUS).
After this test, a new turbidity measurement was
performed (Table 2). The potability standard for
human consumption water is established by
Ordinance No. 888, of May 4, 2021, by the
Brazilian Ministry of Health (BRASIL, 2021) and
has a maximum limit of 5 NTUs established as a
standard in the turbidity parameter of the
distribution network.

The decreased efficacy of turbidity removal
with increased dosage of the natural coagulant
(Figure 2) demonstrated in this study corroborates
the results of Pichler et al. (2012), who used the
mucilage of cacti Opuntia ficus-indica in water
treatment and observed that, by increasing the
dose of mucilage, after sedimentation of the
flakes, the turbidity of the supernatant also
increased.
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3.2. Discussion

Although the use of natural coagulants is a
sustainable alternative for treating water for
human consumption, the application of forms,
such as powders, mucilage, or unpurified extracts,
directly in the water to be treated leads to an
increase in organic matter, thus leaving the water
more turbid.

Choy et al. (2014) attribute the increase in
organic matter to the presence of lipids,
biomolecules that do not participate in the
coagulation process. Although it was not possible
to perform quantification tests of organic matter,
this effect can be observed when verifying the
initial turbidity of 23 NTUs of the water used in this
study with the highest coagulant dosage of 0.5 g
of cactus powder that presented the lowest
efficiency for removal and left the water with a
greenish appearance. However, it is possible to
improve the treated water quality using filters,
considering that the flakes formed by
biomolecules are usually large and easily retained
and do not require more advanced filtration
systems (PICHLER et al., 2012).

Unlike some studies, which demonstrated
that the higher the turbidity of the water to be
treated, the better the efficiency of natural
coagulants, the effect observed in the present
study was satisfactory for the sample of water with
low turbidity (23 NTUs). In a comparative study
with aluminum sulfate, Pichler, Young, and
Alcantar (2012) obtained excellent results with the
cactus of the genus Opuntia by demonstrating that
the same turbidity removal efficiency could be
obtained with the cactus using a dosage 300 times
lower than that of the chemical coagulant.

Pritchard et al. (2010) used a natural
coagulant based on Moringa oleifera seed to treat
water with a turbidity of 40 NTUs and 200 NTUs,
and the removal efficiency at the end of treatment
was 50% and 90%, respectively. A possible
justification for this behavior lies in the fact that
both Moringa oleifera and cacti are considered
polyelectrolytes, i.e., they are flocculating
polymers with different ionic charges that act in the
formation of flakes and assist in coagulation.

For Baghvand et al. (2010), low turbidity
waters have a small amount of colloidal matter,
i.e., this lower concentration of colloids suspended
in water limits the contact rate between particles
and flocculating polymers, thus hindering the
coagulation process and consequently the
performance of the coagulant. Therefore, an
alternative for treating low turbidity waters is the

addition of synthetic turbidity in order to create the
formation of heavier flakes, which settle more
easily.

4. CONCLUSIONS:

The Amazonian cactus C. jamacaru
demonstrated coagulation efficacy in the analysis
of the turbidity of the sampled water. Replacing
polluting chemicals with natural coagulants in
water treatment for human consumption
contributes to the quality of life by helping
communities that do not have access to clean
water and protecting the environment. It is
possible to suggest the execution of new studies
that seek to perform other tests of the
physicochemical parameters and the zeta
potential to guarantee the effectiveness and safety
of cactus application as a natural coagulant for the
treatment of water for human consumption.

5. DECLARATIONS

5.1. Study Limitations

The study is limited to the sample size and
the period of the collection of the samples.

5.2. Acknowledgements

We thank the Postgraduate Program in Natural
Resources at the Federal University of Roraima and the
Novo Paraiso Campus of the Federal Institute of
Roraima, for supporting the research.

5.3. Funding source

The authors funded this research.

5.4. Competing Interests

There are no potential conflict of interestin this
publication.

5.5. Open Access

This article is licensed under a Creative Commons
Attribution 4.0 (CC BY 4.0) International License, which
permits use, sharing, adaptation, distribution, and
reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license,
and indicate if changes were made. The images or
other third-party material in this article are included in

Peri6dico Tché Quimica. ISSN 2179-0302. (2022); vol.19 (n°42)
Downloaded from www.periodico.tchequimica.com

32



the article’s Creative Commons

license unless

indicated otherwise in a credit line to the material.
Suppose material is not included in the article’'s
Creative Commons license, and your intended use is
not permitted by statutory regulation or exceeds the
permitted use. In that case, you will need to obtain
permission directly from the copyright holder. To view a

copy

of this license, visit

http://creativecommons.org/licenses/by/4.0/.

6. REFERENCES:

1.

American public health association,
american works association, water
environment federation. (2017). Standard
Methods for the Examination of Water and
Wastewater. Denver, CO.

Baghvand, A., Zand, A. D., Mehrdadi, N.&
Karbassi, A. (2010) Optimizing coagulation
process for low to high turbidity waters
using aluminum and iron salts. American
Journal of Environmental Sciences,5 (6):
442-448.

BRASIL. Ministério da Saude. Portaria
n°888, de 04 de maio de 2021.
Consolidagéo das normas sobre as acoes
e os servicos de saide do Sistema Unico
de Saude. Diario Oficial da Unido, Brasilia,
DF. 2021. Disponivel em:
<http://www.saude.gov.br>. Acesso em:
15 mai. 2022.

Chua, S.C, Malek, M. A., Chong, F. K,
Sujarwo, W., HO, Y.C. Red Lentil (Lens
culinaris) extract as a novel natural
coagulant for turbidity reduction: an
evaluation, characterization and
performance optimization study. Water,
[S.]], v. 11, n. 8, aug.2019.

Choy, S. Y., nagendra, K. M. P.,, Wu, T. Y.,
Raghunandan, M. E.& Ramanan, R. N.
(2014). Utilization of plant-based natural
coagulants as future alternatives towards
sustainable water clarification. Journal of
Environmental Sciences, 11 (26): 2178-
2189.

Fedala, N., Lounici, H., Drouiche, N.,
Mameri, N. & Drouiche, M. (2015).
Physical parameters affecting coagulation
of turbid water with Opuntia ficus-indica
cactus. Ecological Engineering, (77): 33-
36.

10.

11.

12.

13.

14.

15.

Fermino, L. S., Pedrangelo, A. C. S., Silva,
P. K. M., Azevedo, R. E. C., Yamaguchi, N.
U., Ribeiro, R. M.. Water treatment with
conventional and alternative coagulants.
Chemical Engineering  Transactions,
Milano, vol. 57, p. 1189-1194, mar. 2017.

Lima Junior, R. N. & Abreu, F. O. M. S.
(2018). Produtos Naturais Utilizados como
Coagulantes e Floculantes para
Tratamento de Aguas: Uma Revisdo sobre
Beneficios e Potencialidades. Revista
Virtual de Quimica, 3 (10): 709-735.

Mello, C. (2018) Trabalho, tecnologia e
solidariedade. Florianépolis: Insular.

Miller, S. M., Fugate, E. J., Craver, V. O,,
Smith, J. A., & Zimmerman, J. B. (2008).
Toward understanding the efficacy and
mechanism of Opuntia spp. as a natural
coagulant for potential application in water
treatment. Environmental science &
technology, 42(12), 4274-4279.
https://doi.org/10.1021/es7025054

Oladoja, N. A., Saliu, T. D., Ololade, I. A.,
Anthony, E. T. & Bello, G. A. (2017). A new
indigenous green option for turbidity
removal from agueous system. Separation
and Purification Technology, (186): 166-
174.

Ortiz, A. V., Astudillo, I. C. & Martinez, G.
J. (2013). Caracterizacion de la Opuntia
ficus-indica para su uso como coagulante
natural. Revista Colombiana de
Biotecnologia, 1 (15):137-144.

Othmani, B., Gamelas, J., Rasteiro, M. G.,
& Khadhraoui, M. (2020). Characterization
of Two Cactus Formulation-Based
Flocculants and Investigation on Their
Flocculating Ability for Cationic and
Anionic Dyes Removal. Polymers, 12(9),
1964.
https://doi.org/10.3390/polym12091964.

Pichler, T., Young, K. & Alcantar, N.
(2012). Eliminating turbidity in drinking
water using the mucilage of a common
cactus. Water Science & Technology:
Water Supply, 2 (12):179-186.

Pritchard, M., Craven, T., Mkandawire, T.,
Edmondson, A. S. & O'Neill, J. G. (2010).

Peri6dico Tché Quimica. ISSN 2179-0302. (2022); vol.19 (n°42)
Downloaded from www.periodico.tchequimica.com

33



16.

17.

18.

A study of the parameters affecting the
effectiveness of Moringa oleifera in
drinking water purification. Physics and
Chemistry of the Earth, Parts A/B/C, 13-14
(35): 791-797.

Richter, Carlos A. (2009). Agua: métodos
e tecnologia de tratamento. S&o Paulo:
Edgard Blucher.

Teixeira, M. R., Camacho, F. P.; Sousa, V.
S. & Bergamasco, R. (2017). Green
technologies for cyanobacteria and natural
organic matter water treatment using
natural based products. Journal of Cleaner
Production, (162): 484-490.

Aluminum's
progression  of
Journal of

Walton, J. R. (2013).
involvement in the
Alzheimer's disease.

Alzheimer's Disease, 35 (1): 7- 43.

19. Zara, R. F, Thomazini, M. H.& Lenz, G. F.

(2012). Estudo da eficiéncia de polimero
natural extraido do cacto mandacaru
(Cereus jamacaru) como auxiliar nos
processos de coagulacao e floculacdo no
tratamento de agua. Revista de estudos
ambientais 2 (14):75-83.

Figure 1. a.Plant material processing. b. Coagulant powder. Source: the authors

Peri6dico Tché Quimica. ISSN 2179-0302. (2022); vol.19 (n°42)
Downloaded from www.periodico.tchequimica.com

34



Table 2. Turbidity removal values for each dosage and coagulants used.

Turbidity after

Dosage of
Initial turbidity of coagulants application of
water sample @) coagulants
(NTUs) (NTUs)
0.032 g aluminum
sulphate (control) 2.5
0.01 g of cactus
NC 5.24
0.02 g of cactus 4.91
NC
0.04 g of cactus
NC 45
0.05 g of cactus
NC 4.43
23 01g
of cactus NC 3.49
0.2 g of cactus
NC 2.49
0.3 g of cactus
NC 2.80
049
of cactus NC 3.99
0.5 g of cactus
NC 7
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Figure 2. Removal of turbidity vs. the dosage of coagulants. Source: the authors
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RESUMO

Introducdo: A estimativa da soroprevaléncia de anticorpos covid-19 pode ser usada para prever com mais
preciséo a epidemia, estimar a vulnerabilidade da comunidade, obter informagfes sobre a progressédo da doenca
e gerenciar o tratamento da doenga. Objetivos: O presente estudo foi desenhado para avaliar a soroprevaléncia
de anticorpos IgG contra o virus COVID-19 na populagéo urbana do municipio de Shahrekord (Ird). Methods:
Neste estudo analitico-descritivo, foram identificadas 690 pessoas residentes no municipio de Shahrekord
encaminhadas a laboratorios de diagnéstico médico entre Outubro e Dezembro de 2020, e os niveis séricos de
IgG foram medidos através do teste ELISA. O teste estatistico Qui-quadrado e o teste de Spearman, executados
no SPSS-20, foram utilizados para investigar a relacéo entre as variaveis. Results: Das 690 amostras, 190 foram
positivas para anticorpos IgG contra COVID-19. A frequéncia de anticorpos positivos foi de 27,5% [IC 95%: 23,1-
30 (26,9% em homens e 28% em mulheres)]. Ndo houve relacdo significativa entre a soroprevaléncia de COVID-
19 e sexo, ocupacdo, estado civil e IMC (P > 0,05). A soroprevaléncia de COVID-19 foi significativamente maior
em individuos com histérico de contato com pessoa infectada, individuos com sintomas de COVID-19 durante a
pandemia, individuos com histérico de diagnéstico definitivo por PCR e individuos com idade superior a 60 anos
(P < 0,05). Discussdes: Com base nos resultados, a soroprevaléncia de anticorpos contra COVID-19 na
populacédo estudada foi de 27,5% e superior a prevaléncia da doenca baseada em testes de triagem molecular..
Concluséo: A determinacéo da prevaléncia de anticorpos 1gG contra COVID-19 na comunidade para ajudar na
previsdo mais precisa da epidemia pode ser utilizada no gerenciamento da doenca.

Palavras-chave: Coronavirus, COVID-19, Epidemiologia, Anticorpos, Sistema imunolégico.

ABSTRACT

Background: Estimation of seroprevalence of COVID-19 antibodies can be used to predict the epidemic more
accurately and estimate the vulnerability of the community, gain information on disease progression, and manage
disease treatment. Aims: The present study was designed to evaluate the seroprevalence of IgG antibodies
against the COVID-19 virus in the urban population of Shahrekord county (Iran). Methods: In this descriptive-
analytical study, 690 people living in Shahrekord county referred to medical diagnostic laboratories in the county
between October to December 2020 were identified, and their serum 1gG levels were measured using ELISA.
Chi-square and Spearman’s test in SPSS 20 were used to investigate the relationship between variables.
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Results: Out of 690 samples, 190 were positive for IgG antibodies against COVID-19. The frequency of positive
antibodies was 27.5% [Cl 95%: 23.1-30 (26.9% in men and 28% in women)]. There was no significant relationship
between the seroprevalence of COVID-19 and gender, occupation, marital status, and BMI (P>0.05).
Seroprevalence of COVID-19 was significantly higher in individuals with a history of contact with an infected
person, individuals with COVID-19 symptoms during the pandemic, individuals with a history of definitive
diagnosis based on PCR, and individuals aged over 60 years (P<0.05). Discussion: Based on the results, the
seroprevalence of antibodies against COVID-19 in the study population was 27.5% and more than the prevalence
of the disease based on molecular screening tests. Conclusion: Determination of IgG antibodies prevalence
against COVID-19 in the community to help in more accurate prediction of the epidemic can be used in managing
the disease.

Keywords: Coronavirus, COVID-19, Epidemiology, Antibodies, Immune system.
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1. INTRODUCTION: (M), envelope (E), and spike (S) (Walls et al.,
2020; Ahmed et al., 2020). The human immune

Despite advances in the prevention and System produces two types of antibodies, namely

treatment of diseases, the emergence of viral
diseases continues and is considered a serious
public health issue. In the past 20 years, we have
seen viral epidemics such as SARS-CoV in 2002-
2003, HIN1 flu in 2009, and then MERS-CoV in
2012. Recently, in December 2019, an unknown
epidemic was reported in Wuhan, China, with an
unexplained infection of the lower respiratory tract
(Wu et al., 2021; Alsamman and Zayed, 2020).
The new virus was initially called nCoV-2019.
Subsequently, the International
Committee on Taxonomy of Viruses (ICTV)
named the virus SARS-CoV-2 due to 80%
similarity of its nucleotides to SARS'’s, which is a
member of the coronaviridae family. As with the
causative agent of SARS this virus belongs to the
BCoV2 group and is therefore considered as a
positive-stranded RNA virus coated with a helical
nucleocapsid (Lupia et al., 2020). Approximately
30 types of coronaviruses have been identified in
humans, mammals, and birds. So far, it has been
established that seven types of viruses have
caused infections in humans: alpha and beta. The
genomes of these viruses encode four structural
proteins, namely, nucleocapsid (N), membrane

IgM and 1gG, against the virus. The presence of
IgM antibodies against this virus indicates the
acute phase of the disease, and the presence of
IgG antibodies, as a stable response against this
disease, indicates that immunity against this
disease has developed (Bryant et al.,, 2020;
Stadlbauer et al., 2020; Farnsworth and Anderson;
2020).

The high potential of this virus for human-
to-human transmission on the one hand, and
international travel, on the other hand, has
increased the incidence of the disease in different
countries. Besides this, many carriers are
asymptomatic, which indicates the need for
prevention and screening of patients to control the
devastating effects of the disease. Reports
suggest that 25-50% of people infected with the
virus may never have symptoms, and some may
only have mild illnesses (Rodriguez-Morales et al.,
2020). However, to date, no accurate information
has been reported on the number of asymptomatic
patients, the rate of improvement in the immune
system, or the likelihood of recurrence of COVID-
19.
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Tests based on the presence of antibodies
in the serum of COVID-19 patients can identify
people who have been exposed to the virus and
help to gain insight into how the disease has
spread and even become fatal, and understand
the immune system's response rate to the disease
and the likelihood of its recurrence appropriately.
In addition, these tests are useful for identifying
individuals who have exhibited a complete
immune response to disease after recovery
(Haveri et al., 2020; Xu et al., 2020; Infantino et al.,
2020). In these experiments, the presence of
antibodies is evaluated. Since the antigens and
antibodies produced against the virus are
substantially more stable than the virus RNA, they
are less sensitive during sample transfer and
storage. Therefore false negative tests are
comparatively less likely.

This study aimed to determine the
seroprevalence of IgG antibodies against COVID-
19 in Shahrekord county and to compare the
prevalence of the disease based on the serology
and molecular tests in the community.

2. MATERIALS AND METHODS:

2.1. Study design and data collection

This descriptive-analytical study was
performed cross-sectional between September
and November 2020 in indigenous people referred
to (public and private) medical diagnostic
laboratories in Shahrekord for reasons other than
COVID-19. The protocol of the study was
approved by the Ethics Committee of Shahrekord
University of Medical Sciences
(IR.SKUMS.REC.1399.073), and informed
consent to participate in the study was obtained
from all participants, and the principles of data
confidentiality were carefully observed by
investigators. Based on the number of positive
cases, available reports, and the statistical
consultant's opinion, the sample size was
considered at least 600 people during the study,
and blood samples were taken from 690 patients,
and their information was also collected.

Sampling was performed randomly and
systematically. To this end, one out of every three
who were referred to medical diagnostic
laboratories in Shahrekord was randomly selected
until the required sample size was achieved.

Complementary data were collected using
a checklist of sociodemographic characteristics
based on the information accessible through the
Sib system of the Ministry’s Vice Chancellor for

Health. This information included age, gender,
occupation, marital status, history of molecular
COVID-19 test, symptoms since the pandemic
onset, history of hospitalization due to COVID-19,
history of contact with an infected person, weight,
and height.

2.2. Detection of SARS-CoV-2 IgG antibodies

Blood samples were transferred to the
Virology Laboratory of Shahrekord University of
Medical Sciences for serum isolation. The serum
of the patients was centrifuged for 15 minutes at
3000 rpm and kept in the freezer at -20 °C until the
experiments. This study evaluated the serum level
of IgG antibodies against COVID-19 using an
ELISA kit (Pishtaz Teb).

To evaluate the level of IgG antibodies in
serum samples isolated from patients' blood cells,
serum samples, and all materials and reagents
were first brought to room temperature. IgG kit
controls were ready to use and did not require
dilution. However, serum samples were diluted at
1:101 using a sample dilution solution. Two wells
for blank, two wells for negative control (containing
phosphate buffer solution and 0.05% protective
substance and negative human serum for 1gG
antibody against SARS-CoV-2), and then positive
control (containing buffer solution, containing
protein as stabilizer and 0.05% protective
substance and inactivated human serum,
containing IgG antibody against SARS-CoV-2)
was poured in duplicate, and other wells were
used for samples. One hundred pl of positive
control, 100 pl of negative control, and 100 ul of
diluted samples were introduced into the
corresponding wells of the ELISA kit covered with
N antigens (N-coating, one of the most abundant
antigens of virus) of SARS-CoV-2. The wells were
then covered with a special plate label and left at
37 °C for 30 minutes. Afterward, the contents of
the wells were emptied, and the wells were
washed five times with a ready-to-use washing
solution. Then, 100 ul of ready-to-use conjugated
enzyme solution (containing human anti-IgG
antibody  solution bound to horseradish
peroxidase) was added to the wells except for the
blank wall. The wells were covered again with a
special plate label and left at 37 °C for 30 minutes.
Next, the contents of the wells were emptied, and
the wells were washed five times with a ready-to-
use washing solution. After washing, 100 pl of
ready-to-use dye solution (containing
tetramethylbenzidine and oxygenated water) was
poured into all wells, and the wells were left at
room temperature in the dark for 15 minutes. In
this step, 100 pl of stopper solution (containing 1
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normal hydrochloric acid) was added to each well
to stop the enzymatic reactions and turn the blue
color into yellow. Finally, the optical absorbance of
the wells was read by an ELISA reader using a 450
nm filter up to half an hour after adding the stopper
solution, and a 630 nm filter was used as a
reference filter.

To calculate the results, the cut-off value
was obtained by Equation 1:

Cut off value = Average optical absorbance
of negative control + 0.15 (Eq. 01)

Then, the index value was calculated by
dividing the sample’s optical absorbance by the
cut-off value to determine the positive and
negative results. According to Equation 1, values
higher than 1.1 and those lower than 0.9 negatives
are considered positive. Therefore, samples with
an index value of 0.9-1.1 were considered
suspicious and retested using fresh serum or
plasma after some time.

It should be noted that based on the
information mentioned in the kit instructions, the
sensitivity of the kit for measuring IgG antibodies
against SARS-CoV-2 is 94.1%, and its specificity
is 98.3%.

2.3. Statistical analysis

Qualitative variables were described using
frequency and percentage, and quantitative
variables were described using mean and
standard deviation. The relationship between
variables was assessed using Chi-square and
Spearman’s correlation tests. The analysis was
done by SPSS 23 and significantly defined as
P<0.05.

3. RESULTS AND DISCUSSION:

3.1. Results

Of the 690 studied individuals, 301 (43.6%)
were male. The mean age of participants was
45.3+19.5 years (range; 5 months-92 vyears).
Overall, 190 were positive for COVID-19-specific
IgG. The prevalence of positive antibodies in our
participants was 27.5% [CI 95%: 23.1-30 (26.9%
in men and 28% in women)] (Table 1). Among the
participants in the study, PCR test using nasal
swabs was reported positive in 110 patients
(15.9%) up to the time of sampling. There was no
significant relationship between the

seroprevalence of COVID-19 and gender,
occupation, marital status, and BMI (P>0.05).
However, the seroprevalence of COVID-19
(positive antibody) was significantly higher in
people with a history of contact with an infected
person, people with COVID symptoms during the
pandemic, people with a history of definitive
diagnosis based on PCR, and people over 50
years of age (P<0.05) (Table 1).

Of patients with positive antibodies, 23.6%
had a history of hospitalization due to COVID-19.
The mean antibody titer in patients with a positive
antibody with a history of hospitalization was
10.95+6.35, and in patients with a positive
antibody without a history of hospitalization,
9.546.1 (P=0.199).

In individuals with positive antibodies,
Spearman’s correlation coefficient showed a
statistically significant relationship between age
and IgG antibody titer, so with increasing age, the
amount of antibody titer increased (r=0.187,
P<0.01).

The mean BMI was 26.5£5.17 kg/m? in
individuals with positive antibodies and 26.2+4.9
kg/m2 in negative-antibody subjects (P>0.05).

3.2. Discussion

The outbreak of coronavirus has become a
major concern across the world. Studies have
shown that the prevalence of the disease has not
been accurately reported due to the mild form of
the disease, which causes many people with
COVID-19 to be unaware of their disease or their
molecular test results to be false-negative,
necessitating serology-based procedures for a
more acceptable estimate of the disease. For
example, a report from the Chinese Center for
Disease Control and Prevention, including
445,500 people, stated that the disease was mild
in 81% of patients, with only 14% having a severe
form of the illness and 5% having a critical form;
asymptomatic infections have also been reported,
indicating the high number of asymptomatic
patients and the need for serological tests (Wang
et al., 2020). In another study on the prevalence of
COVID-19 on a cruise ship, in which almost all
passengers and crew were screened for the virus,
approximately 17% of the participants had a
positive report. However, about half of the 619
confirmed cases were asymptomatic at the time of
diagnosis (Mizumoto et al., 2020). Besides this, a
study of the seroprevalence of antibodies in Santa
Clara, California, showed that the infection caused
by the virus was much wider than the number of
cases confirmed using clinical findings and
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molecular tests (Bendavid et al., 2020). Also, a
study (2020) on the serological characteristics of
SARS-CoV-2 infection from the time of exposure
to the onset of symptoms showed the need for
tests based on the evaluation of antibodies against
the coronavirus (Lou et al., 2020). In this regard,
several teams around the world have begun
testing population samples for SARS-CoV-2
antibodies, whose initial findings show uncertainty
about the exact prevalence of the disease in the
current situation (Stadlbauer et al., 2020, Haveri et
al., 2020; Xu et al., 2020; Infantino et al., 2020).

In the present study, which was conducted

to investigate the seroprevalence of IgG
antibodies against COVID-19 in the urban
population of Shahrekord County, the

seroprevalence of COVID-19 was 27.5%, which is
higher than the prevalence of the disease based
on molecular evaluations (15.9%). In a study
(2020) on the seroprevalence of anti-SARS-CoV-
2 IgG antibodies in the general Indian population,
the serum level of IgG antibodies was determined
by ELISA, and the results indicated a low
seroprevalence in India so that by mid-May 2020,
less than 1% (0.73%) of the population had been
exposed to infection. The low prevalence of
antibody levels in most regions of India indicates
that India is in the first phase of the epidemic, and
most of the population is still susceptible to the
disease (Murhekar et al., 2020). In Iran, only one
study, conducted from March to 20 May 2020,
examined the prevalence of antibodies against
SARS-CoV-2 in 18 cities from 17 provinces using
ELISA. The study included 9,181 people, including
5,372 ones from high-risk populations (including
front-line physicians and nurses, non-front-line
health workers, pharmacy staff, taxi drivers, bank
employees, and cashiers in supermarkets and
chain stores) and 3,530 individuals from the
general population (including those registered in
the Iranian electronic health system or health care
centers). That study showed a 17.1% and 20%
prevalence of SARS-CoV-2 specific antibodies in
the general and high-risk populations. According
to these results, it can be estimated that the
prevalence of SARS-CoV-2 specific antibodies is
higher than the number of cases confirmed by
PCR tests in the reports. The reason for the
difference in the prevalence reported in the study
conducted in Iran and that in the present study
could be the time of the study, causing more
people to be exposed to the virus and the
prevalence to increase. Also, in the study
conducted in Iran, after estimating population-
based prevalence, the cities of Rasht, Qom,
Gorgan, and Babol, with seroprevalence of 72.6%,
58.5%, 43.9%, and 22.4%, respectively, had the

highest prevalence (Poustchi et al., 2021). The
difference in prevalence in different areas can be
due to reasons such as weather conditions and
differences in the concentration and movement of
people in public places, as well as the
characteristics of mass communication among
people.

In the present study, a statistically
significant relationship was observed between age
and IgG antibody titer, so the amount of antibody
titer increased with increasing age. Reports from
some countries have suggested the role of age as
a risk factor for disease severity (Jiang et al., 2020;
Hossain et al., 2021). Studies have also shown
that the rate of inflammation is higher in older
people, and with increased inflammation in the
body, the rate of systemic response of the immune
system increases, and consequently, the level of
antibodies in the blood will increase (Hotamisligil
et al., 2006; Gonzalez-Quintela et al., 2008),
being, in fact, one of the reasons for the
relationship between aging and increased
antibody titer in the present study. In addition to
age, in the current study, the seroprevalence of
COVID-19 was significantly higher in individuals
with a history of contact with an infected person,
individuals with COVID symptoms during the
pandemic, and individuals with a history of
definitive diagnosis based on PCR. These results
are all in line with the higher risk of the disease and
a higher likelihood of immune response in such
individuals and confirm the need to follow health
protocols and social distancing to reduce its
incidence (Hossain et al., 2021).

4. CONCLUSIONS:

In the present study, the seroprevalence of
IgG antibodies against COVID-19 in the urban
population of Shahrekord county was 27.5%,
higher than the prevalence of the disease based
on molecular screening tests. Therefore,
serological tests can be suggested for a more
accurate prediction of the epidemic and for better
management of the prevention and treatment of
the disease.
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Table 1. Demographic characteristics of study participants

Number
Total pos"i‘;ive t?R (95% CI) Significance
Variables number | serology . as‘?d cl)n the | Iev:el
cases univariable mode (P value)
(%)
Age groups
Under 20 yr 45 13(28.9) | 0.637 (0.306-1.328)
20-29 yr 93 18(19.4) | 0.376 (0.202-0.702)
30-39 yr 95 27(28.4) | 0.623 (0.353-1.099) 0.025
40-49 yr 106 29(37.9) | 0.591 (0.340-1.027)
50-59 yr 87 33(37.9) | 0.959 (0.549-1.674)
Over 60 yr 131 51(38.9) 1.0 [Reference]
Gender
Male 301 81(26.9) | 0.946 (0.675-1.325) 0.764
Female 389 109(28) 1.0 [Reference]
Marital status
Single 64 13(20.3) | 0.583(0.198-1.71)
Married 344 114(33.1) | 1.133 (0.453-2.832) 0.223
Widow/widower- 49 17(34.7) | 1.214 (0.418-3.524)
divorced
Under 15 yr 23 7(30.4) 1.0 [Reference]
Occupation
Housewife 176 53(30.1) | 1.077 (0.323-3.589)
Student 51 11(21.6) 0.688 (0.18-2.62)
Laborer 24 10(41.7) | 1.786 (0.434-7.353) 0.552
Civil servant 113 40(35.4) 1.37 (0.404-4.649)
Jobless 36 10(27.8) | 0.962 (0.244-3.783)
Self-employed 68 24(35.3) | 1.364 (0.386-4.816)
Under 6 yr 14 4(28/6) 1.0 [Reference]
History of definitive diagnosis by PCR
Yes 110 71(64.5) | 5.882 (3.728-9.279) <0.001
No 385 91(23.6) 1.0 [Reference]
Having symptoms during the pandemic
Yes 169 95(56.2) | 4.963 (3.308-7.445) <0.01
No 326 67(20.6) 1.0 [Reference]
History of contact with an infected person
Yes 99 61(61.6) | 4.736 (2.977-7.533) <0.001
No 395 100(25.3) 1.0 [Reference]
Working outside the home
Yes 205 74(36.1) | 1.441(0.979-2.122) 0.064
No 277 78(28.2) 1.0 [Reference]
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RESUMO

Introdugao: O HIV é um retrovirus cuja multiplicagao viral esta associada a trés enzimas. A transcriptase reversa,
responsavel por sintetizar o DNA vital com base em seu RNA; a integrase, responsavel por integrar o DNA viral
ao DNA humano; e uma protease responsavel pela clivagem do codigo genético em unidade menores e funcional.
Muitos grupos de pesquisas pelo mundo estdo motivados na proposta de novos bioativos contra o HIV.
Objetivos: Propor diterpenos naturais ou produtos sintéticos da espécie de planta Pau-Brasil frente ao virus HIV
por meio de técnicas in silico. Métodos: Foram utilizados diterpenos encontrados no extrato etandlico do Pau-
Brasil (Paubrasilia echinata Lam.), assim como alguns produtos dos mesmos que foram avaliados por meios
computacionais. O trabalho foi desenvolvido através de uma triagem hibrida (ligand based e structure based)
para uma possivel atividade biolégica desses fitoconstituintes frente as enzimas principais da multiplicagdo do
HIV-1. Resultados: Os ensaios computacionais apontaram que os compostos ALX04 e ALX07 apresentaram
possivel atividade frente as proteinas HIV-integrase e transcriptase reversa, respectivamente. Nenhum composto
foi ativo simultaneamente frente as duas enzimas (HIV-integrase e transcriptase reversa), e todos os demais
compostos demonstraram-se inativos. Discussao: Foram utilizados os diterpenos encontrados no extrato
etandlico do Pau-Brasil (Paubrasilia echinata Lam.), assim como alguns derivados, onde foram avaliados através
dos métodos computacionais. O trabalho foi desenvolvido por meio de uma selegao hibrida (e baseada e
estruturada) realizada para apontar uma atividade viavel observavel. aos modelos de predicdo testadas.
Conclusées: Os ensaios computacionais apontaram os diterpenos ALX04 e ALX07 apresentaram promissora
atividade retroviral.

Palavras-chave: Docking molecular, HIV-1, simula¢é&o in silico, Pau-Brasil, toxidade.
ABSTRACT

Introduction: HIV, whose viral multiplication is associated with three enzymes. Reverse transcriptase is
responsible for synthesizing vital DNA based on its RNA; integrase is responsible for integrating viral DNA into
human DNA; and protease is responsible for cleaving the genetic code into smaller, functional units. Many
research groups around the world are motivated by the proposal of a new bioactive against HIV. Objectives: To
propose natural diterpenes or synthetic products from the Pau-Brasil plant species against HIV through in silico
techniques. Methods: Diterpenes found in the ethanolic extract of Pau-Brasil (Paubrasilia echinata Lam.) were
used, as well as some of their products that were known by computational means. The work was developed
through a hybrid screening (ligand-based and structure-based) for a possible biological activity of these
phytoconstituents against the main enzymes of HIV-1 multiplication. Results: Computational assays showed that
the compounds ALX04 and ALX07 showed possible activity against HIV-integrase and reverse transcriptase
proteins, respectively. No compound was simultaneously active against the two enzymes (HIV-integrase and
reverse transcriptase), and all other compounds proved inactive. Discussion: Diterpenes found in the ethanolic
extract of Pau-Brasil (Paubrasilia echinata Lam.) were used, and some results were obtained through
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computational methods. The work was developed to achieve a viable observable activity to the tested prediction
models. Conclusions: Computational assays showed that the diterpenes ALX04 and ALX07 had promising

assays of retroviral activity.

Keywords: Molecular docking, HIV-1, in silico simulation, Pau-Brasil, toxicity.

1.INTRODUGAO

1.1 Virus de imunodeficiéncia humana

A AIDS (Acquired Immunodeficiency
Syndrome) é considerada um problema de saude
publica, que acomete pessoas do mundo todo,
independentemente de classe social, género, raca
e outros. Esta associada a pratica sexual e
comportamentos de risco como o]
compartilhamento de seringas para usuarios de
drogas injetaveis, contato direto com sangue
contaminado e transmisséao vertical de méae para
filho. (Machado-Zaldivar et al., 2021; van den
Broek, 2021)

A grande maioria dos casos de infecgao
dado-se pela relagdo sexual sem o0 uso do
preservativo, sendo o mais eficaz método
profilatico da doenga recomendado pelos 6rgaos
de saude. A conscientizacdo de habitos
sexualmente seguros e que propiciam menor
exposicdo ao virus do HIV  (Human
Immunodeficiency Virus) é realizada através de
campanhas educativas destinadas a todas as
idades. (Presanis et al., 2021; Stone et al., 2021)

Segundo a WHO (World Health
Organization), a faixa de vulnerabilidade esta
entre 15 a 49 anos, e milhdes de pessoas morrem
anualmente vitimas de complicagcbes decorrentes
a infeccdo pelo HIV. E veridica a informacdo de
que a AIDS propriamente dita ndo é capaz de
provocar diretamente a morte do infectado,
porém, ocorre a diminuicdo das células
imunoldgicas devido a infecgao pelos retrovirus,
assim diminui gradativamente a capacidade de
defesa dos anticorpos contra os microrganismos
invasores causada pela AIDS. Ha relatos que com
todos esses problemas acarretados pelo virus, o
individuo pode vir a ébito decorrentes de agdes
infecciosas secundarias como a pneumonia,
tuberculose, meningite e outras doencgas. (Melo et
al., 2021)

De acordo com a WHO, 2021 muitas
pessoas vivem com o HIV, segundo dados, a
populacao infectada em 2021 foi cerca de 38,4
milhdes, dos quais 19,7 milhdes foram mulheres.
Segundo o boletim epidemiolégico, houveram 1,5
milhdes de novos casos de infecgdo no mundo.
Em criangas abaixo de 15 anos de idade
corresponde a cerca de 1,7 milhdées do total, com
160mil novos casos desde o ano passado,

conforme mostrado na Figura 1. (Giroir, 2020;
Jiang et al., 2020)

Resumo da epidemia global de HIV, 2021

Pessoas vivendo Pessoas Pessoas morreram
com HIV adquiriram HIV com HIV

38,4 milhdes 1,5 milhoes 650 mil

@ Total
Adultos
0 {15+ anas)
0 Mulher
{15+ anos)
o Homem
{15+ anos)
m Criangas
(<15 anos)

Fonte: UNAIDS/WHO

36,7 milhdes 1,3 milhées 560 mil

19,7 milhdes 640 mil 240 mil

16,9 milhdes 680 mil 320 mil

1,7 milhées 160 mil 98 mil

World Health

Organization

Figura 1. Dados estatisticos do HIV -
UNAIDS/WHO.

1.2. Quimioinformatica

No desenvolvimento de novos farmacos é
possivel contar com o] auxilio da
quimioinformatica, com o planejamento racional
de novos bioativos. Através das ferramentas in
silico os cientistas sao capazes de predizer uma
determinada atividade bioldgica, analisando
varios parametros estruturais, com base em
moléculas cujas atividades ja foram testadas.
(Brian, 2021; Monica et al., 2021)

Estudos de QSAR (Quantitative Structure-
Activity  Relationship) e outros métodos
computacionais reduzem custos vinculados as
pesquisas, e preveem possiveis resultados
satisfatorios, contudo, os métodos in silico
possuem suas margens de erros inerentes dos
processos, mas estes podem ser reduzidos
através de cuidadosas validagbes que vao se
aprimorando ao longo da aplicabilidade das
ferramentas de quimica computacional. (Bhole et
al., 2021; Ding et al., 2021)

1.3. Paubrasilia echinata Lam.

O género Caesalpinia pertence a familia
Fabaceae. No mesmo encontra-se
aproximadamente 100 espécies de plantas que
estdo distribuidas geograficamente em todo o
mundo em regides subtropicais e tropicais
(Lichtenberg et al., 2022; Mescia et al., 2022;
Xavier et al., 2022).

O Pau-Brasil, assim popularmente
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conhecido (Paubrasilia echinata Lam.), foi a
primeira espécie de arvore brasileira encontrada
historicamente pelos portugueses e
comercializadas por causa que nela encontram-se
corantes que eram usados para a fabricacao de
tintura para roupas (Carvalho et al., n.d.; Correia
Soeiro et al., 2022).

O presente trabalho teve como obijetivo
propor a utilizacdo de diterpenos naturais ou
produtos sintéticos da espécie de planta Pau-
Brasil, frente ao virus HIV, por meio de técnicas
in silico, visando impedir a replicagao do virus.

2. MATERIAIS E METODOS

2.1 Materiais

Todos as analises computacionais foram
realizadas no sistema operacional Microsoft
Windows 8.1, assim como programa de editor de
texto Microsoft Word e criador de planilhas e
tratamentos estatisticos o programa Microsoft
Excel ambos do pacote Microsoft Office 365.

Para obtencdo das estruturas 2D das
moléculas estudadas foi utilizado o programa
MarvinSketch v22.9 da Chemaxon, e para
otimizacdo e obtencado das estruturas 3D foi o
programa HyperChem ™ v7.5.

Cinco moléculas (Tabela 1) foram usadas
como controles, estas moléculas correspondem a
estruturas quimicas de farmacos que séao
comumente usadas no tratamento anti-HIV:

Tabela 1. Controles usados na pesquisa.

ID Inibicao Nome Sigla %Abs
CO1 IN Raltegravir RAL 57.24
Co2 IN Dolutegravir DTG 74.78
C03 TR Lamivudina 3TC 69.86
Co4 TR Zidovudina AZT 72.83
C05 TR Efavirenz EFZ 95.78

Os compostos ALX01-ALX07 (Tabela 2)
sao diterpenos isolados a partir do extrato
etandlico dos caules da Paubrasilia echinata e
derivados inspirados pela pesquisa publicada em
2011 (Cota et al., 2011), conforme mostradas na
Tabela 2.

Tabela 2. Relacdo dos compostos diterpenos
testados.
ID Structure

ALXO01

ALX02

ALX03

ALX04

ALX05

ALX06

ALXO07

Para a construcdo dos modelos de
predicao foi usado o software KNIME Analytics
Platform 3.7, utilizando o classificador
RandomForest e o preditor Weka 3.7 para
elaborar um workflow baseada em uma floresta de
arvores de decisao randdmica para as predigcbes
realizadas. (Leite et al., 2021; Silverio, 2021).

Os descritores moleculares foram obtidos
através do programa Dragon 5, com 1310
descritores moleculares calculados.
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Para o calculo da area de superficie
topolégica polar (TPSA), violagbes da regra de
Lipinski foi utilizado o programa gratuito Drug
Likeness Tool - DruLiTo para windows
[http://www.niper.gov.in/pi_dev_tools/DruLiToWe
b/DruLiTo_index.html] (Umar et al., 2021)

Para os riscos de citotoxidade as
estruturas foram importadas para o programa
gratuito OSIRIS DataWarrior v5.5.0, avaliando
quatro parametros toxicoldgicos: carcinogénese
(CAR), mutagénese (MUT), irritabilidade do tecido
(IRR) e efeito téxico no sistema reprodutor (ESR).

Os metabdlitos hepaticos foram obtidos
importando os codigos smiles das moléculas
testadas para o servidor online GLORY
(Generator of the Structures of Likely Cytochrome
P450 Metabolites Based on Predicted Sites of
Metabolism) (de Bruyn Kops et al., 2019; Stork et
al., 2019), assim, obtendo os metabdlitos mais
abundantes no processo.

Para o estudo do acoplamento molecular
as moléculas foram importadas as moléculas
estudadas aprovadas nas etapas anteriores,
estas moléculas interagiram no sitio ativo dos
receptores PDB ID 1QS4 integrase (IN) e PDB ID
2RF2 transcriptase reversa (TR).

Para esse estudo de ancoragem foi usado
o programa Molegro Virtual Docker 6.0, levando
em consideracao o algoritmo MolDock Score para
avaliacao da eficiéncia de interacao.

2.3 Métodos

Foi realizada inicialmente uma triagem virtual
hibrida que consiste em uma abordagem baseada
no ligante juntamente com a proteica de forma
combinada. Assim é possivel obter as moléculas
com melhores perfis farmacoldgicos in silico,
analisando a biodisponibilidade, a absorcéo, os
riscos de citotoxidade, a interagao ligante-receptor
a estabilidade no sitio ativo e a predicdo da
atividade bioldgica.

A triagem virtual consiste na classificagao
de substéncias com base nas caracteristicas que
melhor explicam a atividade biolégica a ser
observada, estas caracteristicas podem estar
vinculada a um grupo funcional da molécula ou a
uma ligagdo de hidrogénio que possa ser util e
servir para nortear analogos com atividade
promissora a partir das melhorias realizadas
nessas caracteristicas.

Esta abordagem ¢é conhecida como
planejamento racional de farmacos, muito usada
em pesquisas na area de quimica de farmacos,

contribuindo ainda, para a diminui¢ao do tempo de
bancada, desperdicio de solventes na sintese de
novos bioativos. (Tiburcio, 2022)

Tanto os compostos testados quantos os
controles foram desenhados para obtencdo da
estrutura 2D, em seguida foram importados para
0 Hyper para obtencdo da sua estrutura 3D
otimizada. A otimizacdo das suas estruturas
quimicas, foram realizadas através do método da
mecanica molecular (MM+) e semiempirico (AM1)
para obtencdo de suas estruturas quimicas
tridimensionais. (Moura, 2021)

As moléculas para a construgcao dos
modelos de predicao foram extraidas do banco de
dados de estruturas quimicas ChEMBL Database
utilizando a palavra chave “‘Human
Immunodeficiency Virus”, obtendo os conjuntos
de moléculas CHEMBL3471 para integrase e
CHEMBL247 para transcriptase reversa do HIV-1.

A acuragem das planilhas obtidas
conforme mencionado acima, foi feita removendo-
se todas as moléculas repetidas, pelo critério de
moléculas com massa molecular superior a 800
g/mol, células vazias, conversdo das atividades
(ICs0) para molar, remogao de solventes, remogao
de sais e estruturas com erros de valéncia.

2.3.1 Modelos de predicdo — atividade biolégica,
permeabilidade e absor¢éo intestinal

Foram desenvolvidos cinco modelos, um
para predizer a possivel atividade bioldgica frente
a enzima protease, um frente a integrase, um
frente a transcriptase reversa, um para a absorgao
intestinal (HIA) e outro para a permeabilidade no
intestino (CACO-2). (Bencheikh et al., 2022;
Forrestall et al., 2021)

Esses modelos geraram dados para a
discussao da sua capacidade preditiva, além da
validagao interna cruzada, foram calculados os
coeficientes de correlagdo de Matthews (MCC)
para avaliar a qualidade de todos os modelos.
(Albertini, 2022; Monteiro, 2021)

2.3.2 Taxa de absorcéo oral, riscos de citotoxidade e
violacdes a regra de Lipinski

A taxa de absorgdo oral (%Abs) foi
calculada com base na area de superficie
topoloégica polar de cada uma das estruturas
avaliadas, utilizando a Equacédo 1 (Ahsan et al.,
2016; Gonzalez et al., 2018; Tuncbilek et al.,
2018):

%Abs = 109 — (0.345 x TPSA) (Eq.1)
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Ao utilizar a taxa de absor¢do como
parametro de exclusdo na triagem virtual, apenas
sao considerados as moléculas que apresentam
%Abs igual ou superior a menor taxa dentre os
farmacos usados como controle.

Avaliando os riscos de toxidade foram
considerados as estruturas sem riscos em
nenhum dos quatro pardmetros toxicoloégicos
estudados (CAR, MUT, IRR, ESR). (Sanchez-
Suarez et al., 2022; Sander et al., 2015).

2.3.3 Predic@o dos metabolitos hepaticos

Apoés a obtencdo dos metabdlitos
hepaticos, essas estruturas tiveram seus
descritores moleculares calculados, e foram
analisados os riscos de toxidades dos metabdlitos
de alto score, qualquer molécula ALX01-ALX09
que apresentasse metabdlitos com score acima
de 50%, e com alto risco de toxidade em algum
parametro foram desconsiderados das analises
posteriores, ao longo o desenvolvimento
computacional desse estudo.

2.3.4 Simulacgdo de docking molecular

As moléculas foram submetidas ao
Molegro para obtengdo das suas energias de
interacdo do complexo ligante-receptor na
ancoragem molecular, para cada molécula que foi
aprovada ao longo da triagem até esta etapa,
frente a integrase e a transcriptase reversa do
HIV-1.

Além do docking, foi realizado o redocking
com o ligante complexado junto a proteina com as
mesmas condigdes computacionais que o docking
original, fazendo com que seja possivel a
estimativa do RMSD (Root Mean Square
Deviation), que é o valor do desvio entre os
mesmos atomos do ligante complexado junto a
proteina e 0 mesmo ligante importado, com ele é
possivel validar o protocolo usado para o
acoplamento, quanto mais baixo o RMSD melhor
a precisdo do encaixe molecular realizado,
comumente adotados valores menores que 2A
(Santos, 2021).

3. RESULTADOS E DISCUSSAO
3.1 Resultados

Os compostos ALX01 a ALX07 foram
submetidos a um modelo de predi¢ao de atividade
bioldgica frente a proteina integrase do HIV-1,
conforme os dados da Tabela 3.

Tabela 3. Resultados da predicdo da atividade
inibitéria frente a IN.

ID Dominio ATV %ATV
ALX01  Nao confiavel Inativo 46.42
ALX02 Confiavel Inativo 33.35
ALX03 Confiavel Inativo 46.91
ALX04 Confiavel Ativo 52.42
ALX05 Confiavel Inativo 46.83
ALX06 Confiavel Inativo 32.82
ALXO07 Confiavel Inativo 42.15

ATV = Predigéao de atividade; %ATV = Probabilidade
de possivel atividade.

Também foram avaliadas as possiveis
atividades frente a enzima transcriptase reversa,
conforme mostrada na Tabela 4 abaixo:

Tabela 4. Resultados da predicdo da atividade
inibitéria frente a TR.

ID Dominio ATV %ATV
ALX01 N&o confiavel  Inativo 15.50
ALX02 Confiavel Inativo 23.00
ALX03 Confiavel Inativo 20.00
ALX04 Confiavel Inativo 37.00
ALX05 Confiavel Inativo 40.50
ALX06 Confiavel Inativo 43.00
ALXO07 Confiavel Ativo 55.00

Foram calculados os dados importantes
para a avaliacdo da confiabilidade do modelo de
predi¢ao de atividade anti-HIV, esses dados estao
discriminados na Tabela 5:
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Tabela 5. Dados estatisticos dos modelos

Tabela 7. Dados estatisticos comparativos dos

criados. modelos de CACO-2 e HIA.
IN TR CACO-2
Teste Cross Teste Cross Teste Cross
SENS 0.83 0.80 0.87 0.86 SENS 0.97 0.97
ESPEC 0.86 0.81 0.89 0.85 ESP 0.68 0.56
MCC 069 062 0.76 0.71 MCC 0.67 0.61
Acuracia 0.84 081 0.88 0.85 Acuracia 0.83 0.88
CurvaROC 9197 87.64 96.71 93.99 Curva ROC 87.27 87.22
Teste = grupo de teste do modelo de predicao; HIA
Cross = grupo de validagao cruzada. SENS 0.90 0.96
ESP 0.65 0.70
MCC 0.57 0.50
Apds a atividade predita, também foram o

obtidas as probabilidades da permeabilidade Acuracia 0.90 0.85
intestinal (CACO-2) e a absorcéo intestinal (HIA), Curva ROC 89.06 90.94

através de modelos de predigdo no KNIME, com
parametros semelhantes aos das predi¢cdes das
atividades. Os dados podem ser vistos na Tabela
6.

Tabela 6. Resultados dos modelos de CACO-2 e

HIA.
CACO-2
ID Dominio ATV %ATV
ALX04 80.00
Confiavel Permeavel
ALXO07 93.00
HIA
ALX04 83.50
Confiavel Absorvivel
ALXO07

94.00

Os dados estatisticos, com relacdo a
confiabilidade dos modelos gerados séao
apresentados na Tabela 7.

SENS = sensibilidade; ESP = especificidade e MCC
= coeficiente de correlagdo de Matthews.

Apos as predigdes foram obtidos os dados
computacionais referentes aos parametros
toxicologicos, conforme Tabela 8:

Tabela 8. Resultados da predicdo dos riscos de

toxidade.
ID MUT CAR ESR IRR TOX
ALX04 Nao Nao Nao Nao Nao
ALX07 Nao Baixo Nao Nao Sim

MUT = Mutagenicidade; CAR = carcinogenicidade;
ESR = efeito toxico no sistema reprodutor; IRR =
irritabilidade do tecido e TOX = toxidade total.

Ja os dados da taxa de absorgao por via
oral (%Abs) e violagdes a regra de Lipinski (LIP)
sdo mostrados na Tabela 9.

Tabela 9. Resultados da taxa de absorcéo oral e
violacdes a regra de Lipinski.

ID %Abs LIP
ALX04 74.46 1
ALXO07 91.60 0

Tomando como base apenas as estruturas
de cada molécula testada (ligand based), é
pertinente apresentar os dados structure based,
iniciando pela simulagéo de docking molecular, as
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energias de interagao ligante-receptor podem ser
vistas na Tabela 10 a seguir:

Tabela 10. Dados do docking molecular para IN

e TR.
ENERGIAN ENERGIAr
Composto —_—
kcal/mol
ALX04 -99.65 -
Dolutegravir -66.85 -
Liganten -76.33 -
Raltegravir -50.21 -
ALX07 - -107.98
Efavirenz - -131.20
Lamivudina - -84.23
Ligantetr - -145.28
Zidovudina - -100.98
RMSD 0.16 0.41

Iniciando a triagem com base na estrutura
do receptor, conforme pode ser visto na Tabela
10, os dois diterpenos testados apresentaram
afinidades consideraveis com os receptores
testados, o composto ALX04 apresentou
Energian = -99.65 kcal/mol, uma energia inferior
ao ligante complexado junto a proteina escolhida.

Raltegravir; -
50.21

Integrase

I Dolutegravir; -

Ligante; -76.33 66.85

0.00

-20.00

-40.00

-60.00

-80.00

-100.00

ALX04;-99.65
-120.00

Figura 2. Gréfico das energias ligante-receptor
da IN.

Na Figura 2, o diterpeno ALX04
apresentou energia mais baixa, ndo apenas com
o ligante, mas também aos controles positivos
considerados dolutegravir (-66.85 kcal/mol) e
raltegravir (-50.21 kcal/mol).

Ja para TR os resultados também foram
promissores, onde o composto ALX07 apresentou
energia de interagao ligante-receptor EnergiaTr de
-107.98 kcal/mol, valor menor que os controles
zidovudina (-100.98 kcal/mol) e lamivudina (-

84.23 kcal/mol), conforme a Figura 3.

0.00
-20.00
-40.00
-60.00
-80.00

-100.00
-120.00
-140.00

Ligante; -145.28

Transcriptase reversa

Zidovudina; -
ALX07;-107.98  1g0.98
Efavirenz; -

131.20

Lamivudina; -
84.23

-160.00

Figura 3. Gréfico das energias ligante-receptor
da TR.

Na Tabela 11 s&o mostradas as
interagdes encontradas no estudo de docking
molecular dos dois diterpenos estudados:

Tabela 11. Relagdo das interagbes com os
residuos de aminoacidos de IN e TR.
TR
H Estérica
Ligante 2Lys101 His235 Leu234
L Leu100 Tyr318 His235
ALX07 ys103 Vo179 Tyr188  Lys103
Pro236
2Lys101 2Val106 Pro236
Efavirez  2Lys101 g'@fgg Val106  Val179
Lamivudina Y191 Tyr1g8  Lys101 2Tyr181
Val179
. . 2Tyr188 Tyr181
Zidovudina  Lys101 Hi§235 P?’0236 2Lys101
Lys103
IN
Lys159
2Thr66
Ligante Asn155 2Glu152 Lys159
2Lys156
2Glu152
Thr66
YS2> 2Asnis5 Lys156  Thre6
ALX04 His67 4G!u152 2Asp64  lle151
Asp64 His67 Cys65 GIn148
Asp116
2L.ys156
Raltegravir 2Asn155 16821115552 ﬁ‘:?g?
Thr66
Asn155 2Thr66 3Lys159 Asn155
Dolutegravir 2GIn148 2Asp64 Asp116 Lys156
Asp64  3Glu152 lle151

Os dois compostos (ALX04 e ALXO07)
foram importados ao programa online Glory, para
a predicdo de seus metabdlitos hepaticos, assim
como a predicdo das abundancias de cada
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espécie no processo metabdlico. Com isso, os
metabdlitos mais expressivos tiveram suas
toxidades avaliadas de acordo com os dados
obtidos no OSIRIS, conforme mostrados na
Tabela 12.

Tabela 12. Tabela contendo os metabolicos
hepaticos dos diterpenos ALX04 e ALXO07.

|DComp %o Abundancia Tox Estrutura
O\ )
W?__-\--{--\.‘,‘
100.00 =
oy
L
ALX04 74.34 Néo <.
O\
PRy
69.06
\' N
O
_J
100.00 £
)8
,’“LI'»_&“
"]"U
80.54 Baixa A
ALX07 CAR o
I,_l’
o
75.11 26
¢
P
69.23

3.2. Discussoes

De acordo com os resultados obtidos nos
dois modelos (integrase e transcriptase reversa),
apenas o composto ALX04 apresentou atividade
frente a integrase com 52.42% de provavel
atividade. Ja para TR, apenas o composto ALX07
apresentou atividade, com probabilidade de 55%
de acordo com o modelo criado, segundo os
dados das Tabelas 3 e 4.

Avaliando os dados estatisticos (Tabela 5)

com relagdo a sensibilidade dos modelos

apresentados, ou seja, a capacidade que o
modelo apresenta de acertar a predicdao das
moléculas ativas, em ambos os modelos foi entre
80-87% entre o grupo de teste e a validacao
interna cruzada de cada modelo. Além disso, o
mesmo acontece com a especificidade, que
corresponde ao acerto dos inativos, sendo os
modelos sensivel e especifico, ou seja, capaz de
acertar a partir de 80% a predicdo de ativos e
inativos.

Outro dado estatistico que vale mencionar
acerca dos outros modelos, é que a taxa total de
acerto além de ficar também acima de 80%
(acuracia), como consequéncia a performance do
modelo esta variando entre 87.64-93.99% de
acordo com a curva ROC. Ainda mais, o
coeficiente de correlagao de Matthews exprime a
qualidade das informacdes, com valores acima de
0.5 entdo os modelos podem ser considerados
preditivos, com boa confiabilidade.

Avaliando a possivel absorcdo e
permeabilidade no intestino expressos na Tabela
6, os compostos testados apresentaram bons
resultados para predicdo de CACO-2 e HIA,
indicando uma tendéncia a apresentarem boa
biodisponibilidade e resposta bioldgica,
contribuindo para a proposicdo das moléculas
como possiveis retrovirais.

Através dos dados da Tabela 7, os
modelos de CACO-2 e HIA apresentam boa
capacidade de acerto tanto para positivos quanto
negativos (sensibilidade e especificidade acima
de 60%), sendo os modelos mais sensiveis, ou
seja, com melhor capacidade de predizer
verdadeiros positivos, como também boa
qualidade na predigdo global (MCC > 50%),
podem considerar os resultados confiaveis.

O composto com probabilidade de inibicao
da IN (ALX04) ndo apresentou riscos de toxidade
em nenhum dos 4 parametros avaliados (Tabela
8). Em contra partida, o composto ALX07, com
possibilidade de inibicdo da TR, apresentou baixo
risco de carcinogénese.

Contudo, os efeitos téxicos de muitos
retrovirais s&o amplamente conhecidos e
relatados em diversos estudos, por isso a
molécula ALX07 mesmo tendo apresentado baixo
risco citotoxico, sera considerada para o restante
das analises tedricas deste estudo. (dos Santos
Silva et al., 2022; Goncgalves et al., 2022)

Discutindo outro paradmetro ADMET,
conforme mostrado na Tabela 1, a menor taxa de
absorgao verificada entre os controles positivos foi
para o raltegravir (57.24%). Sendo assim, as duas
moléculas (ALX04 e ALX07) cuja taxa de
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absorcao fora calculada apresentaram resultados
superiores a menor taxa observada entre os
controles considerados, com %Abs entre 74-92%
€ possivel esperar a possivel administragado por
via oral destes bioativos, melhorando a viabilidade
e biodisponibilidade do possivel medicamento.

Além da viabilidade, para analise da
possivel biodisponibilidade é necessario levar em

consideracéao outros parametros
farmacodindmicos e cinéticos, além dos
econbmicos e logisticos envolvidos. Uma

propriedade util que foi calculada nesse estudo
sdo as violacbes a regra de Lipinski, na qual
aponta que um bioativo promissor deve violar
apenas uma regra, condicdo vista nos dois
compostos estudados nesta etapa.

No docking molecular foi observado que os
compostos estudados apresentaram afinidade
significativa com o respectivo receptor, o
composto ALX04 apresentou energia do
complexo ligante-receptor mais baixa, indicando
que esse complexo possui melhor afinidade que o
ligante complexo e o0s controles testados,
podendo indicar que o composto apresente agao
inibitoria no sitio ativo.

Semelhante aconteceu com o composto
ALX07, que apresentou bons resultados de
interacao, inclusive frente ao AZT, que dentre os
controles frente a RT é o mais usado em
pesquisas na proposicao de retrovirais para HIV-
1.

Analisando a Tabela 11 €& possivel
perceber que, existem varias interagdes comuns
entre os compostos submetidos, para o
ancoramento molecular do composto ALX04
também foi observado interagcdes semelhantes,
conforme mostrado, com o inibidor e o raltegravir
com o residuo Thr66 numa interacdo de
hidrogénio, e algumas estéricas como Glu152,
Asp64, Asn155, Lys156 e lle151.

J& o composto ALX07 apresentou
interagdes de hidrogénios comuns com o0s
controles lamivudina (Pro236) e zidovudina
(Lys103), e estéricas com todos os inibidores de
IN usados como controle, incluindo com o ligante
(Lys101 e His235).

Figura 4. Esquema grafico das interagdes entre
ALXO04 e o inibidor complexado junto a IN.

As interagbes tanto de hidrogénio quanto
estéricas podem ser vistas da Figura 4, é possivel
perceber que o maior numero de interacbes do
ALX04 esta nos oxigénios aromaticos e em suas
vizinhangas. No composto ALX07 € visto uma
concentragdo maior de interacbes com o éster
ligado a dois anéis ndo aromaticos, mostrado na
Figura 5:
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[Glu 152(8)]

[Lys 156(8)]

Figura 5. Esquema grafico das interagdes entre
ALXO7 e inibidor complexo junto a TR.

Para a molécula ALX04 ¢€ possivel
perceber que o0s anéis condensados se
mantiveram apos processo metabdlico,
modificando a posi¢cao dos substituintes do anel
aromatico do éter conjugado, outra observacgao foi
a acerca desses metabdlitos € que o éster alifatico
ligado a cadeia de anéis condensado se manteve
nos metabolitos de maior abundéancia.

As observagbes acima, levam a acreditar
que o processo metabdlico hepatico simulado,
nao modificou o possivel grupo farmacoférico das
duas moléculas testadas, tendo em vista que, os
contribuintes observados no docking molecular
mantiveram-se sem alteracbes significativas,
como também nao influenciou negativamente na
predicdo dos riscos de toxidade das moléculas
precursoras.

Para a transcriptase reversa o ligante
apresentou interacbes proximas aos anéis
aromaticos conjugados, incluindo o nitrogénio do
anel inddlico e nao na amida como esperada com
base nas interagdes observadas no composto
ALXO07.

Contudo, a existéncia de anéis aromaticos
com atomos capazes de promover ligagbes de
hidrogénio como o nitrogénio e oxigénio, assim

como fungdes alifaticas vizinhas contendo esses
atomos, apresentaram importancia nos
acoplamentos moleculares observados.

Semelhantemente aconteceu com o
composto ALX07, onde os metabdlitos
abundantes diferem-se estruturalmente de seus
precursores basicamente pela posicdo da
hidroxila ligada ao anel aromatico de cinco
membros. Ou seja, a estrutura ciclica da molécula
também pode ser considerada o grupo
farmacoférico, pois esta diretamente associada ao
acoplamento molecular, conforme mostrado na
simulacao de docking com a TR.

Os demais diterpenos extraidos do Pau-
Brasil, ndo apresentaram atividades frente a
nenhuma das principais proteinas do HIV, as
proteinas responsaveis pela multiplicagdo
retroviral, contudo juntamente com elas foram
testadas moléculas sem a carbonila que se ligam
aos anéis condensados, estes apresentaram
resultados promissores.

4. CONCLUSOES

Dentre os nove compostos testados
inicialmente, apenas 2 apresentaram atividades
promissores, no qual o composto ALX04
apresentou possivel atividade frente a integrase e
o composto ALX07 para a transcriptase reversa.

Sugere-se, portanto, que os diterpenos
modificados podem apresentar atividade inibitéria
para a integrase e os naturais para transcriptase
reversa.

Estudos biolégicos devem ser
considerados em pesquisas posteriores, para
validar todo o estudo apresentado nesta pesquisa,
contudo pesquisas como esta impulsionam
cientistas que trabalham com o planejamento e/ou
desenvolvimento de retrovirais.
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Tabela 11. Relacdo das intera¢cdes com os residuos de aminoacidos de IN e TR.

TR
H Estérica
Ligante 2Lys101 His235 Leu234
Leu100 Tyr318 His235
ALX07 Lys103 Val179 Tyr188 Lys103
Pro236 y Y
2Lys101 2Val106 Pro236
, His235
Efavirez 2Lys101 Val106 Val179
Gly190
N Lys101
Lamivudina Tyr188 Lys101 2Tyr181
Pro236
Vair9 2Tyr188 Tyr181
. . yr yr
Zidovudina Lys101 His235 Pro236 2Lys101
Lys103
IN
Lys159
2Thr66
Ligante Asn155 2Glu152 Lys159
2Lys156
2Glu152
Thr66
Cys65
Glu92 2Asn155 Lys156 Thr66
ALX04 HisG7 4Glu152 2Asp64 lle151
'S His67 Cys65 GIn148
Asp64
Asp116
21ys150 2Glu152 Asp64
. u sp
Raltegravir 2Asn155 Asn155 lle151
Thr66
Asn155 2Thr66 3Lys159
_ Asn155
Dolutegravir 2GIn148 2Asp64 Asp116 Lys156
Asp64 3Glu152 lle151
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RESUMO

Introducéo: O bagaco de maca representa uma fonte de barata e rica em compostos bioativos com propriedades
valiosas - acido ursdlico (UA) e acido oleandlico (OA). Devido a ampla gama de aplicacdes nas industrias
farmacéutica e nutracéutica, esses compostos possuem alto valor comercial, e possuir um método analitico
adequado com incerteza de medicédo é de grande importancia e praticidade. Objetivo: O objetivo do presente
trabalho foi estimar detalhadamente a incerteza de medicédo para o método de HPLC validado combinado com o
procedimento de extragdo para a determinagcdo de &cido ursélico e &cido oleandlico do bagaco da maca.
Métodos: A andlise cromatografica foi realizada utilizando o sistema LC-20AD Prominence Shimadzu e a
extracdo assistida por ultrassom foi realizada utilizando o banho ultrassénico DW-5200DTS para obter e
determinar a concentracao de &cido ursdlico e acido oleandlico em bagaco de maca. O processo de avaliacdo
da incerteza de medicao foi realizado pelo diagrama de Ishikawa e uma combinacdo das abordagens bottom-up
e top-down. Resultados: O teor de &cido ursdlico e acido oleandlico (mg/g) em bagaco de ma¢ad com o valor da
incerteza expandida foi calculado, determinado em é 7,06 = 0,647 mg/g (k=1,96; P=95%) e 4,70 £ 0,422 mg/g (
k=1,96; P=95%), respectivamente. Foram observadas seis fontes de todos os contribuintes de incertezas que
afetaram a medicdo. Discussé&o: O valor da incerteza padrédo do tipo A foi 3 vezes menor do que a incerteza
padrdo do tipo B para ambos os analitos. Os resultados mostram que a incerteza padréo do tipo B € um dos
principais contribuintes, e o valor da incerteza expandida do método validado ndo mudaréa de teste para teste nas
mesmas condi¢des laboratdriais. Conclusdes: A metodologia descrita neste trabalho apresenta os detalhes e
aspectos praticos da abordagem hibrida usando os dados de validagao do método e propde instrucdes passo a
passo para avaliar a incerteza de medi¢cdo do método quantitativo.

Palavras-chave: Incerteza de Medicdo, HPLC, Acido Ursélico, Acido Oleandlico
ABSTRACT

Background: Apple pomace represents a low-cost and rich source of bioactive compounds with valuable
properties - ursolic acid (UA) and oleanolic acid (OA). Due to the wide range of applications in pharmaceutical
and nutraceutical industries, these compounds have a high commercial value, and possessing a suitable
analytical method with measurement uncertainty is of great significance and practicability. Aim: The purpose of
the present work was to estimate detailed measurement uncertainty for the validated HPLC method combined
with the extraction procedure for the determination of UA and OA in apple pomace. Methods: The
chromatographic analysis using LC-20AD Prominence Shimadzu System and ultrasound-assisted extraction
using the ultrasonic bath DW-5200DTS were performed to obtain and determine UA and OA in apple pomace.
The process of measurement uncertainty evaluation was performed by the Ishikawa diagram and a combination
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of bottom-up and top-down approaches. Results: The content of UA and OA (mg/g) in apple pomace with the
value of the expanded uncertainty was calculated, which is 7.06 £ 0.647 mg/g (k=1.96; P=95%) and 4.70 £ 0.422
mg/g (k=1.96; P=95%), respectively. Six sources of all the contributors of uncertainties were observed that
affected the measurement. Discussion: The A-type standard uncertainty value was 3 times less than the B-type
standard uncertainty for both analytes. The results show that B-type standard uncertainty is a major contributor,
and the value of the expanded uncertainty of the validated method will not change from test to test in the same
laboratory conditions. Conclusions: The methodology described in this work explains well the details and
practical aspects of the hybrid approach using the method validation data and proposes step-by-step instructions
to evaluate the measurement uncertainty of the quantitative method.

Keywords: Measurement Uncertainty, HPLC, Ursolic Acid, Oleanolic Acid

M9bomdg

Agbsgoero: 3590l BoMbhgbo  [omBmoygbl  dzoMxzslo  m30Lgdqd0L  Jmby  domEmyomGe  sdEHomo
60300096M90900L - MYOLEEIOLS O M GsbMEol F553980L 0ox3BIBOE S 8OO HgoOHml. BsMTs393H I
6G®5393GMw  0b6MLEGHM05d0  Fomo  FoOmm  godmygbgdol  godm  50bodbmw  bogzmogMgdgdl  dowowo
3M09O3Eomo  960336gemds  asoBbosm s Lomsbsm  sbsEobMGmo  FgomEol  FEomdsl  3oBmIz0l
2961L5BOZMYMBOM OO 3M9JBH0IMo 60d36gwMds 4o9Bb0s. BoBsbo: Fo@mdmpagbowo 65dMMmaol dobbl
§om0moygbl 3590l bsMBgbdo MOLMmEOLs ©s MEgsbmErol 37539008  gduGModEool  3MHM(390MILSD
399900adwo oo gxgdBMmo  LombMHo  JOMTGHMAMIBOWWO  35¢0EOMGOMEo  FgmmEol  2sHmdzol
396LBO3MIMIOL EIYGHIIHO Fgx3oLgds. BgmmMEYdo: JOHMISGMRMIBOO sbs0BO s WEHMIdYIOOMO
9JbE®5d305 gobbmdogas LC-20AD Prominence Shimadzu Lob@&gdobs s 21er@@edagmhomo sdsbsbol DW-
5200DTS  50mygbgdom. 25Bmdgzol gobmlisBmg®gemmdols 99g3slgdol 3Mmigbo  asbbm®Eogeos 0803539
©003M530L LTS GOOm s J390MEL BJIMm s BgIMEL J390m FoEHMTJIOL FogMm0sBIdOm. Bgagdo:
390mmgwowo  0dbs  3s8ol  BoMBgbdo  OLmEIoLy @S Mmegebmerol 83539006 89d33gmds  (0a/a)
39BIONMGOME0 b LsBPIOIMIOL 36093690 MdOm, HMBgeog dgo0g0L 7.06 £ 0.647 da/y (k=1.96; P=95%)
> 4.70 + 0.422 9p/y (k=1.96; P=95%), dgbodsdols@. odmzeobs sbwlsbmg®gmmdsdo dmbsfowry
335dBHmMgdol 9dgbo {godm, GHMIadTsl gogergbs dmobobs Qolobmdbyg. goblxs: A G030l LEoboo®EHwwo
239699L5B03MYEMds 3-x%gM 6530gd0s, 3000MY B B30l LEobsdEHMmo 456:9LsBL3MYEMds MmM0gg Losbsgrobm
6030009M900bmM30L. F9YRgdds 5639690L, HMA B FHod0l LEBIMEHMWo g56MLsBOIMYMds 5HOL JM8356M0
dmbsfiory s 350EOMGOMEO FJNMEPOL AIRIOMMGOMWO  A9BMLIBEOZMHIMBOL ooy 6 TgoElzwgds
036GMO0 306MmdBT0 630 DB0EID 9BsE0BIBEY. sL3Z6gB0: 9T 3393580 SEHIMOO FIPMEMEMYOS
390250 blbol 3900m©OL 39¢0s3Eool Imbozgdgdol gsdmygbgdom 30dMoEwro JoEyMmdol Y EHdLs
3657303 SB3gdBHIoL o 230035HMBL Bsdox-Bsdox 0BLEHMMJ30L OMAME TJ358BMO MEMEIBMOdMOZ30
296LsBO3MOL IgMEOL FoBMIZ0L FobmlsBLIMYEMd.

1553396dm Bo@yzgdo: g3obmdzol gobeyls bzmgcrmds, 89, waBbeaemol dis3s, Mmergsbeamol Gpo3s

1. INTRODUCTION anticardiovascular, antiatherosclerostic,
antidiabetic, antioxidant, immunomodulatory and
gastroprotective properties. UA and OA are also

utilized in preparing food supplements and

Apple pomace, as a waste material of the
apple processing industry containing

approximately 25% of the processed apple,
represents a low-cost and rich source of fruit-
derived bioactive compounds with valuable
properties, including pentacyclic triterpenoids
regioisomeric triterpene acids - ursolic acid (UA)
and oleanolic acid (OA). These bioactive
compounds have attracted much attention due to
their unique and strong biological, a wide variety
of approved pharmacological activities, including
anti-cancer, chemopreventive, hepatoprotective,
antiviral, antibacterial, anti-inflammatory,

important ingredients of cosmetic formulations and
sports supplements. It has been reported that UA
can stimulate muscle growth and enhance the
epidermal permeability barrier recovery in the skin.
The UA and OA chemical structures are given in
Figures 1 and 2, respectively (Rubashvili et al.,
2020; Liese et al., 2015; Khwaza et al., 2020; Jin
et al., 2016; Wozniak et al., 2015; Kashyap et al.,
2016; Alvarado et al., 2015). Due to the wide range
of applications in  pharmaceutical and
nutraceutical industries, these bioactive
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compounds have a high commercial value.
Therefore, an efficient, selective, and high-yield
extraction to obtain UA and OA from raw plant
materials and quantitative determination of these
compounds in the mentioned material and the
extracted product using a suitable analytical
method has great significance and practicability.
Consequently, there is a need to develop and
validate a new, reliable, and suitable method
obtained with the combination of an extraction
procedure to isolate UA and OA from apple
processing waste material as a dry powdered form
and an analytical procedure for the guantitative
determination of these analytes in the mentioned
material.

The authors of the present paper have
developed a new, selective, reproducible, and
high-yield extraction method by ultrasound-
assisted technique for obtaining UA and OA from
apple pomace and an effective, specific, sensitive,
and rapid high-performance liquid
chromatography (HPLC) analytical procedure to
determine these target compounds quantitatively.
Based on both procedures, a new combined
method has been developed and validated
(Rubashvili et al., 2020). Analytical results are not
complete unless their measurement uncertainty
accompanies them. Measurement uncertainty of
the analytical method may originate from many
possible sources, including sample preparation,
matrix effects, purity of chemical reference
substances, method validation, and uncertainty
associated with the analytical instrument
calibration (Jebali et al., 2020).

The ISO/IEC 17025 requirements for
evaluation of measurement uncertainty are fulfilled
if the results are obtained by following the

described analytical procedure and reporting
instructions, provided that all uncertainty
contributors are under control (testing is

performed by qualified personnel using suitable
reference standards and calibrated/qualified
equipment, system suitability criteria are satisfied
and the repeatability is evaluated against pre-
defined acceptance criteria) (OMCL guideline).

Figure 1. The chemical structure of UA.

Figure 2. The chemical structure of OA.

For consistent interpretation of the
measurement results, it is necessary to evaluate
the confidence that can be placed in the
presentation of an analytical result, which the
indication of the data quality must accompany.
Therefore, method validation is an essential
component of the measures, and the laboratory
should implement it to produce reliable analytical
data. Besides common method performance
characteristics obtained in the validation process,
testing laboratories shall have and apply
procedures for estimating the uncertainty of
measurements. This means that the analytical
result cannot be viewed only as a separate value
(ISO/IEC 17025; Ellison et al., 2012; Rubashuvili
and Tsitsishvili, 2015; Senila et al., 2014).

The measurement uncertainty is estimated
mainly by a top-down or bottom-up approach. In
the top-down approach, the major sources of
uncertainty are identified and evaluated, while in
the bottom-up approach, all the uncertainty
sources are systematically evaluated, and only
those with significant contributions are used to
derive the measurement uncertainty. The top-
down approach is time-consuming and requires
extensive knowledge of the analytical procedure,
but it enables the identification of significant
uncertainty sources and, consequently, the
reduction of total measurement uncertainty.
Another relatively quick and easy way of
uncertainty estimation is the in-house validation
that includes determining the method performance
parameters (Senila et al., 2014; Rubashvili and
Tsitsishvili, 2015).

According to Eurachem/CITAC Guides,
OMCL, and EA guidelines, the bottom-up
approach applies to cases with limited or no
method performance data. The uncertainty arising
from each source is evaluated by replicate
measurements and then combined using
statistical processes. The top-down approach
applies to cases where method performance data
are available. The combined contribution to the
uncertainty is estimated using method
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performance data: certified reference materials,
validation study data, collaborative study data
(establishment of chemical reference standards or
validation of new test method), proficiency testing
study data, and control charts, providing that the
available performance data are used for the
estimation of measurement uncertainty of the
selected test/method, namely: comparable
precision, satisfactory performance (system
suitability) and quality control results compliant
with the established analytical acceptance criteria
(OMCL guideline; Eurachem guide; EA guideline;
Barwick and Ellison, 2000; Barwick, 2012; Eurolab
Technical Report; 1SO guide 98-3; JCGM
100:2008 guide; Senila et al., 2014).

The purpose of the present work was to
estimate detailed measurement uncertainty for the
developed and validated analytical HPLC method
combined with the ultrasound-assisted extraction
(UAE) procedure for the quantitative determination
of UA and OA in apple pomace as an apple
processing agroindustrial waste material. A hybrid
approach is used as the most useful and
convenient method for measurement uncertainty
obtained with a combination of those as mentioned
earlier - bottom-up and top-down approaches.

2. MATERIALS AND METHODS:

2.1. Materials

Local apple fruit manufacturers provided
Apple pomace as an apple processing waste
material. The raw material was dried in a
laboratory room under controlled conditions (the
temperature - 20-25 °C and the relative humidity -
30-60 %) and protected from direct sunlight. The
sample was ground manually to be powdered and
stored in a refrigerator before extraction
(Rubashvili et al., 2020).

The certified analytical standards of OA
and UA, the HPLC grade acetonitrile and
methanol, the analytical grade potassium
dihydrogen phosphate, sodium hydroxide,
hydrochloride acid, anhydrous formic acid,
absolute ethanol and ethyl acetate were
purchased from Sigma-Aldrich (Germany).

2.2. Instrumentation

The HPLC-grade purified water was
prepared using Milli Q Advantage A10 purification
system (France). The UAE used the dual-
frequency ultrasonic bath DW-5200DTS (bath-
type) (China). The chromatographic analysis was
performed using LC-20AD Prominence Shimadzu
HPLC System (Japan). Analytical balance ALX-

210 (USA) and pH-meter Hanna Instruments Hi
2211 (USA) were used to prepare solutions. All the
measuring  equipment was  appropriately
calibrated. The experiment was carried out in a
controlled area (temperature, t=22+3 °C, relative
humidity, RH=45+15 %).

2.3. Extraction Procedure

The ultrasound frequency was 25 kHz; the
temperature was controlled at 252 °C during
ultrasonication; ethanol and ethylacetate were
selected as non-toxic and the best extraction
solvents. The two-stage UAE was carried out by
adding 10 g of the powdered dried sample of apple
pomace and 100 mL of solvent in a 200 mL
extraction vessel equipped with a digital
temperature controller for 20 minutes. After both
extraction stages, the crude extract solutions were
centrifuged at 4000 rpm for 10 minutes, and then
the obtained supernatants were collected to
evaporate under airflow to remove the organic
solvent. Then 50 mL of purified water was added
to the obtained wet powder containing OA and UA
and mixed vigorously for a few minutes. In order to
remove water-soluble impurities, the obtained
suspension was heated at 50 °C for 30 minutes
and then centrifuged at 4000 rpm for 10 minutes,
and the precipitate was dried. In order to remove
non-polar impurities, n-hexane was added to the
dried powder, and the obtained suspension was
stirred for 1 hour and then centrifuged at 4000 rpm
for 10 minutes. The precipitate was dried and then
dissolved in hot alkaline ethanol - a mixture of
ethanol and strong sodium hydroxide solution
90:10 v/v (pH~10). Then the pH value of this
solution was adjusted to 7.0+0.05 with
hydrochloride acid solution, and the obtained
solution was allowed to stand for 24 hours. The
crystalline solid was separated from the solution
through centrifugation and then dried under air
flow to obtain an extracted product (Rubashvili et
al., 2020).

2.4. Analytical Procedure

The analytical procedure was developed
using the HPLC column - Agilent SB-C18
4.6x250 mm, 5 pm (USA) with an isocratic
elution of mobile phase (MP) containing a mixture
of phosphate buffer solution pH 6.0 (6.8 g/L
potassium dihydrogen phosphate solution
adjusted to pH 6.0 with strong sodium hydroxide
solution), acetonitrile and methanol (20:30:50 v/v)
filtered through PVDF 0.45 pm membrane filters
and degassed; The flow rate of mobile phase was
1.0 mL/min; The UV-spectrophotometric detection
was performed at the wavelength - 210 nm; The
injected volume was 20 pL; The column
temperature was maintained at 35 °C. The

Peri6dico Tché Quimica. ISSN 2179-0302. (2022); vol.19 (n°42)
Downloaded from www.periodico.tchequimica.com

63



analytical data were reported using HPLC system
software (Rubashvili et al., 2020).

2.5. Standard and Sample Preparation

The analytical standards of UA and OA
were diluted in a mixture of anhydrous formic acid
and methanol 2:98 v/v (diluent) as the standard
solution at the concentration — 0.25 mg/mL (10 mg
of standard dissolved in 50 mL of diluent). Both
standard solutions were mixed 1:1 v/v, and the
obtained solution was used as the standard
solution at the concentration - 0.125 mg/mL of
each analyte.

To prepare the test solution, the dried
extracted product (approx. 10 mg) was transferred
to a 50 mL volumetric flask, diluted to volume with
the diluent, and mixed well. The obtained solution
was filtered through a 0.45 um PVDF microporous
membrane filter.

2.6. Calculations

The concentration of UA/OA - Cs, mg/mL
in the test solution was calculated by Equation 1:

AgeXWse XP
Cg =——"—
AgXV X100

(Eq. 1)

Where, As — The peak area of UA/OA obtained
with the test solution; As: — The peak area of
UA/OA obtained with the standard solution; Ws; —
The weight of the standard of UA/OA, mg; Vst —
The dilution of the standard of UA/OA, mL; P —The
purity of the standard of UA/OA, %.

The content of UA/OA — X;, mg per 1 g of
the dry sample of raw material (apple pomace)
was calculated using Equation 2:

_ AXWeXVo XWy XP
U A XWsXW XV g x100

(Eq. 2)

Where W - the weight of the dry sample of the raw
material (apple pomace), g.

2.7. Measurement Uncertainty Evaluation

The process of measurement uncertainty
evaluation was performed in four steps: in the first
step, the measurand was identified; in the second
step, uncertainty contributors and sources were
identified by the Ishikawa diagram; in the third
step, the quantification of uncertainty was
performed by a combination of bottom-up and top-
down approaches. After that, the standard
uncertainty arising from each source was
evaluated by replicate measurements and method

performance data based on the method validation
study (Rubashvili et al., 2020; Meyer; 2003); at the
last step, the combined standard uncertainty was
calculated; In order to obtain an expanded
uncertainty of the method, the coverage factor —
k=1.96 was used as a multiplier of the combined
standard uncertainty at the level of confidence of
95 % for normally distributed data and k=1.65 for
rectangular (uniform) distribution data (OMCL
guideline).

All the calculations were performed using
the validated Microsoft Excel spreadsheet
software.

2.7.1 Standard Uncertainty of the Repeatability of
the Method

The standard uncertainty of the
repeatability of the method, considered as A-type
uncertainty of the method, was evaluated by
calculating the standard deviation of the contents
of UA/OA — X;, mg per 1 g of the dry sample of
apple pomace (for 6 individual determinations).
The content of each analyte was calculated using
Equation 2.

The standard uncertainty — ua of the
repeatability of the method (A-type uncertainty) by
Equation 3:

m=% (Eq. 3)

Where n - is the number of individual
determinations; SD — the standard deviation of the
contents of UA/OA in the apple pomace, mg/g.

In order to calculate the expanded
uncertainty, the normal distribution was checked
with the calculation of d-criteria using Equations 4,
and 5:

. 1
= PILa-n' €
— 1i1=1|Xi_X|

Where S* — the dispersion value; the d-criteria of
the normal distribution should be from 0.7153 to
0.9073 for six individual determinations (n=6).

2.7.2 Standard Uncertainty of Standard Preparation

The combined relative standard
uncertainty of standard preparation — us/X was
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calculated as follows:

The relative standard uncertainty of
analytical balance - Equation 6  calculated
u(Wsi)/Ws; with rectangular distribution:

uWse) A
Wst WsexV3

(Eq. 6)

where Ag - the standard uncertainty of the
analytical balance from the calibration certificate;
Ws: - the standard UA/OA weight, mg.

The relative standard uncertainty of the
standard purity u(Psy)/Ps: was calculated using
Equation 7:

u(Pst) _  Ap
Pst Pgexv/3

(Eq. 7)

Where Ap - the standard uncertainty of analytical
standard of UA/OA from the quality certificate; Ws;
- the weight of standard of UA/OA, mg.

The relative standard uncertainty of the
molar mass of UA/OA (Molecular formula:
C30H4s03) u(M)/M was calculated using Equation
8:

u(M) _ V30x0.00062+3%0.000212+48%0.00007842
M 456.7x/3

(Eg. 8)

Where M - is the molar mass of UA/OA, 456.7
g/mol.

The relative standard uncertainty of the
mass of standard - u(ms;)/Ws: was calculated by
Equation 9:

(U(Pst))z +

u(M) 2
Pst ( M )

(Eq. 9)

u(mse) u(Wse)yo
= +
Wst \/ ( Wst )

The relative standard uncertainty of the
used volumetric glassware - Equation 10
calculated u(Vs:G)/Vsi with triangular distribution:

u(Vth)i _ AV
- VStiX\/g

(Eq. 10)

Vil

Where AV - the standard uncertainty of the
glassware from the calibration certificate, mL; Vs;
- the measured dilution volume of standard, mL.

The relative standard uncertainty of the
temperature effect of the volumetric glassware -
u(VsiMifVsd  with rectangular distribution was
calculated by Equation 11.:

ulVs:T)i Vg
VStiX\/§

(Eq. 11)

Vel

Where V1 - the expansion of the volume, mL was
calculated by Equation 12:

0.00021

Ay= Vsei X At X ==

(Eq. 12)

Where, At — the half value of the temperature
range in the laboratory room, °C.

The relative standard uncertainty of the
dilution volume of standard - u(Vs)i/Vsdi was
calculated by Equation 13:

u(Vse)i _ uVstG)iyo u(VseT)iy o
Ul |l 4 (UsDh: (g 13)
The combined relative standard

uncertainty of standard preparation expressed as
the uncertainty of the concentration of UA/OA in
standard solution - us/X was calculated by
Equation 14:

i~ 2
Use _ \/(u(mst))z + (Zk M) (Eq. 14)

X Wse i=1 Vel

2.7.3 Standard Uncertainty of Sample Preparation

The combined relative standard
uncertainty of sample preparation expressed as
the uncertainty of the concentration of UA/OA in
test solution — us/X was calculated as follows:

The relative standard uncertainty of the
repeatability of weighting - u(Wep)/Ws with
rectangular distribution was calculated using
Equation 15:

u(Wrep) _ SD
Ve = Wl (Eq. 15)
Where SD - the standard deviation of the

extracted product weights (n=6), mg, which was
calculated using Equation 16:
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SD = \/(nil)z;!zl(wi—ws)z (Eq. 16)

Where, W; - the weight of each sample of the
extracted product, mg.

The relative standard uncertainty of
analytical balance - Equation 17 calculated
u(Ws)/Ws with rectangular distribution:

uWs) _  Ap

ws “wern (1D

The relative standard uncertainty of the
mass of the sample of the extracted product -
u(ms)/Ws was calculated using Equation 18:

u(ms) _ \/(u(Ws))z + (u(‘I’AV/r:p))z (Eg. 18)

Ws Ws

The relative standard uncertainty of the
used volumetric glassware - Equation 19
calculated u(VsG)/Vsi with triangular distribution:

u(VsG)i _ Ay
VsiX\/g

(Eq. 19)

Vsi

Where AV - the standard uncertainty of the
glassware from the calibration certificate, mL; Vs -
the measured dilution volume of the extracted
product, mL sample.

The relative standard uncertainty of the
temperature effect of the volumetric glassware -
u(VsT)i/Vsi  with rectangular distribution was
calculated by Equation 20:

u(VsT)i _ Vg
Vsi Vsl'X\/§

(Eq. 20)

Where V1 - the expansion of the volume, mL was
calculated by Equation 21:

0.00021

AV= Vsl X At X 1

(Eq. 21)

Where, At — the half value of the temperature
range in the laboratory room, °C.

The relative standard uncertainty of the

dilution volume of the sample - u(Vs)i/Vsi using
Equation 22:

u(Vs)i _ u(VgG)i 2 u(VsT)i 2
Ml JEGeDhe 4 (e (gq. 22
The combined relative standard

uncertainty of sample preparation — Equation 23
calculated us/X:

us _ [ uims),, ko uVs)i)?
X_\/( W_g) +( i=1 Vgi)

2.7.4 Standard Uncertainty of the mass of the apple
pomace

The combined relative standard
uncertainty of the mass of the apple pomace —
u(m)/W was calculated as follows:

(Eq. 23)

The relative standard uncertainty of the
repeatability of weighting balance - the Equation
24  calculated u(Wiep)/W  with  rectangular
distribution:

u(Wrep) _SD
W S wxl3 (Eq. 24)

Where SD - the standard deviation of the weights
of the apple pomace samples (n=6), g, which was
calculated using Equation 25:

SD = \/(nil) n W, —w)?  (Eq. 25)

The relative standard uncertainty of
analytical balance - Equation 26 calculated
u(W)/W with rectangular distribution:

uw) _ Ap
= wxd (Eq. 26)
The combined relative standard

uncertainty of the mass of the apple pomace —
u(m)/W was calculated using Equation 27:

2.7.5 Measurement Uncertainty of the Accuracy of
the Method

In order to evaluate the standard
uncertainty of the accuracy of the method - ug, the
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mean recovery value — R (R, %/100) and the
relative standard deviation (RSD, %) of the
percentage recoveries (n=3) were used based on
the accuracy study of the combined method
(Rubashvili et al., 2020). Equation 28 calculated
the standard uncertainty of the accuracy of the
combined method:

RSD

Ug

2.7.6 Standard Uncertainty of Analytical Equipment
-HPLC

The combined relative standard
uncertainty of analytical equipment — HPLC
system — ug/A was calculated with rectangular
distribution was calculated using Equation 29:

uE) _ A _y2 Ae 2
A - \/(AStX\/E) + (Asxﬁ)

(Eq. 29)

Where AE - is the standard uncertainty of the
HPLC system from the calibration certificate.

2.7.7 Combined Standard Uncertainty
Expanded Uncertainty of the Method

and

Combined B-type standard uncertainty — ug
was calculated using Equation 30:

Up =X><\/(c1 X =92 + (e, X 22 + (¢ ><$)2 + (¢4 X ug)? + (cs ><%3))2

(Eq. 30)

Where c¢; - the sensitivity coefficient was
considered equal to 1 (Eurachem guide).

Equation 31 calculated the combined
standard uncertainty of the combined method - u:

U = Juy? +ug?

(Eq. 31)

Equation 32 calculated the expanded
uncertainty of the combined method - U:

U=uxk (Eqg. 32)

Where k - the coverage coefficient equals 1.96 for
normal distribution and 1.65 for rectangular
distribution, based on the calculated results of d-
criteria for both analytes.

3. RESULTS AND DISCUSSION:

The measurement of the method was the
content of UA/OA in the apple processing waste
material (apple pomace), expressed in mg/g
calculated by Equation 2. Each parameter that
affects the value of the measurand is shown as a
cause and effect Ishikawa diagram (Figure 3)
(OMCL guideline; Ellison and Barwick,1998).

3.1. Results

The first source affected the measurand —
the content of UA/OA in apple pomace (mg/g) was
uncertainty arising from the repeatability of the
method, which was carried out by preparing and
injecting a standard solution with six replicates and
six test solutions into the HPLC system by the
validated method. Based on the obtained
analytical data, the contents of UA/OA — X;, mg/g
in the samples of the apple pomace were
calculated using Equation 2; Then, the standard
deviation (n=6) of the contents of each analyte
was used to evaluate the standard uncertainty of
the repeatability of the method — ua (A-type
uncertainty) using Equation 3. The obtained
results are given in Table 1.

Table 1. The results of the repeatability and A
type standard uncertainty

The content The content of
Ne of UA in apple OA in apple
pomace, mg/g | pomace, mg/g
1 6.93 4.49
2 7.39 4.64
3 6.86 4.71
4 7.34 4.99
5 7.01 4.74
6 6.83 4.66
Average 7.06 4.70
SD 0.24 0.16
n 6 6
ua 0.099 0.067
d-Criteria 0.9019 0.8990

The second source that affected the
measurand was uncertainty arising from standard
preparation, which was calculated by the
combined relative standard uncertainty of
standard preparation — us/X (Equation 14). This
source includes the following contributors: 1) the
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relative standard uncertainty of analytical balance
- U(Wst)/Wst (Equation 6); 2) the relative standard
uncertainty of the standard purity u(Psi)/Pst
(Equation 7); 3) the relative standard uncertainty
of the molar mass of UA/OA - u(M)/M (Equation 8);
4) the relative standard uncertainty of the mass of
standard - u(ms)/Ws: (Equation 9); 5) the relative
standard uncertainty of the used volumetric
glassware - u(VsG)/Vsi (Equation 10); 6) the
relative standard uncertainty of the temperature
effect of the volumetric glassware - u(VsT)i/Vsi
(Equation 13). The obtained results of the
combined relative standard uncertainty of
standard preparation are given in Table 2.

The third source was evaluated by the
combined relative standard uncertainty of sample
preparation - us/X, which was calculated using
Equation 23. This contains the following
contributors: 1) the relative standard uncertainty of
the repeatability of weighting - U(Wiep)/Ws
(Equation 15); 2) the relative standard uncertainty
of analytical balance (Equation 17); 3) the relative
standard uncertainty of the mass of the sample of
the extracted product - u(ms)/Ws (Equation 18);
The relative standard uncertainty of the dilution
volume of the sample - u(Vs)i/Vsi (Equation 22).
The results are given in Table 3.

The combined relative standard
uncertainty of the mass of the apple pomace —
u(m)/W calculated using Equation 27 was one of
the determined main sources that affected the
measurand. The source combines two
contributors: 1) the relative standard uncertainty of
the repeatability of weighting balance u(Wiep)/W
(Equation 24) and 2) the relative standard
uncertainty of analytical balance u(W)/W
(Equation 26). The results are shown in Table 4.

The accuracy of the method was
contributed to the value of the expanded
uncertainty of the method. The standard
uncertainty of the accuracy of the method - ug was
calculated using Equation 28 and is shown in
Table 5.

Table 5. The results of the accuracy of the

method
Parameter UA OA
R, % 96.85 4.70
RSD, % (n=3) 1.75 0.53
UR 0.01 0.003
The last source that affected the

measurand was uncertainty arising from analytical
equipment — HPLC system. This source was
evaluated by calculating the combined relative
standard uncertainty of analytical equipment —
ue/A (Equation 29). The obtained results are given
in Table 6.

Table 7. The values of standard uncertainties
and expanded uncertainty of the combined
method expressed in mg/g

Parameter UA OA
Ua 0.099 0.067
Us 0.315 0.205
u 0.330 0.215
1.96 1.96
U 0.647 0.422

The values of the combined B-type
standard uncertainty — ug, the combined standard
uncertainty — u, and the expanded uncertainty of
the method — U calculated using Equations 30, 31,
32, respectively, are shown in Table 7. Based on
the calculated results of d-criteria for both
analytes, normal distribution of analytical data
appeared in both cases. Accordingly, 1.96 was
used as the coverage coefficient — k to calculate
the expanded uncertainty value.

The content of each test compound
expressed in mg per 1 g of the dry sample of the
agroindustrial waste material (apple pomace) was
calculated. The obtained results indicate that the
content of UA and OA, mg/g in apple pomace
varies from 6.86 to 7.39 mg/g and from 4.49 to
4.99 mg/qg, respectively; the average content of UA
and OA with the value of the expanded uncertainty
is 7.06 £ 0.647 mg/g (k=1.96; P=95%) and 4.70 +
0.422 mg/g (k=1.96; P=95%), respectively.

3.2. Discussion

The measurement uncertainty of the
method includes all the uncertainties arising from
each individual source and contributor determined
by the cause and effect Ishikawa diagram and
affected the measurand — the content of UA and
OA in apple pomace expressed in mg per 1 g.
There are observed six sources of all the
contributors: 1) uncertainty of standard
preparation; 2) uncertainty of sample preparation;
3) uncertainty of the accuracy of the method; 4)
uncertainty of the repeatability of the method; 5)
uncertainty of the mass of apple pomace sample,
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and 6) uncertainty of the analytical equipment.
Each source was evaluated, and the results show
that all the contributors contributed to the
combined standard uncertainty arising from both
extraction and chromatographic analytical
procedures. All the uncertainty sources equally
affect the measurement of the method. The A-type
standard uncertainty value was 3 times less than
the B-type standard uncertainty for both analytes.
The results show that B-type standard uncertainty
is a major contributor and equals approximately 95
% of the combined standard uncertainty for both
analytes. Therefore, the value of the expanded
uncertainty of the validated method will not change
from test to test in the same laboratory conditions
by using the same equipment, instruments, and
reagents during the routine intra-day or inter-day
analyses, which confirms the suitability and
robustness of the validated method.

4. CONCLUSIONS:

The hybrid approach used in the
measurement uncertainty of the analytical method
fully ensures a detailed assessment of uncertainty
and consideration of all contributors. Furthermore,
it is possible to reliably use the value of the
expanded uncertainty calculated by this approach
based on the method validation data in routine
analyses so that the measurement uncertainty is
not needed to calculate for each routine analysis.
The presented work explains well the details and
practical aspects of this approach and proposes
the step-by-step methodology of measurement
uncertainty according to Eurachem and EA
guidelines which can be used to evaluate
measurement uncertainty for other analytical
HPLC methods. The proposed validated method
with measurement uncertainty can be applied
successfully to control ursolic and oleanolic acids
in apple peel, apple pomace, any apple processing
agroindustrial waste material, and the dry
extracted product obtained from apple pomace.
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Table 2. The budget of evaluation of measurement uncertainty of standard preparation

Relative
Standard Sensitivit Relative
Ne Contributor Value | Type | Unit Uncertainty Distribution tivity Standard
Coefficient .
of Uncertainty
Contributor
Ursolic Acid
Mass of Standard -
1 | Analytical Balance - 10.5 B mg 0.00055 Rectangular 1
u(Wst)/Wst
> Purity of Standard - 9% B % 0.00107 Rectangular 1 0.00121
u(Pst)/Pst
Molar Mass -
3 u(M)M 456.7 B g/mol 0.000004 Rectangular 1
Dilution of Standard
— Measurement of .
4 volume - 50 B mL 0.00049 Triangular 1
u(VsiG)/Vsi 0.00576
Dilution of Standard
5 - Temperature 50 B mL 0.00036 Rectangular 1
Effect - u(VstT)i/Vsi
Dilution of Standard
— Measurement of .
6 volume - 5 B mL 0.000572 Triangular 1
u(VsiG)/Vsii
Dilution of Standard
7 - Temperature 5 B mL 0.00036 Rectangular 1
Effect - u(VstT)i/Vsi
Combined relative standard uncertainty — ust/X 0.00588
Oleanalic Acid
Mass of Standard -
1 | Analytical Balance - 125 B mg 0.00046 Rectangular 1
u(Wst)/Wst
p | Purity of Standard - | g B % 0.00075 Rectangular 1 0.00088
u(Pst)/Pst
Molar Mass -
3 u(M)/M 456.7 B g/mol 0.000004 Rectangular 1
Dilution of Standard
4 | —Measurement of 50 B mL 0.00049 Triangular 1
Volume -
u(VstG)/Vsi 0.00576
Dilution of Standard
5 - Temperature 50 B mL 0.00036 Rectangular 1
Effect - u(VstT)i/Vsi
Dilution of Standard
6 — Measurement of 5 B mL 0.000572 Triangular 1
Volume -
u(VstG)/Vsii
Dilution of Standard
7 - Temperature 5 B mL 0.00036 Rectangular 1
Effect - u(VstT)i/Vsii
Combined relative standard uncertainty — ust/X 0.00583
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Table 3. The budget of evaluation of measurement uncertainty of sample preparation

Relative
Standard Sensitivit Relative
Ne Contributor Value | Type | Unit | Uncertainty Distribution HVItY Standard
Coefficient .
of Uncertainty
Contributor
Ursolic Acid
Mass of Sample -
1 | Analytical Balance - 11.8 B mg 0.00049 Rectangular 1
u(Ws)/Ws
- 0.04329
Repeatability of
2 Weighting - 11.8 A mg 0.043328 Rectangular 1
U(Wrep)/WS
Dilution of Sample -
3 Measurement of 50 B mL 0.00049 Triangular 1
Volume - u(VsG)/Vsi
0.00061
Dilution of Sample -
4 Temperature Effect 50 B mL 0.00036 Rectangular 1
- u(VstT)ilVst
Combined relative standard uncertainty — us/X 0.04329
Oleanalic Acid
Mass of Sample -
1 | Analytical Balance - 11.8 B mg 0.00049 Rectangular 1
u(Ws)/Ws
- 0.04329
Repeatability of
2 Weighting - 11.8 A mg 0.043328 Rectangular 1
U(Wrep)/WS
Dilution of Sample -
3 Measurement of 50 B mL 0.00049 Triangular 1
Volume - u(VsG)/Vsi
0.00061
Dilution of Sample -
4 Temperature Effect 50 B mL 0.00036 Rectangular 1
- u(VstT)ilVsi
Combined relative standard uncertainty — us/X 0.04329
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Table 4. The budget of evaluation of measurement uncertainty of the mass of apple pomace

Relative
Standard Sensitivit Relative
Ne Contributor Value | Type | Unit Uncertainty Distribution Coefficienyt Standard
of Uncertainty
Contributor
Ursolic Acid
Mass of Sample -
1 | Analytical Balance - | 10.38 B g 0.0000006 Rectangular 1
u(W)/w
- 0.00409
Repeatability of
2 Weighting - 10.38 A g 0.00409 Rectangular 1
U(Wrep)/W
Combined relative standard uncertainty — u(m)/W 0.00409
Oleanalic Acid
Mass of Sample -
1 | Analytical Balance - | 10.38 B g 0.0000006 Rectangular 1
u(W)/w
- 0.00409
Repeatability of
2 Weighting - 10.38 A g 0.00409 Rectangular 1
U(Wrep)/W

Combined relative standard uncertainty — u(m)/W 0.00409

Table 6. The budget of evaluation of measurement uncertainty of analytical equipment - HPLC

Relative
Standard Sensitivit Relative
Ne Contributor Value Type | Unit | Uncertainty Distribution VIt Standard
Coefficient .
of Uncertainty
Contributor
Ursolic Acid
Peak area of the
1 | standard solution - | 1781997.00 B mAU 0.00029 Rectangular 1
HPLC
0.00042
Peak area of the
2 test solution - 2345089.83 B mAU 0.00029 Rectangular 1
HPLC
Combined relative standard uncertainty — ug/A 0.00042
Oleanolic Acid
Peak area of the
1 | standard solution - | 3230243.17 B mAU 0.00029 Rectangular 1
HPLC
0.00042
Peak area of the
2 test solution - 2349147.33 B mAU 0.00029 Rectangular 1
HPLC
Combined relative standard uncertainty — ue/A 0.00042
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There are different ways that the authors can present the abstract of a manuscript. However,
with the evolution of the journal and the passing of time, the Periodico Tché Quimica adopted the
structured format of the abstract.

The structured abstract is intended to be comprehensive, providing a logical order for the
presentation of scientific communication. It also provides the readers with a summary of the research
background, objectives, methods, results, and conclusions. It is not complicated to do, but frequently
the authors may forget to include parts of its content; therefore, this tool was developed, so the authors
can enjoy the writing of the abstract in a very straightforward way.

To access the AMT environment at tchequimica.com, please click on the highlighted icon from
Figures 1 or 2, or type the URL < https://www.tchequimica.com/en/abstract_maker.php >.

PERIODICO TCHE QUIMICA AMS ¢ WNLOADS | v TOAUTHORS | SEARCH

journal features

Assistirno (B Voulube

GET STARTED

Figure 1. Locating the AMT link on the navigation bar.
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m CAS, EBSCO, Index Copernicus, EJL, 18060374 (Printed)
L Reaxys, Latindex, Web of Science (ESCT), 2179.0302 {Ouline)

OAJLnet, CAB Abstracts, ROAD, and
(a Sumarias.

[ ]
W@ Fstablished Q} Contacts
2003. joumal. i/ gniail

3.
First issue 2004,

= Crossref E
Content
Registration PORTICO

Figure 2. Locating the AMT icon at the website.

When exploring the environment of the A. M. T. (script version 1.3), the authors will initially find
a collection of text boxes to include the proper text (background, aims...), as in Figure 3.

Abstract maker tool

Scri versior 1.3

Please fill in the boxes below to prepare an abstract. ltiseasyas 1, 2, and 3!

e 1) Please, type the sections of the abstract in the boxes below.

Background:

Y

450 characters remaining in your input limit.

200 characters remaining in your input limit.

Figure 3. Textfield introduction areas for the abstract maker tool.
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If the authors have a browser with a dictionary or spellchecker installed, recommendations for
text corrections will be made available instantaneously.

After completing the text boxes, the authors will locate a submission button, as in Figure 4. It is
expected that the authors press the submit button.

400 characters remaining in your input limit.

Conclusions:

250 characters remain ng in your input limit.

‘ SUBMIT ‘

Figure 4. Submit button to generate the text paragraph.

After pressing the submit button, the authors should go to step 2. In step 2, it is possible to see
the abstract generated with the previously informed text, according to Figure 5.
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(step 21 Now, how about you just copy and paste your newly generated abstract in the word counter box? By doing so you ¢an check if your abstract is not too big or too short.

Background: Sample text, Lorem ipsum dolor sit amet, consectetur adipiscing elit. Aenean facilisis, metus quis tincidunt fermentum, sem massa condimentum massa, dapibus
gravida neque justo fringilla justo. Nulla facilisi. Maecenas posuere ipsum sed metus lacinia, vitae dictum dolor cursus. Sed eget justo ac nisl consectetur tristique ut sed ex.
Mauris diam ipsum, convallis id evismod eu, tempus sit amet urna, Morbi tellus elit, mollis sed dolor nec; mattis f Aims: Sample text, Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Aenean facilisis, metus quis tincidunt fermentum, sem massa condimentum massa, dapibus gravida neque justo fringilla justo. Nulla Methods: Sample text,
Lorem ipsum dolor sit amet, consectetur adipiscing elit. Aenean facilisis, metus quis tincidunt fermentum, sem massa condimentumn massa, dapibus gravida neque justo
fringilla justo. Mulla facilisi. Maecenas posuere Ipsum sed metus lacinia, vitae dictum dolor cursus. Sed eget justo ac nisl consectetur tristigue ut sed ex. Mauris diam Ipsum,
convallis id euismod eu, tempus sit amet urna. Morbi tellus elit, mollis sed dolor nec, mattis f Results: Sample text, Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Aenean facilisis, metus quis tincidunt fermentum, sem massa condimentum massa, dapibus gravida neque justo fringilla justo. Mulla facilisi. Maecenas posuere ipsum sed
metus lacinia, vitaa dictum dolor cursus, Sed eget justo ac nisl consectetur tristique ut sed ex. Mauris diam ips. Discussion: Sample text, Lorem ipsum dolor sit amet,
consectetur adipiscing elit. Aenean facilisis, metus quis tincidunt fermentum, sem massa condimentum massa, dapibus gravida neque justo fringilla justo. Nulla facilisi.
Maecenas posuere ipsum sed metus lacinia, vitae dictum dolor cursus. Sed eget justo ac nisl consectetur tristique ut sed ex. Mauris diam ipsum, convallis id euismod eu,
tempus sit amet urna. Conclusions; Sample text, Lorem ipsum delor sit amet, consectetur adipiscing elit. Aenean facilisis, metus quis tinddunt fermentum, sem massa

condimentum massa, dapibus gravida neque justo fringilla justo. Nulla facilisi. Maecenas posuere ipsum sed metus lacinia

Figure 5. Paragraph preview.

As a final step, the authors can copy and paste the text into a word counter box, Figure 6. In this
box, the authors can measure the abstract size if it is too extensive or too short. For example, the
Southern Journal of Sciences recommends that the abstract section should have around 250 and 350
words. The word counter box also allows text edition, making the adjustments faster.

(Step 3.. Please copy and paste the text from step 2 in the textboxbelow to automatically count the words.

COLsECtellll LLISUGUE UL 580l eX. MdUTS QUG DS, LISCLISSI00NT ~

Sample text, Lorem ipsum dolar sit amet, consectetur

adipiscing elit. Aenean facilisis, metus quis fingdunt fermentum,

sem massa condimentum massa, dapibys gravida negue justo

fringilla justo. Nulla facilisi. Maecenas posuere ipsum sed metus

lacinia, vitae dictum dolor cursus. Sed eget justo a¢ nis

consectetur tristigue ut sed ex. Mauris diam ipsum, convalls id

euismad eu, tempus sit amet urna. Conglusions: Sample text,

Lorem ipsum dolar sit amet, consectetur adipiscing elit. Aenean

fadilisis, metus quis tincdunt fermentum, sem massa

condimentum massa, dapibus gravida negue justo fringilla

<

justo. Nulla facilisi- Maecenas posuere ipsum sed metus laginia

N

If the Word Count is among 250 and 350 congratulations, you may have done a great work.
IWord Count: 313

Figure 6. Word counter box.
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If the authors are satisfied with the results, they can copy and paste the abstract directly into the
journal template file. Therefore, this tool assists the authors in the production of a complete,
proportional, and structured abstract, making the submission and review process faster. The tool is
freely available at https://www.tchequimica.com/en/abstract _maker.php.

NOVA INTERFACE PARA APRESENTACAO DO JORNAL E PRODUTOS
RELACIONADOS

NEW INTERFACE FOR PRESENTING THE NEWSPAPER AND RELATED PRODUCTS

DE BONI, Luis Alcides Brandini®*

1 Peribdoco Tché Quimica. Brazil.

* Corresponding author
e-mail: journal.tg@gmail.com

Please scan the codes to see the results.

REVIEW

journal features

GENERAL INFORMA,

PERIODICO
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https://youtu.be/LQcjZVXdrXE
https://www.youtube.com/watch?v=zPOwV6VxudM

Click on the image

VIDEO ABSTRACTS

Supplement material of this edition

Scan the code

SEROPREVALENCE OF COVID-19 IGG ANTIBO...

Background: Estimation of seroprevalence of
COVID-19 antibodies can be used to more..

EFFECT OF AMAZON CACTUS AS A NATURAL ...

Background: Brazil suffers from a lack of basic
sanitation in many regions, intensified in the...

SYNTHESIS, DOCKING STUDY, AND BIOLOGIC...

Background: 4-aminoantipyrine is one of the
pyrazolone derivatives, it has been exposed to a...

USE OF RGB AS A QUANTITATIVE METHOD AP...

Background: The use of alternatives for teaching
analytical chemistry in undergraduate studies has...

MEASUREMENT UNCERTAINTY EVALUATION ...

Background: Apple pomace represents a low-cost
and rich source of bioactive compounds with...

IN SILICO STUDIES OF DITERPENES EXTRACT...

Introduction: HIV, whose viral multiplication is
associated with three enzymes. Reverse...
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