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RESUMEN 

 

El camarón es uno de los alimentos de orígen marino más populares a nivel mundial.  

Se ha reportado que este organismo es una fuente de compuestos quimiopreventivos 

incluyendo compuestos con actividad antioxidante, antiinflamatoria, antimutagénica, y 

antiproliferativa. La búsqueda de esta clase de compuestos se ha convertido en una 

prioridad a nivel mundial ya que el cáncer es la primera causa de muerte. En este 

estudio, los lípidos del camarón fueron separados por partición en solventes y 

después fraccionados por medio de HPLC de fase reversa y finalmente por 

cromatografía de columna abierta con el fin de aislar compuestos antimutagénicos y 

antiproliferativos. 

 

La actividad antiproliferativa fue establecida midiendo la inhibición del crecimiento de 

la línea celular murina M12.C3F6 utilizando el ensayo de MTT (3-(4,5-dimetil-2-

tiazol)-2,5-difenil-2-H-bromuro tetrazolio). La fracción metanólica mostró la actividad 

antiproliferativa más alta; esta fracción fue separada en 15 sub-fracciones (M1-M15). 

Las fracciones M8, M9, M10, M12 y M13 fueron antiproliferativas a una 

concentración de 100 µg/mL y fueron probadas a concentraciones más bajas. Las 

fracciones M12 y M13 presentaron la mayor inhibición con IC50 de 19.5 ± 8.6 y 34.9 ± 

7.3 µg/mL, respectivamente. La fracción M12 fue dividida en tres subfracciones 

M12a, M12b y M12c. La fracción M12a fue identificada como el compuesto di-etil-

hexil-ftalato, la fracción M12b como un triglicérido substituído por al menos dos 

ácidos grasos (predominantemente ácido oléico acompañado con ácido 
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eicosapentaenóico) y la fracción M12c como otro triglicérido substituído con ácido 

eicosapentaenóico y ácidos grasos saturados. El triglicérido bioactivo presente en 

M12c ejerció la actividad antiproliferativa más elevada con una IC50 de 11.3 ± 5.6 

µg/mL. 

 

La actividad antimutagénica fue evaluada por la inhibición del efecto de aflatoxina B1 

(AFB1) en las cepas de Salmonella typhimurium TA98 y TA100 utilizando la prueba 

Ames. La fracción metanólica ejerció la actividad más elevada (95.6 y 95.9% para 

TA98 y TA100, respectivamente); y fue separada en 15 subfracciones (M1-M15). La 

fracción M8 ejerció la actividad más elevada (96.5 y 101.6% para TA98 y TA100, 

respectivamente) y esta fracción fue nuevamente dividida en las fracciones 

nombradas M8a, M8b, M8c y M8d. De estas fracciones, M8a presentó la actividad 

más elevada con inhibición de 87.8 y 94.1% de la mutación de AFB1 para las cepas 

de TA98 y TA100, respectivamente  

 
 
La actividad biológica en camarón había sido previamente atribuída a astaxantina; en 

este estudio, se demostró que los ácidos grasos poliinsaturados esterificados en 

triglicéridos son los principales compuestos responsables de la actividad antiproliferativa, 

mientras que compuestos con anillos aromáticos son los responsables de la actividad 

antimutagénica. 
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ABSTRACT 

 

Shrimp is one of the most popular seafood worldwide, and has been reported as a 

source of chemopreventive compounds, including compounds with biological 

activities such as antioxidant, antiinflamatory, antimutagenic, and antiproliferative. 

The search of chemopreventive compound to prevent cancer has become a priority 

globally since cancer is the leading cause of death worldwide. In this study, shrimp 

lipids were separated by solvent partition and further fractionated by semi-preparative 

RP-HPLC and finally by open column chromatography in order to obtain isolated 

antimutagenic and antiproliferative compounds 

 

Antiproliferative activity was assessed by inhibition of M12.C3.F6 murine cell growth 

using the MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide) 

assay. The methanolic fraction showed the highest antiproliferative activity; this 

fraction was separated into 15 different sub-fractions (M1–M15). Fractions M8, M9, 

M10, M12, and M13 had antiproliferative effects at 100 μg/mL and they were further 

tested at lower concentrations. Fractions M12 and M13 exerted the highest growth 

inhibition with an IC50 of 19.5 ± 8.6 and 34.9 ± 7.3 μg/mL, respectively. Fraction M12 

was further fractionated in three sub-fractions M12a, M12b, and M12c. Fraction M12a 

was identified as di-ethyl-hexyl-phthalate, fraction M12b as a triglyceride substituted 

by at least two fatty acids (predominantly oleic acid accompanied with 

eicosapentaenoic acid) and fraction M12c as another triglyceride substituted with 
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eicosapentaenoic acid and saturated fatty acids. Bioactive triglyceride contained in 

M12c exerted the highest antiproliferative activity with an IC50 of 11.33 ± 5.6 μg/mL.  

 

The antimutagenic activity was assessed by inhibition of aflatoxin B1 (AFB1) effect on 

TA98 and TA100 Salmonella tester strains using the Ames test. Methanolic fraction 

showed the highest antimutagenic activity (95.6 and 95.9% for TA98 and TA100, 

respectively); and was further separated into 15 different sub-fractions (M1-M15). 

Fraction M8 exerted the highest inhibition of AFB1 mutation (96.5 and 101.6% for 

TA98 and TA100, respectively) and was further fractionated in four sub-fractions M8a, 

M8b, M8c, and M8d. Of these, M8a exerted the highest activity with inhibition of 87.84 

and 94.18% of AFB1 mutation for TA98 and TA100, respectively. 

 
 

Biological activity in shrimp had been previously attributed to astaxanthin; this study 

demonstrated that polyunsaturated fatty acids esterified to triglycerides are the main 

compounds responsible for antiproliferative activity, while apocarotenoid compounds 

are responsible for the antimutagenic activity. 
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INTRODUCCIÓN 

 

El cáncer es una enfermedad crónico-degenerativa que consiste en un proceso de 

diseminación incontrolado de células, ocupa los primeros lugares de mortalidad y 

constituye un verdadero problema de salud a nivel mundial (World Health 

Organization, 2014). En México, en el año del 2012, el 13% de las muertes 

registradas fueron a causa del cáncer (INEGI, 2014b), lo que lo colocó como el tercer 

lugar en las causas de mortalidad en nuestro país y en el mismo año; en Sonora esta 

enfermedad representó el 15.9% del total de decesos, lo cual la coloca la segunda 

causa de muerte en el estado (INEGI, 2014a).  

 

Siempre se ha pensado que la herencia genética es de los factores determinantes en 

el desarrollo del cáncer; sin embargo, ésta no marca el destino de una persona, nos 

puede dar información útil acerca de un riesgo a una enfermedad, pero en la mayoría 

de los casos no determina que sea la responsable de desarrollarla; de hecho, solo 

del 5 al 10% de los casos de cáncer se deben a defectos en la genética y el 90 a 

95% restante de los casos son debido al ambiente y al estilo de vida (Anand et al., 

2008); por ejemplo, se ha estimado que del 30 al 35% de las muertes por cáncer en 

los Estados Unidos están ligadas a los hábitos alimenticios de las personas. Es por 

eso que se debe considerar mejorar las dietas y el estilo de vida. 
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Cada vez está creciendo el interés de enfocarse en componentes de los alimentos 

que ayuden a la población a reducir el riesgo de desarrollar cáncer (Bhattacharjee, 

Das, Rana, & Sengupta, 2007). Las nuevas tecnologías e ingeniería genética han 

creado posibilidades sin límites en el área de los descubrimientos científicos, los 

desarrollos logrados han aumentado en un número potencial los productos de 

beneficio médico y para la salud. Entre los componentes más destacados están la 

fibra dietética, azúcares de baja energía, aminoácidos, ácidos grasos poliinsaturados, 

fitoesteroles, vitaminas, minerales, antioxidantes y otras sustancias (alimentos 

funcionales). Dentro de esta inmensa cantidad de compuestos, se localiza un grupo 

en particular, los quimioprotectores, que son una serie de compuestos y elementos 

que en conjunto o por sí solos tienen actividad biológica en el humano, 

específicamente sobre el cáncer  (Pelayo-Zaldivar, 2003). 
 

La quimioprevención, como fue definida originalmente por Sporn en 1976, es el uso 

de agentes químicos naturales, sintéticos o biológicos para revertir, suprimir o 

prevenir la progresión de cáncer (Tsao, Kim, & Hong, 2004). Se ha demostrado el 

poder quimioprotector en muchos alimentos como en frutas (Phapale & Misra-

Thakur, 2010; Rodríguez-Muñoz, Herrera-Ruiz, Pedraza-Aboytes, & Loarca-Piña, 

2009; Zahin, Ahmad, & Aqil, 2010), vegetales (Bhattacharjee et al., 2007; Bárta et al., 

2006; J.-H. Kim, Kang, & Jeong, 2003), aceites (Baser, 2008), entre otros. La 

naturaleza es una fuente atractiva de nuevos compuestos terapéuticos con una gran 

diversidad de especies de plantas, animales, organismos marinos y 

microorganismos. El ambiente marino es una fuente prometedora de compuestos 
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biológicamente activos (Stankevicins, Aiub, Maria, Lobo-Hajdu, & Felzenszwalb, 

2008); de hecho, ya se ha demostrado actividad quimioprotectora en músculos de 

animales marinos como jurel, lisa, cazón (Burgos-Hernandez, Peña-Sarmiento, & 

Moreno-Ochoa, 2002), pulpo (Moreno-Félix et al., 2013), camarón (Wilson-Sánchez 

et al. 2010)  

  

Por lo anterior, se planteó en esta investigación aislar compuestos provenientes del 

músculo de camarón que presenten actividad biológica e identificar sus estructuras 

químicas.  
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REVISIÓN BIBLIOGRÁFICA 

Características Biológicas y Composición del Camarón  

 

El camarón es uno de los crustáceos más populares a nivel mundial y forma parte 

tradicional de las dietas en muchos países (Okzus, Ozylmaz, Aktas, Gercek, & Motte, 

2009). 

Composición Química del Camarón 

 

El camarón blanco (Litopenaeus vannamei) es un alimento rico en proteína de alta 

calidad y minerales beneficiosos para el cuerpo humano; además, su aporte calórico 

es bajo debido al bajo contenido de grasas (Okzus et al., 2009); sin embargo, su 

composición puede verse afectada por factores ambientales como la temporada, la 

profundidad y la localización geográfica de captura (Ezquerra-Brauer, Brignas-

Alvarado, Burgos-Hernández, & Rouzaud-Sández, 2004). 

 

El camarón es bajo en el contenido total de grasa (media de 10.9 mg/g de la porción 

comestible) y muy bajo en ácidos grasos saturados (2.89mg/g de porción comestible) 

y con una alta cantidad de ácidos grasos ω-3 (3.35 mg/g), de los cuales, los más 

importantes son el eicosapentaenóico (EPA) (20:5) y el docosahexaenóico (DHA) 

(22:6)  (Gonçalves Abreu et al., 2010). 

Actividad Biológica de los Compuestos del Camarón 
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De los compuestos presentes tanto en el músculo como en el exoesqueleto del 

camarón, existen algunos componentes que son capaces de intervenir en procesos 

biológicos, lo cual sugiere la presencia de actividad biológica (Jackson, Esnouf, 

Winzor, & Duewer, 2007). Dentro de éstos, se ha reportado que existen compuestos 

en el extracto etanólico del músculo de camarón que presentan actividad 

antioxidante, esta actividad se ha sido detectada tanto en el camarón crudo como 

cocido y fue atribuida a un derivado polihidroxilado de un aminoácido aromático (De 

Rosenzweig-Pasquel & Babbitt, 1991). También se ha reportado actividad biológica 

en los extractos lipídicos del músculo de camarón (De Rosenzweig-Pasquel & 

Babbitt, 1991; Wilson-Sanchez et al., 2010) así como en los extractos lipídicos de los 

deshechos del mismo (Sowmya & Sachindra, 2012). 

 

Por otra parte, en algunos estudios de carcinogénesis, se ha demostrado que las 

dietas ricas en aceites poliinsaturados, como los presentes en la fracción lipídica del 

camarón, han tenido un efecto protector contra cáncer de colon inducido 

químicamente (Boudreau et al., 2001; Kelley et al., 2000). Estos compuestos también 

suprimen el crecimiento tumoral in vitro e in vivo por mecanismos aún desconocidos. 

De acuerdo a estudios epidemiológicos se ha demostrado también una asociación 

inversa entre el consumo de productos marinos y cáncer de colon, así como muchos 

otros tipos de cáncer (de Deckere, 1999; Terry, Rohan, & Wolk, 2003). 

 

Por lo tanto, el camarón podría ser considerado como un organismo capaz de aportar 

compuestos con actividad biológica, los cuáles se sumarían a los compuestos 
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aislados de fuentes marinas, ya que este ambiente es considerado como una fuente 

prometedora de compuestos biológicamente activos (Stankevicins et al., 2008). 

 

Cáncer: Características, Estadísticas y Prevención 

 

La participación de compuestos químicos en procesos biológicos, como aquella que 

se ha observado en compuestos químicos aislados de camarón, al igual que en el 

resto de aquellos provenientes de otras fuentes marinas, se ha relacionado con la 

prevención de cáncer. 

 

Definición y Estadísticas de Morbilidad y Mortalidad del cáncer  

 

El cáncer es una enfermedad crónico-degenerativa que consiste en un proceso de 

diseminación incontrolado de células anormales; y si esta diseminación no es 

controlada, puede provocar la muerte (American Cancer Society, 2014). Las células 

cancerosas son capaces de infiltrar y destruir las estructuras adyacentes y esparcirse 

a lugares distantes (metástasis) (Robbins, Kumar, & Cotran, 2004).  

El cáncer ocupa el primer lugar de mortalidad a nivel mundial y constituye un 

verdadero problema de salud (World Health Organization, 2014). Éste no es solo una 

enfermedad, sino cientos de ellas, que tienen en común alteraciones genéticas, 

muchas de las cuales contribuyen a la transformación neoplásica. Dichas 

alteraciones causan la pérdida de la función correcta de genes encargados del 
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mantenimiento y control de la división celular; se activan los oncogenes y se pierden 

aquellos que son supresores de tumores (Brenner & Duggan, 2005). 

 

Características de las Células Cancerígenas 

 

Se deben considerar los genes relacionados con el cáncer en el contexto de seis 

variaciones fundamentales de la fisiología celular que, en conjunto, son las que 

determinan el fenotipo maligno (Robbins et al., 2004). Estas características son: 

Autosuficiencia con respecto a las señales de crecimiento; insensibilidad a las 

señales inhibidoras del crecimiento; escape de la apoptosis; potencial de 

multiplicación ilimitado: angiogenia mantenida y la capacidad para infiltrar y 

metastatizar (Herrera-Fernandez et al., 2009).   

 

Prevención de Cáncer 

 

La prevención del cáncer debe ser una estrategia de salud pública y de prevención 

que involucra tanto cambios en el estilo de vida como un enfoque médico y esto 

representaría la primera línea de defensa en la reducción del número de muertes por 

cáncer (Greenwald, 2005). 

 

La Sociedad Americana del Cáncer (2014) ha declarado que parte de las muertes 

debidas al desarrollo del cáncer se podrían prevenir realizando esfuerzos 
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sistemáticos en la reducción del uso de tabaco, mejorando las dietas y la actividad 

física, reduciendo la obesidad y aumentando las pruebas de detección temprana de 

la enfermedad (American Cancer Society, 2014). 

 

La mayor parte de lo que se sabe de la prevención del cáncer relacionada con la 

dieta proviene de estudios epidemiológicos de población acoplado a investigación de 

componentes alimenticios en animales de laboratorio y cultivo celular (American 

Cancer Society, 2014). Las recomendaciones para una dieta incluye una con bajo 

contenido de grasas, específicamente de grasas saturadas, que sea relativamente 

alta en almidón y en fibra (con énfasis en productos de plantas relativamente poco 

procesados), y además baja en azúcares. En general, los reportes de los 

componentes de la dieta son similares a la prevención de otras enfermedades 

crónicas, además hay que considerar que el consumo de cereales poco procesados, 

vegetales, frutas, verduras y leguminosas así como alimentos de origen animal, se 

esperaría que provean los micronutrientes que están relacionados con la prevención 

del cáncer (World Cancer Research Fund / American Institute for Cancer Research, 

2007). Incluyendo esta dieta y específicamente hablando desde un enfoque médico, 

la prevención del cáncer estaría integrada por un programa de quimioprevención que 

combine los resultados de investigación básica, genética, ciencia nutrimental, 

desarrollo de marcadores y ensayos clínicos para determinar aquellos individuos en 

riesgo de cáncer y desarrollar programas individualizados de prevención. El uso de 

agentes quimiopreventivos en combinación con una dieta específica y modificaciones 
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en el estilo de vida proveerá un nivel de individualización que actualmente no es 

posible (Greenwald, 2005). 

 

Quimioprevención 

 

La quimioprevención se considera parte importante de las estrategias de prevención 

del cáncer, ya que el proceso de desarrollo de esta enfermedad involucra muchos 

factores complejos, con una progresión en etapas que lleva a la metástasis, un 

esparcimiento descontrolado y crecimiento de células cancerosas a través de todo el 

cuerpo (Pan & Ho, 2008).  

 

Estudios epidemiológicos han proporcionado evidencia convincente de que los 

extractos o compuestos bioactivos que se encuentran en la naturaleza podrían 

beneficiar la salud humana a través de la inhibición de procesos carcinogénicos y 

mecanismos de muerte celular.  

Tipos de Actividades Quimioprotectoras 

 

Los compuestos quimioprotectores pueden ser divididos de acuerdo con los efectos 

benéficos que ofrecen a la salud humana, algunos de ellos son los que ofrecen las 

actividades, antioxidante, antimutagénica, antiproliferativa, antiinflamatoria y 

antiangiogénica. 
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Actividad antioxidante 

 

La primera actividad quimiopreventiva es la antioxidante, ésta es otorgada a los 

compuestos que, en bajas cantidades, pueden prevenir o retrasar la oxidación, 

ofreciendo protección contra la oxidación debida principalmente a radicales libres 

(Chipault, 1962); estos últimos son compuestos caracterizados por una alta 

reactividad debido a los electrones no apareados del orbital externo, y tienen 

mecanismos de acción que dañan las células, los tejidos, proteínas, lípidos y DNA 

(Brambilla et al., 2008). En este contexto, los antioxidantes previenen el daño celular 

por medio de su reacción con radicales libres oxidantes y promocionando su 

eliminación del organismo. De esta manera, los antioxidante se asocian con la 

prevención de ciertos tipos de cáncer (Borek, 2004; Lamson & Brignall, 1999) y 

pueden ser encontrados en varios alimentos como micro y macro nutrientes (de 

Lorgeril & Salen, 2006). Los antioxidantes son también importantes en las últimas 

etapas del desarrollo del cáncer ya que hay evidencia de que los procesos oxidativos 

promueven la carcinogénesis; por lo tanto, esta clase de compuestos pueden 

promover la regresión de lesiones pre-malignas e inhibir su desarrollo a cáncer (S. K. 

Kim, Thomas, & Li, 2011). 

Actividad antimutagénica 

 

La mayoría de los compuestos carcinogénicos son mutágenos (Loechler, 2001), los 

cuales son compuestos que alteran la información genética (ADN) de un organismo 
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(Nikolić-Vukosavljević et al., 2004). Una mutación es cualquier cambio heredable y 

permanente en el DNA (es decir en la secuencia del DNA). 

 

Los compuestos antimutagénicos son capaces de ofrecer protección contra la 

mutación celular del ADN provocado por agentes mutagénicos (Gebhart, 1974) y 

hacen más lento el desarrollo de cáncer (Shankel et al., 2000). Puede haber dos 

clases de compuestos antimutágenicos, aquellos que ejercen su función 

extracelularmente inactivando a los agentes mutágenicos antes de que afecten el 

DNA, conocidos como desmutágenos y aquellos que actúan dentro de la célula y 

participan en la supresión de la mutación después de que el DNA fue dañado, 

llamados bioantimutágenos (Słoczyńska, Powroźnik, Pękala, & Waszkielewicz, 

2014). 

 

Los posibles mecanismos de acción de los compuestos antimutagénicos son 

diversos e incluyen aquellos con potencial antioxidante, los que inhiben la activación 

de compuestos mutágenos, los que actúan como agentes de bloqueo, entre otros 

(Słoczyńska et al., 2014). 

 

Actividad antiproliferativa 

 

Como se había mencionado previamente, las células cancerosas pierden su ciclo 

celular normal provocando que desarrollen características y propiedades diferentes a 
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las células de las que provienen (Robbins et al., 2004), que incluyen una proliferación 

descontrolada así como la evasión de la apoptosis. 

 

El ciclo celular involucra numerosas proteínas regulatorias que dirigen la célula a 

través de una específica secuencia de eventos (Schafer, 1998) llamados fases del 

ciclo, estas fases son G1, S, G2, y M. Las células en G1 pueden, antes de la 

replicación del DNA, entrar en un estado de latencia llamado G0, el estado en el cual 

se encuentran la mayoría de las células del cuerpo humano que no se encuentran en 

crecimiento ni en proliferación (Vermeulen, Van Bockstaele, & Berneman, 2003). Las 

fases G1 y G2 son “huecos” en el ciclo celular que ocurren entre dos puntos obvios, la 

síntesis del DNA (S) y la mitosis (M); en la fase G1 la célula se está preparando para 

la síntesis de DNA y en la fase G2 la célula se prepara para la mitosis (Schafer, 

1998). 

 

La forma en que la división celular ocurre de manera correcta es: la replicación del 

ácido desoxirribonucleico (ADN), seguido de la segregación de cromosomas (mitosis 

o fase M) y posteriormente, la división celular (citocinesis); este ciclo cuenta con 

puntos de control que impiden la progresión a través del ciclo en G1 à S, G2 àM y 

la transición de la metafase a la anafase (Novák, Sible, & Tyson, 2002). La activación 

de éstos inducen el arresto del ciclo celular por medio de la modulación de las 

quinasas dependientes de ciclina (CDK); esto permite que los defectos celulares se 

reparen de manera adecuada y, de esta manera, se previene la transmisión de las 
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alteraciones a las células hijas. Los puntos de control protegen del daño al ADN de 

los constantes ataques de agentes genotóxicos (Malumbres & Barbacid, 2009). 

 

Por otra parte, la apoptosis es la muerte celular programada, la cual está 

caracterizada por la condensación nuclear y citoplasmática seguidas por la 

disociación de la célula en fragmentos (McKenna, McGowan, & Cotter, 1998). 

Aquellos compuestos que son capaces de intervenir en la proliferación y provocar la 

apoptosis previenen la división incontrolada que se presenta en el cáncer. 

 

Por todo lo anterior, y teniendo como base los trabajos realizados por nuestro grupo 

de investigación, donde se han encontrado fracciones y compuestos con diversas 

actividades biológicas, incluyendo antimutagénica y antiproliferativa, en diversos 

organismos marinos, como pulpo (Moreno-Félix et al., 2013), jurel, lisa, cazon 

(Burgos-Hernandez et al., 2002) y en particular el camarón (Wilson-Sanchez et al., 

2010), se planteó  la necesidad de aislar los compuestos que son responsables de 

las actividaes biológicas, así como elucidar sus estructuras químicas en el extracto 

lipídico de camarón; esta información es muy valiosa ya que puede ayudar a 

comprender los mecanismos por los cuales los compuestos son capaces de 

intervenir en los procesos biológicos, dándole importancia a este trabajo. La 

información que se obtiene nos ayuda a responder a las preguntas de investigación 

¿cuál o cuáles son las moléculas capaces de intervenir en los procesos biológicos 

relacionados con las actividades antimutagénica antiproliferativa? ¿Que efectos 

pueden presentar estos compuestos dentro del ciclo celular de células cancerosas? 
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Todo esto con el fin de contribuir a avanzar en el conocimiento de compuestos con 

actividad quimiopreventiva para ayudar a prevenir el desarrollo del cáncer, 

enfermedad que, conforme han pasado los años, se ha convertido en la primera 

causa de muerte a nivel mundial. 
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HIPÓTESIS 

 

La fracción lipídica de camarón posee compuestos con actividad antimutagénica 

cuya estructura química es diferente a la de astaxantina; y además posee 

compuestos con actividad antiproliferativa, con estructura química presenta ácidos 

grasos poliinsaturados omega-3 los cuales son capaces de intervenir en la apoptosis 

celular. 
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OBJETIVO GENERAL 

 

Caracterizar bioquímica y estructuralmente los compuestos extraídos de la fracción 

lipídica de camarón con actividad antimutagénica y antiproliferativa y estudiar su 

capacidad de inducir la apoptosis de células cancerosas.  

 

Objetivos Específicos 

1. Aislar los compuestos con mayor actividad antimutagénica in-vitro de extractos 

lipídicos de camarón. 

2. Aislar los compuestos con mayor actividad antiproliferativa in-vitro de extractos 

lipídicos de camarón. 

3. Caracterizar las estructuras químicas de los compuestos aislados con mayor 

actividad quimioprotectora. 

4. Determinar in vitro, la intervención de los compuestos bioactivos en el ciclo 

celular de células cancerosas. 
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DESARROLLO DEL TRABAJO DE INVESTIGACIÓN 

 

El trabajo de investigación está dividido en 4 capítulos, cada uno de ellos representa 

un artículo publicado o enviado para su publicación en revista indizada en el Journal 

Citation Reports (JCR) del Institute of Scientific Information de la base de datos 

Thomson-Reuters 

Descripción del Capítulo I  

 

Este capítulo corresponde a un artículo de revisión publicado en la revista Marine 

Drugs (Factor de impacto de 3.512) que lleva por título: “Shrimp Lipids: A Source of 

Chemopreventive Compounds”. 

 

El capítulo contiene la información referente a los antecedentes que se necesitaron 

para sentar las bases del trabajo experimental. Se inicia proveiendo de información 

básica acerca del camarón blanco, materia prima utilizada para la realización de este 

trabajo, la composición química básica del mismo así, como también las actividades 

quimiopreventivas/quimioprotectoras que se han reportado en compuestos aislados 

de este organismo. Además, se describen los mecanismos de acción de los 

compuestos presentes en el músculo donde se ha reportado la presencia de 

actividades biológicas, centrándose principalmente en los compuestos carotenoides y 

los ácidos grasos poliinsaturados y las actividades quimiopreventivas descritas son 

antioxidante, antimutagénica, antiproliferativa, antiangiogénica, antiinflamatoria y la 
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forma en que mejora la respuesta inmune, concluyéndose que el músculo de 

camarón podría ser una buena fuente de compuestos con actividad biológica. 

Descripción del Capítulo II 

 

Este capítulo corresponde a un artículo original que se enviará a la revista Natural 

Product Research (Factor de impacto de 1.225) que lleva por título: “Isolation and 

structural elucidation of antimutagenic lipidic compounds from white shrimp 

(Litopenaeus vannamei)”. 

 

En este capítulo se describe el proceso de aislamiento biodirigido de compuestos con 

actividad antimutagénica, utilizando la prueba de Ames como base y aflatoxina B1 

como mutágeno control. También se describe la elucidación estructural de los 

compuestos con mayor actividad; con esta información se cumple el objetivo 1 y 

parte del objetivo 3 planteados para este trabajo de investigación. 

 

Descripción del Capítulo III 

 

Este capítulo corresponde a un artículo original publicado en la revista International 

Journal of Molecular Sciences (Factor de impacto de 2.339) que lleva por título: 

“Isolation and Structural Elucidaton of Antiproliferative Compounds of Lipidic 

Fractions from White Shrimp Muscle (Litopenaeus vannamei)”. 
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En este capítulo se describe el proceso de aislamiento biodirigido de compuestos con 

actividad antiproliferativa, utilizando la técnica de MTT como base y la línea celular 

cancerosa M12.C3F6. También se describe la elucidación estructural de los 

compuestos con mayor actividad; con esta información se cumplen los objetivos 

específicos 2 y 3 planteados para éste trabajo de investigación. 

Descripción del Capítulo IV 

 

Este capítulo corresponde a un artículo original que tiene como título tentativo: 

“Apoptosis induction in M12.C3F6 cells by bioactive triglycerides isolated from white 

shrimp muscle (Litopenaeus vannamei)” y que será enviado a la revista Evidence-

based Complementary and Alternative Medicine, la cual tiene un factor de impacto de 

2.175.  

 

En este capítulo se describe la activación de las vías de apoptosis celular de los 

compuestos aislados con mayor actividad antiproliferativa. Con esta información se 

cumple el objetivo específico 4 planteado para ésta investigación 
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Isolation and Structural Elucidation of antimutagenic Lipidic 

Compounds from White Shrimp (Litopenaeus vannamei)  
 

Abstract 

Cancer is the leading cause of death worldwide and the search of chemopreventive 

compound to prevent it has become a priority globally; shrimp has been reported as a 

source of these type of compounds. In this study, shrimp lipids were extracted and 

separated in order to obtain isolated antimutagenic compounds. The antimutagenic 

activity was assessed by inhibition of aflatoxin B1 effect on TA98 and TA100 

Salmonella tester strains using the Maron and Ames assay. Methanolic fraction 

showed the highest antimutagenic activity (95.62 and 95.96% for TA98 and TA100 

respectively); and was further separated into 15 different sub-fractions (M1-M15). 

Fraction M8 exerted the highest inhibition of AFB1 mutation (96.5 and 101.6% for 

TA98 and TA100 respectively) and was further fractionated in four sub-fractions M8a, 

M8b, M8c and M8d. Of these, M8a exerted the highest activity with inhibition of 87.84 

and 94.18% of AFB1 mutation for TA98 and TA100 respectively. 

Keywords: chemoprevention; antimutagenic activity; shrimp. 

1. Introduction 

 

Cancer, the leading cause of death in the economically developed countries and second in 

developing countries (Jemal and others 2011), is a preventable disease (Anand and others 

2008), mainly by making changes in life style that include the consumption of 

chemopreventive and chemoprotective compounds. Chemopreventive agents are able to 

reverse, suppress or prevent cancer progression (Tsao and others 2004), and epidemiological 

studies have provided convincing evidence that some naturally occurring bioactive extracts or 

isolated compounds may benefit human health through the inhibition of carcinogenic 

processes (Nerurkar and Ray 2010; Wang and others 2010).  In the search of these kind of 

compounds, more than 15,000 natural compounds and extracts have been isolated from 
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different marine organisms (Munro and others 1999) and have been tested for biological 

activities. 

 

The muscle of shrimp is rich in high quality proteins and low in fat content (Oksuz and 

others 2009; Silva and others 1996); however, there is evidence that this lipidic 

fraction may exhibit chemopreventive and chemoprotective activities, including 

antimutagenic compounds which are capable of prevent mutations in cells.  

 

The lipidic fraction of shrimp muscle is composed of several different lipidic 

compounds including carotenoids, phospholipids, neutral lipids (such as cholesterol, 

triglycerides, free fatty acids, diglycerides, and monoglycerides) and glycolipids. This 

fraction represents around 1-2% of the muscle weight (dry weight) (Ezquerra-Brauer 

and others 2004). Several carotenoids including astaxanthin and its esters, meso-

zeaxanthin, β-carotene, zeaxanthin, α-carotene, among others, as well as their 

mixture have been tested in the Ames test (Bhagavathy and others 2011) founding 

inhibition of known carcinogenic compounds (such as sodium azide, ethidium 

bromide, and hydroxyl amine). The aim of this study is to isolate compounds found in 

muscle of shrimp which are responsible for the antimutagenic activity as well as 

identify the chemical structure of those with the highest activity. 

2. Results and Discussion 

2.1. Lipidic extraction and partition 

The chloroformic extraction of shrimp muscle had a yield of 1.860 ±0.004 % (dry 

basis). Lipids in shrimp muscle usually represents 1-2% (Ezquerra-Brauer and others 

2004) of its weight (dry basis).  

 

Antimutagenic activity was measured by the Maron and Ames assay, using 

aflatoxin B1 (AFB1) as control mutagen. Raw extract exerted the inhibition of AFB1 

mutagenic potential in 94.6 ± 1.10 and 95.36 ± 2.41 % for TA98 and TA100 tester 

strains, respectively; this can be considered as a high inhibition of a mutagen (Ikken 
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and others 1999). Antimutagenic activity had previously been reported for shrimp 

flesh, using sodium azide and potassium permanganate as control mutagens 

(Mehrabian and Shirkhodaei 2006) and also AFB1 (Wilson-Sanchez and others 

2010). In the search for compounds with biological activity, raw extract was 

partitioned in methanol and hexane. Polar compounds were solubilized by methanolic 

fraction with a 58% yield while the hexanic, where the less polar compounds were 

solubilized had a 42% yield. Both fractions were tested for antimutagenic activities.  

 

2.1.1. Antimutagenic activity of fractions obtained by partition 

  

Hexanic fraction inhibited the mutagenic effect of AFB1 in a very low percentage 

while methanolic fraction exerted the highest activity (95.6 ± 0.68 and 95.96 ± 1.99 % 

for TA98 and TA100, respectively), comparable to that of the raw extract (Table1). 

Methanolic fraction is composed by a large variety of compounds, where at least one 

of them had to be responsible for the biological activity, for this reason, methanolic 

fraction was selected for further fractioning. 

 

2.2 Analysis of lipidic composition by RP-HPLC 

 

Methanolic fraction was analyzed and sub-fractionated by semi-preparative RP-

HPLC. The highest absorbance of methanolic fraction was at 450 nm (Figure 1); 

these signals can be attributed to the diversity of carotenoid compounds that can be 

found in muscle of shrimp (Chew and others 2011), these compounds include 

astaxanthin (Chew and others 2011), and in lower amounts astaxanthin esters 

(Arredondo-Figueroa and others 2003; Sánchez-Camargo and others 2011); β-

criptoxanthin, α-carotene, β-carotene (Mezzomo and others 2011), canthaxanthin, 

lutein, and zeaxanthin (Babu and others 2008) have also been reported as 

carotenoids isolated from shrimp muscle. Even though the highest signals were 

detected in the visible spectra (with the highest absorption detected at 450 nm), other 

signals in the near and middle ultraviolet spectrum were observed.  
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2.2.1. Antimutagenic activity of methanolic sub-fractions obtained by semi-preparative RP-

HPLC 

 

The methanolic fraction was further fractionated by RP-HPLC into 15 different sub-

fractions using elution time (fractions were obtained every 1.33 min) and each one 

was tested at a concentration of 4 mg/plate using AFB1 as control mutagen in the 

Ames test, in order to identify the bioactive fractions with the highest activity (Table 

2). Five sub-fractions where selected for further analysis including M2, M8, M12, M14, 

and M15 since all showed high antimutagenic activity in both tester strains (higher 

than 60% of mutation inhibition) (Ikken and others 1999) without a significant 

difference among them. These five sub-fractions are very different in polarity as well 

as in chemical nature, as we can deduce from retention time. M2, M14 and M15 were 

obtained as colorless fractions, while M8 exhibited an intense orange color.and M12 a 

pale yellow color. The effect of the five sub-fractions were evaluated at lower 

concentrations (seriated dilutions from 4 to 0.04 mg/ plate) (Figure 2); All five sub-

fractions exhibited a dose-response behavior,  and sub-fraction M8 was selected for 

further analysis since it was the one that exhibited the highest activity on both tester 

strains.  

 

2.3 Fractioning by open column chromatography 

In order to continue with the isolation of the bioactive compounds, fraction M8 was 

subjected to an open column chromatographic procedure. Four fractions were obtained from 

this chromatographic step and they were coded as M8a, M8b, M8c and M8d. 

2.3.1. Antimutagenic activity of methanolic sub-fractions isolated by open column 

chromatography. 

 

All of the M8 sub-fractions were highly antimutagenic and exerted a dose-response 

behavior (Figure 3).  M8a was the fraction that exerted the highest antimutagenic activity in 
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both tester strains (87.94 ± 3.45 and 94.18 ± 1.26 % for TA98 and TA100 tester strains, 

respectively), for this reason, M8a was analyzed for its chemical structure. 

2.3.2. Chemical/structural characterization of M8a fraction. 

 

Previous studies have reported the presence of bioactive compounds in shrimp, most of 

these were not extracted from shrimp muscle. Antioxidant activity was previously been 

reported in crude extracts obtained from several shrimp by-products such as head (Mao and 

others 2013; Sowmya and Sachindra) and shell (Sindhu and Sherief 2011). Another biological 

activity previously described for shrimp extracts is anti-inflammatory (Sindhu and Sherief 

2011).  

Antimutagenic activity was detected in shrimp muscle but also using a crude extract 

(Mehrabian and Shirkhodaei 2006). In all these reports, the bioactivities have been attributed 

to compounds of carotenoid nature. Nevertheless, authors studied crude extracts only and they 

reported the absorbance at visible spectra wavelength, attributing the biological activity to 

carotenoids; however, they did not purify the extract in order to identify the chemical structure 

of the compound responsible for the activity. In our laboratory, we have reported 

antimutagenic compounds present in fractions obtained after a serial of thin layer 

chromatography procedures (Wilson-Sanchez and others 2010), 

 

3. Experimental 
 

3.1. Testing species  

 

Shrimp (Litopenaeus vannamei) was obtained from a local market in Hermosillo, 

Sonora, México, and transported in ice to the University of Sonora Seafood 

Laboratory. Edible portions of shrimp were separated, packed, and stored at –20 °C 

until analysis. The extraction of the lipidic fraction of shrimp was obtained according 
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to the methodology proposed by (Burgos-Hernandez and others 2002). A 100 g 

shrimp muscle sample  was homogenized with five parts of CHCl3 (w/w) in a blender 

at high speed for 1 min, the resulting mixture was poured into a flask and agitated for 

40 min with the aid of a Wrist Action Burrel Shaker (Burrel Corporation, Pittsburg, PA, 

U.S.). The mixture was filtered through Whatman No. 1 filter paper under vacuum and 

the filtrate was evaporated to dryness under reduced pressure at 40 °C. The lipidic 

extract was then re-dissolved in methanol-hexane (1:1 v/v), agitated for 30 min and 

filtrated again through Whatman No. 1 filter paper under vacuum. The immiscible 

phases were separated in a separating funnel and concentrated under reduced 

pressure at 40 °C, re-dissolved in chloroform and dried under N2 stream. All the 

process was performed in the darkness. 

 

3.2 Analysis of lipidic composition by RP-HPLC 

Fractionation of lipidic fractions was carried out by semi-preparative HPLC using 

an Agilent Technologies HPLC station in conjunction with a Zorbax Eclipse XDB-C18 

semi preparative column (250 × 9.4 mm i.d.; 5 µm particle size; Agilent Technologies, 

USA). A guard column made of the same material was also used. Aliquots of 100 μL 

from each extract were injected into the column according to the modified procedure 

of (Weber and others 2007). Elution of components was performed using a flow rate 

of 2 mL min-1 and continuously monitored at 450 nm. Column temperature was 

maintained at 20° C. Solvents used for elution were water (A), acetone (B), and 

hexane (C). Lipids were eluted from the column using a linear gradient from 70 % A, 

30 % B to 100% B in 5 min, and then a linear gradient from 100% B to 70% B, 30% C 

up to minute 20 with a 3 min re-equilibration period at the initial conditions before 

application of the next sample. For identification of lipidic peaks, fractions were 

collected using an Agillent Technologies fraction collector with a flow delay of 30 sec. 

The collected fractions were individually tested in antiproliferative activitiy.  

 

3.3 Isolation of active component by column chromatography 
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The sub-fraction obtained by HPLC with the highest antiproliferative activity was 

subjected to open column chromatography under gravity on silica gel (2.5cm x 40cm 

using silica, Sigma 60-120 mesh). Sample was poured into the column and then 

eluted using 1L of solvent mixture of hexane: ethyl acetate (50:50), followed by 0.5L 

of acetone and finally 0.5 L of methanol. The eluent was monitored using TLC and 

iodide. The fractions containing similar signals were combined. Schematic 

representation of the isolation procedure is presented in Figure 4. 

 

3.4 Bacterial cultures  

Salmonella typhimurium TA98 and TA100 were used. Fresh overnight tester strain 

cultures, were stored at –80 °C. Tester strains were checked routinely to confirm 

genetic characteristics using the procedure described by Maron and Ames 1983 

(Maron and Ames 1983). 

  

3.5 Antimutagenicity test  

The Ames test (Maron and Ames 1983) was used to test the antimutagenic activity of 

the dry extracts obtained from preparative HPLC and fractionationing were 

reconstituted with acetone to a final concentration of 1.5 mg/mL., and then serially 

diluted 1:10 with acetone and were spiked with pure aflatoxin AFB1 (AFB1) as control 

mutagen (Sigma-Aldrich, St. Louis, MO, U.S.) to a final concentration of 500 ng of 

AFB1/100 μL. Metabolic Activation System S9 mix (Aroclor 1254-induced, Sprague-

Dawley male rat liver in 0.154 M KCl solution), purchased from (Molecular Toxicology, 

Inc.; Annapolis, MD, U.S.) was used to bioactivate the AFB1 and fractions. Residual 

mutagenicity of AFB1 was assayed using the standard plate incorporation procedure 

described by Maron and Ames. Different AFB1 concentrations were used as a control 

for both tester strains. All assays were performed in triplicate.  

 

3.6 1H NMR Analysis 

Measurements were performed using an Agilent Technologies equipment operating 

at 400MHz. Each fraction was dissolved in CDCl3 (500µL, Sigma-Aldrich, Saint Louis, 

Missouri, USA) with a small amount of tetramethylsilane (TMS) as internal standard 
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and the resulting mixture was placed into a 5 mm diameter ultra-precision NMR 

sample tubes. Chemical shifts were recorded in ppm, using TMS proton signal as 

internal standard. 

 

4. Conclusions 

 

The lipidic extract of white shrimp muscle is a source of antimutagenic compouds, 

and even though, this activity has been previously attributed to carotenoid 

compounds, this study demonstrates that compounds responsible for the highest 

activity are apocarotenoids. 
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Table 1. Percentage of Inhibition of AFB1 mutation by the effect of raw extract of 
white shrimp muscle and methanolic and hexanic fractions. 

 
Dose 

(mg/plate) 
Raw extract Methanolic fraction Hexanic fraction 

TA98 

5 94.6± 1.10  a 95.6 ± 0.68 a 67.85± 1.17  b 

0.5 12.63± 12.64 31.31± 13.87 54.71± 14.37 
0.05 10.27± 12.40 10.27± 4.24 -10.27± 9.81 

TA 100 
5 95.36± 2.41  A 95.96± 1.99  A 32.70± 8.03  B 

0.5 2.5± 14.65 11.53± 6.02 0.24± 11.13 
0.05 -14.51± 17.28 -8.64± 12.81 -34.96± 9.18 

 
 
The results are represented as percentage of inhibition of AFB1 mutation 
The results shown are representative from three repetitions.  
Different letters in a row represent significant differences (p < 0.05).  
Spontaneous revertants were 31±2.65 and 117±5.69 and AFB1 control (500 ng) 625±26.16 and 958±27.43 revertants for TA98 and 
TA100 respectively 
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Table 2. Scanning for antimutagenic compounds using AFB1 as control mutagen. 
 

 TA 98 TA 100 

M1 22.79 ± 5.72 a 27.1 ± 10.24 ab 

M2 66.54 ± 5.09 bc 66.14 ± 5.64 de 

M3 63.11 ± 10.16 bc 17.7 5± 8.57 a 

M4 58.63 ± 10.73 abc 72.48 ± 7.29 de 

M5 70.19 ± 3.61 bc 31.02 ± 10.75 abc 

M6 66.48 ± 1.26 bc 42.85 ± 2.14 abcd 

M7 41.16 ± 11.71 ab 30.96 ± 7.44 abc 

M8 80.09 ± 7.06 c 63.73 ± 4.65 cde 

M9 40.82 ± 11.69 ab 52.99 ± 9.33 bcde 

M10 45.01 ± 11.43 abc 46.59 ± 6.88 abcde 

M11 48.67 ± 9.67 abc 56.25 ± 11.63 bcde 

M12 68.04 ± 5.52 bc 79.67 ± 4.35 e 

M13 52.66 ± 11.43 abc 53.35 ± 2.90 bcde 

M14 74.78 ± 7.41 bc 59.26 ± 7.23 bcde 

M15 71.90 ± 4.77 bc 70.98 ± 7.11 de 
 
 
The results are represented as percentage of inhibition of AFB1 mutation (500 ng) 
The results shown are representative from three repetitions.  
Different letters in a column represent significant differences (p < 0.05).  
Spontaneous revertants were 31±2.65 and 117±5.69 and AFB1 control (500 ng) 625±26.16 and 958±27.43 revertants for 
TA98 and TA100 respectively 
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Figure 1. Antimutagenic activity by the effect of methanolic subfractions M2, M8, M12, M14 
and M15 at different concentrations. Results are represented as percentage of inhibition of 
AFB1 mutation (500 ng) in Salmonella (A) TA98 and (B) TA100 tester strains. Results shown 
are representative of three repetitions. Spontaneous revertants were 33±4.04 and 120±7.64 and 
AFB1 control (500 ng) 493±37.17 and 724±21.50 revertants for TA98 and TA100 
respectively.  
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Figure 2. Antimutagenic activity by the effect of methanolic sub-fractions M8a, M8b, M8c 
and M8d at different concentrations. Results are represented as percentage of inhibition of 
AFB1 mutation (500 ng) in Salmonella (A) TA98 and (B) TA100 tester strains. Results shown 
are representative of three repetitions. Spontaneous revertants were 33±4.04 and 120±7.64 and 
AFB1 control (500 ng) 493±37.17 and 724±21.50 revertants for TA98 and TA100 
respectively.  

 
 

 
 

  

0%

20%

40%

60%

80%

100%

120%

140%

160%

4 0 . 4 0 . 0 4

In
hi

bi
tio

n 
of

 R
ev

er
tio

n(
%

)

Dose (mg/plate)

M8a

M8b

M8c

M8d

0%

20%

40%

60%

80%

100%

120%

140%

4 0 . 4 0 . 0 4

In
hi

bi
tio

n 
of

 R
ev

er
tio

n(
%

)

Dose (mg/plate)

M8a

M8b

M8c

M8d

(A) 

(B) 



66 
 

 

 

CAPÍTULO III 

Isolation and Structural Elucidaton of Antiproliferative Compounds 
of Lipidic Fractions from White Shrimp Muscle (Litopenaeus 

vannamei) 
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Abstract 

Cancer is the leading cause of death worldwide and the research efforts are turning to 

the search of chemopreventive/chemoprotective. Bioactive triglycerides were isolated 

from shrimp muscle by chloroformic extraction followed by solvent partition, RP-HPLC 

fractioning and open chromatographic column isolation. M12.C3F6 line cell was 

subjected to the effect of bioactive triglyceride, with an IC50 of 55.02 ± 7.66 μg/mL. 

The effect of bioactive triglyceride on cell apoptosis was analyzed by flow citometry 

where apoptosis induction was observed. Both early and late apoptosis had a 

significant increase from 10.45 ± 4.88 to 17.65 ± 5.02 and 9.1 ± 2.12 to 15.05 ± 

3.04. The activation of caspases was detected in both executer and initiator groups. 

The activation of caspase 3 had significant increase compared to the negative 

control, and the signaling pathway activated was the extrinsic via caspase 8. This 

results prove that the bioactive triglyceride isolated from lipidic extract of white shrimp 

muscle induces the apoptosis of murine cancer cells via activation of caspases.  

Keywords: Shrimp, chemopreventive triglycerides, apoptosis. 
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Introduction 
 

Cancer, according to the World Health Organization, is the leading cause of death 

worldwide [1], and affects approximately one of every three individuals in Europe and 

in the United States of America, appearing as one of one hundred different kinds of 

this disease [2], with a mortality rate of approximately 20% [3]. The worldwide burden 

of cancer in the year 2012 was estimated as 14 million of new cases per year, and is 

expected to rise within the next two decades to 22 million new cases per year [4], for 

this reason research efforts are turning to the search for compounds capable of 

intervening in cancer cell spread.  

 

More than 15,000 natural compounds and extracts have been obtained from marine 

organisms in the search of biological activities [5], and the contributions of the marine 

environment to therapeutic approaches for cancer are expected to increase in the 

future [6], among this marine organisms, our laboratory has been able to isolate 

compounds and fractions with antimutagenic and antiproliferative activities, including  

different species such as octopus [7], yellowtail fish, lisa fish and cazon fish [8]  and 

white shrimp [9,10], one of the most popular seafood worldwide [11].  

 

Antiproliferative activity in shrimp has been attributed to triglycerides esterified with 

eicosapentaenoic acid (EPA); this compounds are able to reduce the proliferation rate 

of M12.C3F6 murine cells [10]. Observations in several cancer cell lines, animal 

models and some epidemiological studies suggest that polyunsaturated fatty acids of 

marine species (PUFAs), specifically ω-3 fatty acids, are able to decrease cell 

proliferation and reduce the viability of cancer cells [12,13]. Purified, and specifically 

EPA, have been previously been reported as antiproliferative compounds [14], and 

specifically inducing cell apoptosis [15,16]. 

 

Apoptosis was first described by Kerr in 1972 [17], a cell process which is 

characterized by a stereotypical pattern of morphological events that includes cell 
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shrinkage, membrane blebbing, nuclear condensation and fragmentation, and finally 

the formation of sealed vesicles called apoptotic bodies [18]. Repression of apoptosis 

is one of the main underlying problems in the development of cancer, and disruption 

of the apoptotic program can promote tumor initiation, progression, and resistance to 

treatment [19]. Based on the above, the aim of the present study is to identify the 

induction of apoptosis by bioactive triglycerides isolated from shrimp muscle 

previously reported as antiproliferative.  

 

Methodology 

Testing Species 

White shrimp (Litopenaeus vannamei) was obtained from a local market in 

Hermosillo, Sonora, Mexico, and transported in ice to the University of Sonora 

Seafood Laboratory. Shrimp muscle was separated, packed, and stored at −20 °C 

until analysis. Shrimp lipidic fraction was extracted following the methodology 

reported by Wilson-Sánchez [9]. Each part of shrimp sample was homogenized with 

five parts of CHCl3 (w/w) in a blender at high speed for 1 min and the resulting 

mixture was poured into an Erlenmeyer flask and agitated for 40 min with the aid of a 

Wrist Action Burrel Shaker (Burrel Corporation, Pittsburg, PA, USA). The mixture was 

filtered through gauze and then through Whatman No. 1 filter paper (Whatman, 

Clifton, NJ, USA) under vacuum. Filtrate was evaporated to dryness under reduced 

pressure at 40 °C. The lipidic extract was then re-dissolved in methanol-hexane (1:1 

v/v), agitated for 30 min and filtrated again through a Whatman No. 1 filter paper 

under vacuum.  

The immiscible phases were separated in a separating funnel, hexane fraction was 

discarded and methanolic fraction was concentrated under reduced pressure at 40 

°C, re-dissolved in chloroform, and dried under N2 stream. All the process was 

performed in darkness, following the isolation process previously described by our 

group [10]. 

Isolation of Bioactive Component by Column Chromatography 

The methanolic fraction was subjected to open column chromatography under gravity 

on silica gel (250 mm × 450 mm using silica, 60-120 mesh, Sigma, St. Louis, MO, 



86 
 

USA). Fraction M12 was poured onto the column and eluted using a mobile phase 

consisting of hexane: ethyl acetate (99:1). The eluents were monitored using Thin 

Layer Chromatography ( TLC) testing plates coated with silica gel and contents were 

revealed using an iodide solution and observed under UV light. The fractions 

containing similar signals were combined.   

Analysis of Lipidic Composition by RP-HPLC 

Fractionation of lipidic fractions was carried out by semi-preparative HPLC using an 

Agilent Technologies HPLC station (Palo Alto, CA, USA) equipped with a Zorbax 

Eclipse XDB-C18 semi-preparative column (250 mm × 9.4 mm internal diameter; 5 

µm particle size; Agilent Technologies). A guard column made of the same material 

was also used. Aliquots of 100 μL from each extract were injected into the column 

according to the modified procedure of [20]. Elution of components was performed 

using a flow rate of 2 mL/min and was continuously monitored by diode array detector 

(DAD) (Agilent Technologies) at 450 nm. Column temperature was maintained at 20 

°C. Solvents used for elution were water (A), acetone (B), and hexane (C). Lipids 

were eluted from the column using a linear gradient from 70 % A, 30 % B to 100 % B 

in 5 min, and then a linear gradient from 100 % B to 70 % B, 30 % C up to minute 20 

with a 3-min re-equilibration period at the initial conditions before application of the 

next sample. Fractions were collected using an Agilent Technologies fraction collector 

with a flow delay of 30 s, M12 was collected following the isolation process; the rest of 

the fractions were discarded.  

Cell Lines 

Cell line M12.C3.F6 (murine B-cell lymphoma) was kindly provided by Dr. Emil R. 

Unanue (Department of Pathology and Immunology, Washington University at St. 

Louis, MO, USA). Cell cultures were cultured in Dulbecco’s modified Eagle’s medium 

(DMEM) (Gibco, Grand Island, NY, USA) supplemented with 5% heat inactivated fetal 

calf serum and grown at 37 °C in an atmosphere of 5 % CO2. 

Antiproliferation Assay 

The effect of shrimp lipidic fractions on the proliferation of the M12.C3F6 cell line was 

determined using the standard MTT assay [50]. Briefly, 10,000 cells (50 μL) were 

placed in each well of a flat96-well plate. After 12 h incubation at 37 °C in an 
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atmosphere of 5 % CO2 to allow cell attachment, cell cultures were incubated with 50 

μL of medium containing various concentrations of the lipidic fractions and incubated 

for 48 h. Shrimp lipidic fractions were first re-suspended in DMSO and diluted in 

supplemented DMEM media. Control cell cultures were incubated with DMSO (final 

concentrations of DMSO 0.06 %–0.5 % v/v). Control cell cultures did not show any 

evidence of cell damage. Prior to the last 4 h of the cell culture, 10 μL of MTT stock 

solution (5 mg/mL) were added to each well. Formazan crystals formed were 

dissolved with acidic isopropanol and the plates were read in an ELISA plate reader 

(Benchmark Microplate Reader; Bio-Rad, Hercules, CA, USA) using a test 

wavelength of 570 nm and a reference wavelength of 630 nm. Plates were normally 

read within 15 min after the addition of isopropanol. 

Apoptosis Detection by Flow Citometry 

Apoptosis of M12.C3F6 cell culture was detected by flow citometry following 

methodology described Vermes [21]. Cells were treated with bioactive compound and 

two positive controls, caffeic acid phenethyl ester (CAPE) and doxorubicin, with 

respective IC50, cells  where then double stained for FITC-annexin V (AnV) binding 

and for cellular DNA using of propidium iodide (PI). Briefly, cells were washed with 

PBA 1X, re-suspended in binding buffer (10 mM Hepes/NaOH, pH 7.4, 140 mM NaCl, 

2.5 mM CaCl,). FITC-annexin V was added to a final concentration of 1 pg/ml annexin 

V, 0.1 mL of PI (10 pg/ml in binding buffer) was added resulting in a final 

concentration of 1 pg PI/ml cell suspension. The mixture was incubated for 10 min in 

the dark at room temperature and then measured by bivariate FCM. Apoptosis was 

measured at 12 and 20h. 

Caspase activation 

Caspase activation was measured by a fluorometric assay using caspase family 

fluorometric substrate kit II plus (Abcam, England). Briefly, cell apoptosis was induced 

with bioactive compounds and cisplatin, using IC50 of both compounds; 24 h later, 

cells were lysed and the cytosolic extract reacted with 7-amino-4-trifluoromethyl 

coumarin (AFC) conjugated substrates. Samples were read in a fluorometer (400 nm 
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excitation and 505 nm emission). Results were compared with un-induced control 

cells. 

 
Results and Discussion 
Crude extract, and methanolic fraction were obtained following our previous report 

[10]; where a bioactive triglyceride esterified with EPA and two saturated acids was 

obtained; even though antiproliferative bioactivity was previously reported in shrimp 

muscle [9], the bioactive triglyceride responsible for the highest antiproliferative 

activity was previously isolated at our laboratory. 

Polyunsaturated fatty acids have been reported as antiproliverative compounds, 

specifically EPA exerts different activities according to the cell line  tested. Cell cycle 

arrest at G2/M has been reported in pancreatic cancer cells [22,23] and breast cancer 

[24] and also at G0/G1 in leukemia cell lines [25], but a triglyceride has not been 

reported as a apoptosis inductor. 

Antiproliferative activity 

Antiproliferative activity of bioactive triglyceride was assessed following the MTT 

assay. One major compound was isolated with a retention time of 14.9 min following 

described methodology (Figure 1) and antiproliferative activity was confirmed (Figure 

2). 

Figure 1. RP-HPLC of bioactive triglyceride isolated from shrimp muscle 
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The isolated triglyceride showed an IC50 of 55.01 ± 7.66 µg/mL. Antiproliferative 

activity has been previously reported on polyunsaturated fatty acids [13,25,26].  

 
Figure 2. Antiproliferative activity of triglyceride isolated from shrimp muscle on 

murine M12.C3F6 cells. 

 

Apoptosis Detection by Flow Citometry 

During the apoptotic process, phosphatidyl serine translocates from the internal to 

external leaflet of the plasmatic membrane, making it available for labeling by AnV, 

and once the membrane is broken, cell can also be labeled with PI, since it binds to 

DNA material inside the cell. Viable cells are negative for both stains (AnV and PI); in 

early apoptotic states, cells present a positive signaling for AnV, and, in late 

apoptosis, they present a positive signal for both AnV and PI [21]. Following this 

principle, apoptosis induction was studied by double staining of M12.C3F6 and further 

analyzed by flow cytometry (Figure 3).  

Apoptosis was measured at 12 and 20 h after exposure, and both early and late 

apoptosis had a significant increase in this period of time from 10.45 to 17.65 and 
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from 9.1 to 15.05, respectively. This results suggest that apoptosis is being induced 

by the bioactive triglyceride. This effect has been previously reported for 

polyunsaturated fatty acids found in marine species; docosahexaenoic acid (DHA) 

has been reported as apoptosis inductor in melanoma [26] and HT-29 [15] line cells; 

as for EPA, on HL-60 [25], lymphoma [16], HT-29 [15] and pancreatic [27] line cells. 

Caspase activation 

Since caspase activation is the main signaling cascade of cellular apoptosis, we 

measured activity of both, initiator (caspases 8, 10, 9 and 2) and executioner 

(caspases 3 and 7) caspases [28].  

Caspases 3 and 7 were activated by bioactive triglyceride with significant difference 

(Figure 4). The activation of this pathway has been previously reported for the two 

main polyunsaturated fatty acids characteristically found in marine organisms,  DHA 

[29] and EPA [29,30]. The activation of this signaling pathway can be due either 

intrinsic or extrinsic pathways; both groups of caspases were analyzed (Figure 5). 

Figure 3. Induction of apoptosis by bioactive triglycerides isolated from shrimp 

muscle on M12.C3F6 murine cells.  Cells were treated with 55 μg/mL F14, 2 μM 

CAPE and 10 μM doxorubicin. (A) Quadrant location for the representative dot plots: 

lower left – negative immunofluorescence (living cells); lower right – annexin V 

positive (early apoptosis); upper left – PI positive (necrosis), upper right – annexin V 

and PI positive (late apoptosis). (B) Results are represented as the average of three 

different experiments. Different letters in the same row represent significant 

differences (p<0.05).  
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Figure 4. Activation of executioner caspases by the effect of bioactive 

triglyceride (F14) 
 
 

 
 
 
 
 

 

 

Caspase 8 was activated by the bioactive triglyceride suggesting that the extrinsic 

pathway is the one that is taking place. These results agree with those of Arita and 

Giros [31,32] where the activation of the extrinsic pathways, specifically the activation 

of caspase 8, was reported when HL-60 and colorectal cancer cell lines were 

exposed to PUFAs. 

 
Figure 5. Activation of initiator caspases by the effect of bioactive triglyceride (F14) 
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Conclusion 

The bioactive triglyceride isolated from white shrimp muscle exerts antiproliferative 

activity by activating the apoptosis mechanisms, specifically through the activation of 

the intrinsic pathway, with the activation of caspase 8; to our knowledge, this is the 

first time a bioactive triglyceride has been an apoptosis inductor.  
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CONCLUSIONES 

 

El extracto lipídico del músculo de camarón es una fuente de compuestos 

quimiopreventivos, incluyendo compuestos con actividad antioxidante, 

antimutagénica y antiproliferativa. 

 
La actividad antiproliferativa que exhibe el extracto lipídico de camarón se debe a la 

presencia de triglicéridos sustituidos con ácido eicosapentaenóico y otros dos ácidos 

grasos poliinsaturados 

 

La actividad antimutagénica se debe a la presencia de compuestos resultantes de la 

oxidación de los compuestos carotenoides, estos son apocarotenoides que 

presentan en su estructura anillos aromáticos. 

 

El triglicrérido bioactivo es capaz de provocar la apoptosis de células de cáncer 

murino por medio de la activación de la vía extrinseca (Caspasa-8) 
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RECOMENDACIONES 

 

Aun cuando estos compuestos bioactivos aislados en esta investigación muestran 

actividades biológicas prometedoras, se necesita más investigación para conocer su 

verdadero potencial quimioterapéutico. 

 

Se recomienda buscar otras actividades biológicas en las diferentes fracciones del 

extracto lipídico de camarón, incluyendo las actividades antiinflamatoria y 

antiangiogénica; actividades biológicas importantes en la quimioprevención del 

cáncer 

 

Se sugiere además, realizar ensayos para determinar el mecanismo de acción por el 

cual el compuesto antimutagénico está realizando su función, lo cual se puede 

establecer con la ayuda del ensayo cometa, y la intervención con la enzima 

citocromo P450. 

 

Se aconseja continuar con los estudios de intervención de los compuestos 

antiproliferativos en el ciclo celular para estudiar si se está llevando a cabo un arresto 

celular dentro del mismo 

 

Se recomienda realizar estudios in vivo con los compuestos antimutagénicos 

aislados de esta investigación, con el fin de establecer si estos ejercen su 

bioactividad en modelos animales. 


