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POLLOS DE ENGORDA COMO MODELO ANIMAL PARA EL ESTUDIO DE LA
OBESIDAD

Alejandra del Carmen Garcia Medina, M.C.

Colegio de postgraduados, 2019.

RESUMEN

Se diseio y evaluo el potencial de una metodologia matematica y biologica para el
estudio de los cambios cuantitativos metabdlicos, fisiolégicos y clinicos que se llevan a
cabo en animales en crecimiento con sobrepeso. Para este fin, se agruparon 30 pollos
recién nacidos en tres grupos, G1, Momordica charantia (polifenoles), G2, Control, G3,
Jarabe de alta fructosa (JAF), y se midieron durante 25 dias los consumos de alimento,
polifenoles y JAF, ademas, la produccion de calor, el cambio en el peso corporal y de las
fracciones corporales (grasa fisica, pechuga, muslo, visceras e intestino), asi como el
grado de hipertension. Se utilizé un sistema de ecuaciones diferenciales para ajustar las
curvas de crecimiento de las fracciones corporales (multi-ajuste) para obtener las tasas
de crecimientos de las fracciones corporales y la cinética del flujo de energia de los
diferentes grupos. El grupo G3 tuvo un consumo superior de 362.22 g/d, en comparacion
con G1 (175.68 g) y G2 (209.93 g), reflejado en una mayor produccién de calor y aumento
en la deposicién de grasa. No se encontraron diferencias de grados de hipertension entre
los grupos. La metodologia desarrollada ayud6 a evaluar cuantitativamente y de una
manera integral los cambios que se presentan en procesos de desbalance energéticos

gue son la base de la obesidad en animales.

Palabra clave: Modelo animal, hipertension, jarabe de alta fructosa, simulacion, pollos

DE engorda, obesidad



BROILERS AS AN ANIMAL MODEL FOR THE STUDY OF OBESITY
Alejandra del Carmen Garcia Medina, MC.

Colegio de Postgraduados, 2019.

ABSTRACT
The objective of the work was to design and evaluate the potential of a mathematical and

biological methodology for the study of quantitative metabolic, physiological and clinical
changes that are carried out in overweight growing animals, as well as changes as a
consequence of compounds that modify the energy balance of animals, either worsening
(high fructose syrup) or improving (polyphenols) nutritional status. 30 one-day-old male
chickens were divided into three groups, G1 Momordica charantia (polyphenols), G2
Control, G3 High Fructose Syrup (HFS); for 25 days, food consumption, polyphenols and
HFS were measured, in addition, metabolic heat production, body weight, weight of the
body fractions (physical fat, breast, thigh, viscera and intestine), and degree of
hypertension calculated from measurements in the hearts of broilers. A system of
differential equations was used to adjust the growth curves of the body fractions in a multi-
fit and to obtain the growth rates of the body fractions. To know the degree of similarity of
the behavior of the animal system with the simulated, a Pearson's linear correlation
analysis was performed. In general, the behavior of the three groups was similar;
however, the group that consumed HFS had a much higher feed consumption 362.22 g /
d compared to the Momordica group (175.68 g) and Control (209.93 g), which was
reflected in increased heat production and increase in fat deposition in the fraction of
physical fat. Regarding the evaluation of the degrees of hypertension, no consistent
differences were found among the groups. The methodology developed in this paper
helped to quantitatively and comprehensively evaluate the changes that occur in energy

imbalance processes that are the basis of obesity in animals.

Key words: Animal model, hypertension, high fructose syrup, simulation, broiler chicken,

obesity
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1. INTRODUCCION GENERAL

En el siglo XXI, la obesidad se convirtié en la principal enfermedad metabdlica en el
mundo, se refieren a ella como una epidemia mundial, que deteriora a la salud, siendo
ella misma una enfermedad que ocasiona enfermedades del area metabdlica,
cardiovascular, asi como dislipidemias, diabetes tipo 2, etc. (Formiguera, 2004). La
enfermedad cardiovascular es hoy en dia la primera causa de mortalidad en las
sociedades desarrolladas, llegando a ser superior al 80% a los 60 afios, tanto en hombres

como en mujeres (Gomez, 2011).

Desde principios del siglo pasado se han usado distintos modelos experimentales y
farmacos, disminuyendo eventos cardiovasculares, factores de riesgo y lesiones
asociadas a éstos en aorta y arterias coronarias (Ortega et al, 2004). Dada la complejidad
del desarrollo de la hipertension arterial pulmonar en el ser humano, es necesario
investigar en modelos animales en los que dicho desarrollo sea semejante a la

enfermedad humana.

Los pollos de engorda, al igual que otras aves, son capaces de desarrollar
hipertension arterial pulmonar por fallas en la morfologia del corazén, temperaturas bajas
y altitud del lugar (Moncaleano et al, 2011). Las aves estan entre los primeros modelos
animales que han sido estudiados con una gran contribucién al conocimiento morfolégico
y bioquimico del proceso de la hipertensién arterial pulmonar. Es un animal capaz de
ingerir dietas muy variadas, pequefio, de facil manejo, que puede presentar cambios
significativos en el colesterol plasmatico y una composicion de las lipoproteinas HDL,

LDL y quilomicrones similares a la especie humana.



Planteamiento del problema

A menudo los cambios en los habitos alimenticios y de actividad fisica tanto humana
como animal ocasionan una mayor probabilidad de enfermedades no transmisibles como
la obesidad, muerte prematura (cardio-respiratorias) (Alvarez et al, 2012), (Morales,
2010) que afectan a los seres vivos, lo cual puede llevar a una discapacidad en la adultez
agravandose cada dia. (Carbajal et al, 2000) mencionan que se estan generando
también costos en servicio médico y medicinas; principalmente en regiones o
comunidades que no cuentan con la economia para pagar esos servicios. Por lo que,
debido a las enfermedades ocasionadas por la obesidad en humanos y animales, se
requiere evaluar el potencial de nuevas metodologias que evalien de manera integral la
complejidad de sistemas animales con desbalance nutricional, por lo que, en el presente
trabajo se plantea la evaluacion de una metodologia matematica y biolégica para el
estudio de los cambios cuantitativos metabdlicos, fisioldgicos y clinicos que se llevan a

cabo en animales en crecimiento con sobrepeso.



II. OBJETIVOS

2.1 Objetivo general

Desarrollar un modelo animal y mateméatico basado en pollos de engorda alimentados
con compuestos quimicos de origen vegetal con cualidades potenciales en la prevencion

y control de la obesidad, mediante la evaluacion del flujo energético.

2.2 Objetivos particulares

A) Evaluar la distribucidén corporal de los compuestos nutracéuticos, suplementados en

la dieta de los pollos de engorda.

B) Generar un modelo matematico mecanistico de la distribucion, efecto metabdlico y

vascular de los compuestos nutracéuticos.

C) Integrar un protocolo de evaluacion del efecto de dietas y compuestos nutracéuticos,

sobre el metabolismo y el sistema vascular en pollos de engorda.



lll. HIPOTESIS

El uso de los pollos como modelo animal y matematico tiene potencial para medir los
efectos de los compuestos quimicos y los extractos de plantas nutracéuticas en el

metabolismo energético.



IV. REVISION DE LITERATURA

La obesidad es una acumulacion de grasa que puede ser normal o excesiva en los
humanos y que puede dafar a la salud (OMS, 2018). La obesidad y sobrepeso se
desencadenan por un desequilibrio energético entre las calorias que se consumeny las
gastadas, es decir que hay un aumento en el consumo de alimentos con alto contenido
de grasas, azUcar, sal y pobres en vitaminas y minerales, asi como nada de actividad
fisica (OMS, 2018). (Stein et al, 2004) mencionan que los habitos alimenticios y niveles
de actividad, junto con un ingreso calérico mayor y con una disminucion del gasto

energético, contribuyen al sobrepeso y obesidad.

4.1 Mecanismo biolégico del apetito

(Blundell et al, 2012) dicen que el control del apetito esta influenciado por factores
fisiologicos y ambientales, y se cree que esta dado por sefales en el metabolismo de la
glucosa, aminoacidos o proteina, formando el efecto glucostatico y lipostatico de
consumo, donde interviene el sistema nervioso central y las caracteristicas sensoriales
de los alimentos. Sefiales que son dadas por las hormonas de insulina y leptina, asi como
células especializadas del tracto gastrointestinal y 6rganos asociados, los cuales regulan

el apetito y a su vez contribuyen a la regulacién del peso corporal.

(Quispe, 2016) menciona que el apetito, el hambre y la ingesta de energia, estan
influenciadas y reguladas por las hormonas y neuronas; ellas inician el proceso de
ingestion de los alimentos en tres fases: la primera que es la fase de inicio donde hay

cambios en la corteza cerebral permitiendo la seleccién de nutrimentos, la segunda



donde hay una secreciéon de saliva, acido clorhidrico, insulina y otras respuestas
reguladoras y la fase de término donde hay sefiales de llenado géastrico y saciedad. En
este sentido, (Camilleri, 2014) menciona que los mecanismos periféricos que regulan el
apetito, incluyen funciones motoras del estbmago, tasa de vacio y acomodacion, que
transmiten sintomas de saciedad al cerebro y que las hormonas y péptidos liberados en
sangre proporcionan retroalimentacion de la llegada de los nutrientes en diferentes
regiones del intestino, donde son liberados para producir el efecto de saciedad en dos
circuitos hipotalamicos y complejo vagal para determinar el cese de ingesta de energia
durante el proceso de ingestion de los alimentos y el retorno del apetito, asi como del

ayuno.

(Vincent et al, 2008) describen el papel importante que juegan las hormonas
gastrointestinales como reguladoras del apetito, hambre, energia, en el balance
energético de las personas obesas. Dichas hormonas como la grelina, obestatina,
polipéptido pancreatico (PP) y otras mas, tienen el poder de ejercer influencia en el
intestino-cerebro. El hipotalamo es quien recibe la orden de la saciedad, el hambre y el
gasto energético, y esta informacién se ve afectada por la hormona melanocortina que
es la que protege contra la pérdida de peso y provoca cambios que contribuyen a un

peso desordenado y al desequilibrio, conduciendo a la obesidad.

4.2 Via metabodlica de los azUcares

La via metabdlica de los azUcares se da en el citosol de las células, la cual se divide

en dos fases. La primera es donde se requiere energia y en la segunda se libera esa

energia. En la primera fase la molécula de glucosa inicial se reordenay se le afiaden dos



grupos fosfato para transformarse en fructosa 1, 6 fosfato, lo que permite que se divida
en dos y forme 2 de tres carbonos fosfatados. Estos grupos fosfatados proveen de
energia 2 ATP que son utilizados. Cuando el azucar en estos dos grupos de azucares
fosfatados se descompone, uno sera diferente y se convertird en gliceraldehido-3-fosfato
gue serd el que entrara al siguiente paso y el otro se convertirh en DHAP que sera el
isbmero favorable; por lo que ambos completan la via (Mendoza, 2008), en el segundo
paso se libera la energia y la molécula de azucar de tres carbonos se convertira en otra
molécula de tres carbonos o piruvato, mediante una serie de reacciones, las cuales
producirdn dos moléculas de energia ATP y una de NADH; dado que esta fase ocurre
dos veces una por cada dos de tres carbonos, resultaran cuatro moléculas de ATP y dos

de NADH en total.

Esta reaccion es catalizada por la enzima fosfofructocinasa quien es la que acelera o
frena la glucdlisis en el citosol, en respuesta a las necesidades energéticas de la célula

(Gonzélez et al, 2007).

4.3 El papel de la via metabdlica en la obesidad

(Loza et al, 2018) mencionan los tipos de carbohidratos que ingresan al cuerpo, el
desajuste del sistema de hambre-saciedad, las diferencias estructurales de
reconocimiento y de captacion entre unos y otros y como los procesos mecanicos de
digestion, velocidad del vaciamiento gastrico, afectan la absorcion que influye con la

saciedad.



También, menciona que la insulina es un factor desencadenante para la entrada y salida
de la glucosa en las células y su movilizacion para su almacenamiento como reserva
energeética y la participacion del sistema nervioso central, para procesos sensoriales y

cognitivos lo que deriva a problemas metabdlicos o sindromes metabdlicos.

4.4 Que es el Sindrome Metabdlico

Es un conjunto de anormalidades o desordenes que se derivan por la obesidad y resultan

enfermedades como las cardiacas, insulina resistencia (Lizarzaburu, 2013).

4.5 Efectos secundarios de la obesidad en el Metabolismo en general

(Lizarzaburu, 2013; Loza et al, 2018) consideran que la obesidad es originada por
factores como la genética, el ambientales y habitos en el ser humano que ocasionan un
cambio en el funcionamiento fisiolégico del organismo, dando lugar a un exceso de
energia que se almacena en forma de grasa y que, dependiendo de su ubicacion en la
anatomia del organismo, ha permitido el desarrollo de enfermedades relacionadas con
la movilizacién y captacion de las energias obtenidas por los alimentos y los procesos
metabdlicos vy fisioldégicos naturales del cuerpo. Lo anterior, modifica las sefiales que
actuan como reguladores (hormonas) para el procesamiento de ingesta-saciedad de los

alimentos y almacenamiento de la energia obtenida.

También existe una proteina, la FABP2 intracelular que solo esta presente en el
intestino delgado, esta involucrada en la absorcion y transporte intracelular de acido
grasos de cadena larga, lo que sugiere que el aumento del flujo de estos acidos grasos

adquiridos en los alimentos y que pasan a la circulacidon sanguinea; permiten una

8



alteracion en el metabolismo de la glucosa a la insulina, lo que ocasiona desordenes

metabdlicos (Albala et al, 2006)

Las alteraciones que manifiestan algunas grasas (dislipidemias), como son, niveles
altos de colesterol, LDL vy triglicéridos, asi como niveles bajos de colesterol HDL, son
originados por herencia, pero también por una alimentacién inadecuada rica en grasas y
la poca actividad fisica. Esto trae a largo plazo infartos al miocardio, ateroesclerosis

(grasa en las arterias), trombos y taponamiento (Gupta et al, 2017).

4.6 Efectos secundarios de la obesidad en el estado Fisiolégico general

Aumenta el reflujo gastroesofagico (regresion de los jugos gastricos, con contenido
alimenticio del estbmago hacia el es6fago), asociado a una relajacion del esfinter y a su
véz este reflujo compuesto de acido gastrico viaja a las vias aéreas del pulmén causando
broncoconstriccion por microaspiracion por el reflejo vagal que se produce (Brito et al,

2012).

Dice que la obesidad en el sistema renal ocasiona una serie de afectaciones,
particularmente en el tracto urinario inferior; donde a la préstata le ocasiona hiperplasia
(agrandamiento) benigna y a la vejiga la hace que tenga actividad muy intensa o ganas
de orinar constantemente, esta condicion se da principalmente en los hombres,

dependiendo de su edad, raza y origen de etnia (Nunzio et al, 2014)

Existen dos tipos de condiciones andémalas en el sistema respiratorio, que estan
relacionadas con los problemas de la obesidad, llamadas obesidad simple y sindrome

de hipoventilacion-obesidad, los cuales determinan el grado de afectacion a la hora de



respirar; dependiendo de la edad, nivel de la obesidad, distribucion de la grasa en el
cuerpo (central o en otras partes), o que indica que un exceso de peso, alterara la funcion

respiratoria como la disnea, ocasionando edema e hipertension pulmonar (Pérez, 2007)

El consumo de grasa en los alimentos trae consigo enfermedades del corazon. Sin
embargo, estudios en los Estados Unidos demostraron que, aunque se promovieron la
ingesta de alimentos bajos en grasa, la obesidad siguié aumentando por el consumo de
los azlcares (Johnson et al, 2007). En la década de los 60, las dietas en el occidente
eran muy ricas en azucar, jugando un papel muy importante en la epidemia de las
enfermedades cardiacas. Esto trajo como consecuencia enfermedades crénicas del
corazon, especificamente la hipertension arterial pulmonar (HAP) por sus siglas en
inglés. Y que se caracteriza por el aumento de la resistencia en las arterias pulmonares,
provocando una sobrecarga en el corazon especificamente en el ventriculo derecho
(VD); y que finalmente provoca insuficiencia cardiaca derecha congestiva; presentando
como consecuencia falta de aire, fatiga, dolor toracico y perdida del conocimiento

(Zagolin et al, 2015).

4.7 Obesidad a nivel mundial
la obesidad y el sobrepeso constituyen un serio problema, ya que no solo en edades
adultas esta afectando a la sociedad, sino hasta en edades infantil y juvenil, debido a los

malos habitos que comienzan en la nifiez y se establecen en la adultez (Gutiérrez et al,

2011; Gonzalez et al, 2015).
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En el mundo existen cerca de 1 400 millones de adultos que padecen sobrepeso y
500 millones con obesidad, aumentando paralelamente las alteraciones metabdlicas. Un
estudio que hizo la organizacion de las naciones unidas en el 2013 a nivel mundial sobre
la obesidad y el sobrepeso de toda la poblacion; concluyeron que se trataba de un
problema global, casi una pandemia, y que debia atenderse de manera rapida,
mencionando también que los niveles de obesidad y sobrepeso, se dan principalmente
en paises pobres con un mayor porcentaje en la poblacién urbana (Latham, 2002;

Camargo, 2015; ONU, 2013).

4.8 Obesidad en México

En México, 7 de cada 10 adultos (méas de 49 millones) y uno de cada tres nifios de
entre 5 a 19 afios (12 millones) presentan peso excesivo (Rivera et al, 2012).
Actualmente, México y Estados Unidos de Norteamérica ocupan los primeros lugares en
obesidad a nivel mundial, con un 30% en la poblacion adulta, derivada por factores
multifactoriales como son, el mal estado de nutriciébn por alimentos ricos en grasa,
carbohidratos y bajas en fibra, el lugar de nacimiento por estar ligado a los habitos
alimenticios propios del lugar, al ambiente urbanizado en comparacion con el medio rural
debido a mayores niveles de estrés, al sedentarismo, crecimiento econdémico,
modernizacion y la globalizacién de los mercados alimentarios, asi como la sustitucién
de la actividad fisica por la de los video juegos, ver television (Davila et al, 2015; Acosta

et al, 2013).
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4.8.1 Gastos en salud

Debido a que la obesidad es una enfermedad crénica, con importantes implicaciones
sociales, sanitarias y econdémicas (Montoya, 2017), se estima que la obesidad sea
responsable del 1 al 3 % del total de los gastos de atencion médica en la mayoria de los
paises a nivel mundial y que los costos aumentaran rapidamente en los proximos afios
debido a las enfermedades metabdlicas que estan relacionadas con la obesidad y el

sobrepeso.

En México, se estima que la atencion de enfermedades causadas por la obesidad tiene
un costo anual aproximado de 3 mil 500 millones de dolares; para el 2017 dicho gasto

aumento a los 77 919 millones (Davila et al, 2015).

4. 9 Tratamientos para la obesidad en general

Es necesario identificar las opciones terapéuticas mas efectivas, aun ante la
predisposicién genética, el estilo de vida de las sociedades modernas y la falta de
actividad fisica. Se proponen compuestos bioactivos que son capaces de promover
respuestas moleculares muy convenientes para mejorar la salud y reducir riesgos de
enfermedad; como los nutracéuticos con potenciales clinicos beneficiosos para la

obesidad (Carrier et al, 2013).

4.9.1 Nutraceuticos: como el &cido alfa lipoico que tiene funcién en el cofactor para
la a glutarato deshidrogenasa mitocondrial y piruvato, encontrandose en algunas frutas

como el tomate (Carrier et al, 2013).
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4.9.2 Alb6patas: Como las plantas herbales o suplementos herbales para terapias
establecidas para bajar de peso, se utiliza como un complemento alternativo en la
medicina, estos incluyen extractos crudos y compuestos de plantas, para inducir pérdida
de peso; se utilizan como antioxidantes en el metabolismo y oxidacién de las grasas,

ejemplo: la calcarea carbonica (Tibrewal et al, 2017).

4.9.3 Dietéticos: son los alimentos que tienen la finalidad de satisfacer total o
parcialmente las necesidades alimenticias de personas con capacidad alterada para
ingerir, digerir, absorber, metabolizar o excretar alimentos normales o determinados
nutrientes en personas como los obesos. Son alimentos bajos en grasa o light, sin gluten,
reducidos en calorias, ejemplo: extracto de zanahoria, en sumos y bebidas (Rodriguez

et al, 2001).

4.10 Modelos animales

La medicina cientifica nace con la observacién y la experimentacién en animales y los
datos obtenidos mediante estos experimentos, han sido tema permanente de interés en
la comunidad cientifica ya que se pueden realizar distintos estudios para enfermedades
en humanos en diferentes areas de investigacion y a costos muy bajos, constituyendo
pasos fundamentales en la biomedicina (Rodriguez, 2007), como es el caso de estudios
con ratas para estudiar el potencial de ciertas plantas en procesos inflamatorios y
analgésicas, logrando avances significativos, como lo es en la Spilanthes acmella

(Chakraborty et al, 2004).
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Actualmente se requieren estudios para proyectos de investigacién como en pruebas
diagnésticas, terapéuticas y para controles de productos farmacéuticos. Se realizan
experimentos con animales basicamente en tres areas: en la docencia para adquirir
habilidades en procesos quirdrgicos como entrenamiento y conocer procesos
fisiolégicos, en la industria para el desarrollo de tecnologias que estan relacionadas con
los alimentos y mejoramiento genético en plantas y en la investigacion para evaluar

enfermedades genéticas en humanos, producir vacunas, medicinas (Rodriguez, 2007).

4.10.1 Uso del pollo de engorda como modelo animal

El uso de aves ha servido para estudiar ciertas enfermedades en humanos y en la
produccién avicola, muchas de ellas, causadas por hipoxia, factores internos, externos,
genéticos; han permitido implementar el uso de ciertos compuestos que ayudan en la
reparacion del dafio (Bautista et al, 2013). EI modelo animal de pollo de engorda se ha
investigado por varios afios con respecto a casi todos los aspectos de la patobiologia de
la HP humana: Por lo que una de las razones para su uso, sea en la sensibilidad a
desarrollar dicha enfermedad en condiciones normales e inducida, debido a su rapido

crecimiento y a su falta de capacidad vascular (Colvin et al, 2015)

4.10.2 Induccidn

La remodelacién vascular en pollos de engorda se refiere a una oclusiéon en una de
las arterias del pulmédn, lo que provoca una carga en el ventriculo derecho del corazon,
esto ocasiona que, el volumen de sangre que perfunde normalmente el pulmén, se

duplique y por lo tanto halla un doble gasto cardiaco proporcionalmente muy alto y que
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junto con una vasculatura pulmonar no compatible y de baja capacidad, pueda conducir
a un desajuste de ventilacién y perfusién causando hipoxia y un rapido desarrollo de
presion arterial, llamado sindrome de hipertension arterial pulmonar (SHAP) en pollos de

rapido crecimiento (Bautista et al, 2012).

Los pollos de rapido crecimiento son susceptibles a HAP, debido al tamafio de sus
arteriolas (de 30 a 300 um) de diametro, por lo que desencadenan el aumento de la
resistencia al flujo sanguineo en los pulmones, causando la disfuncion endotelial y la
hipertrofia o proliferacion del musculo liso (remodelacion) en las arterias, que son
cambios histopatoldgicos clave del SHAP en modelos animales (Wideman et al, 2011) y

en la hipertension arterial pulmonar idiopética (IPAH) en humanos.

4.10.3 Estudios de arterias in vitro

(Bautista et al, 2013) han hecho investigacion a nivel in vitro probando vasodilatadores
y vasoconstrictores en las arterias con una disfuncion endotelial y remodelacion vascular
gue se sabe que culmina con la muerte del ave afectada. Estos sustratos como la
arginina son vasodilatadores, asi como el 6xido nitrico sintetasa endotelial (eNOS) que
es una enzima que potencializa la vasodilatacion normal en las arterias y que reduce la
remodelacion de la arteria pulmonar mediante el aumento de la apoptosis de las células

del musculo liso, permitiendo de igual manera la funcién del 6xido nitrico a falta de ella.

4.11 Jarabe de maiz de alta fructosa

El Jarabe de maiz de alta fructosa (JMAF) es usado como alternativa edulcorante

liquido, que se introdujo por primera vez en la industria de alimentos y bebidas en los
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afios 70. El JIMAF gue fue muy aceptado por su bajo costo y como reemplazo al azucar
de cafa, esto debido principalmente a su dulzura comparable a la de la sacarosa, a la
estabilidad y funcionalidad mejoradas, y a la facilidad de uso (White, 2008). (Santillan et
al, 2017) definen el edulcorante como un aditivo que sirve para dar un sabor dulce a los
alimentos y que son utilizados con la finalidad de proporcionar placer al comerlos,

llamados también edulcorantes de alta densidad.

El IMAF tiene su origen en los Estados Unidos en el afio de 1966 y para el afio de
1967 ya se estaba llevando a cabo la patente de un proceso enzimatico para convertir la
dextrosa en fructosa a partir de reacciones quimicas como la hidrélisis del almidén e
isomerizacién, para transformarla en porcentajes (White, 2014). La produccién de
jarabes de alto contenido en fructosa, a partir del almidon de maiz, producido por la
isomerizacién enzimatica, permitieron grandes avances tecnoldgicos en la década de los
60 (Bantle, 2009). La conversion de glucosa a fructosa por hidrolisis de la sacarosa, (42
y 55 % de fructosa) ha permitido su uso en las industrias de edulcorantes y refrescos, a
un costo muy rentable; permitiendo el reemplazo de la sacarosa (azucar de cafia) en la
dieta, representando un 40 % de todos los edulcorantes caléricos agregados (Bray et al,

2004).

4.11.1 Repercusiones en la salud por el consumo de JMAF

4.11.2 Efectos metabélicos

El consumo de jarabe de (JMAF) se metaboliza principalmente en el higado, cuando se
absorbe por esa via, haciendo que el ATP disminuya rapidamente a medida que el fosfato

se transfiere a la fructosa, en una forma que facilita la conversion a precursores de
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lipidos. La ingesta de fructosa aumenta la lipogénesis y también la produccién de acido

arico (Carvallo et al, 2019)

4.11.3 Efectos fisiolégicos

Se ha planteado la hipétesis de que el consumo de fructosa en los alimentos podria
promover el aumento de peso, ya que no estimula la secrecion de insulina o la produccién
de leptina en el tejido adiposo, esto debido a que la produccién de leptina, que es una
hormona que regula a nivel cerebral la ingesta de saciedad y apetito, esta regulada por
el metabolismo de la glucosa mediada por insulina. La ingesta de fructosa no produce
aumentos de glucosa en plasma o concentraciones de insulina relacionadas con las
comidas que puedan activar a esta hormona, provocando las tasas de sobrepeso y
obesidad que han aumentado constantemente durante décadas, y los problemas que
enfrenta la sociedad a causa de esto y con las enfermedades metabdlicas asociadas
(Stanhope et al, 2008; Angelopoulos et al, 2009; Carvallo et al, 2019) menciona que
estudios con ratas ha permitido observar que aln en ausencia de una excesiva ingesta
caldrica de la fructosa, hubo un aumento de tejido adiposo y se observé que la fructosa
promovio una mayor ingesta de los alimentos, asi como un aumento de peso corporal y

peso del higado.

4.11.4 Efectos clinicos

Los efectos clinicos que desencadenan enfermedades como la hipertension arterial
pulmonar, resistencia a la insulina, diabetes tipo 2, dislipidemias y exceso de grasa fisica,

se dan por exceso en el consumo de fructosa. Ademas, algunos estudios sugieren que
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la ingesta de fructosa puede conducir a un aumento de los indices de inflamacién y estrés

oxidativo (Rippe et al, 2013).

4.12 Nutracéuticos

Los compuestos nutracéuticos son quimicos encontrados en algunos alimentos y que al
ser ingeridos son beneficiosos para el cuerpo humano ya que previenen, tratan
enfermedades y mejoran el rendimiento (Akhtar, 2005). (Carvallo et al, 2019) mencionan
gue algunos compuestos de las frutas contienen antioxidantes y que pueden ser
beneficiosos para la salud porque contrarrestan alimentos altos en energia como la

fructosa.

4.12.1 Tipos de compuestos

Existen compuestos nutracéuticos, que se pueden clasificar segun sus fuentes
naturales, condiciones farmacoldgicas y por sus condiciones quimicas; en tres grandes
grupos: la primera, en sustancias con funciones nutricionales como las vitaminas,
minerales, aminoacidos, &cidos grasos y como nutrientes definidos; la segunda en
hierbas o productos botanicos como los concentrados y extractos; la tercera como
reactivos derivados de otras fuentes, como por ejemplo el piruvato, sulfato de codroitina,
los precursores de hormonas esteroides que estan enfocadas a la nutricion deportiva,
suplementos alimenticios y para la pérdida de peso, asi como sustitutos de comida o

suplementos dietéticos (Larussa et al, 2017).
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4.13 Polifenoles

Los polifenoles son metabolitos secundarios ampliamente distribuidos en varios
sectores del reino de las plantas superiores, especialmente en las familias de las
leguminosas, las rosaceae, polygonaceae, fagaceae, rhyzophoraceae, myrtaceae y
Melastomataceae (Isaza, 2007) y son un conjunto heterogéneo de moléculas que
comparten caracteristica de poseer en su estructura varios grupos bencénicos
sustituidos por funciones hidroxilicas (Hernandez et al, 1999) que estan implicados en
procesos de crecimiento, lignificacion, polinizacién, pigmentacion y reacciones de

defensa contra su depredacion (Barberan, 2003).

4.13.1 Usos

En los ultimos afios se ha demostrado que una dieta rica en polifenoles vegetales puede
mejorar la salud y disminuir la incidencia de enfermedades cardiovasculares, estos se
pueden encontrar en varios alimentos como el chocolate, cacao, en frutas como el
arandano, vino y te que tienen efectos antioxidantes con acciones en funciones
vasodilatadoras, vasoprotectoras, ademas de proporcionar beneficios antitromboticas,
antilipémicas, antiateroscleréticas, antiinflamatorias y antiapoptéticas (Quifiones et al,

2012).

4.14 Momordica charantia

La combinaciéon de la medicina y el uso de vegetales han hecho que M. charantia

(especie Momordica) sea popular desde hace miles de afnos; pertenece a la familia de
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las cucurbitaceas; es comunmente conocido como calabaza amarga, pera balsamo,
melén amargo, Kugua o Karela, su hoja tiene bordes aserrados, teniendo un sabor muy

amargo (Jia et al, 2017).

4.14.1 Origen

La momordica charantia, tiene su origen probablemente de Africa y Asia tropical y
subtropical. Actualmente se encuentra ampliamente en todas las regiones tropicales y
subtropicales de todos los continentes, es muy invasiva en forma de enredadera, la cual
ha sido reportada como invasora en otras partes del Pacifico, como Brasil, el Caribe y

México (Cabi, 2019).

La M. charantia, actualmente en México se encuentra en Baja California Sur, Campeche,
Chiapas, Colima, Jalisco, Morelos, Nayarit, Tabasco, Veracruz y Yucatan (Hanan et al,
2009). El fruto es oblongo o en forma de huso con granos en la superficie, se asemeja a
un pepino pequefio; la fruta joven es verde esmeralda que se vuelve naranja cuando esta
madura, mientras que la carne se vuelve escarlata durante la maduracion y sus semillas

son de color rojo (Cabi, 2019).

4.14.2 Usos

La fruta de la M. charantia puede usarse como alimento en todas las etapas de
maduracion, se usa comunmente como vegetal en diferentes partes del mundo. La M.
charantia posee varias actividades farmacologicas, entre ellas como antiinflamatorio,
hipoglucemiantes, antibacterianas, antivirales, antitumorales, inmonumodulacion,

antioxidantes, antidiabéticos; tiene efectos adversos la cual limitan su aplicacion mas
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amplia, como sintomas toxicos, una baja rapida de azucar en sangre en nifios y adultos,

aborto o incluso la muerte en animales de laboratorio (Jia et al, 2017).

4.15 Modeling approach

El enfoque Problema Inverso (IPA) deterministico se define como una inferencia
deterministica que permite mejorar la descripcion estructural de los sistemas y
pardmetros a partir de los datos (Vargas et al, 2019; Tedeschi, 2019). IPA esta basado
en procedimientos, métodos y técnicas, con la finalidad de responder preguntas
especificas de investigacion. Una de las metodologias usadas para este objetivo es la
Identificacion de Systemas, definido como un proceso con el objetivo de construir y
seleccionar un modelo matematico basado en las entradas y salidas de datos al sistema
(Katayama, 2006). El enfoque Identificacién del Systema requiere un conjunto de datos
obtenidos a partir de mediciones de entradas y salidas, un modelo (o conjunto de
modelos) y un criterio para evaluar si el (ellos) son adecuados para el objetivo planteado.
El uso de enfoques de modelacion para el estudio de la nutricion requiere una adecuada
descripcion del sistema biologico, pero también evaluaciones matematicas y biolégicas
para conocer lo adecuado del modelo para profundizar en la comprensién del sistema.
La energia puede ser estudiada como un sistema cerrado para describir la particion de
la energia, la produccion de calor, el efecto de la dieta en el consumo voluntario, el
crecimiento y el metabolismo. También, los resultados pueden ser contrastados con el
efecto secundario de la nutricion o tratamientos farmacolégicos de los alimentos
nutracéuticos. En este sentido, la exploracién del enfoque de Identificacion de Sistemas
puede ser implementado para evaluar la factibilidad de la utilizacion de pollos de engorda

como modelo animal y matemético para el estudio de la obesidad.
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ABSTRACT

The objective of the work was to design and evaluate the potential of a mathematical
and biological methodology for the study of quantitative metabolic, physiological and
clinical changes that are carried out in overweight growing animals, as well as
changes as a consequence of compounds that modify the energy balance of
animals, either worsening (high fructose syrup) or improving (polyphenols) nutritional
status. 30 one-day-old male chickens were divided into three groups, G1 Momordica
charantia (polyphenols), G2 Control, G3 High Fructose Syrup (HFS); for 25 days,
food consumption, polyphenols and HFS were measured, in addition, metabolic heat
production, body weight, weight of the body fractions (physical fat, breast, thigh,
viscera and intestine), and degree of hypertension calculated from measurements in
the hearts of broilers. A system of differential equations was used to adjust the
growth curves of the body fractions in a multi-fit and to obtain the growth rates of the
body fractions. To know the degree of similarity of the behavior of the animal system
with the simulated, a Pearson's linear correlation analysis was performed. In general
the behavior of the three groups was similar, however, the group that consumed
HFS had a much higher feed consumption 362.22 g / d compared to the Momordica
group (175.68 g) and Control (209.93 g), which was reflected in increased heat
production and increase in fat deposition in the fraction of physical fat. Regarding
the evaluation of the degrees of hypertension, no consistent differences were found
among the groups. The methodology developed in this paper helped to quantitatively
and comprehensively evaluate the changes that occur in energy imbalance

processes that are the basis of obesity in animals.
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INTRODUCTION

Obesity refers to an excessive fat accumulation in humans that is brought about by
an energy imbalance between consumed and used joules that is, there is an
increase in consumption of fat, sugars and a reduced physical activity (OMS, 2018).
This appetite control is influenced by biological and environmental factors,
originating from signals in the metabolism of sugars and proteins, as well as sensory
signals from food, where signaling hormones such as insulin are involved, leptin and
cells of the gastrointestinal system (Blundell et al, 2015). Pulmonary arterial
hypertension (PAH), a side effect of obesity, is characterized by reduced lumen in
the arteries, creating resistance to the lung and right ventricle of the heart (Assad et
al, 2015), which is usually linked to a metabolic disorder where there is insulin
resistance that leads to alterations in glycolysis and fatty acid oxidation. Due to its
complexity, obesity and PAH requires a comprehensive and integral study that
allows the evaluation of the different factors that generate it and the disorders they

cause.

Scientific medicine was born with observation and experimentation in animals and
the data obtained through these experiments have been a permanent topic of
interest in the scientific community as different studies can be carried out for
diseases in humans in different areas of research and at very low costs, constituting

fundamental steps in biomedicine (Rodriguez, 2007), as it is the case with studies
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on rats addressing the potential of certain plants in inflammatory and analgesic
processes, making progress such as in the Spilanthes acmella (Chakraborty et al,

2004).

The use of chickens to study certain diseases in humans and disorders in poultry
production, caused by hypoxia, derived from internal, external or genetic factors
enables the implementation of certain compounds that may help in the repair of
damage (Bautista-Ortega et al, 2013). Studies are currently required for research
projects such as diagnostic, therapeutic and pharmaceutical controls. Animal
experiments are conducted basically in three areas: in teaching to acquire skills in
surgical processes such as training and to know physiological processes, in the
industry for the development of technologies that are related to food and genetic
improvement in plants and research to evaluate genetic diseases in humans,
produce vaccines, medicines (Rodriguez, 2007). The animal model of the broiler
chicken has been researched for several years regarding almost all aspects of
human Pulmonary Hypertension pathogenesis: So one of the reasons for its use is
the sensitivity of the broiler chicken to develop the disease under normal and induced

conditions, due to its rapid growth and reduced vascular capacity (Colvin et al, 2015).

There are chemical compounds in some foods that when ingested are beneficial to
the human body, since they prevent, treat diseases and improve physiological
performance (Akhtar, 2005). (Carvallo et al, 2019) mention that some compounds in
fruits contain antioxidants that can be beneficial to health, because they counteract
potential harmful effects of high-energy foods like fructose. Cardiovascular disease
is now the leading cause of death in developed societies (Moncaleano et al, 2011),
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so it is of outmost importance to investigate such conditions using animal models,
especially in they recreate the pathophysiological progression similar to the human

disease.

The deterministic inverse problem approach (DIPA) is defined as a deterministic
inference that allows the best structural description of a system and parameters from
data (Vargas-Tedeschi, 2019). DIPA is based on procedures, methods and
techniques to answer specific research questions. One of the methodologies used
for this objective is system identification, defined as a process to build and choose a
mathematic model based on input-output data of the system (Katayama, 2006). The
system identification requires a data set obtained by input-output measurements, a
model (or set of models) and a criterion to evaluate if it (or them) are adequate for
research aim. The use of modelling approaches for the study of nutrition requires an
adequate description of the biological system, but also a mathematical and biological
evaluation to know the adequacy of a model to deepen in the understanding of the
system. The energy can be studied as a closed system to describe the energy
partitioning, the heat production and the effect of the diet in the voluntary feed intake
(VFI), growth and metabolism. Also, the energetic results can be contrasted with

side effects secondary to nutritional or pharmacological treatments.

According to the importance of cardiovascular diseases in modern culture as a
consequence of the obesity and the complexity of the multifactorial system involved,
an animal and an exploratory system identification problem can be implemented for

evaluate the feasibility of using broilers as animal-model for the study of obesity.
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MATERIALS AND METHODS

Research Location

The research was conducted at the poultry facilities in Colegio de Postgraduados,
Campus Campeche, located at carretera Haltunchen-Edzna, km 17.5, Sihochac,
Champoton municipality, Campeche State, Mexico, located at parallel 19°51”00”
north latitude and meridian 90°31”59” longitude. Climate is hot, humid with summer

rains (from june to october) and average annual temperature of 27 °C (INEGI, 2015).

Housing

A poultry house, measuring 10 m long X 5 m wide X 7 m high was used in this
investigation. One pen measuring 3.90 m wide X 4.0 m long was used with wood
shavings as litter. The entire pen was surrounded with metal wire mesh to control
predators and black plastic to control the temperature; canvas curtains were also

placed to prevent north and south winds from entering the shed.

a) Cages for one-day-old chicks

30 one-day-old broiler chicks were purchased from la local hatchery and were
blooded in a cage made of metal sifting mesh approximately one meter high and one
meter in circumference with litter bed made of wood shavings with fee access to

water and feed and continuous lighting. Chicks were housed in this pen for 15 days.
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b) Experimental pens

The 15-day-old chicks were relocated to three pens measuring 1.88 m long X 1.30
m wide X 3.24 m high. Pens were fitted with litter made of wood shavings; birds had

free access to water and feed. Temperatures ranged from 25 to 28 22 C.

c) Cage for a single chicken

A cage was designed to hold a single chicken which was cylinder-shaped and
surrounded with chicken-type mesh; the holding cage had a diameter of 40 cm and
one meter high and was placed within the same group pen; the cage floor had a
plastic sheet to collect feces daily the cage was fitted with a feeder and drinker
respectively. The feed consumption was recorded daily and water was provided ad

libitum.

Thirty one-day-old chickens were randomly distributed into 3 groups of 10 individuals
each: G1 Momordica charantia (polyphenols), G2 Control, G3 High Fructose Syrup
(HFS); fed a commercial starter feed (CP 21.0; ME 3200 Kcal) from day 1 to day 18;
and Finisher diet (CP 19.0, ME 3000 Kcal); Momordica and HFS were provided
within a clear plastic capsule, with the adjusted doses, according to the weight of the
birds (Gémez et al, 2013) and with the knowledge of a bibliographic review for
Momordica charantia (Jia et al, 2017) and for fructose in capsules at full capacity

with high fructose syrup.

Broilers were subsequently subjected to surgical plane of anesthesia to induce

pulmonary arterial hypertension that consisted in the occlusion of the external

38



pulmonary artery that is described below according to Bautista-Ortega, et al (2013).
Surgery was conducted in chickens aged 16-19 days of age. Birds are induced to a
plane of anesthesia, using a combination, intramuscular of ketamine (Hcl Ketased
100 mg mL-1) and xylacin (Anased 100 mg mL-1), at a ratio of 1:1. In 0.01 ml dose
of mixture/100 g body weight. The chickens already anesthetized were placed in a
supine position with the neck extended on the surgical table and on a rectangular
base with measures 40 cm wide and 50 cm long in which a fastening ligattion swings
for wings and legs were extended, which prevented any movement in the
anesthetized birds. In the middle of the incision that was made, a vascular clip was
placed, consisting of silver wire with a diameter of 0.50 mm. The incision was closed
with absorbable surgical suture thread number 3 and disinfected with iodine and

clean water.

c) Postoperative care

The chickens recovering from anesthesia were placed under a heat lamp on an
individual cardboard; observation lasted for two hours, during which time care was
taken so that the birds did not vomit to prevent drowning, and once they recovered
they were taken to their pens. Treatment lasted 18 days, with an observation period
of 25 days. At the end of the experiment, individual feed intake, polyphenols
consumption, HFS consumption, metabolic heat measurement, individual body
weight, body fat weight, breast weight, thigh weight, viscera and intestine weight, as

well as the degree of hypertension of chickens were determined.
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Chemical analyses of dry matter, crude protein, ether extract, ash, neutral detergent
fiber and total polyphenols were performed and used the results to describe the
chemical composition behavior during the experiment. All procedures were
performed according to the guide for care and use of experimental animals approved

by the General Academic Council of the Colegio de Postgraduados.

Development of Model

An energetic balance-of-mass model was developed and exported to Stella VI and
Berkeley Madonna software, respectively. The model describes the energetic
balance due diet type and the mass and kinetic behavior of the broiler fractions
through the submodel, Digestible energy, Liveweight, Heat and Mass chage (Table
1). To obtain the kinetic parameter, a multifitting procedure was implemented and,

finally, a simulation was performed for the evaluation of the system (Table 2 and 3).

Analysis of the Degree of Association among Variables

In order to investigate the linear relationship or association of observed vs simulated
variables; Pearson's linear correlation analysis was used, p, (Rho). The Correlation
coefficient indicates the degree of relationship and trend. The closer to 1 (one) or -1
(minus 1) the stronger the relationship, and the closer to zero the weaker the
relationship. The software for statistical analysis SAS version 9.4, which generates

a correlation matrix that allows us to test the following set of hypotheses, was used:

Ho: There is no relationship between the variables, p =0

Ha: There is a relationship between the variables, p # 0
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RESULTS

Individual Feed Consumption

Figure 1 shows results on individual feed consumption for each group. Fructose
group is the one with the highest feed consumption during the entire experiment,
with a value of 362.22 g at the end of the experiment. In the case of the Momordica
and Control groups, the Control group had the steepest slope during the growth out
period, both lower than the feed consumption of the Fructose group, with values at
the end of the experiment for Momadrdica of 175.68 g and 209.93 g for Control,
respectively. The excrement confirmed the difference of feed consumption og

Fructose group in relation to other groups where Fructose.

Polyphenol Consumption

Figure 2 and 3 show the consumption of polyphenols (Momordica) and Fructose,
respectively. For the Momaordica group, polyphenol consumption was 286.44 mg at
day 15 whereas at 35 days of age it was of 496.91 mg polyphenols. Fructose
consumption was 1.31 g/day at day 25 and 2.31 mg at the end of the experiment

(day 35).

Body Weight

Figure 4 shows that the average body weight per group, have visible changes from
25 days of age. At day 25, the Control group had an average body weight of 406.27
g and the Momordica of 587.33 g, whereas the Fructose group had an average body

weight of 36.45 g. At 40 days of age, the Fructose group increased its body weight
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to 1,626.33 g and at 50 days of age they weighed 2,686.25 g, higher than the body

weight of the other two groups, the Control and Momordica had similar averages.

Heat Production

The average heat that was released during the metabolic processes of the broiler
chicken is shown in Figure 5. There were differences among groups. At day 25, the
Momordica group produced 277.02 joules and the Control group 66.43 joules; for
Fructose group, no heat production was reported until 27 days of age with 80.91
joules. It can be seen that the three groups, within 30 days, have fluctuations or

changes in their heat production level as a result of the change in diet.

The Momdérdica and Control groups produced 909.48 and 1,230.20 joules
respectively, whereas for the Fructose group produced 2,789.94 joules,
approximately three times the Momordica group and more than double that found
with Control groups. This suggests an imbalance in the metabolic combustion of the

broiler chicken from the Fructose group.

Breast Weight

Figure 6 shows that the breast weight in all groups remained almost the same,
starting at 25 days for Momoérdica 156.26 g, Fructose 129.76 g and for the Control
group with 131.16 g. At the end of the experiment the same trend was found for the
three groups, with data for Momaordica of 700.40 g, Fructose 758.00 g and for Control

of 710.87 g.
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Thighs Weight

Figure 7 shows that there was no difference among groups regarding thigh weight.
At the beginning of the experiment with thigh weight for Momordica group was 82.66
g, for Fructose of 70.48 g and for Control 74.45 g. At the end of the experiment thigh
weight for Fructose was 513.27 g, Momordica 440.07 g and for the Control group

472.32 g.

Body Fat Content

The Control group showed slightly higher fat levels than the Fructose and Momordica
groups; at day 25 the Fructose group had 7.02 g, Momordica 59.17 g, and for the
Control 46.96 g; at the end of the experiment the Fructose group had 127.38 g, the

Momordica 122.19 g and for the Control 140.61 g.

Remaining Fraction Weights

Results show similar trends for the weights of the remaining component (feathers,
wings, skin etc.) in all groups. At day 25 and 50, weights for the remaining fraction
were as follows: Fructose 129.76 and 758.00 g, Control 131.16 g and 710.87 g and

for Momordica of 156.26 g and 700.40 g.

Viscera Weight

No differences among groups were found regarding viscera weights as they follow
the same trend and with a slight weight gain; at 25 and 50 days, recorded viscera
weights were for Fructose 32.35 g and 105.60 g, for Control 30.47 g and 95.75 g

and for Momordica 37.74 g and 100.36 g, respectively. At 50 days of age, an
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increase in the viscera weight of chickens in general is observed, tripling their weight

and size compared with values seen at 25 days of age.

Intestine Weight

Figure 11 shows the weights of the intestines, which present a similar tendency and
weights values for the groups Momordica and Control at 25 and 50 days of age, with
weights for the Control group of 14.14 g, 95.77g and for Momordica 13.04 g, 86.05
g, respectively. However, the Fructose group presented a slightly higher viscera
weight but with a similar trend to what was found in the other groups. The intestine

weight of Fructose group was 46.72 g for day 25 and 148.44 g for day 50.

Total Heart Weight

The weights of the hearts are shown in Figure 12, with different tendencies among

the groups, but with an overall increase in weight values at the end of the evaluation.

At day 25 the groups supplemented with Momordica had a heart weight of 4.86 g,
Fructose 3.67 g and Control 2.78 g. At day 50, average heart weight for the
Momordica group was 15.72 g, for Fructose 16.38 g and for Control 15.58 g. They

generally tripled their weight as sacrifices approached.

Total Ventricle Weight of the Heart

Figure 13 shows total ventricular weights, with no noticeable differences and with a
generally increasing trend. Ventricular weight at 25 days for Momordica was 2.42 g,

for Control 1.74 g and for Fructose 1.56 g. At the end of the experiment total ventricle
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weight for Momordica was 15.72 g, for Fructose 16.38 g and for Control was 15.58

g.

Right Ventricle Weight of the Heart

The weight of the right ventricle of the heart is shown in Figure 14; at day 25 right
ventricle weight of the Fructose group was 1.15 g, for Momordica 0.91 g and for the
Control of 0.68 g, noting that the Fructose group had a slight increase in right
ventricle weight; by day 50, when the experiment ended, right ventricle weight for
the Fructose group was 1.71 g, for Momordica 2.12 g and for Control 2.75 g. Noting

that the values that had an increase at the end of the study, was that in the Control

group.

Arterial Pressure Index (API)

Figure 15 shows the results on the degree of hypertension of the experimental birds,
with a tendency to decrease as the bird’s age. Findings at 25 days of age showed
that the Fructose group had an API of 0.45, Momordica 0.38 and the Control of 0.37
g. At day 50, data showed an API to the Fructose group of 0.14, Momordica 0.21

and Control 0.30.

Degree of Association among Variables

In all cases, the null hypothesis was rejected, except for the Int and pint variables
where the probability was greater than 0.05, indicating evidence of no association
(Table 4 and 5). The strongest association were between Bre and pBre (r = 0.94)

and between Fat and pFat (r = 0.91). The other comparisons resulted in an
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intermediate relationship. However, when analyzing the correlation matrix, we find
that the variable Int is strongly correlated with pbon (r = 0.92), pRem (r = 0.95), pThi
(r=0.89) and pBre (r=0.79). The variables Vis, Thi, Rem and Bon presented almost
a perfect linear relationship (r = 0.99, and p <0.0001) with the variables pBre, Bon,
Rem, Thi, and Bre; pBre, Bon, Rem, Bre, and Vis; pBre, Bon, Thi, Bre, and Vis; and

pBre, Rem, Thi, Bre, and Vis, respectively.

DISCUSSION

It was observed that chicken weights in the experiment were modified in at least one
of the three groups, in this regard it is important to note that chickens from the
Fructose group had an increased body weight; although there were no very large
differences, relative to the Control group, which were not fed a supplement to
improve its weight, falling down still by chickens with Momordica treatment. That is,
fructose consumption was able to influence weight gain, for chickens with fructose
treatment. This coincides with what is mentioned by the (WHO, 2018) which says

that an imbalance between the joules that are consumed trigger, a weight gain.

It was observed that the heat produced by the metabolic processes of the chicken,
increased by at least one group, and turned out to be for chickens supplemented
with fructose, which may suggest that, by eating more feed induced by the
consumption of fructose and the same components of high fructose corn syrup, they
generate more heat in the body of the chicken by changing its metabolism to an
excess of energy and by trying to degrade feed. This in agreement with what is

mentioned by Mendoza et al, (2008) who mentions that in the metabolic processes
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for the degradation of sugars, in the metabolic pathway of glycolysis, an excess of

energy, increases the production of heat for its degradation, causing a Imbalance.

Breast weight

It was observed that breast weight in the three groups had no differences, but a
gradual increase is seen from the beginning to the end of the experiment, so it is
suggested, that groups in reference to fructose and Momordica, had no influence on
the digestion of food for the uptake of protein and its transformation into essential
amino acids, for muscle formation. Lizarzaburo (2013) mentions that obesity by
fructose consumption, is only reflected in the conversion from excess energy to fat,
as an energy reserve. Therefore, when similar data on breast weight are found in

the three groups, this assertion me be confirmed.

Thigh weight

It was observed that with regards to thigh weight there were no differences among
groups and there was also an increase in weight values from the start to the end of
the experiment, so this suggests similarities in performance as to what happened in

the case of breast weight

Body Fat Weight

It was observed that, for body fat weight, there were no differences among groups,
but there was an increase in fat weight during the time that supplements were
provided to the chickens, so it is suggested that in order to observe large fat deposits

in the structure skeletal muscle of the chicken, it is necessary extend the duration of
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the supplementation, although for the broiler chicken the production time only lasts
six weeks. WHO (2018) and Gupta et al, (2017) mentioned that fat deposition has a

accumulative effect and that alterations can eventually occur.

Remaining Fraction Weight

It was observed that the weight of chickens remains there were not differences,
among groups, however, an increase in weight was shown during the the
experiment. It is therefore suggested that none of the groups, Fructose and

Momordica, had eny effect relative to the Control group.

Viscera Weight

It was observed that, for viscera weights in chickens groups, there were not
differences, but there was an increase in viscera weight in the groups from the time
that experiment began. This suggests that Fructose and Momordica groups had no

influence in relation to the data obtained by chickens with witness group.

Intestines Weight

It was observed that the weight for intestines did not have differences among groups,
but there was an increase in intestine weight during the time the experiment was
conducted. It was observed that, although the data from chicks in the Fructose group
are not very marked the weight of the intestines was above the average from the
other groups suggesting an influence of Fructose intake, feed consumption and
therefore in the intestine weight gain. This coincides with what is mentioned by

Vincent et al, (2008) who mentions how an important gastrointestinal hormones play
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as regulators of appetite, hunger and energy, in the energy balance, so that a change

would contribute to a disordered weight.

Total Heart Weight

It was observed that there were not changes in the weights of the heart, for the
treatments of fructose, Momordica and witness, however, there was an increase
over time, which were 25 days; moments when there were more growth changes in
the entire structure of the chicken including the heart, not forgetting that genetically
it is a small organ for an animal that was manipulated to obtain large proportions of
dough. This coincides with what is mentioned by (Colvin et al, 2015) which mentions

rapid growth and its lack of vascular capacity.

Total Ventricle Weight

It was observed that for the weight of total ventricles in the three treatments, there
were not differences, however there was an increase from the time it started until its
completion. Agreeing with the above mentioned by Colvin and collaborators in the

previous analysis.

Right Ventricle Weight

It was observed that for right ventricle weight at the beginning of the experiment it
was fructose group that led the highest weight, and the lowest witnessed, as the
experiment progressed the places were reversed, so that in the end it would be
witnessed with the highest weight, this suggests that there was a variability in the

amount of blood perfused, which in all cases caused a stretching and widening to
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the right ventricle affecting the witness group more. This result is matched by what
is mentioned by (Bautista et al., 2012), which says that occlusion in one of the
arteries of the lung, causes load in the right ventricle, causing widening and

stretching and consequently changes in muscular mass.

Degree of Pulmonary Arterial Hypertension

It was observed that the degree of hypertension had minimal variability between
treatments, so there are no significant differences, however, at the beginning of the
experiment fructose treatment was kept up and thus continuous for 30 days,
following the pass witness treatment later, momordica; Suggesting that the degree
of hypertension increased for all treatments, but that as the experiment period
progressed, these were lowering the degree, this coincides with what was mentioned
by (Bautista et al, 2013) that these degrees of hypertension, are already tall for

chickens.

System Identification Problem in Broiler Research

The model built in this work, that describes the biological system, was based on input
(feed consumption) and output (fraction behavior) data as required for system
identification problem to evaluate the utility (criterion) of a model to be used for the
study of a specific problem (Katayama, 2006). The experimental design was made
not by classic experimental design but the question of research (Tedeschi, 2019)
that in this work it was the metabolic, physiologic and clinic behavior of the system.
The design allowed to obtain data that could be multifitted to the model and

discriminated the diverse process. The mass-balance characteristic of the energetic
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system, described in the model, in concordance with the input data (feed
consumption) allows theoretically to restrict the system prediction, and give some
grade of confidence that the heat behavior is close the reported in this work. The
medium to high relations found between observed and simulated variables could be
a good indication of its potential. More design, structural and parameter evaluations
need to be done before a conclusion could be expressed in any way. However, the
potential that present the methodology for the evaluation of complex systems as the

studied remarks the importance to investigate its utility.

CONCLUSION

High feed consumption values in broilers from the Fructose group were observed,

probably as a consequence of high feed intake of high fructose syrup.

Regarding polyphenol and fructose intake, an overall increase in feed intake was

observed probably reflecting the positive effects on the acceptation by the broilers.

In the case of the overall chicken weight, an increase in feed consumption was
observed which might have been caused by an increased fructose consumption, and
the concomitant increase in body heat resulting from caloric combustion to obtain
energy. In connection with breast and thigh weight, constant and stable values were
observed during the experiment. Viscera, intestine and body fat weights showed a

similar tendency to grow during the experimental period.

Regarding the degree of pulmonary arterial hypertension, there were observations

suggesting that fructose consumption resulted in a worsening on pulmonary
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hypertension beyond that induce by quirurgical means. The initial system
identification problem in relation with the animal evaluation proposed in this work has

the potential to be used for the useful evaluation of the obesity.

RECOMMENDATIONS

Obesity is a disease that can be prevented or managed, if a healthy diet is consumed
in combination with physical exercise, depending on the individual’s age. In the
present investigation the broiler chicken model (of pulmonary arterial hypertension)
was used which provided evidence that supports the idea that consumption of certain
high-energy foods may modify structures (probably pulmonary artery wall
remodeling related to high degree of pulmonary hypertension) and chemical
reactions caused by obesity that may cause diseases putting humans in harm’s way.
The (broiler) chicken model is the most adequate to recreate or study cardiovascular
disorders resulting from obesity because the chicken is naturally prone to develop
the condition or it may be induced at low cost allowing to conduct research to gain

new insights that may be of good use in humans and chickens alike.
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Tabla 1. Description of the model used for describing the energy partitioning in chicken broilers

Variables:

eCP = 16.736 joules

eEE = 37.656 joules

eOth = 16.736 joules
Differential equations:
dBones/dt = BonesChange
dRemains/dt = RemainsChange
dThighs/dt = ThighsChange
dBreast/dt = BreastChange
dViscera/dt = VisceraChange
dFat/dt = FatChange

dintestine/dt = IntestineChange

dEnergy/dt = DE - Heat - BreastEnergyChange - VisceraEnergyChange - ThighsEnergyChange - BonesEnergyChange -

IntestineEnergyChange - RemainsEnergyChange — FatEnergyChange

Auxiliary equations: Description of chemical composition of fractions, digestible energy and lightweight.
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BonCP = BonCPa+BonCPb*TIME
BonEEa = vi

RemCP = RemCPa+RemCPb*TIME
RemEEa = vi

Intestine Thights Breast

IntDMa = vi ThiDMa = v; BreDMa = vi

INtDMb = vi ThiDMb = v; BreDMb = vi

IntDM = IntDMa+IntDMb*TIME ThiDM = ThiDMa+ThiDMb*TIME BreDM = BreDMa+BreDMb*TIME
IntCPa = vi ThiCPa = v; BreCPa =vi

INtCPb = vi ThiCPb = v; BreCPb = vi

INtCP = IntCPa+IntCPb*TIME ThiCP = ThiCPa+ThiCPb*TIME BreCP = BreCPa+BreCPb*TIME
INtEEa = vi ThiEEa = vi BreEEa = vi

INtEEDb = vi ThiEEb = vi BreEEb = vi

INtEE = IntEEa+IntEEb*TIME ThiEE = ThiEEa+ThiEEb*TIME BreEE = BreEEa+BreEEb*TIME
IntOtha = vi ThiOtha = vi BreOtha = vi

IntOthb = vi ThiOthb = vi BreOthb = vi

IntOth = IntOtha+IntOthb*TIME ThiOth = ThiOtha+ThiOthb*TIME BreOth = BreOtha+BreOthb*TIME
Bones Remains Viscera

BonDMa = vi RemDMa = v; VisDMa = vi

BonDMb = vi RemDMb = vi VisDMb = vi

BonDM = BonDMa+BonDMb*TIME RemDM = RemDMa+RemDMb*TIME VisDM = VisDMa+VisDMb*TIME
BonCPa = vi RemCPa = v VisCPa = v

BonCPb = vi RemCPb = v VisCPb = v;

VisCP = VisCPa+VisCPb*TIME
VisEEa = vi

FatDM = FatDMa+FatDMb*TIME
FatCPa =0 FatCPb =0

FatCP = FatCPa+FatCPb*TIME
FatEEa = vi FatEEb = vi

FatEE = FatEEa+FatEEb*TIME
FatOtha = vi FatOthb = vi

FatOth = FatOtha+FatOthb*TIME

akeEE/100)*eEE)+(Intake*(IntakeOth/100)*e

Oth)Intakea = vi Intakeb = vi Intake =
Intakea+Intakeb*TIME

CPini = vi CPFin = vj IntakePC = IF TIME<30
THEN CPini ELSE CPFin Othini = vi OthFin =
vi IntakeOth = IF TIME<30 THEN OthlIni ELSE
OthFin EEIni = vi EEFin = vi IntakeEE = IF
TIME<30 THEN EEIni ELSE EEFin

Remains+Thighs++Viscera  iMeat
Liveweight = CRW/iMeat

BonEEDb = vi RemEEb = v; VisEEb = vi

BonEE = BonEEa+BonEEb*TIME RemEE = RemEEa+RemEEb*TIME ViskEE = ViseEa+VisEEb*TIME

BonOtha = vi RemOtha = v; VisOtha = vi

BonOthb = vi RemOthb = v; VisOthb = vi

BonOth = BonOtha+BonOthb*TIME RemOth = RemOtha+RemOthb*TIME VisOth = VisOtha+VisOthb*TIME

Fat Digestible energy Liveweight

FatDMa = vi FatDMb = vi DE(Intake*(IntakePC/100)*eCP)+(Intake*(Int | CRW = Bones+Breast+Fat+Intestine+

.80

vi = Value of i variable showed in Tables 2 and 3.
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Description of Heat and changes of energy of the fractions.

Heat:

Heat = DE-BreastEnergyChange-BonesEnergyChange-ThighsEnergyChange-IntestineEnergyChange-RemainsEnergyChange-
VisceraEnergyChange-FatEnergyChange

Thighs:

gThi =.00001

ThighsChange = gThi*Thighs

ThighsEnergyChange = ((ThighsChange*ThiCP*eCP)+(ThighsChange*ThiEE*eEE)+(ThighsChange*ThiOth*eOth))/100
Bones:

gBon =.00001

BonesChange = gBon*Bones

BonesEnergyChange = ((BonesChange*BonCP*eCP)+(BonesChange*BonEE*eEE)+(BonesChange*BonOth*eOth))/100
Breast:

gBreast = .00001

BreastChange = gBreast*Breast

BreastEnergyChange = ((BreastChange*BreCP*eCP)+(BreastChange*BreEE*eEE)+(BreastChange*BreOth*eOth))/100
Viscera: gViscera = .00001

VisceraChange = gViscera*Viscera

VisceraEnergyChange = ((VisceraChange*VisCP*eCP)+(VisceraChange*VisEE*eEE)+(VisceraChange*VisOth*eOth))/100
Intestine: gint = .01

IntestineChange = gint*Intestine

IntestineEnergyChange = ((IntestineChange*IntCP*eCP)+(IntestineChange*IntEE*eEE)+(IntestineChange*IntOth*eOth))/100
Remains: gRemains = .00001

RemainsChange = gRemains*Remains

RemainsEnergyChange = ((RemainsChange*RemCP*eCP)+(RemainsChange*RemEE*eEE)+(RemainsChange*RemOth*eOth))/100
Fat: gFat = .01

FatChange = gFat*Fat

FatEnergyChange = ((FatChange*FatCP*eCP)+(FatChange*FatEE*eEE)+(FatChange*FatOth*eOth))/100

Tabla 2 Parameter value of adjusted feed consumption curves of broilers and errors (g).

Description A B Error
Momordica Group -50.6197 2.76938 23.8049
Fructose Group -184.505 7.3127 21.4637
Control Group -89.5515 3.8913 19.6956
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Tabla 3 Parameter value of adjusted fraction curves of broilers and errors (joules).

Description A B Error
Intestine fat 7.11732 0.0299389 3.37624
Intestine minerals 3.06433 -0.0219515 0.173299
Intestine DM 45.2326 -0.358629 2.32101
Intestine remains 15.1685 -0310107 1.8467
Intestine PC 23.7997 -0.218372 2.13942
Thighs fat 10.995 -0.0212007 2.97432
Thighs minerals 2.4386 -0.0216367 0.110089
Thighs DM 47.9839 -0.425771 2.16617
Thighs remains -0.214184 0.0334422 2.36389
Thighs PC 21.8779 -0.120357 0.717841
Breast fat 7.11732 0.0299389 3.37624
Breast minerals 1.94553 -0.00370049 0.0908975
Breast DM 32.0634 -0.0609222 1.49815
Breast remains 9.40177 -0.151372 3.5588
Breast PC 17.2455 -0.0198743 1.5245
Viscera fat -8.5517 0.41686 2.07218
Viscera minerals 3.05771 -0.0270634 0.137386
Viscera DM 44.0219 -0.389721 1.97777
Viscera remains 19.4042 -0.416517 2.30572
Viscera PC 20.4886 -0.138373 2.88952
Tabla 4 Linear relationship or association of observed vs simulated variables.
Simulated variables Bon Rem Thi Bre Vis Int Fat
Observed variables pBon pRem pThi pBre pVis pint pFat
R 0.58 0.74 0.57 0.94 0.58 0.16 0.91
p—value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.1671 <0.0001
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Tabla 5 Pearson correlation coefficients, N = 77.

Pearson Correlation Coefficients, N = 77
Prob > |r| under HO: Rho=0

pBon pRem pThi pBre pVis pint pFat Bon Rem Thi Bre Vis Int Fat

pBon 1 0.94732 0.97148 065915  -0.32132  -0.11647 0.18451 0.5783 0.53095 0.5154 0.50691 0.55429 0.92282  -0.11519

<.0001 <.0001 <.0001 0.0044 0.3131 0.1082 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.3185

pRem 0.94732 1 0.96608 0.85183  -0.03293 0.15095 0.46408 0.78047 0.74408 0.72925 0.72048 0.76251 0.9464 0.17713

<.0001 <.0001 <.0001 0.7761 0.19 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.1233

pThi 0.97148 0.96608 1 0.71746 -0.2401  -0.06917 0.31799 0.62831 0.58412 0.56626 0.5541 0.6053 0.885 0.03265

<.0001 <.0001 <.0001 0.0354 0.55 0.0048 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.778

pBre 0.65915 0.85183 0.71746 1 0.48448 0.62644 0.79017 0.95893 0.95099 0.94568 0.94255 0.95172 0.79349 0.60649
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

pVis -0.32132  -0.03293 -0.2401 0.48448 1 0.96176 0.76945 0.55365 0.59728 0.60663 0.61303 057538  -0.04691 0.88698
0.0044 0.7761 0.0354 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.6854 <.0001

pint -0.11647 0.15095  -0.06917 0.62644 0.96176 1 0.79917 0.69199 0.72699 0.73584 0.7431 0.7099 0.15903 0.85644
0.3131 0.19 0.55 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.1671 <.0001

pFat 0.18451 0.46408 0.31799 0.79017 0.76945 0.79917 1 0.82545 0.83961 0.83355 0.82735 0.84167 0.35852 0.90645
0.1082 <.0001 0.0048 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0014 <.0001

Bon 0.5783 0.78047 0.62831 0.95893 0.55365 0.69199 0.82545 1 0.99816 0.99524 0.99283 0.9946 0.77951 0.68013
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Rem 0.53095 0.74408 0.58412 0.95099 0.59728 0.72699 0.83961 0.99816 1 0.99872 0.99709 0.99327 0.7461 0.71302
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Thi 0.5154 0.72925 0.56626 0.94568 0.60663 0.73584 0.83355 0.99524 0.99872 1 0.99956 0.98898 0.73636 0.71467
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Bre 0.50691 0.72048 0.5541 0.94255 0.61303 0.7431 0.82735 0.99283 0.99709 0.99956 1 0.98567 0.73246 0.71154
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Vis 0.55429 0.76251 0.6053 0.95172 0.57538 0.7099 0.84167 0.9946 0.99327 0.98898 0.98567 1 0.75653 0.68894
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Int 0.92282 0.9464 0.885 0.79349  -0.04691 0.15903 0.35852 0.77951 0.7461 0.73636 0.73246 0.75653 1 0.08764

<.0001 <.0001 <.0001 <.0001 0.6854 0.1671 0.0014 <.0001 <.0001 <.0001 <.0001 <.0001 0.4485

Fat -0.11519 0.17713 0.03265 0.60649 0.88698 0.85644 0.90645 0.68013 0.71302 0.71467 0.71154 0.68894 0.08764 1

0.3185 0.1233 0.778 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.4485



eFru » Mom eTes
350
300
250
T 200
> 150
100
50

0
25 30 35 40 45 o0

TIME

Figure 1 Individual feed consumption by treatment (g/d). VFI = Individual Feed

Consuption; Fru = Fructose; Mom = Momordica; Tes = Control; time in days.
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Figure 2 Consumption of polyphenols (mg/day)
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Figure 3 Fructose consumption (g/day)
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Figure 4 Body weight per group (g). Fru = Fructose; Mom = Momordica; Tes =

Control; time in days.
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Figure 5 Heat production (joules) by group. Fru = Fructose; Mom = Momordica; Tes

= Control; time in days.
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Figure 6 Breast weight per group. Fru = Fructose; Mom = Momordica; Tes = Control,

time in days.
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Figure 7 Thigh weight per group. Fru = Fructose; Mom = Momordica; Tes = Control;

time in days
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Figure 8 Fat content per group. Fru = Fructose; Mom = Momordica; Tes = Control;

time in days.
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Figure 9 Reminings fraction weight per group. Fru = Fructose; Mom = Momordica,

Tes = Control; time in days.
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Figure 10 Viscera weight by group (g10.). Fru = Fructose; Mom = Momordica; Tes
= Control; time in days.
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Figure 10 Weight of intestine per group (g). Fru = Fructose; Mom = Momordica; Tes

= Control; time in days.
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Figure 11 Total heart weight per group (g). Fru = Fructose; Mom = Momordica; Tes

= Control; time in days.
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Figure 12 Weight of the heart ventricles per group (g). Fru = Fructose; Mom =

Momordica; Tes = Control; time in days.
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Figure 13 Weight of the right ventricle of the heart per group (g). Fru = Fructose;

Mom = Momordica; Tes = Control; time in days.
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Figure 14 Degree of hypertension by group. Fru = Fructose; Mom = Momordica; Tes

= Control; time in days.
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