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RESUMEN 

 

La biotina es una vitamina hidrosoluble, que en concentraciones 30 a 650 veces 

mayores a su requerimiento diario (30 μg)  es capaz de modificar varias funciones 

biológicas, como la homeostasis de la glucosa y de los triglicéridos. Estos hallazgos han 

llevado a proponerla como una estrategia en el tratamiento del síndrome metabólico y la 

diabetes. Sin embargo, no existen suficientes estudios que determinen si esta vitamina 

tiene efectos tóxicos en las concentraciones y con los modelos donde se han reportado 

estos beneficios. Por lo que este trabajo tuvo como objetivo determinar el efecto que 

produce la suplementación de biotina sobre diferentes marcadores como la bioquímica 

sérica, daño oxidante e histomorfología del hígado, un tejido en el que se ha reportado 

ampliamente que concentraciones farmacológicas de biotina modifica la expresión de 

genes del metabolismo de la glucosa y de los lípidos. También se determinó el daño 

genotóxico en la médula ósea. Los estudios se realizaron en ratones macho de la cepa 

BALB/cAnN de tres semanas de edad, en 2 grupos de 10 ratones cada uno. El grupo 

control recibió una dieta de 1.76 mg de biotina/kg alimento y el grupo experimental la 

recibió a 97.7 mg/kg de alimento. Los animales recibieron agua y alimento ad libitum 

durante 8 semanas. Como control positivo de toxicidad se usaron ratones tratados con 

tetracloruro de carbono (CCl4) diluido en dimetilsulfóxido (DMSO) relación 1:1, con una 

dosis única de 2 ml/Kg de peso, durante 24 h. Al término de los tratamientos se 

sacrificaron los ratones y obtuvieron muestras de sangre, médula ósea e hígado en las 

que se realizaron las diferentes pruebas como: aspartato amino transferasa, (AST), 

alanino aminotransferasa (ALT), ɤ-glutamil transferasa (GGT), fosfatasa alcalina (FAL), 

albúmina y urea para la bioquímica sérica. La actividad de la superóxido dismutasa 

(SOD), catalasa (CAT), así como la concentración de óxido nítrico (NO), glutatión (GSH)  

y glutatión disulfuro (GSSG) para daño oxidante en hígado. El daño genotóxico se 

determinó con la prueba de formación de micronúcleos en reticulocitos y la 

histomorfología mediante cortes de hígado teñidos por hematoxilina- eosina (HE). En 

los resultados no se encontraron diferencias significativas entre el grupo control y el 

suplementado en los diferentes marcadores de bioquímica sérica, ni daño oxidante y en 
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los cortes de hígado se observó un incremento de células binucleadas, nucleomegalia, 

así como una moderada dilatación de sinusoides y vascularización. En tanto que en la 

formación de micronúcleos hubo un incremento significativo en el grupo suplementado 

(0.6±0.04) con respecto al control (0.5±0.02). En conclusión no existe efecto detrimental 

de la suplementación con biotina en la dieta sobre los marcadores de bioquímica sérica, 

ni estrés oxidante; sin embargo, se requieren pruebas adicionales de genotoxicidad e 

inmunohistoquímica antes de proponer a la biotina como una estrategia en el 

tratamiento del síndrome metabólico y la diabetes. 
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ABSTRACT 

 

Biotin is a water-soluble vitamin that acts as a covalent bound coenzyme of 

carboxylases. Unrelated to this role, biotin at pharmacological concentrations, about 30-

650 times greater than its requirement of 30 micrograms per day, modifies gene 

expression. Several studies in humans and animal models have found that 

pharmacological concentrations of biotin have favorable effects on triglycerides and 

glucose homeostasis. These effects suggest that biotin could be used for the treatment 

of dyslipidemia, glucose intolerance and diabetes. However, there is scarce information 

about whether biotin has toxic effects at concentrations that produce their beneficial 

effects on glucose and lipids homeostasis. Were analyzed the effects of biotin 

supplementation on different markers such as serum biochemistry, oxidative stress, 

genotoxic markers and liver histomorphology, in an animal model in which it has been 

found favorable effects of biotin on triglycerides and glucose homeostasis. Two groups 

of male mice were fed from weaning to 11 weeks of age (8 weeks of treatment) with a 

control diet containing (1.76 mg biotin/ food kg) or with a biotin supplemented diet (97.7 

mg biotin/ food kg). A third group received biotin-control diet and was treated with a 

single dose of carbon tetrachlocloride (CCl4, 2 ml/kg body weight), and was used as a 

positive control. At the end of the treatment mice were food deprived for 16 h, 

anesthetized with Sevorane and blood, liver and bone marrow were extracted. Finally, 

mice were killed by cervical dislocation. The biochemical tests in serum were aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyl transferase (GGT), 

alkaline phosphatase (ALF), albumin and urea. The activity of superoxide dismutase 

(SOD), catalase (CAT), and the level of nitric oxide (NO), glutathione (GSH) and 

glutathione disulfide (GSSG), were determined as oxidative stress markers. The 

genotoxic effect was determined by reticulocyte micronuclei formation and liver 

histomorphology in sections stained with hematoxylin-eosin. We found that eight weeks 

of biotin supplementation in the diet did not modify any of the biochemical tests and 

oxidative markers tested, but produced a significant increase in micronuclei formation 

(Control=0.6±0.04; supplemented 0.5±0.02). Liver histomorphology showed an increase 
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of binucleate cells, nucleomegaly, as well as a moderate dilation of sinusoids and 

vascularization in the liver sections. We concluded there is not a detrimental effect of 

pharmacological effects of biotin on biochemical test and oxidative stress markers, 

however, the increase of micronuclei and on liver morphology  indicate that biotin toxicity 

studies need to be addressed with different tools because the pharmacological 

concentrations of biotin affect tissue morphology and have nuclei effects.  
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ABREVIATURAS 

 

ACC   Acetil CoA carboxilasa. 

ALT/ GPT  Alanino aminotransferasa. 

AMES   Prueba para evaluar agentes mutagénicos. 

ARNm   Ácido ribonucleico mensajero. 

AST/GOT  Aspartato aminotransferasa. 

BHE   Bereau of home economics. 

CAT   Catalasa. 

CCl4   Tetracloruro de carbono. 

Cu   Cobre. 

DMSO  Dimetilsulfóxido. 

DNA   Ácido desoxirribonucleico. 

FAL   Fosfatasa alcalina. 

FAS   Ácido graso sintasa. 

GGT   Gama glutamil transferasa. 

GLUT-2  Transportador de glucosa 2. 

GSH   Glutatión reducido. 

GP   Glutatión peroxidasa. 

GR   Glutatión reductasa. 

GSSG   Disulfuro de glutatión. 
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H2O2   Peróxido de hidrógeno. 

HE   Hematoxilina-eosina. 

HPLC   Cromatografía líquida de alta resolución. 

IC50   Concentración Inhibitoria del 50%. 

LDH   Lactato deshidrogenasa. 

MDH   Malato deshidrogenasa. 

Mn   Manganeso. 

MyoD    Proteína de diferenciación miogénica. 

NADH   Nicotinamida adenina dinucleotido de hidrógeno. 

NADPH  Nicotinamida adenina dinucleótido fosfato. 

NO   Óxido nítrico. 

NO2   Nitritos. 

NO3   Nitratos. 

O2   ˉ   Anión  superóxido.  

OH   Hidroxilo.  

OLEFT  Otsuka Long Evans Tokushima Fatty. 

ONOOˉ  Peroxinitrito. 

PBS   Solución salina amortiguada por fosfatos. 

PFK-1   Fosfofructocinasa-1. 

p-NPP  p- nitrofenilfosfato.  

PC   Piruvato carboxilasa. 
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PCC   Propionil CoA carboxilasa. 

PK   Piruvato cinasa. 

PPAR-γ  Receptor de peroxisoma proliferador activado gamma. 

ROS   Especies reactivas de oxígeno. 

RNS   Especies reactivas de nitrógeno. 

SFB   Suero fetal bovino. 

SMVT   Transportador múltiple de vitaminas dependiente de sodio. 

SOD   Superóxido dismutasa. 

STZ   Estreptozotocina. 

SREBP1-c  Proteínas de unión al elemento regulador de esteroles 1c. 

VLDL   Lipoproteína de muy baja densidad. 

XO   Xantina oxidasa. 

Zn   Zinc. 
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I  INTRODUCCIÓN 

I.1 BIOTINA 

I.1.1 Química y metabolismo. 

Su descubrimiento lo efectuó Boas en el año 1927  en estudios realizados en la yema 

de huevo.  Posteriormente fue aislada por Kögl y Tonnis en 1936, finalmente su síntesis 

total la realizó Harris et al., en 1943. A la vitamina biotina se le conoce también como 

vitamina hidrosoluble del complejo B, vitamina H o vitamina B8; químicamente está 

formada por un anillo tetrahidrotiofeno, un anillo ureido y ácido valérico (Fig. 1). Su peso 

molecular es de 244.31 g/mol  y actúa como grupo prostético de las carboxilasas en los 

mamíferos (Dakshinamurti y Li, 1994; Said, 2012).  

 

 

Fig. 1.   Estructura química de la biotina. 

  

Los mamíferos no tienen la capacidad de sintetizarla, por lo que sus requerimientos 

diarios tienen que ser cubiertos por la dieta. En las plantas, la biotina se presenta por lo 

general en su estado libre, lo que hace que su absorción sea inmediata, mientras que 

en las levaduras, los productos de origen animal como la carne roja, de aves y huevos, 

está unida en las proteínas de manera covalente en un residuo de lisina. Al ser ingerida 

la biotina, la biotinidasa pancreática (una hidrolasa), rompe el enlace, que permite su 

liberación, utilización y reutilización  (Mock, 1996; Said et al., 2000). En el organismo, la 
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localizamos en el borde de las vellosidades de los enterocitos; para facilitar su ingreso 

cuenta específicamente con el transportador múltiple de vitaminas dependiente de 

sodio (SMVT), dependiente de la temperatura, en concentraciones farmacológicas 

predomina su difusión en la porción distal del duodeno y proximal del yeyuno (Fig. 2), 

para posteriormente entrar al torrente sanguíneo (Dakshinamurti y Chauhan, 1989; 

Mock, 1996). Siendo el hígado el órgano que absorbe la mayor cantidad de biotina para 

su metabolismo (Zempleni, 2005). A nivel celular se le localiza en el citoplasma, 

mitocondria, microsomas y núcleo.  En la mitocondria se almacena en la parte 

intramitocondrial (Said, 2012).  

 

 

Fig. 2. Ingreso de la biotina en el intestino delgado (Nicola, 2015). 

  

El mecanismo mediante el cual la biotina llega al hígado y otros tejidos después de su 

absorción y distribución en el plasma lo realiza el transportador SMVT (Balamurugan et 

al., 2003), que es el mismo transportador específico de los enterocitos.   

Aproximadamente la mitad de la biotina que llega al hígado es transformada a 

metabolitos como la  bisnorbiotina, tetranorbiotina, sulfóxido de biotina, sulfona de 

biotina y eliminados en la orina (Mock, 1996). Se ha reportado que en la excreción 

urinaria, las concentraciones séricas de la biotina y sus metabolitos aumentan 

proporcionalmente en respuesta a las dosis administradas (Zempleni et al., 1997). Sin 

embargo hay discrepancias entre los diferentes métodos empleados, como el 
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radioinmunoensayo y la cromatografía líquida de alta resolución (HPLC), que  sugieren 

valores promedio que oscilan entre 0.5-10 nmol/L (Mock, 1996). 

I.1.2  Función y ciclo de la biotina. 

Las carboxilasas son sintetizadas como apocarboxilasas que carecen de actividad 

enzimática, cuando se unen covalentemente a la biotina adquieren su capacidad 

catalítica y son llamadas holocarboxilasas, a este proceso se le conoce como 

biotinilación y la enzima que participa  es la holocarboxilasa sintetasa (Rodriguez, 

2000). La biotina unida a  proteínas es degradada proteolíticamente hasta biotinil-lisina 

o biocitina; posteriormente interviene la biotinidasa que corta específicamente la unión 

del residuo amino y biotina, dejándola libre para ser reutilizada (Fig. 3).  

 

Fig. 3. Ciclo de la biotina e intervención de las holocarboxilasas, que juegan un papel muy 

importante en el metabolismo de proteínas, lípidos y carbohidratos.  PCC- Propionil CoA 

carboxilasa, MCC- Metilcrotonil CoA carboxilasa, PC- Piruvato carboxilasa, ACC- Acetil CoA 

carboxilasa. (Tomado de Rodríguez, 2000). 
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I.1.3 Función de las carboxilasas dependientes de la biotina en mamíferos. 

Las carboxilasas dependientes de la  biotina conocidas en los mamíferos son cinco: la 

acetil-CoA carboxilasa 1 o alfa (ACC1), la acetil CoA carboxilasa  2 o beta (ACC2), 

piruvato carboxilasa (PC), propionil CoA carboxilasa (PCC) y la metilcrotonil CoA 

carboxilasa.  La ACC1 y ACC2,  codificadas por diferentes genes, en su forma madura 

están compuestas por un polipéptido,  que tienen como función catalizar la 

transformación de acetil CoA a malonil CoA (Abu-Elheiga et al., 1995). La ACC1 se 

encuentra en el citoplasma de las células en los tejidos lipogénicos como el hígado y el 

tejido adiposo de los mamíferos. La ACC2 se encuentra en la mitocondria, 

preferentemente del músculo esquelético y el corazón, participa en el catabolismo de 

ácidos grasos (Choi et al., 2007) y se ha propuesto  como un reservorio de la biotina 

(Shriver et al., 1993). La diferencia entre estas enzimas es su regulación transcripcional, 

ya que ACC1 lo realiza por nutrientes como la glucosa y la insulina, mientras que la 

ACC2 está regulada por factores específicos como proteína de regulación miogénica 

(MyoD), como lo reportó Lee et al en 2001. La piruvato carboxilasa, se encuentra en la 

mitocondria y convierte al piruvato a oxalacetato como acción fundamental en la 

gluconeogénesis y la anaplerosis del ácido tricarboxílico. La estructura de la piruvato 

carboxilasa se compone de cuatro subunidades idénticas de 130 KDa dispuestos en 

una estructura de tetraedro (Jitrapakdee et al., 2008). La propionil CoA carboxilasa, es 

una enzima mitocondrial formada por dos polipéptidos diferentes, el alfa y beta, la 

subunidad alfa es la que tiene unida la molécula de biotina (Browner et al., 1989), 

participa en el catabolismo de aminoácidos de cadena ramificada y ácidos grasos, 

también puede darse la transformación de propionil CoA en metilmalonil CoA (Pacheco-

Álvarez et al., 2002). La enzima metilcrotonil CoA carboxilasa, se localiza en la 

mitocondria, está compuesta por dos subunidades alfa y beta, actúa en el catabolismo 

de la leucina y el metabolismo de isoprenoides (McKean et al., 2000).  

I.1.4 Efectos farmacológicos de la biotina.  

Independientemente de su función como cofactor de las carboxilasas, en 

concentraciones farmacológicas (alrededor de 1-50 mg), esto es de 30-650 veces su 
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requerimiento diario  se ha encontrado que modifica diversas funciones biológicas como 

el desarrollo embrionario (Paul et al., 1973; Bergsten et al., 2003), la reproducción (Paul 

& Duttagupta, 1976; Simmins & Brooks, 1983; Baez-Saldaña et al., 2009), la función 

inmune (Zempleni, 2001; Kuroishi, 2015), la homeostasis de la glucosa y de los lípidos. 

Este efecto se encuentra asociado a cambios en la expresión de genes tanto al nivel 

transcripcional, traduccional y post-traduccional (Revisado en: Riverón-Negrete, 

Fernández-Mejía, 2017).    

I.1.5 Efectos farmacológicos de la biotina sobre el metabolismo de los lípidos. 

Se ha reportado que el tratamiento con dosis farmacológicas de la biotina disminuye las 

concentraciones de triglicéridos y colesterol. Estudios efectuados en 1960 por 

Steigerwal y Bohele, encontraron que 30 minutos después de la inyección de 10 mg de 

biotina en adultos sanos se produjo un decremento en la concentración de lípidos 

séricos totales. En otro estudio, la administración de 5 mg de biotina durante 4 semanas 

en pacientes con ateroesclerosis e hipercolesterolemia, produjo una disminución en las 

concentraciones de colesterol total (Dukusova & Krivoruchenko, 1972). En voluntarios 

sanos se encontró que la administración de 0.9 mg/día de biotina modificó los niveles 

de lípidos plasmáticos (Marshall et al., 1980). En nuestro laboratorio encontramos que 

en pacientes diabéticos y no diabéticos con hipertrigliceridemia, el tratamiento con 5mg 

de biotina tres veces al día disminuyó las concentraciones de triglicéridos sanguíneos y 

de las lipoproteínas de muy baja densidad (Revilla et al., 2006).  

En estudios con animales de experimentación también se encontró que la biotina 

modifica la hiperlipidemia. En la cepa de ratas bureau of home economics (BHE)  con 

predisposición genética para desarrollar elevadas concentraciones sanguíneas de 

glucosa y lípidos (Marshall et al., 1969), el tratamiento con biotina disminuyó las 

concentraciones de lípidos séricos (Marshall et al., 1976). Estudios en nuestro 

laboratorio encontraron que en ratones sanos la administración de una dieta durante 8 

semanas con 56 veces el contenido de una dieta control, disminuyó los niveles séricos 

e intrahepáticos de triglicéridos (Larrieta et al.,  2010, Aguilera-Méndez & Fernández-

Mejía, 2012). Esta disminución se encontró asociada con una menor expresión del 
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ácido ribonucleico mensajero (ARNm) de enzimas y factores transcripcionales 

lipogénicos. En el tejido adiposo, la abundancia del ARNm de los factores 

transcripcionales: proteína de unión a elementos de respuesta a esteroles 1 (SREBP-

1c), factor crítico en la expresión de genes lipogénicos, así como la expresión del  

receptor de peroxisoma proliferador activado gamma (PPAR-γ) disminuyeron en el 

grupo que fue alimentado con la dieta rica en biotina. De acuerdo con la disminución del 

mensajero de SREBP-1c, la expresión del ARN mensajero de enzimas reguladas por 

éste: acetíl CoA carboxilasa 1, ácido graso sintasa, estearíl CoA desaturasa 1 y 

glucosa-6-fosfato deshidrogenasa fue menor que lo observado en los ratones control. 

En el hígado de los ratones suplementados con biotina, se observó una menor 

abundancia del ARNm de SREBP-1c y del transportador de glucosa GLUT2, así como 

de las enzimas acetíl CoA carboxilasa 1, ácido graso sintasa y piruvato cinasa; pero no 

en el ARNm de glucosa-6-fosfato deshidrogenasa, enzima en la que encontramos un 

aumento en la abundancia de su ARN mensajero y cuya transcripción participa SREBP-

1c (Larrieta et al., 2010). Esta discordancia podría deberse a que la enzima, también 

participa en otros procesos biológicos como la protección al estrés oxidante, el 

crecimiento y por ende es regulada por otras hormonas y factores (Coleman & Lee 

2004; Nguyeh et al., 2008) además de SREBP-1c. En otros estudios de nuestro grupo 

en un modelo de ratas hipertrigliceridémicas encontraron que la inyección durante 28 

días de concentraciones farmacológicas de biotina (2mg/ kg de peso) disminuyó las 

concentraciones séricas de triglicéridos y la expresión de genes lipogénicos en el tejido 

adiposo (Vital et al., 2006). El papel protagónico que tiene la lipogénesis en el desarrollo 

de la obesidad y resistencia a la insulina realza la importancia de este efecto de la 

biotina. 

I.1.6 Efectos farmacológicos de la biotina sobre el metabolismo de la glucosa. 

Diversos estudios han encontrado que la administración de dosis farmacológicas de 

biotina disminuye la hiperglucemia tanto en pacientes (Coggeshall et al., 1985; 

Maebashi et al., 1993; Koutsikos et al., 1996) como en modelos animales con diabetes 

(Reddi et al., 1988; Zhang et al., 1996, 1997). En pacientes con diabetes tipo 1 sin 

administración de insulina exógena, la administración de 16 mg/día de biotina durante 
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una semana, produjo una disminución significativa de la glucosa sanguínea 

(Coggeshall, et al., 1985). Estudios en pacientes  con diabetes tipo 2, que se les 

suministro oralmente 9 mg/día de biotina durante un mes, los resultados mencionan que 

se mejoró la tolerancia a la glucosa y disminuyó la hiperglucemia en ayuno (Maebashi 

et al., 1993). En pacientes bajo hemodiálisis, la administración de 50 mg/día de  biotina 

durante 2 meses logró mejorar la tolerancia a la glucosa (Koutsikos, 1996). En contraste 

en nuestro laboratorio encontramos que, en pacientes con diabetes tipo 2 con 

hiperglucemia  moderada, el consumo de cápsulas conteniendo 5 mg de biotina, tres 

veces al día (15 mg/día) durante 28 días no produjo cambios en las concentraciones de 

glucosa en ayuno (Baez-Saldaña et al., 2004; Revilla-Monsalve et al., 2006).  

En modelos animales,  Reddi et al., en 1988 reportaron que en ratones de la cepa KK, 

los cuales se caracterizan por presentar resistencia a la insulina, la administración de 2 

mg de biotina/kg de peso durante 10 semanas disminuyó  los niveles de glucosa post-

pandrial y la resistencia  a la insulina. En ratas Otsuka Long Evans Tokushima Fatty 

(OLETF) con diabetes tipo-2, la administración biotina de 1-4 mg/ kg de peso corrigió la 

intolerancia a la glucosa, mejoró la hiperinsulinemia y disminuyó el peso corporal  

(Zhang et al., 1996). 

En islotes pancreáticos, estudios realizados por nosotros y otros autores, han 

encontrado que in vitro la  biotina aumenta la secreción de insulina (Borboni et al., 1996; 

Romero-Navarro et al., 1999; Yoshikawa et al., 2002; Vilches-Flores et al., 2010). 

Recientemente, en estudios in vivo nuestro grupo (Lazo de la Vega et al., 2013) 

encontró que la suplementación de biotina en la dieta incrementó la secreción de 

insulina y aumentó la expresión de genes que regulan su producción y secreción, como  

son los factores transcripcionales Foxa2, Pdx1 y Hnf4a, la glucocinasa, el canal de 

calcio Cacna1d, la acetil-CoA carboxilasa-1 y la insulina. 

Con base en las evidencias de que la biotina tiene efectos favorables sobre la 

homeostasis de la glucosa y de los lípidos, existen productos comerciales que 

contienen biotina y son recomendados para el tratamiento del síndrome metabólico y 

diabetes tipo-2 (Fuhr et al., 2005; Albarracin et al., 2005, 2007; Singer & Geohas 2009; 
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Geohas et al., 2007). Estos productos contienen concentraciones de biotina que 

representan de 40 a 166 veces más la ingesta diaria recomendada por la Food and 

Nutrition Board en 1998, que es de 30 μg. Sin embargo, existen pocos estudios 

analizando las acciones tóxicas que podría tener la biotina a estas concentraciones 

(Committee on the Scientific Evaluation of Dietary Reference Intakes and its Panel on 

Folate, Other B Vitamins, and Choline and Sub comite on Upper Reference Levels of 

Nutrients Food and Nutrition board, Institute of Medicine 2000; Fiume, 2001). 

I.1.7 Efectos tóxicos de la biotina.  

En humanos la biotina ha sido administrada en un rango de 0.25 a 50 mg hasta por 40 

días, de manera oral, intramuscular e intravenosa en niños, pacientes con diabetes tipo 

1 o 2 o individuos sanos sin mostrarse efectos sintomáticos adversos (Dukusova & 

Krivoruchenko, 1972; Hayes et al., 1984; Revilla-Monsalve et al., 2006; Hemmati et al., 

2013). En roedores, con tratamientos  a corto plazo no encontraron toxicidad en dosis 

de 353 mg/kg peso, pero estos reportes no otorgaron detalles del procedimiento usado 

(Heyes, 1984). En la prueba de Ames en donde ocuparon cepas de Salmonella 

typhimurium y Escherichia coli, se encontró que la vitamina presentó efectos 

mutagénicos hasta los 10 mg/placa (SRI-International, 1979).  En un estudio reciente 

Ronquillo et al., en 2013 analizaron el efecto de la vitamina sobre las subfamilias del 

citocromo P450 CYP1A1 y CYP1A2, cuya función es metabolizar compuestos 

endógenos y xenobióticos, los resultados indicaron que en ratas la administración 

intraperitoneal diaria de 2 mg/kg, aumentó únicamente en el primer día el RNAm de 

estas enzimas, sin embargo no se modificó los niveles de su proteína ni su actividad 

durante 1, 3, 5 ó 7 días de estudio.  

Las dosis letales al 50% (LD50)  orales e intra-peritoneales reportadas para ratas son de 

354 y 29 mg/kg de peso corporal (Bonjour, 1991). Para los ratones la LD50 intravenosa 

es de 1000 mg/kg de peso corporal (Bonjour, 1991). Sawamura et al 2015, encontraron 

que ratas de 3 semanas de edad alimentadas con dietas conteniendo 1,000 a 10,000 

mg biotin/kg  no afectó la ingesta de alimento ni parámetros como la creatinina, urea, 

alanina aminotransferasa, y aspartato aminotransferasa, pero 100,000 mg /kg de biotina 
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en la dieta afectó la ganancia de peso, la ingesta de alimento, el peso del hígado y el 

riñón.  

I.1.8 Efectos farmacológicos de la biotina sobre la morfología tisular.  

Estudios en nuestro laboratorio han encontrado que concentraciones farmacológicas de 

biotina modifican la estructura de diferentes tejidos. En ratones, la administración 

durante 8 semanas de una dieta conteniendo 56 veces la cantidad de biotina presente 

en la dieta control incrementó el tamaño del islote y la masa de las células beta (Lazo 

de la Vega et al., 2013). La morfología de los islotes se encontró modificada 

observándose un porcentaje más elevado de islotes con células alfa localizadas hacia 

el centro del islote con respecto a los controles. 

En otro estudio encontramos que esa misma dieta durante 9 semanas produjo cambios 

en la estructura de los ovarios, decreciendo el número de folículos primarios y de 

folículos de Graaf (Baez-Saldaña et al., 2009).  El tratamiento agudo con biotina indujo 

atrofia en el cuerpo lúteo en ratas (Paul et al., 1973). 

En modelos de animales con diabetes la suplementación con biotina mejoró la 

morfología histopatológica del hígado (Aldahmash et al., 2016), riñón (Aldahmash et al., 

2015) y páncreas (Sahin et al., 2013). En ratas a las que se les administró durante 12 

días consecutivos 5 mg de biotina/ kg de peso previos a la inducción de diabetes con 

estreptozotocina, Sahín y colaboradores encontraron que en el riñón disminuyó el 

número de glomérulos distorcionados, células inflamadas y macrófagos gigantes, 

presentes en las ratas diabéticas a las cuales no se les administró la vitamina 

previamente. En el páncreas de los animales a los cuales se les administró biotina se 

revirtieron los daños producidos por la estreptozotocina, observándose una mejoría en 

la arquitectura del islote con respecto a las células alfa y beta y la ausencia de necrosis 

(Sahin et al., 2013). 

En el hígado se notó un marcado decrecimiento de la dilatación de la vena porta, 

infiltración de leucocitos y disminución de la esteatosis (Aldahmash et al., 2016). 
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I.2 HÍGADO 

I.2.1 Anatomía del hígado. 

El hígado es un órgano con múltiples funciones vitales para el organismo. En el humano 

tiene un peso medio de 1500 gramos y se encuentra situado en la parte superior 

derecha del abdomen, debajo del diafragma. 

El hígado está formado por lóbulos, cada uno constituye una masa de células 

hepáticas, que tradicionalmente para su estudio, se divide en una unidad estructural y 

funcional llamada acino (Fig. 4), este está delimitado por la ubicación de los vasos 

sanguíneos y la dirección del flujo sanguíneo.  

 

Fig. 4. Esquema de un acino, unidad estructural y funcional del hígado, con sus estructuras, 

células que lo constituyen, dirección de la sangre y dirección de circulación de la bilis (Tomado 

de Baialardo, 2015). 

 

El lóbulo individual del hígado es subdividido en periportal y perivenoso; presenta una 

sección hexagonal y un contorno llamado lobulillo hepático, cada lobulillo contiene: una 

estructura fibrilar que le sirve de armazón; hepatocitos en laminillas de una o dos 

células de espesor, que constituyen aproximadamente el 60% de todas las células del 

hígado y 90% de la masa celular hepática (Celto et al., 2010). El otro 40% son 
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diferentes células como las de Kupffer que forman parte del sistema inmunitario; con 

funciones como la fagocitosis de agentes infecciosos y síntesis de citocinas. Los 

capilares biliares, por donde se transporta la bilis secretada por los hepatocitos. Los 

sinusoides, son los espacios que separan las distintas láminas de los hepatocitos, 

ocupan el 6-8 % de la superficie endotelial, realizan endocitosis, intervienen en la 

síntesis de la matriz extracelular, sintetizan interleucinas 1 y 6, prostaciclinas y 

prostaglandinas; el espacio de Disse, que se encuentra entre los sinusoides y la 

membrana de los hepatocitos (Baialardo, 2015), a través de ellos produce un 

intercambio entre la sangre y los hepatocitos (Fig. 5). 

 

 

 

Fig.  5. Estructura tridimensional que nos indica la orientación que presenta la triada portal 

compuesta por el conducto biliar, vena porta y arteria hepática (Lippincott y Wilkins, 2003).  
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Los hepatocitos tienen una forma poliédrica de aproximadamente 30 μm de diámetro, 

se disponen en láminas de manera radiada entre el espacio porta y las venas centrales 

(Fig. 6), poseen una vida media que va de los 200-400 días, la cual cambia 

drásticamente, cuando hay un daño causado por una patología, reacciones 

hepatotóxicas, tratamiento agudo o quirúrgico, cualquiera de las causas anteriores 

lesiona del 10-20% del parénquima, ocasionando un incremento en su proliferación 

celular para compensar el daño que está presentando el órgano (Lorenti, 2001). 

 

 

 

 

Fig. 6. Morfología del hepatocito, el cual constituye el 90% de la masa celular hepática. 
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I.2.2 Funciones hepáticas. 

El hígado tiene múltiples funciones, entre ellas se encuentra la secreción de bilis, la cual 

es esencial para la digestión de las grasas. Otras funciones importantes son el 

catabolismo de proteínas y la síntesis de urea, la síntesis de proteínas plasmáticas, la 

función detoxificante, el almacenamiento de vitaminas y glucógeno. La ausencia del 

hígado o su falta de funcionamiento es incompatible con la vida. 

 

I.2.3 Función excretora de la bilis. 

La bilirrubina es un pigmento biliar de color amarillo-anaranjado que resulta del 

catabolismo de la hemoglobina, mioglobina o citocromos, proviene el 85% de la 

destrucción fisiológica de los eritrocitos del sistema reticuloendotelial. La mayor parte de 

la bilirrubina es transportada por la albúmina (conjugada) y solo una pequeña fracción 

circula libre (no conjugada), para posteriormente pasar al hígado, conjugarse y formar la 

bilirrubina hidrosoluble esterificada (directa o conjugada), tomada por los lisosomas y el 

aparato de Golgi, se excreta en los canalículos biliares, pasa a la vesícula biliar y al 

intestino delgado. La bilirrubina que llega al duodeno y circulación enterohepática un 

90% aproximadamente vuelve al hígado y reinicia su ciclo al intestino, el 10% restante, 

se excreta en orina.  Cuando hay un daño, las concentraciones de la bilirrubina directa 

e indirecta se incrementan e indica una obstrucción biliar que podría desencadenar en 

una ictericia, necrosis o colestasis (Johnston, 1999; Dufour et al., 2000) Dicha 

degradación se produce en el bazo. Más tarde la bilirrubina se conjuga en el hígado. 

Estos pigmentos se almacenan en la vesícula biliar formando parte de la bilis (que 

luego es excretada hacia el duodeno, lo que da el color a las heces). 

La bilis es necesaria para la digestión de los alimentos, contiene sales biliares formadas 

por el hígado a partir del ácido glicocólico y ácido taurocólico que a su vez derivan de la 

molécula de colesterol. La bilis es excretada hacia la vía biliar y se almacena en la 

vesícula biliar de donde se expulsa al duodeno cuando se ingieren alimentos. Gracias a 

la bilis es posible la absorción de las grasas contenidas en los alimentos. 
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I.2.4 Catabolismo de proteínas en el hígado. 

El hígado desempeña un papel muy importante en el metabolismo de los aminoácidos, 

ya que es el encargado de producir urea como producto de su desaminación. La orina 

representa la principal vía de excreción de la urea. La elevación de sus valores en 

suero nos indica una alimentación con alto contenido proteico o daño renal, por el 

contrario, si los rangos están por debajo de lo normal y el individuo no se encuentra 

desnutrido, nos indica una insuficiencia hepática. Para corroborar dicho diagnóstico es 

importante determinar la concentración de albúmina, la cual es sintetizada en las 

células hepáticas y se encuentra en el suero entre un 50- 65% de entre las proteínas 

totales, es la proteína más abundante en plasma y un indicador importante en la 

actividad sintética del hígado,  una disminución de albúmina en el suero, se observa 

cuando hay destrucción masiva del tejido hepático y es uno de los principales factores 

pronósticos de la cirrosis (Duford et al., 2000; Desmont, 2002). 

I.2.5 Función detoxificante del hígado.  

El hígado es considerado el tejido detoxificador por excelencia. Su alta capacidad 

metabólica, su comunicación sanguínea con el intestino mediante la vena porta facilita 

la protección a otros órganos.   

Existen dos fases de biotransformación en el hígado. En la fase I se produce una 

modificación del xenobiótico por oxidación, reducción o hidrólisis, formando grupos 

polares, hasta lograr la hidrosolubilidad que facilite su excreción. En la fase II, puede 

ser un xenobiótico o un metabolito de la fase I, que se conjuga con una sustancia 

endógena y facilita su transporte en el organismo y su excreción como se ve en la Fig. 7 

(Bandrés &  Arribas, 2015).  

Para conocer y determinar la existencia de daño en la función del hígado, es necesario 

realizar una serie de pruebas bioquímicas clínicas, que nos permitan conocer la 

integridad del hepatocito, la función excretora de la bilis, la síntesis y catabolismo de las 

proteínas, mediante la medición de diferentes marcadores en el suero que proviene del 

torrente sanguíneo. 
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Fig. 7. Reacciones de biotransformación de los xenobióticos para ser eliminados del organismo 

con mayor facilidad (tomado de Bandrés, 2015). 

 

I.2.6 Pruebas de integridad y funcionamiento hepático. 

Entre las determinaciones más importantes se encuentran las enzimas transaminasas 

que se encuentran en altas concentraciones en el citoplasma de los hepatocitos, donde 

catalizan la transferencia de los grupos amino para producir ácido pirúvico y 

oxalacético, cuando se presenta un daño en la membrana, estas enzimas pasan al 

plasma aumentando su concentración en la circulación sanguínea. En este grupo se 

encuentra la aspartato aminotransferasa, que es sensible, pero poco específica; cuando 

incrementa su actividad, se debe realizar simultáneamente la determinación de la 

alanino aminotransferasa, para corroborar el resultado, si ambas están incrementadas 

nos indica que hay necrosis hepatocelular. La prueba de AST  no es confiable si se 

realiza de manera aislada, ya que también está involucrada en enfermedades 
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extrahepáticas como la cardiopatía, las relacionadas con el músculo estriado, páncreas 

y pulmones (Desmont, 2002; Gianinni et al., 2002). 

La enzima fosfatasa alcalina, se encuentra distribuida en el hueso, intestino,  placenta e 

hígado, en este último se encuentra en la superficie canalicular, si los valores están 

incrementados en el suero, indica una disfunción biliar. Sin embargo esta prueba debe 

ir acompañada de la ɤ-glutamil transferasa, que regula el transporte de aminoácidos a 

través de las membranas celulares al catalizar la transferencia de un grupo glutamil a 

los aminoácidos libres, efecto casi exclusivo del hígado, además es sensible para 

detectar un daño hepatobiliar, por lo tanto  sirve para corroborar la elevación de la 

fosfatasa alcalina e indica la presencia de cualquier tipo o forma de obstrucción biliar, 

dada por un compuesto hepatotóxico o colestasis  (Pérez et al., 2013). 

 I.2.7 Estrés oxidante en el hígado. 

La oxidación, está catalizada por hidrolasas dependientes de nicotinamida adenina 

dinucleótido fosfato (NADPH), ubicadas en el retículo endoplásmico liso, que 

incrementa la actividad del citocromo P-450. La respuesta de los hepatocitos es la 

formación de Especies Reactivas de Oxígeno (ROS) y Especies Reactivas de Nitrógeno 

(RNS), principalmente en los complejos I y III de la cadena respiratoria localizados en la 

mitocondria (Singal et al., 2011). 

Estas especies  pueden convertirse en productos negativos para el metabolismo 

celular, ya que si se pierde el equilibrio entre los compuestos prooxidantes y los 

antioxidantes se genera el estrés oxidante, que se caracteriza por un desequilibrio entre 

la generación y eliminación de las ROS y puede llegar a causar daños a nivel celular 

como es la lipoperoxidación, alterar los grupos sulfhidrilo (SH) de las proteínas, bases 

púricas y pirimidicas, considerado como las primeras etapas para el desarrollo de 

patologías (Corrales & Muñoz, 2012).  Las especies reactivas de oxígeno que se 

forman son el anión superóxido (O2   ˉ), el radical más abundante, en la cadena de 

transporte de electrones por reacciones de autooxidación, al igual que los peroxinitritos 

(ONOO-) y peróxido de oxígeno (H2O2), lo que conlleva a la oxidación de proteínas, 

liberación del citocromo C al citoplasma e inicio de la apoptosis celular;  el radical 
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hidroxilo (OH), posee una alta reactividad, debido a que reacciona de manera 

inespecífica con el ácido desoxirribonucleico (DNA), proteínas, lípidos y carbohidratos, 

esto se debe a que las células no cuentan con un sistema enzimático contra este 

radical; el óxido nítrico (NO), presenta un electrón impar y puede reaccionar con el 

anión superóxido, dando como resultado al peroxinitrito.  En condiciones fisiológicas, 

los organismos poseen sistemas de defensa tanto enzimáticos,  como no enzimáticos, 

que actúan conjuntamente para proteger a la célula y neutralizar a las especies 

reactivas. En el sistema enzimático se encuentra la  superóxido dismutasa (SOD), es la 

primera que se activa, cataliza la conversión de los radicales anión superóxido en 

peróxido de hidrógeno y oxígeno (Mates, 2000). Cualquier célula que utilice oxígeno 

tiene la capacidad de producir anión superóxido y tener la superóxido dismutasa 

(Fridovich, 1974). Hay isoformas como la  SOD cobre-zinc superóxido dismutasa (Cu Zn 

SOD), localizadas en el citoplasma y espacio extracelular, la manganeso superóxido 

dismutasa (Mn-SOD), localizada en la matriz mitocondrial. Su acción se basa en que los 

dos electrones que posee el superóxido, forman dos enlaces covalentes con dos 

protones donados por una molécula de agua y otro por una histidina, liberándose H2O2,  

de esta manera la enzima se regenera y mantiene un equilibrio redox . La glutatión 

peroxidasa (GPx), reduce el  H2O2 al utilizar como cofactor al selenio y como proveedor 

de electrones  al glutatión reducido (GSH) que interacciona con los peróxidos para 

transformarlos en agua, durante este proceso el glutatión es oxidado (GSSG), para 

posteriormente por la acción de la glutatión reductasa (GR), vuelve a su estado 

reducido. Otra enzima que también neutraliza el efecto del  H2O2 es la catalasa (CAT), 

que tiene un grupo hemo en su sitio activo, cataliza la conversión de H2O2  en H2O y 

oxígeno molecular (Fig. 8). 
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Fig. 8. Esquema general del sistema que se activa como defensa ante las ROS y  reacciones 

que neutralizan su efecto. Mit- mitocondria, per- peroxisoma, lis-lisosoma, cit-citoplasma 

(Tomado de Soto-Bernardini & Ravetos-Vorst, 2008) 

 

También hay el sistema de defensa no enzimático, el más importante es el glutatión 

reducido (GSH), su grupo tiol es capaz de donar un electrón, resultando ser muy 

reactivo y se une fácilmente con otro GSH para formar disulfuro de glutatión (GSSG), 

esta reacción se produce por la actividad de la glutatión peroxidasa (GPX),  

posteriormente es  regenerado por la acción de la glutatión reductasa (GR), que utiliza 

la coenzima  NADPH  como donador de electrones, manteniendo así la proporción 

GSH/GSSG y manteniendo el equilibrio redox (Fig. 8). Cuando hay una disminución en 

la proporción de GSSG/GSH se considera que hay estrés oxidante. Cuando hay estrés 

oxidante, se presenta un desequilibrio entre la formación de ROS y el sistema de 

defensa antioxidante, provocando daño en lípidos, a este proceso se le llama 

peroxidación lipídica, entre los daños se encuentra la permeabilidad de la membrana 

celular y muerte celular. En las proteínas, hay oxidación en aminoácidos como la 
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fenilalanina, tirosina, histidina y metionina, además se forman entrecruzamientos de 

cadenas peptídicas y la formación de grupos carbonilos. En el DNA hay la pérdida de 

expresión o síntesis de una proteína por daño de un gen, modificaciones oxidativas de 

las bases, se presentan mutaciones, fragmentación de las cadenas dobles del DNA, 

reordenamientos cromosómicos, dando como resultado daño génico (Chakarov et al., 

2014). 

 

I.3 DAÑO GENOTÓXICO 

 

Los daños génicos se hacen más evidentes en las células que proliferan rápidamente, 

como son las células germinales, epiteliales y de médula ósea, por lo tanto, existe un 

gran número de células susceptibles a estos efectos. Las mutaciones pueden originarse 

por errores en la replicación o por reacciones que ocurren como consecuencia de la 

inestabilidad del DNA o por la acción de subproductos del metabolismo celular, como 

los mutágenos endógenos o estrés oxidante  (Kirkland et al.,  2007) 

En un estudio realizado con el objetivo de conocer que especie realiza una mayor 

formación de micronúcleos y poder determinar la frecuencia de eritrocitos 

micronucleados, se estudiaron 35 especies de mamíferos y se midió el daño 

genotóxico; los resultados mostraron que las especies con valores más altos son: el 

ratón con 21.4±6.5, la jirafa con 18.0±0.0,el gato siamés con 11.0±0.9, el gerbo con 

9.4±1.3, el hámster con 6.3±1.0, la zarigüeya con 7.5±0.0 y el cerdo con 6.9±4.0 

(Zúñiga et al., 1996)  

Siendo el ratón un modelo de laboratorio muy usado,  de fácil reproducción en los 

bioterios y se recomienda usarlo como un biomarcador de genotóxicos, mediante el 

conteo de eritrocitos policromáticos y reticulocitos en pruebas a corto plazo y de 

exposición a genotóxicos (Kishi et al., 1992; Wahnschaffe et al., 2005).   
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Los micronúcleos se forman durante la transición de metafase/anafase de la mitosis, en 

la etapa en la que se separan las cromatidas; los mecanismos mejor conocidos para la 

formación de los micronúcleos son: La pérdida de fragmentos acéntricos; es 

considerado el mecanismo clásico, porque cualquier fragmento cromosómico que no 

posea centrómero no podrá integrarse a un núcleo, pues carece del elemento que le 

permite orientarse en el huso acromático y se caracteriza por el bloqueo de la 

polimerización de microtúbulos durante la formación del huso mitótico. Después de la 

telofase, los cromosomas normales, así como los fragmentos que poseen centrómero, 

dan origen a los núcleos de las células hijas normales; pero los elementos rezagados 

quedarán incluidos en el citoplasma de las células hijas, esta proporción es la que da 

origen a uno o varios núcleos secundarios, son más pequeños que el núcleo principal y 

es por esta razón que se le llama micronúcleo. La pérdida mitótica de cromosomas 

completos, sucede cuando se daña el funcionamiento del sistema mitótico, en donde el 

núcleo principal es reemplazado por un grupo de núcleos pequeños, son en general 

más grandes que el clásico micronúcleo, debido a que los cromosomas completos son 

los que constituyen a estos (Heddle et al., 1991).  

 

II. PLANTEAMIENTO DEL PROBLEMA 

 

La evidencia de que la vitamina biotina en concentraciones farmacológicas tiene efectos 

favorables sobre la homeostasis de la glucosa y de los triglicéridos permite proponer su 

uso para el tratamiento de dislipidemias, intolerancia a la glucosa y diabetes tipo 2. La 

pregunta que surge es si los efectos benéficos encontrados en concentraciones 

farmacológicas no producen concomitantemente efectos tóxicos y cambios en la 

morfología tisular hepática, dos aspectos que han sido poco estudiados. Este trabajo 

propone analizar los efectos que producen concentraciones farmacológicas de esta 

vitamina sobre diversos marcadores de toxicidad y la histomorfología del hígado, en un 

modelo animal donde ya se han reportado efectos  favorables del metabolismo de la 

glucosa y lípidos. 
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III.  HIPOTESIS 

 

La biotina en concentraciones farmacológicas puede modificar la morfología del hígado 

y como consecuencia producir daño hepático. 

  

IV.  OBJETIVO GENERAL 

 

Analizar los efectos de la suplementación con biotina en la dieta en marcadores de 

toxicidad hepáticos y sobre cambios morfológicos del hígado. 

 

IV.1  Objetivos específicos. 

Analizar el efecto que produce la suplementación de biotina en una dieta de 8 semanas 

sobre: 

 

-  Marcadores de toxicidad hepática sérica.  

 - Actividad de la superóxido dismutasa, catalasa; la concentración de  

   glutatión reducido, oxidado y óxido nítrico en el hígado. 

- La histomorfología del hígado  

- El daño genotóxico en médula ósea. 
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V.  MATERIAL Y MÉTODOS 

V.1. Diseño experimental. 

Se utilizó el modelo experimental previamente usado por nuestro grupo, en el cuál la 

suplementación de biotina en la dieta disminuyó las concentraciones de triacilgliceroles 

en suero (Larrieta et al., 2010; Aguilera-Méndez 2012) y aumentó la secreción de 

insulina y la expresión de genes que participan en el mecanismo secretor  de la 

hormona (Lazo-de la Vega et al., 2013). Ratones macho de la cepa BALB/cAnN de tres 

semanas de edad recién destetados se mantuvieron en el bioterio del Instituto de 

Investigaciones Biomédicas de la UNAM bajo ciclos de luz-obscuridad de 12 h, con libre 

acceso a agua y alimento durante todo el periodo experimental, a excepción del ayuno 

previo a su eutanasia. Los procedimientos fueron aprobados por el comité de Ética y 

Experimentación del Instituto de Investigaciones Biomédicas. Los ratones recibieron 

una dieta control o una dieta suplementada durante ocho semanas. El grupo control 

recibió una dieta con 1.76 mg de biotina/kg alimento (TD-01362, Harlan Teklad); el 

grupo suplementado recibió la misma dieta conteniendo 97.7 mg de biotina/kg de 

alimento (TD-01363, Harlan Teklad).  Un tercer grupo se utilizó como control positivo 

con 5 animales tratados con tetracloruro de carbono (CCl4) [2ml/kg de peso]. La 

información completa de la dieta ha sido publicada previamente (Báez-Saldaña et al., 

2004). La dieta control proporciona suficiente cantidad de biotina para cubrir las 

necesidades metabólicas de los ratones, mientras que la dieta suplementada contiene 

cantidades de biotina de aproximadamente 56 veces más que la concentración del 

control. El peso corporal y el consumo de alimento se determinaron cada semana. A las 

ocho semanas de alimentación con las dietas, los ratones se ayunaron por 12 h, se 

anestesiaron con Sevorane (Sevofluorano) y se les extrajo la sangre, el hígado y los 

fémures. 

V.2  Marcadores de toxicidad hepática sérica.  

Para determinar las enzimas de escape indicadoras de daño hepático,  la sangre 

obtenida de cada ratón se centrifugó a 1600 g durante 15 minutos a 4º C y se recuperó 

el suero, el cual se mantuvo a -72ºC hasta su uso.    
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V.3  Determinación cuantitativa de aspartato aminotransferasa.  

La aspartato aminotransferasa previamente llamada transaminasa glutamato 

oxaloacética cataliza la transferencia reversible de un grupo amino del aspartato al a-

cetoglutarato con formación de glutamato y oxalacetato. El oxalacetato producido es 

reducido a malato en presencia de malato deshidrogenasa (MDH) y  nicotinamina 

adenina dinucleotido de hidrógeno (NADH) como se muestra en la siguiente reacción :  

 

 

 

La velocidad en la que disminuye la concentración de NADH en el medio, que se 

determina fotométricamente a 340 nm, es proporcional a la concentración catalítica de 

AST en la muestra. Siguiendo el protocolo del fabricante (Spinreact 41270), se ocupó 

suero no hemolizado. Los cálculos se realizaron de la siguiente manera: ΔAbs /min x 

1750= U/L (cantidad de enzima que convierte 1 µmol de sustrato por minuto, en 

condiciones estándar y se expresa en unidades por litro)  

V. 4  Determinación cuantitativa de alanino aminotransferasa.  

La alanino aminotrasferasa previamente llamada transaminasa glutámico pirúvica 

(GPT) cataliza la transferencia reversible de un grupo amino de la alanina al α-

cetoglutarato con formación de glutamato y piruvato. El piruvato producido es reducido 

a lactato en presencia de LDH y NADH como se muestra:  
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La velocidad de disminución de la concentración de NADH en el medio, determinado 

fotométricamente, es proporcional a la concentración catalítica de ALT en la muestra. 

De acuerdo con el protocolo del fabricante (Spinreact 41280) se ocupó suero no 

hemolizado, las muestras fueron determinadas cada minuto durante 3 minutos, a 340 

nm y temperatura ambiente; los cálculos se realizaron de la siguiente manera: 

ΔAbs/min x 1750= U/L (cantidad de enzima que convierte 1 µmol de sustrato por 

minuto, en condiciones estándar y se expresa en unidades por litro). 

 

V. 5  Determinación cuantitativa de fosfatasa alcalina.   

La fosfatasa alcalina (FAL) cataliza la hidrólisis del p-nitrofenilfosfato (pNPP) a pH 10.4 

liberando p-nitrofenol y fosfato, como la siguiente reacción: 

 

 

 

La velocidad de formación del p-Nitrofenol, determinado fotométricamente, es 

proporcional a la concentración catalítica de fosfatasa alcalina en la muestra. 

Siguiendo el protocolo del fabricante (Spinreact 1001130), se realizó el estudio en suero 

no hemolizado. El producto de la reacción fue calculado a 405 nm, a temperatura 

ambiente; cada minuto durante 3 minutos, los cálculos se realizaron de la siguiente 

manera: diferencia de ΔAbs /min x 3300= U/L (cantidad de enzima que convierte 1 µmol 

de sustrato por minuto, en condiciones estándar y se expresa en unidades por litro). 
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V. 6  Determinación gama glutamiltransferasa. 

La gamma-glutamil transferasa cataliza la transferencia de un grupo -glutamilo de la -

glutamil-p-nitroanilida al dipéptido aceptor glicilglicina, como la siguiente reacción: 

 

 

 

La velocidad de formación del ácido 5-amino-2-nitrobenzoico, es proporcional a la 

concentración catalítica de -GT en la muestra. Siguiendo el protocolo del fabricante 

(Spinreact 1001185), se ocupó suero no hemolizado. El producto de la reacción se 

determinó a 405 nm, a temperatura ambiente cada minuto durante 3 minutos,  Los 

cálculos se realizaron de la siguiente manera: la diferencia  por minuto  ΔAbs /min x 

1190= U/L (cantidad de enzima que convierte 1 µmol de sustrato por minuto, en 

condiciones estándar y se expresa en unidades por litro).  

 

V. 7  Determinación de bilirrubina. 

La bilirrubina se convierte en azobilirrubina mediante el ácido diazotado, producto que 

se determina fotométricamente. La intensidad del color formado es proporcional a la 

concentración de bilirrubina en la muestra que se analiza. Siguiendo el protocolo del 

fabricante (Spinreact 1001044), se realizaron las mediciones en suero no hemolizado, 

las muestras fueron determinados a 555nm, después de incubarlas 5 minutos a 

temperatura ambiente (20-25 °C); los datos fueron reportados en μmol/L. 
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V. 8  Determinación cuantitativa de albúmina. 

La albúmina se combina con verde de bromocresol a un pH ligeramente ácido, 

produciendo un cambio de amarillo verdoso a verde azulado, proporcional a la 

concentración de albúmina presente en la muestra a determinar. Siguiendo el protocolo 

del fabricante (Spinreact 1001023), se obtuvo el producto de la reacción  en suero no 

hemolizado. Las muestras fueron examinadas a 630nm, previamente incubadas 10 

minutos a temperatura ambiente (20-25°C), Los datos fueron reportados en mg/dL. 

 

V. 9  Actividad de superóxido dismutasa.  

SOD es una de las enzimas antioxidantes más importantes, cataliza la dismutación del 

anión superóxido (O   ˉ) en peróxido de hidrógeno y oxígeno molecular, la tasa de 

reducción del oxígeno se relaciona linealmente con la actividad de xantina oxidasa (XO) 

que es inhibida por SOD. Por lo tanto, la CI50 (50% de inhibición de la actividad de 

SOD) se puede determinar  colorimétricamente, es decir, la actividad SOD es la 

medición de la disminución de desarrollo de color a 440 nm. Como se muestra en el 

siguiente diagrama: 

 

 

 

440 nm 



37 
 

A partir de 1 μg de proteína de homogenado de hígado, se determinó 

colorimétricamente la actividad de la enzima SOD, siguiendo el protocolo del fabricante 

(SIGMA-ALDRICH Co LLC, No de Cat. 19160). 

 

V.10  Actividad enzimática de la catalasa.  

Se siguió el protocolo de Goth, 1991; donde la reacción se realiza entre el peróxido de 

hidrógeno y los iones de molibdato,  dando  como resultado un complejo estable de 

color amarillo por una hora. El tejido se llevó en una relación 1:10 peso/volumen, con 

buffer frío de fosfatos 0.1 M, pH 7.0, posteriormente se centrifugó el homogenado a 12 

000 rpm, durante 15 minutos a 4º C, se obtuvo el sobrenadante de donde se tomaron 

las diluciones  para el ensayo. Se incubó durante 30 segundos: 20 μl del homogenado 

(10 μg de proteína) con 120 μl de H2O2, 12 mM en buffer de fosfatos pH 7.4. La 

reacción se paró con 120 μl de  molibdato de amonio 32.4 mM y se determinaron las 

muestras a 405 nm. 

 

V. 11  Concentración de glutatión reducido  y oxidado. 

Inmediatamente de la extracción del hígado estos fueron enjuagados con solución 

salina isotónica fría para eliminar restos de sangre. Las muestras se trabajaron en frío y 

fueron tratadas con ácido metafosfórico al 5%, en una relación 1/20 (peso/ volumen), 

este procedimiento tuvo como fin evitar que  las proteínas interfieran en el ensayo y el 

tejido sufriera oxidación progresiva. Posteriormente el homogenado se centrifugó a 12 

000 rpm, durante 15 minutos a 4º C, se obtuvo el sobrenadante y se tomaron muestras 

para el ensayo de glutatión total y oxidado (si no se realiza el mismo día puede 

mantenerse a -80º C). Las muestras que se emplearon para glutatión oxidado fueron 

tratadas con 4-vinilpiridina 2M e incubadas a temperatura ambiente durante 1 h. Ambas 

determinaciones contaron con su curva estándar de 5 puntos con diluciones seriadas. 

Finalmente se determinaron en espectrofotómetro a  405 nm cada minuto durante 20 
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minutos, los datos se procesaron siguiendo el protocolo del fabricante (Trevigens, No 

de catálogo 7511-100-K).  

 

V. 12  Concentración de óxido nítrico. 

El óxido nítrico es una molécula extremadamente inestable que se une al oxígeno para 

dar lugar principalmente a sus dos metabolitos estables, los nitritos (NO2) y nitratos 

(NO3), que pueden ser determinados espectrofotométricamente. Este proceso se llevó a 

cabo mediante dos pasos, el primero fue la conversión de nitrato a nitrito, donde se 

utilizó la enzima nitrato reductasa, el segundo es la adición del reactivo Griess I, que 

contenía ácido sulfanílico y formó una sal diazonio, posteriormente se añadió el reactivo  

Greiss II, que contenía alfa- naftilamina y desarrolló un color rosa-purpura, el cual se 

determinó a una absorbancia de 540 nm. Las pruebas se realizaron en homogenados 

de hígado, siguiendo el protocolo del fabricante (ThermoScientific No. de lote. 

PK210737). 

 

V. 13  Daño morfológico.  

Una fracción del lóbulo lateral izquierdo del hígado se colocó en formalina amortiguada 

al 10%, posteriormente se siguió el procedimiento de deshidratación (alcoholes 

graduados 70, 80, 96 y 100%, xilol-alcohol, relación 1:1 al 100% y xilol 100%), con esto 

se logró aclarar los tejidos e incluirlos en parafina (58º C), se formaron los bloques que 

contenían los tejidos, posteriormente fueron cortados con un grosor de 5 micras y 

colocados 3 cortes por laminilla que contenían polilisina como fijador. Finalmente se 

tiñeron con hematoxilina-Eosina (HE) y se realizó su análisis histológico en un 

microscopio óptico (Olympus BX51). Para el conteo de células binucleadas y 

nucleomegalia se realizó en 3 campos por corte y 6 cortes por cada ratón en un 

aumento 40X. Para la evaluación histológica del hígado se siguió el criterio de Ezzi L et 

al., 2016, con la observación de 10 campos por corte y cuatro cortes por ratón en un 

aumento de 25X. Este criterio considera que una disrupción mínima es aquella que se 
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presenta en menos de 1% del campo, una disrupción leve de 1%–30% del área; 

moderada (31%–60%); severa (61%–90%)  y muy severa (91%–100%). 

 

V. 14  Daño genotóxico. 

Se obtuvieron ambos fémures, que fueron cortados por los extremos proximales, 

posteriormente con una jeringa de insulina que contenía 500 μl de  buffer de fosfatos 

(PBS) frío pH 7.0 con suero fetal bovino (SFB) al 5%, se extrajo la médula ósea y se 

vertió en un tubo  Eppendorf, el cual se centrifugó a 500 g durante 10 minutos a 4°C, el 

proceso se realizó dos veces para eliminar el sobrenadante que contenía grasa. El 

botón formado, se resuspendió en 40 μl de PBS, para disgregar las células, y se 

añadieron 5 μl en un portaobjetos previamente desengrasado para hacer frotis por 

triplicado, se mantuvieron 24 h a temperatura ambiente para su secado y 

posteriormente se fijaron con metanol absoluto durante 10 minutos y tiñeron con 

Giemsa al 5% (Arencibia et al., 2011). Se contaron al menos 2000 reticulocitos por 

animal, en un microscopio Olympus BH2 a un aumento de 40X y su confirmación a un 

aumento 100X, anotando las coordenadas para cada micronúcleo encontrado. La 

frecuencia de micronúcleos se calculó como el No. de micronúcleos en 

reticulocitos/2000 x 100, los datos obtenidos se expresaron como frecuencia de 

micronúcleos (0/00). 

 

V. 15  Estadística.  

Se usaron pruebas de ANOVA de una vía y la prueba no paramétrica de Mann-Whitney;  

considerándose como diferencia significativa una p ≤ 0.05. Los cálculos se hicieron con 

el programa GraphPad Prism v 6.0. 
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VI  RESULTADOS 

 

VI. 1 Peso del ratón e ingesta de alimento. 

Durante las 8 semanas experimentales se analizó el peso corporal y el consumo de 

alimento, no encontrándose diferencias entre los grupos. Al término de este periodo el 

peso corporal fue de 22.3±1.6 g en el grupo control y de 22.6±2.2 g en el grupo 

suplementado (Fig. 9A). El consumo de alimento diario promedio fue de 3.02±0.48 g 

para el grupo control y de 3.2±.0.33 para el grupo suplementado con biotina (Fig. 9B). 

 

Fig. 9. Promedio del peso de los ratones (A) y alimento (B) consumido diario promedio durante 

las 8 semanas después del  destete (control  ■  y suplementado ●). 

  

VI. 2  Marcadores de toxicidad hepática. 

Para determinar daño hepático se realizaron una serie de pruebas clásicas, como son 

la determinación de la actividad en suero de las enzimas de escape aspartato 

aminotransferasa y la alanino aminotransferasa, las cuales se ilustran en la Figura 10. 

Ambas enzimas presentaron una actividad en un rango normal (representado en el 

recuadro punteado negro). Si bien el grupo suplementado con biotina presentó valores 

de actividad de AST significativamente más altos (* p <0.05) con respecto al control  
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(control=163±11.0; suplementado=196±8.60 U/L) estos valores se encuentran dentro de 

los niveles considerados normales.  

La actividad de ALT, no mostró diferencias significativas entre los dos grupos 

(control=32.9±3.29; suplementado=30.2±2.40 U/L). Como control positivo se hicieron 

experimentos usando el CCl4, con dosis única de 2ml/kg de peso, en ambas gráficas 

podemos observar que en este grupo hay un incremento considerable de las enzimas 

de escape con respecto a los otros dos grupos (AST=954±23.6 U/L; ALT=833±13.2 

U/L).  

 

 

Fig 10. Los valores normales para AST (A) en machos de 9-14 semanas de edad es de 88.9 –

215.8 U/L y el de ALT= 32.2- 80.9 U/L (B), representados en el recuadro (REDVET, 2011). Los 

datos representan el promedio ± SEM, ***p<0.001 y una N= 8. 
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 Un incremento de fosfatasa alcalina y la ɤ- glutamil transferasa en el suero es 

indicativo de obstrucción biliar. Con el fin de determinar cuál es el efecto de la dieta 

suplementada con biotina sobre el flujo biliar se analizó la actividad de estas enzimas, 

como podemos observar en la Fig. 11 los valores obtenidos se encuentran en el rango 

considerado normal (REDVET, 2011),  en tanto que el control positivo de daño hepático 

con tetracloruro de carbono se observó un incremento significativo.   

 

 

Fig. 11. Determinación de enzimas, que nos indican la integridad del hepatocito y flujo biliar. Los 

valores normales de FAL son de 85.4 – 311.7 UI/L (A) y para GGT de 0 – 3.0 U/L  (B) en 

ratones macho de 9 a 14 semanas de edad, U/L= enzima que se convierte 1µmol de 

sustrato/minuto en condiciones estándar. Los datos representan el promedio ± SEM, ***p<0.001 

y una N= 7. 
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La función excretora biliar se analizó por medio de la determinación de bilirrubina 

sérica, indicativa de la capacidad del hígado para eliminar los grupos hemo y 

excretarlos en las heces. Como se observa en la Tabla 1, no hubo diferencia 

significativa en la bilirrubina sérica entre el grupo control y suplementado con biotina, lo 

que nos indicó que no hay un daño en la excreción biliar.  De acuerdo con lo esperado 

en los animales tratados con tetracloruro de carbono se observó un aumento de los 

valores séricos de ambas bilirrubinas.  

Tabla 1. Valores obtenidos de bilirrubina total e indirecta en los grupos experimentales,                         

los datos representan el promedio ± SEM, *p<0.001 y una N= 8. 

Metabolito Unidades Control Biotina CCl4 

Bilirrubina Total  [µmol/L] 0.30±0.040 0.22±0.029 1.22±0.28 

Bilirrubina indirecta [µmol/L] 0.29±0.071 0.22± 0.020 1.02±0.1 

La albumina es un indicador  de la función hepática de síntesis de proteínas. Como 

podemos observar en la Fig. 12, las concentraciones de albúmina sérica no difieren 

significativamente entre el grupo suplementado con biotina con respecto al grupo 

control y se encuentra dentro de  los rangos normales.  

 

Fig. 12. Concentración de albumina en suero, Los datos representan el promedio ± SEM, 

***p<0.001 y una N= 9. 
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Los niveles de urea se relacionan con la ingesta proteica, la función hepática y el nivel 

de catabolismo proteico endógeno. El análisis de urea reveló que la administración de 

la dieta suplementada con biotina durante 8 semanas no produjo cambios significativos 

en los niveles de este catabolito con respecto al grupo control (Fig. 13), en tanto que los 

valores de los ratones tratados con tetracloruro de carbono se vieron aumentados.  

 

 

 

 

Fig. 13. Determinación de urea en suero de ratones, con el que se puede determinar 

catabolismo proteico. Los datos representan el promedio ± SEM, ***p<0.001 y una N= 7. 

 

VI. 3  Actividad de la superóxido dismutasa en el hígado. 

Para determinar el daño oxidante se analizó la actividad enzimática de la  superóxido 

dismutasa en los homogenados de hígado (Fig. 14),  encontrándose que no existen 

diferencias significativas entre los grupos control y suplementado. Sin embargo, se 

observó un aumento de la actividad de la enzima en los ratones tratados con 

tetracloruro de carbono (control =14.8 ± 1.45; suplementado = 15.0 ± 1.48; tetracloruro 

25.4±1.86 U/mg proteína. 
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Fig. 14. Efecto de la SOD en homogenados de hígado. Los datos representan el promedio ± 

SEM, ***p<0.001 y una N= 5.  

VI. 4 Determinación enzimática de la catalasa en el hígado. 

 El daño oxidante también se determinó  mediante la actividad de catalasa, enzima que 

convierte el peróxido de hidrógeno en agua y de ésta manera se neutraliza el efecto de 

estrés oxidante. Como podemos observar en la Figura 15, no se encontró ninguna 

diferencia significativa entre el grupo control comparado con el grupo suplementado con 

biotina, (control=144±18.1; suplementado=151±13.5 U/mg proteína). El grupo control 

positivo (tetracloruro de carbono) mostró un aumento en los valores de la actividad de la 

catalasa: 286±30.1 U/mg proteína, p<0.05 comparado con los otros dos grupos. 

 

Fig. 15. Determinación de la actividad de CAT en los diferentes grupos usados en este 

proyecto. Los datos representan el promedio ± SEM, ***p<0.001 y una N= 9. 
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VI. 5 Determinación de glutatión reducido y oxidado en el hígado. 

Se determinó la concentración de glutatión reducido y oxidado en homogenados de 

hígado. Los valores encontrados para el primero del grupo control fue de 34.2±3.6 y en 

el suplementado  de 32.1± 4.6 pM/ μg de tejido. Para el glutatión oxidado los valores 

fueron  de 10.7±0.57 para el grupo control y de 9.67±2.12 en  el grupo suplementado.  

La prueba estadística indica que no hubo diferencias significativas entre los grupos 

control y suplementado, pero en el grupo tratado con tetracloruro de carbono el sistema 

redox se vio afectado .En la relación entre la concentración de glutatión reducido y 

oxidado se encontró que  el grupo control presentó un valor de 12.13 y el suplementado 

12.74;  no hubo diferencia significativa entre los grupos (Fig. 16). 

 

 

 

Fig. 16. Relación que se tiene entre el glutatión reducido y oxidado. Los datos representan el 

promedio ± SEM, ****p<0.0001 y una N= 7. 
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VI. 6 Concentración de óxido nítrico. 

Se determinó la concentración de óxido nítrico mediante el análisis de sus metabolitos 

estables nitritos y nitratos en homogenados de hígado. Los datos obtenidos nos indican 

que no existen diferencias significativas entre el grupo control y el suplementado, 

siendo en el primero  de 24.94 ± 0.98, y de 25.68 ± 0.94.31 μmol/L para el segundo. Se 

observó un aumento significativo en la producción de óxido nítrico en los ratones 

tratados con tetracloruro de carbono  (Fig. 17).  

 

 

Fig 17. Determinación de óxido nítrico en homogenados de hígado. Los datos representan el 

promedio ± SEM, ***p<0.001 y una N= 8. 

 

VI. 7 Histomorfología de hígado teñido con hematoxilina-eosina. 

En el análisis histológico se encontraron diferencias entre los cortes de hígado que 

provenían de ratones suplementados con biotina con respecto a los controles. En los 

ratones que recibieron la dieta suplementada con la vitamina se observó 39% más de 

células binucleadas con respecto al grupo control (Fig. 18 A     ), característica que se 

asocia con mitosis sin citocinesis, mayor capacidad de regeneración del hígado y/o con 

hepatocitos  en quiescencia (Concepción & Díaz, 2013). 
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Fig. 18. Se observa un mayor porcentaje de células binucleadas (A) en el grupo suplementado 

con biotina (18.3%), con respecto al control (13.2%). La observación se realizó en un aumento 

40X, con un microscopio Olympus BX51, el análisis fue de 3 campos por corte con un total de 6 

cortes por muestra. Los datos representan el promedio ± SEM, *p<0.05 (B). 

 

También, se observó que el número de hepatocitos con nucleomegalia (núcleos 

mayores de 12 µm       , Fig 19 A) aumentaron con respecto a los presentados en el 

grupo control=0.81±0.11; suplementado=1.30±0.28 (Figura 19 B). 

A 

B 
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Fig. 19. Se observa un mayor porcentaje de células con nucleomegalia (A) en el grupo 

suplementado con biotina (aumento 40X, microscopio Olympus BX51). El análisis fue de 3 

campos por corte con un total de 6 cortes por muestra. Los datos representan el 

promedio ± SEM, *p<0.05 (B). 

 

Se encontró en la cuantificación de la frecuencia de áreas (μm2) en los núcleos, que el 

grupo control presentó áreas de 16.27 a 125.54 μm2 y el grupo suplementado con 

biotina de 14.48 a 188.89 μm2, (Fig. 20).  
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Fig. 20. Frecuencia de áreas nucleares para los grupos control y suplementado con biotina. El 

análisis fue de 300 áreas de núcleos por muestra.  

 

 

También se encontraron  otras modificaciones en la morfología hepática las cuales 

fueron cuantificadas de acuerdo con el criterio de Ezzi et al., 2016, entre ellas se 

observaron cambios moderados en la dilatación de los sinusoides (Fig. 21A y B), 

aumento moderado en la vascularización (Fig. 22A y B) y leve incremento de conductos 

biliares (Fig. 23 A y B ).  
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Fig. 21A. Se observa la presencia de moderada dilatación de sinusoides en el grupo 

suplementado con biotina (aumento 40X, microscopio Olympus BX51). 

 

 

 

 

Fig. 21B. Porcentaje de dilatación de sinusoides, el grupo suplementado presentó un 38.8 

±4.1%, considerándose una modificación moderada (31-60%, Ezzi et al., 2016). Los datos 

representan el promedio ± SEM, *p<0.05. 

 

A 

B 
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Fig. 22A. Se observa un moderado incremento en la vascularización en el grupo suplementado 

con biotina (aumento 10 X, microscopio Olympus BX51). 

 

 

 

 

Fig. 22 B. Porcentaje de vascularización, el grupo suplementado presentó un 54±4.5%, 

considerándose una modificación moderada (31-60%, Ezzi et al., 2016). Los datos representan 

el promedio ± SEM, *p<0.05. 

 

A 

B 
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Fig. 23 A. Se observó un leve incremento en los conductos biliares en el grupo suplementado 

con biotina. (aumento 20X; microscopio Olympus BX51). 

 

 

 

Fig. 23 B. Porcentaje de conductos biliares, el grupo suplementado presentó un 29±4.1%, 

considerándose una modificación moderada (31-60%, Ezzi et al., 2016). Los datos representan 

el promedio ± SEM, *p<0.05. 

 

A 

B 
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VI. 8  Determinación de daño genotóxico. 

En la prueba de formación de micronúcleos en reticulocitos se encontró un incremento 

en el porcentaje de daño genotóxico (p<0.05) en el grupo suplementado, como 

podemos ver en la figura 24. Sin embargo, ambos grupos se encuentran en el rango de 

valores normales, que es hasta de 0.75%. Este dato es sugestivo de daño genotóxico  

pero este resultado debe complementarse con otras pruebas para confirmar el daño 

genotóxico. 

 

 

Fig. 24. Daño genotóxico en reticulocitos de médula ósea. El análisis representa la frecuencia 

de micronúcleos. Los datos son el promedio ± SEM, *p<0.05. 
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VII  DISCUSIÓN 

 

En este estudio, se encontró que la administración durante ocho semanas de alimento 

suplementado con biotina indujo cambios notables en la histomorfología hepática de los 

ratones de la cepa BALB/cAnN, entre los que podemos mencionar el incremento de 

células binucleadas (39%),  nucleomegalia (66%), cambios moderados de dilatación de 

sinusoides y vascularización, así como leves cambios de conductos biliares. Estos 

cambios morfológicos encontrados en el hígado se suman a los previamente reportados 

en nuestro laboratorio en el páncreas (Lazo de la Vega et al., 2013) y en el ovario 

(Baez-Saldaña et al., 2009), así como reportes por otros autores en ratas (Paul et al., 

1973) y en modelos diabéticos (Sahin et al., 2013, Sawamura et al., 2015), lo que indica 

que la biotina en concentraciones farmacológicas afecta la morfología tisular. 

El incremento de células binucleadas y nucleomegalia resulta de un estado poliploide. 

El papel de un incremento en la polipliodía se encuentra hasta el presente en debate. 

Por un lado, se ha reportado que las células polipliodes aumentan en algunos tipos de 

cáncer como el esofágico y el de colón (Gentic et al., 2014), sin embargo, en el hígado 

la mayoría de los estudios señala que ésta hace que los hepatocitos conserven una 

notable capacidad para proliferar en respuesta a una lesión celular masiva, una 

exposición tóxica o infección viral (Gentic et al., 2014)  Nuestros resultados han 

encontrado que, a pesar del aumento en la poliploidía, los marcadores de daño 

hepático y estrés oxidante no se modificaron, lo que sugiere que los cambios nucleares 

que produce la suplementación con biotina podrían estar asociados con los efectos 

positivos de la poliploidía en el hígado. Será interesante en estudios futuros probar esta 

hipótesis en modelos de daño como la hepatectomía. 

En estudios previos (Báez-Saldaña et al., 2009) encontramos, en el mismo modelo 

experimental de ratones usado en este estudio, que la ingesta de aproximadamente 14 

mg/kg de peso corporal durante 9 semanas produjo un decremento en el número de 

folículos primarios y de Graaf. Cambios en la morfología del ovario también se 

encontraron en ratas con la administración de una dosis única de biotina [50mg/kg] de 
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peso corporal vía intraperitoneal (Paul et al., 1973). En otro estudio (Lazo de la Vega et 

al., 2013) encontraron que se aumentó el tamaño de los islotes pancreáticos y la 

proporción de células alfa en el centro del islote. Tanto los cambios en los trabajos 

arriba descritos como en la presente tesis no tuvieron efectos adversos en la ganancia 

de peso corporal, la ingesta de alimento, la apariencia externa o la conducta de los 

animales. En contraste, estudios por Sawamura et al (2015) en ratas alimentadas por 6 

semanas con una dieta conteniendo 10 g/kg de dieta (990 mg/kg de peso corporal) 

presentó cambios morfológicos en el diámetro de los tubos seminíferos pero estas 

concentraciones de biotina mostraron afectar la ganancia de peso, disminuir la ingesta 

de alimento y afectar negativamente el peso del hígado y de los riñones, por los que es 

posible que los cambios morfológicos del testículo resulten de efectos tóxicos de la 

biotina. 

Otras investigaciones han encontrado que concentraciones farmacológicas de biotina 

revierte la histopatología producida por el estado diabético (Sahin et al., 2013; 

Aldahmash et al., 2015, 2016). En ratas con diabetes inducida por dos semanas de 

ingesta de una dieta alta en grasas y una inyección de estreptozotocina se encontró 

que la administración de 300 ug/kg de peso corporal durante 10 semanas disminuyó los 

daños producidos por la dieta y la estreptozotocina en el hígado, páncreas y riñón 

(Sahin et al., 2013). En ratones albinos Suizos a los que se les generó diabetes con 

estreptozotocina, una dosis diaria de 15 mg/kg de peso corporal durante 12 días 

sucesivos decrementó el número de glomérulos distorcionados, el número de células 

inflamatorias y de macrófagos gigantes que se observaron en los ratones no tratados 

con la vitamina (Aldahmash et al., 2015). En el hígado, estos mismos autores 

encontraron disminuciones en la dilatación de la vena porta, la infiltración de linfocitos y 

de grasa (Aldamash et al., 2016). En ninguno de estos estudios se reportan los cambios 

morfológicos que encontramos en el hígado en este trabajo de tesis. Es interesante 

notar que en los animales con diabetes las concentraciones farmacológicas de biotina 

revierte los daños producidos por el estado diabético, en tanto que en animales no 

diabéticos los cambios se observan en la morfología típica. 
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Resulta relevante que a pesar de que encontramos modificaciones morfológicas en el 

hígado, no se observaron cambios significativos en los marcadores de daño hepático 

analizados (albumina, bilirrubina total e indirecta, gama glutamil transferasa, aspartato y 

alaninoamino transferasa, fosfatasa alcalina o urea),  Estos resultados coinciden con los 

descritos por Sawamura (2015), en ratas normales, en los que dietas conteniendo hasta 

1000 mg/kg de dieta no afectaron estos parámetros. 

Las modificaciones morfológicas favorables que produjo la biotina en modelos murinos 

diabéticos, está asociado con la reducción de la estrés oxidante (Sahin et al., 2013; 

Aldahmash et al., 2015, 2016). En los estudios de Sahin et al., (2013) las ratas cuya 

hiperglucemia se indujo con una dieta alta en grasas y estreptozotocina, se 

disminuyeron los niveles de malondialdehído en el suero, hígado y riñón. En ratones 

albinos Suizos (Aldahmash et al., 2015, 2016) el tratamiento con biotina disminuyó la 

señal de acroleina, un marcador de daño oxidante. En contraste, nuestros estudios no 

encontraron cambios en la concentración de malondialdehídoo otros indicadores de 

daño oxidante como el glutatión reducido y oxidado. Tampoco encontramos diferencias 

entre el grupo control y el suplementado con biotina en la actividad de la catalasa y la 

superóxido dismutasa. Diferencias entre los efectos de concentracioes farmacológicas 

de biotina entre el estado diabético y condiciones normales también se han encontrado 

en la expresión de genes (Dakshinamurti, 1994; Ferreira & Weiss 2007; Sugita et al., 

2008; Larrieta et al., 2010 y Sahin et al., 2013), modifican las curvas de tolerancia a la 

insulina y a la glucosa (Reddi et al., 1988; Lazo de la Vega et al., 2013), lo que indica 

que los efectos farmacológicos de la vitamina difieren dependiendo del estado 

metabólico.   

El óxido nítrico tiene un papel muy importante en la vasodilatación y su disfunción está 

asociado con la estrés oxidante (Zhang, 2016). Estudios en células de línea celular 

leucémica de linfocitos T (Jurkat) reportaron que los efectos de la biotina son 

dependientes de la concentración del óxido nítrico (Rodríguez-Melendez & Zempleni, 

2009). Sin embargo otros estudios en ratas que recibieron biotina durante ocho 

semanas, diluidas en el agua para su consumo (12 mg/kg de peso) encontraron que los 

efectos de la biotina son independientes de éste (Watanabe et al., 2008). Los 
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resultados que se obtuvieron es este trabajo, no mostraron cambio  en la concentración 

de óxido nítrico entre grupos, lo que sugiere que son otras acciones las están 

involucradas en la vasodilatación que se observó en los cortes de hígado. 

Los mecanismos que participan en los cambios histomorfológicos que produce la 

biotina en concentraciones farmacológicas se desconocen. En las modificaciones 

causadas en el islote pancreático de nuestros estudios previos (Lazo de la Vega et al., 

2013), los cambios en la arquitectura del islote estuvo asociada con una disminución del 

RNAm de la proteína de adhesión celular neuronal (Ncam), una proteína cuya 

expresión participa en el mantenimiento de las células alfa en la periferia del islote (Esni 

et al., 1999). Estudios en proceso en nuestro laboratorio se encuentran dilucidando los 

mecanismos que podrían estar participando en los efectos de concentraciones 

farmacológicas de biotina sobre la morfología del hígado.  

La administración farmacológica de biotina se ha considerado que no produce efectos 

nocivos, ni en humanos, ni en animales de experimentación (Committee on the 

Scientific Evaluation of Dietary Reference Intakes and its Panel on Folate, Other B 

Vitamins, and Choline and Sub comité on Upper Reference Levels of Nutrients Food 

and Nutrition board, Institute of Medicine 2000; Fiume, 2001). Pruebas de toxicidad para 

evaluar agentes mutagénicos (AMES) en bacterias (SRI-International, 1979; Hayes, 

1984; Ronquillo et al., 2013) han encontrado que la biotina no tiene efectos tóxicos ni 

mutagénicos. Sin embargo, en Tradescantia (Trad-MCN) mostró que el efecto 

mutagénico se presentó en dosis de 250 mg/ml de biotina (Ma et al., 1984). En 

humanos no se han encontrado efectos adversos con administraciones en el rango de 

0.25 a 100 mg de biotina, esto ha sido reportado en pacientes con errores innatos del 

metabolismo (Baumgarner, 1997), individuos normales (Singer & Goehas, 2006), 

pacientes diabeticos (Maebashi, 1993) y pacientes sometidos a hemodiálisis (Koutsikos, 

1996). En ratas, dietas conteniendo hasta 1000 mg/kilogramo de dieta no mostraron 

cambios en marcadores de daño hepático y renal (Sawamura et al., 2015), pero la 

ingesta de una dieta con 10 g/kg de dieta (990 mg/kg de peso corporal) tuvo efectos 

dañinos (Sawamura et al., 2015).  
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 Los resultados obtenidos en esta tesis encontraron que la dieta suplementada con 

biotina produjo un aumento en la formación de micronúcleos, aunado a los cambios en 

la morfología del hígado, lo cual indica que es necesario realizar estudios para 

determinar las repercusiones de las modificaciones producidas por la vitamina en 

concentraciones farmacológicas ya que esta se encuentra disponible en 

establecimientos comerciales en concentraciones dos o tres órdenes de magnitud por 

arriba de sus requerimientos diarios.  
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VIII  CONCLUSIÓN 

 

 

Estos datos demuestran por primera vez, que la suplementación con biotina afecta la 

morfología hepática en ratones sanos. Estos cambios incluyen el incremento de células 

binucleadas, nucleomegalia, dilatación de sinusoides, incremento moderado de 

vascularización y conductos biliares. Los cambios histológicos no se reflejaron en 

aumentos de marcadores de daño hepático, ni produjeron estrés oxidante, lo que 

sugiere que los cambios nucleares que produce la suplementación con biotina podrían 

estar asociados con efectos positivos de la poliploidía en el hígado. Por otro lado, en la 

médula ósea, se encontraron cambios sugerentes de genotoxicidad. En conjunto estos 

hallazgos indican que el estudio de los efectos tóxicos de la vitamina deben de 

considerar otras herramientas para determinar las repercusiones que pudiesen tener los 

cambios nucleares y estructurales que produce la vitamina.  
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IX   PERSPECTIVAS 

 

 

 

 Investigar los mecanismos moleculares que participan en los cambios 

estructurales y nucleares del tejido hepático.  

 

 Realizar hepatectomia en los ratones suplementados con biotina para conocer si 

hay modificación en la poliploidia  de los hepatocitos. 

 

 Determinar si la poliploidía generada por la suplementación de la vitamina otorga 

protección o efectos detrimentales en el hígado. 

 

 Estudiar las repercusiones de la poliploidia generada con la suplementación con 

biotina en el ciclo y proliferación celular.  

 

 Determinar la participación del factor de crecimiento endotelial vascular (VEGF), 

ciclinas y  cinasas dependientes de ciclinas (CDK) en el incremento de la 

dilatación de los sinusoides y el aumento de la vascularización.  
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Absl rlC I: In T«cnl decides. it was foulld !hal vitamin! affeel biologieal funelion! in ways o!her than 
thcir Iong-knQ"'n funelion!: niacin is the be~1 e.nmple of a water·soluble "ilamin ~nown tQ ¡lQssess 
mul1iple aClion~, Bi01in. also kno"n as vilamin B7 or vilamin H. is a walcr·soluble B·oomplcx vilamin 
lhat ~CfVes al a co\'alcnlly-bouOO ooen1.)'me of earboxylalcs. 11 i~ now wcH documcnlCd !hat biotin hl! 
aclions other IhW1 pnnieipating in classieal et\1.)'me eataly!i! reaclions, Several lines of evidence hal'e 
dcmonSlmll'd lhat phannacologie~l conecnllalion! of biolin affeet gluCOJC and ~pid metaboli~m. 

hypcnension. rcproduclion. dCI·ctopmenl. DIId immunily. Thc cffccI of biolin 00 mese funelions i! 
rclall'd lO in actions al the ttlUlscriplional. ltlUlslational. and poJt-translational Icvell . Thc best­
supported meehanism inl'OlI'l'd in !he genClic cffcm of biolin is lhe !101uble gunnyla:c eyelasc/prolein 
kinalc G (PKG) sign~1ing cascad:. Altoough there ~re commcn:ially-a\'ailable producu containing 
phannacologieal ronecnlrnlions 01 biolin, the loxie CffCC15 of biolÍn hal'c bcen poorly sludicd, This 
review !iUmmarizes lhe known actions and mol«ular mechanisffiJ ofphannacological dQSCS ofbiolin in 
animals aOO rurrCnI informal ion rc&arding biolin 10xicily. 

"e)' '''ord ~: BiOlin IOxieÍly, Biolin, Gene cxpression, GuanylalC Cyelase, Hisl0ne BiOlinylalion, Phamlacological eff«:ls. 

I.INl'ROIlUCl' lON 

In recent dccades. it was discol'ercd lhm \'ilamins affcct 
biological funclions in ways OIher lhan lheir classically­
defíncd functions (1). Niacin. also known as vilamin Bl 
illuslrales lhe mulliple aClions oC a waler-soluble vilamin. 
Niacin is coo"ertcd inlo nicolinamide adenine dinuclcotides 
(NAO and NADP). which participale in redQx fun CliQns: 
bcsides Ihis closs ical role as D cocnzymc. niocin is rcquired 
for the (AOP)-ribose transfer reactiQns in\'Ql\'cd m 
dcoxyribonuele ie oeid rt'pair [2). eoleium mobiliz3lion. Md 
dt'act'1ylalion reaetions [3[. In addilion. pharmacological 
concenlr31ions of niaein e fftX:1Í\'cly Ircm dyslipidemias Md 
Dlherosclerosis [4). Thc molecular mechanisms Ihal 
participal" In niacin's phannacological effl'C ts are sIi ll a 
maller of deba le: Ihe mOSI accepted meehanism is its binding 
\Q a G,-couplcd receptor. Howe\'CT, gene exprcssiQn, dir~ I 

enzymat ic inhibilion. and microRNA hOl'e olso been 
suggesled to participate in niacin 's hypo lipcmic cfrecl [4[, In 
Ihe same montlcr as niaein. biOlin modifies biological 
functions in addi lion \Q ils class ical role as a eOCTlzyme . In 
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Ih is arliclc, wc revicw scverol of biolin's aClions. in 
particular Ihose eITecl5 al pharmaoolo~ ica l doses ofb iolin, 

2. 8101'I N 

Biolin is a vÍlamin Ihat panieipales in inlcrmcdial)' 
melaboli sm as a covalenlly-bound cocnzymc of carboxylases 
[1]. The adcquate inmke (Al) level of biotin is 30 ~g/d fQr 
adult s and pregnonl women [5]. 35 jJg!d for laclDling 
lnolhers , and 5 ~g/d for infanls (0-5 lIlonlhs) [5]. Primary 
nutrilional biolin defieieney is uncommon: however. mc<lieal 
intcrvcnlions, pregnancy. [6] and xcnQbiOlics [7-9] may 
aITeel biolin le"els . 

Thc classic role of biOlin is 10 parlicipate in carboxylation 
reaclions [ 10). fi ve biolin-dcpendenl carbo.~ ylases exisl in 
IIUlllllllals: pyruvatC carboxylasc, aeClyl-CoA earboxylasc-2. 
propionyl-CoA carboxylase. and ~-mt'1hy1crolonyl-CoA 
carboxylasc, whirh are loratcd in !hc milochondria, and 
ocelyl-CoA carboxylase- l. ",hieh is locatc<l in the eytoplasm 
[JO], I'yruvatc carboxylase Calaly~es pyruvale carboxylaliQn 
10 oxalaCelate. D 51cp Ihat is crilically in,'olvcd in 
Iricarboxylic acid anap l<'TOs is and gluconCOgenl'Sis [ 11 ]. 
Propionyl-CoA cDrboxylasc participatc5 in Ihe calabolism of 
fally acids Qf odd-numbcrcd chain lcnglh and brnnchcd-chain 
omino acids (12). The enzyme ~-methylcrolonyl-CoA 

carboxylase parlicipales in bolh isoprcnoid mctabolism and 
IC1/cine ealabolism (13). Acelyl-CoA corboxylose eataly~cs 
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Absl rae l: In =enl deeadei. iI wa foutld Ihal vilamins IIfTecl biologicDI funclions in ways olhcr Ih~n 
Iheir Iong-kno"'n funclions: niacir, is Ihe besl e~iUllplc of a walcr-&;»ubk "ilamin lnown lo pos.scss 
mulliple BClionl. BiOlin. al&;> kno"lI as vilamin B7 or "ilamin H. il I walcr·solublc B·oompl~x ,ilamin 
lhal $CfVCS a. a OO"alenlly-oound cocnl)'me of cutb<>xylascs. 11 il now "'dl d<x:urncnrcd lhm biolin has 
IIClioltll olher IhlUl pDMicip31ing io ela!illical mzyme calaly5iJ rcaelion" Sevrral lincs of cvidenec hUI'c 
demon~t1Ited lh31 pharrn llCQlogiCl1 ronecnlrltllons or bio,in dfecl ¡¡Iuro", lUId ~pid melaoolism. 
hypcrtension, reproduclion, delclopmenl. I1l1d immunily. The efTecl of biotin 011 thcsc functioltll i, 
related to liS IIClion. al Ihe ItllI1scripllonal, It1Inslal ionat I1l1d posI-IrlInslaliunal Ic"tI. , Th\: besl. 
SUppoMed mcchllnism inl"Ol\'1'd in Ihr Ilentlic rfT~cl.'l of biolin ¡~ Ihe soJublr guBtlyla:e eyclase'prulein 
killluc G (PKG) s¡gn~ling cascad: , Allhough Ihere are rommcrciaJly-u"ailuble producu containing 
phwmarolllKical ~oncenlrnlions of biolin. Ihe loxie dfecl.'l of biolin hal'c beco pocrly sludil'd, Thi§ 
n:vicw surnmarizcs ¡hc known aClions and nmlta/lar mechlUlisms ufpharrnllOOluglcal dOSC5 ofbio¡in in 
animal" and ""rrenl inforrnalion rrzanling biolin IUxicily. 

lüp,'ord5: Biolio ¡oxici¡y, Biolin, Gene cxprcssion. Guanylalc Cyclas .... lli stone () iotinylalioo,l)h~mll1cologiC31 efTecls. 

I .INTRODUCTION 

In recen! decades, il was discoI·en.'\J Ihal vilamins aITecl 
biologica l fUllClioos in w3ys oth ... r Ihan Iheir classically­
defined funclions [1) . Niacin, also known as vil,lmin Bl 
illu.lr8ll'S Ihe mullipl ... lIc lioos uf a water-soluble vil3min. 
Niaein is cOl1vertl'\J Inlo nicolinamide adenine dinucloolides 
(NAD and NAO!'). whieh p~Micipntc in rl'dux funelioos; 
besidcs lhis classielll role as a cocnzyrne. niocin is rcquin:d 
for Ihe (ADI')-ribosc lronsfer rcaclions involved in 
dcoxyribonuclcic ocid r"'pair [1). calciulll lllobilization. :Jlld 
dC:lcelyla lion reactions 13]. In "ddilion, phannacological 
concentrll1ions of niacin efTectivcly Ircm dyslipidemias and 
81hcrosclerosis [4), The moleeuhlr mechanisms lhal 
participalc 10 ni!!Cio's phan1l3culugical em.'C1S are slill 3 
mo1ter of deba le: lhe mOSI ucceptcd meehunism is ils binding 
10 a G,-couJlk·d receptor. 1 ' l owc"~'T. g~'Tle cxpl"l.'Ssioo, direc I 
cnz)'malic inh ibilion. and microRNA ha,·c also been 

5ug¡;estcd 10 paMicipu!c in niacin's hypolipcmie efTec! ]4]. ln 
Ihe 5:HnC DtannCr as niucin. biOlin modifics biological 
funclions in addi liun 10 ilS classieal role as i1 cocnzymc , In 
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ib is arliclc. Wl' !'C"icw severo l uf biotin's nClions. in 
particular lhose efTecb al pharm"colo~ic:tl dOSl'S ofbiolin. 

2. 8tOTI N 

()jotin is a vilamio Ihm p3ru('lp al~'S in intcrmedi31)' 
melaboli sm as a oo~a lcnlly·bound cocnzyme ofcarboxylases 
]1]. The adcqu3lc inlakc (Al) leve! uf biolin is 30 lIyd for 
adul1s and prcgnanl women (5). 35 flgfd for laClDling 
mOlhcrs. nnd 5 IIg/d fur infanlS (0-5 monlhs) [5]. Primnry 
nUlrilional biolin dclíciency is uneommon: howe'· ... r, medical 
inteTvcntions. pregnaney. [6] and xenobiolics [7·9] may 
afTeel biol in Icvcls. 

lhe dnssic role of biolin is 10 partidpate in cnrboxylalion 
rcacl ions ]10). fivc biolin.dl']lCndenl carboxylases exist in 
manunols: pyru"atC carooxylase, ncclyl-CoA c8rboxylase-2. 
propionyl-CoA cmboxylasc. and ~-11lelhy1crolonyl-CoA 
carboxylasc, whieh are IOC3ICd in me mitochoodria, and 
acelyl-CoA carbox ylasc-I. which is lacated in Ihc cyloplasm 
(ID]. Pyrul'D/C carboxylasc c!ualyzcs pyru~31c cnrboxyla¡ion 
10 oxolacclmc. a SIl'p Ihal is cril ically involl'ed in 
Iriearboxylic acid anaplcros is and gluconcogenl'Sis (I!]. 
Propiunyl-CoA earboxylasc participa les in Ihe eataboli sm of 
fally 3cids of odd·numbcrcd chaio lenglh and brnnched-chaio 
amino ueids (11), lhe l'Tlzyme ~-mclhylcrolonyl-CoA 

carboxylase parlicipalcs in bolh isoprcnoid mClabolism and 
k'uci ne cmnbolism [13) . Acclyl-CoA carboxylase ealalyzcs 
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Abslrae l: In l\.'1:enl dceadci. iI WlI'Ii found lIlal vito minI aITeet biological fun.tions in ways olller th~" 
thdr long-kno"'n funclions: niacir, i5 the best e~iUllplc of a watcr·S!>lubk "ilamin lno,,"n to poJScSl; 
mulliplc aelions. Biolin, alS!> kno"lIllS I'ilomin B7 or viulIllin H. il I water·soluble B·complex ,ilamin 
Ihal $CfVCS 3' a covalcnlly-bound cocnl)'mc of curOOxylascs. It il now "'c11 d<x:urncntcd InOl biolin has 
IIClions olller Ih lUl parlidp3ting in elossical ml)'mc ealoly5iJ reaelion5, S~vmll lines of evidence hal'c 
demon:;1t11ted thal pharOJlICQlogicl l concenlraltOIlS or biotin aITeel gluco", lUId ~pid mClaboli~m. 

hyperten,ion. reproduclion, delclopment, l1I1d immunity. Thc elIcct of biotln 011 thcsc functions is 
related 10 ns oction, al Ihe U1U1scripllonal. tt1ln, lalional , IlI1d poS1-IrlIn,talional Icvcl! , TIt\: bes,· 
5Upporled mcchnnism inl'Ol\'1'd in lile gen tlic rfTc'i:15 of biolin i~ Ihe !IOJublc guBtlyla:c cyclllSe'protci" 
kinlU~ G (PKG) 5¡gn~ting cascad:. Although Ihere are rommcrcially-a'<aituble produclS conmining 
phwmocologicBI concenlrnlions or biotin. the toxie d feets of biotin h3\'c blX'll pocrly sludil'd. Thi§ 
review surnmaril.cs the kno,,"n action, and mol«lltar mcchlUlim¡s ofpbarmaoologlcal do",! ofbiol;n in 
animal" and nrrrl'flt infonnalion rczard ing biotin lOxkily. 

Iüp"ords: Biotin loxicily, Biolin. Gene cxprcssion, Guallylute Cyeluse, HislOne BiOlinylalion. I'hamlacological CfTl'CIS, 

1.INTRODUCTION 

In recen! dccad~. il was discol'Cn.'d 11131 vil3mins afTect 
biological fu nclions in ways Olher Ihan lhdr c1assically­
defined functions [11, Niacin, ll1so known as vi¡¡lmin Bl 
iliuSlratcs lhe l11uhiple aelions uf a walcr-soluble vhalllin. 
Nbcin is COI'1Vertl-d inlo nicotinamide adcnine dinuclcolides 
(NAD aud NAO !'). which parl icipate in ~dox funClions: 
bcsidcs Ihis clllSsiclIl ro lc as a cocnl.ymc. niacin is rcqu¡~d 
fUT lite (AOI')-ribosc transfcr rcactions involved in 
dcoxyribon~clcic acid rcpair [2], calciulll Illobilizmion, :JIld 
dcacetyla lion reaclions (3], In addition, phammcological 
conccnlrll1ions of niacin cITcclivcly Ircm dys lipidcmias and 
Dlherosclerosis [41. The molecuhlr mechanisms Ihat 
panicipatc In nillCin's phanllacologieal cfT.;oelS ate sti li a 
mOl1er of deba le: Ihe 111051 occcptcd mcchunisl11 is ils b inding 
10 a G,-couJlled rcccplUr. Howcl'~'T, g~'T1e exprcssion, di~c I 

cnz)'llIalic inh ibilion, and llIicroRNA have Biso becn 
Sug¡;esled to parlicipatc in niacin 's hypolipcmic efTecl(4]. ln 
Ihe samc nmnller as niaein, biOlin llIodilics biologica l 
fu nctions in nddi tion lO ils classical role as il cocm:ymc. In 
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th is ílrl ic l{', Wl' rcl'icw sel'eral of biOlin's nClions, in 
particular tltose cfTecb at pharmacolo~ic:tI dOSl'S ofb iolin. 

2, 8tOTI N 

l1iOlin is a vilamin !hm paruclp !lt ~'S in i11lermedial)' 
IIlctabolism as a cO~D l cn t ly,bound cocn7.)' lIle ofcarboxylases 
(1]. TIte adcquatc inlakc (Al) Ic\'ct of biolin is 30 .. gJd for 
aduhs and pregnanl women [51, 35 flgld for laclaling 
mothers, and 5 .. g/d for infants (0-5 monlhs) [5]. Primary 
nUlrilional biolin delicicncy is uncol11mon: bowe,'cr. medical 
i11leTvenlions, prcgnancy, [6] and xcnobioties [7·9) may 
affcct biolin Ic\'cls. 

lbc clnssic rule of biotin is 10 partkipalc in cnrboxyl:lliun 
rcaclions (101. FÍI'\: biolin.dcpendcn t carboxylases exisl in 
m3n1l11Uls: pyruV31C cntboxylasc, aectyl-CoA carboxylüsc-2, 
prupionyl-CoA cmboxylase. and ~-mclhy1crotonyl-CoA 
earboxylüsc. which are localcd in llw milochondria. and 
acetyl-CoA cnrboxylasc-I, which is located in the cylop laslll 
[tO]. l'yrul'nlC carboxylasc catalyzes Jlyru~nlC carboxylulion 
lO oxolocelaJc, a Slcp Ihat is crilica liy involl'l-d in 
tricarboxylic ae id anapleros is and gluconcogcnl'Sis (1 1]. 
Propionyl-CoA carboxylase participate~ in Ihe catabolism of 
fally acids of odd-numbcred chain Icngth and branchl'!l-chain 
amino acids [t2). The l'T17.)' me ~-mclhylcrolony l-CoA 

carboxylase parlicipales iu both isoprcnoid melabolism 3nd 
k'ucinc c31nbolisIll [131. Acctyl-CoA carboxylüsc calalyzcs 
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the earboxylation of acety l-CoA tO malonyl-CoA: the tWO 
isocnzymes of acetyl-CoA carbo.(ylasc. I and 2 (or alpha 
and beta). are CTlcoded by differcnt genes (14]. Acetyl-CoA 
carboxylase-I is abundant!y expressed in the liver and 
adipose ti ssue: ils aClion is crilical in fauy aeid synlhesis 
[14]. Aceryl-CoA carboxylasc-2 is Jocmcd in the milochondria. 
mostly in skcletal muscle and the heart: its cDtalytic Dction is 
involved in fatty acid catabolism [1 5] and it has becn 
proposed 10 atso funClion as a biolin rescrvoir [1 6, 17]. 

Acti,·e carboxylases are formcd by the covalcnt linkage 
oflhe vitamin to the apocnzymes. Holocarboxylasc synthetase 
calaly7.es lhe vitamin altaChmCnl by two succcssÍ\·e reaclions: 
Ihe synlhesis of Ihe inlcnnediale biolinyl-5 ' -AMP, which 
then reacts with the epsilon group of a Iysinc. which is o 
highly conscr"ed region in 011 carboxylases [lO]. This 
biotinylated Iys ine is named biocytin (10]. 

Siotin can regu lale Ihe gene cxpression of Ihe cnzymes 
involved in its function as a cofactor and metabolism, such 
os carboxyloscs, holocarboxylase synthasc. and lhe sodium­
dependent multivitaminic transporter. which serves as a 
biotin tmnsporter (18. 19]. This effccl suggests that the 
vilamin has an cndogCTlous funClion in gene regulalion. 
Intcrestingly. lhis effccl has also hecn observed wilh othcr 
proleins 31 phannacological concCTltrmions of biotin. 
unrelated to biotin·s func tion as a cofactor (20. 21]. 

2. 1. Pharmacological Erfo'tls of 8101[n 

Al presenl, it is well accepted Ihal biotin modilies gCTle 
expression 8/ld biological processes ot pharmacological 
concCTllmlions. which are about 30 10 650 times its da ily 
requiremenl (JO ).Ig). The octions of biOlin on gene 
expression are produccd al bolh Ihe Iranscriptional and 
tmnslOlional levels (reviewed in [1, 22-24]). Wilh effects on o 
variely of biological processes. such as metabolism. 
reproduclion. and development (reviewed in (l. 22·24]). The 
aClions of phannacological concenlra lions of biolin diITer 
from those gencmtcd by biotin restrict ion [25]. Biotin 
analogs. such as biocytin. diaminobiotin. and deslhiobiotin. 
do not funclion as carboxylase cofactors (25. 26] bul do have 
biotin-like aClivilies in temlS of gene expression. 
Bisnorbiorin, a merabolite resulting fmm biolÍn cmabolism, 
C8/l also modify gene express ion [25, 26]. 

Dakshinamurti el al. werc Ihe first to show Ihat 
phannaeological concentralions of biolin affec! proteins 
unrelaled 10 Ihe enzymes Ihat panicipale in biotin 
metabolism [27]. In the 19605. Dakshinamurti and Cheah­
Tan found lhal an acute injeetion of biotin ( 1-2 mg!l:.g) 
augmenled the activ ity of hepatic glucokinase in alloxane 
diabelic rals 8/ld in non-diabelic fasled mIs; Ihis effecl was 
olso observed in cul!urcd r31 hep310eyles [28]. Later, il was 
discovered thal the action of biotin on glucokinase increased 
trJnscription [21]. These di seo,'eri es werc the first to diseern 
sorne ofbiolin's effl'Cts on gene expression. 

DNA microarray slUdics hay\' idenlilicd Ihousands of 
tnlnscripts modilied by pharmacological concentrat ions of 
biolÍn. In pcriphernl blood mononuclear cells. after 
supplementation with 2.15 mg of biolÍn for 21 days, 
Wiedmann ('/111. (29] found changes in Ihe abundanee of260 

genes. In the human hepatocellular carcinoma ce ll line 
l-I epG2. culturing in media containing phumlacological 
conccntmlions ofbiotin (IOnM ] incTeased 243 and decTeased 
861 mRNA tmnscriplS [25]. This study also dcmonSlrated 
Ihat Ihe Iranscripls modifíed by biotin reslr iclion dive-rged 
from lhose modilied by biotin supplemCTltat ion [25]. 

Biolin also has aclions al the post-Iranscript ionalle,'el. In 
the late 1 980s, studies by the Sloderl group [30] disco'·ered 
Ihat Ihe prolein abundance oflhe as ialoglyeoprolcin receplor 
wos diminished in biOlin-dclicient IIepG2 cells. Addit ion of 
biotin [0.1 mM] or biocYlin reslored lhe protein levels of the 
asialoglycoprotein receptor. while mRNA abundance was 
nor Illodilil'd [30]. Prolcolllic slUdies found prolcins whose 
abundance ch8/lged in response to phannacological 
concentnllions ofbiotin [IOnM]. including proteins involved 
in nervous syslem funclion. ccll signaling. cytoskeleton 
homcoslasis. and nuclear slrueture and IranspOrl [31]: the 
inereased prOlein expression was nOI due 10 incrcased 
mRNA expression [3 1]. Pharmacological conccntmt ions of 
biotin also influCTlce post-translational changes. such as 
prolein phosphorylalion [32-34]. 

2.2. MolHu lsr MH hanlsllls of 810 t ln ' ~ Hftc ts on G~n~ 

E ~ p ress io n 

Presently. lhe most widely accepted mechanism for thc 
effec ts of biotin on gene expression is a soluble guanylatc 
cyclase-signaling eascade [18, 20, 35, 36]. Othcr slUdies 
have proposed that hislone biolinylation may panicipole in 
biotin's syslemic effccts [rcviewed in [37]]: howe\'er. this 
issue remains contro"ersial. In addition. the existence of a 
receplor was describl'd in mouse Ii\·cr plasma Illembranes 
[38]. Thc aUlhors of Ihis repon suggesled, bUI did nOl pro,·e. 
that the receptor might he linkcd 10 the cGMP signaling 
pmhway: however. no further studies hove investigated this 
interesting observation. 

1.1.1. So lubl tl Guon)"lottl C)"c/uu-Sig ll oli llg CUSL"u¡}tI 

To dale. lhe soluble guanylale cyclasc-signaling cascade 
is lhe bcst- supponed mechonism involved in the effect of 
biotin on gCTlC expression (18. 20. 35, 36]. Thc involvement 
of Ihis palhway was found by several groups in diITerenl 
modcls. sueh as ti ssue homogenates. ce ll tincs, primary 
cultures. and ;11 1";1'0 studies. The mechanism wos observed 
in biolin depletion-repletion conditions [18·20]. biolin 
supplemCTl!a!ion conditions [28. 32-34]. and in soluble 
guanylale eyclase homogenales [35. 39]. Pioneering sludies 
by Vcscly in 1982 [35] found lhal lmM biOlin. or its analog 
(+)-biotin-p.nitrophCTlyl estero increased thc ac ti vity of 
guanylalc cyelase IWO- 10 thrce-fold in mI homogenates from 
liver, hearl, kidney. cerebellum. and colon. Laler, in 1984, 
the same group found Ihar the biOlin analogs oubiotin. 
bisnorazabiotin. carbobiot in. and isoazabiotin were also able 
to CTl hance guanylatc eyeJase aClivity in ti ssue homogenates 
[39]. The samc year, studies by Spcncc and Kouldeka found 
Ihat culturing isolaled hepatocylCS wilh biolÍn [IOnM 10 
lmM. maximal response at 1 mM] incrcased cGMP levels 
[28]. In cultured cells. other studies. us ing blockers and 
inhibitors. idCTltified tha! the cGM PIPKG signaling pathway 
mediales Ihe lranscriplion of carboxylases, holocarboxylase 

dw carbox)'lalion or ncclyl-CoA 10 malonyl-CoA: Ihe IWO 
isoenZ)'mcs of acet)'I-CoA carbo.t)'lllSC. 1 and 2 (or alpha 
and oc'ta). me <'Ilco<kd by diITcrcnt genes [14]. Acct)'I-CoA 
carbox)'lase-l is abundand)' cxprcsscd in Ihe ¡¡ver und 
adipose lissue: ils aClion is crilical in ralt)' aeid synthe~i s 
[14]. ACet)'I-CoA carbox)' lose-2 is JocOlt'd in dIe mitochondria. 
mostly in skclctol muselc and the hcar1: ils cmalylic aClion is 
involl'ed in f¡lIty acid catabolism [l5] and it has becn 
proposcd tO also function as a biOlin rcserlloir (16, 17]. 

Acli\'1.' earboxylascs arc formcd by thc cOllalcm linkage 
oflhe I'itmllin 10 the npocnzymcs. Holoc¡1Tbo.~ylnsc s)'nlhetiISC 
cmal)'zcs lile I'ilamin attachmcnl by 1\\"0 sueccssh'c reilctions: 
Ihe synlhcsis of the intcnncdialc biolinyl-5'-AMP. which 
Ihen reacl!I with Ihe epsilon group of a Iysine, which is a 
highly conservcd region in ul1 carbo.()'lases [10], This 
biolin)'lalcd Iysine is namcd biocylin (10], 

Siotin can regu lale the gene expression of Ihe cnZ)'111es 
i11l'01\'ed in ilS func tion as II enfactor Illld mClllbolism. sud 
as carbox)'lases. holocarboxylasc synthasc. ond Ihl.' sod ium­
dependent multilli lllminic tr.tnsportcr. which serves as n 
biolÍn 1r~nsportcr (18, 19]. This etTl'\:l suggesls Ihm Ihe 
vit3min has an endogenous function in genc rcgulalion. 
lntCTCSlingly, this eITecl has also be('n obscrl'ed wilh Olhcr 
pr01cins at phamlncological concentrmions of biotin. 
unre latcd 10 biolin' s func lion as a coCactor (20. 21], 

2.1. Pharmlleological [ffl.'tt~ or Blo tin 

At pres~nt. it is \\"~ll l1cceptl'd lital biotin modilics gt"l1c 
cxpression ond biological processcs at pharmacologic~1 
coneenlmlions, which are aboul 30 10 650 limL'S ils d¡lil), 
requiremel11 (JO ).Ig). The ilClions of biOlin 011 gene 
exprcssiol1 are product'd at bolh th~ lranscriplional and 
trnnslmiol1311cl'els (reviewed in [l. 22-24]). wilh eITccts on a 
vancly of biological processes, 5uch os metabolismo 
reproduelion, and del'elopmcnl (rel'iewed in ( 1, 22-24]J. TIle 
actions of phannacological conecnlmlions of biolin difTer 
fmm those gCIlt"r3 It'd b)' biotin rcstrietion (25]. Biotin 
analogs, such as biocytin. dbminobiotin. and deslhiobiotin, 
do nOI funclion as carboxylase cofaclors (25, 26) bUI do hOl'e 
bio¡¡n~like aClivitics in Icnns of gene cxpressioll. 
BisnorbiOlin, II melllbolilc rcsulting fmm biolÍn cl1labolisl11. 
con ulso modify gene cxprcssion [25. 26]. 

Dakshinl1l11ur1i el II/. werc Ihe first 10 sho\\" Ihm 
pharmacological concentr3lions of biolin aITeel prolein$ 
unrdulCd 10 Ihe enzymcs lhm panicipulc in biotin 
m~tabolisll1 [27]. In Ihe 1 96Os. Dakshin3Jnurti ond Chcah­
Tan found Ihal :m acute injcclion oC biotin (1-2 mglkg) 
augmcnlt'd Ihe 3Clivil)' of hepalic glucokin3se in allox3ne 
dil1betk mts and in non-diabclic fasled ralS; Ihis effeCI was 
also obscrved in culturcd r31 hepmocylcs (28]. Lllltr. it was 
disco\'ered thol the act ion of biotin on glucokinase incrcascd 
trdnr.criplion (21] . These discoverics were Ihe first 10 discern 
solne oCbiotin's CITl"CtS on gene cxpression. 

DNA microamly studi('S have idemilit'd lhousands of 
trnnscripts modilied by phamlacological conccmrntions of 
biotin. In peripheral blood mononuc!ear cells, after 
supplemcnl31ion wilh 2. 15 mg of biolÍn for 21 days, 
Wicdmunn el/II. (29] found changes in thc abund:lJlce of260 

g('Ilcs. In the human hcpatocellular Cllrt'inoma cell tine 
~l cpG2 , cuhunng in media oomaining plmrm,1cological 
concentralions oC biolin [1 On:'1] inCrel1Sl'<l 243 and dccrcl1scd 
861 mRNA transcripl'l (25]. This study alSO denlOnSlr3ted 
Iha! Ihe lT1UlscriplS modilicd by biOlin restriclion divcrgcd 
from Ihose modified by biolin supplementation [25]. 

Biolin also has aclions al the post-lranscrip lionllllel'cJ. In 
Ihe late 19805, sludies by the SlOckerl group [30] discovercd 
Ihll the prOle in abundanec oflhe as i310gJycoprolcin ree~plor 
WIlS diminished in biOlin-delicient IIepG2 cells. Addition of 
biolin [0.1 mM] or bioc)'lin rcslorcd Ihe protcin lel'els of the 
asialogJycoprolcin l\.'Ceptor. while mRNA abundance was 
not modilit'd (30]. J>rol~ol11ic slUdics found protcins whosc 
ubundl1ncc Ch3Jlged in response 10 phormaoologicnl 
concentralions ofbiol!n [IOnM], including protcins involved 
in ncrvous s)'slcm fu nction. ccll signaling, c)'loskcleton 
homcoslllSis, and nuclear SITUcture and trJnspor! [31]: the 
increased prowin exprcssion wns nOl due \O increascd 
mRNA cxprcssion [3 1]. Pharmacologicol concentnltions of 
biolin also innUl'llCe post-trnnsb liorml changl.'~. such as 
prolcin phosphorylolion [32-34]. 

1.2. MolHu li r MH hanl;;ms or Blo l in ' ~ Errccts 011 Grnr 
[~presslon 

Presenl ly, lhe 1I10St widely llccepted mcchanism Cor the 
eITccls of biolin on gene expression is a soluble Guanylale 
eyclase-signaling cascadc (18, 20. 35. 36), Olhcr studies 
have proposcd lhat histonc biotinylation moy participme in 
biotin's s)'slemic efTccls [rel'iell'ed in [3711: however. this 
issue remains controversia!. In addition, the existence oC a 
fCCl'P lor was dl'SlTibl'd in mouse lil'cr plasma membmnes 
[38]. Thc aUlhoN of this repon SU¡;gcsl~d, bUI did nOl prol'C, 
thm lhe receptor might be linked 10 lhe cGMP signaling 
pmhwoy: howeller. 110 funher studies halle inl'cs ligated this 
imeresling obserl'alion. 

1.1. /. S/J lllbl .. GI/un)'IIIf/l C)'du,u~-Siglj(jli,,¡; CUJfud .. 

To dal~. lhe soluble guan)' lale c)'claSl.'-signaling cascade 
is the bcst-supponcd mechanism involved in lhc cITect of 
biolin on gene cxprcssion (18, 20. 35, 36]. The inl'olvemcnt 
of th is pothway was found b)' sevcral groups in difTerent 
models, such liS tissuc homogcnntcs. fell lines. primar)' 
cu ltures. Dnd il! rim studies. The mcchonism \\'OS observed 
in biolin deplelion.replelion condilions [18-20]. biolin 
supplementllion conditions [28, 32-34], and in soluble 
guonylole cyclasc homogcnllll'S (35, 39]. Pionccring ;;Iudies 
b), Vesely in 1982 (35] found Ihol ImM biOlin. or its llnnlog 
(+)·biolin·p·ni lrophenyl l'S lcr. increas.cd lhe ¡tcliv íly of 
guan)'Jale cyeJase tll'O- lO three-rold in mI homoGenales from 
lil'er, hean. kidney. ecrebellum, nnd colon. Later, in 1984. 
the sume group found thm Ihe biOlin anologs azabiotin. 
bisnonlZobiotin. cDrbobiolin. and isoaznbiolin were also able 
to enllance guanyhllC c)'clase aelivity in tissuc homogenatcs 
[39]. The sume year, studies by Spcnce and Kouldeka fou nd 
duu cuhuring isoluled hL'P3 tOCyICS wilh biotin (IOnM 10 
!mM, maximal rcsponse at I mM] increascd cGMP levcls 
[28]. In cuhured cells, othcr ;;tudies. usin!: blockl'TS and 
inhibitors, idenlified thm Ihe cGMPfPKG signaling pathway 
mediales lhe lr3nscription oC carboxylasfs. ho!ocarboxylasc 

dw carbox)'lalion of ncclyl-CoA 10 nUllonyl-COA: Ihe IWO 
iSOCllZ)'mes of acet)'I-CoA curbo.tylase. 1 and 2 (or alpha 
;!nd oc .. a). mc (''I1co<kd by diITcrcnt gcncs [14]. Acct)'I-CoA 
Cltrboxylase-I is abundantly exprcsS<.'d in Ihe ¡¡lIcr und 
adiposc lissuc: ilS aClion is crilical in fauy acid s)'n¡hc~i s 

[14]. Acctyl-CoA carbox)' losc-2 is JocOK'd in tlle milochoooria. 
mostly in skcleta! musclc and tlle he3rt: ils cmalytic aClion i5 
inlloll'ed in f,lIty acid catabolism [l5] and it has been 
proposcd tO also functíon as a biOlin rcscrlloir (16, 17]. 

AC!Í\'e carboxylascs are formed by the covalen! linkagc 
orlhe I'ilamin 10 the apocnZ)'1I1cs. HolocilTbo.~ylose s)'nthclasc 
cmalyzes lile I'ilamin attncllmenl by 1\\"0 succcssh'c reaclions: 
Ihe synlhesis of tlle il1lcnnCdialc biolinyl-5'-AMP. which 
Ihen r\'3CI!I with Ihe cpsilon group of a Iysinc, which is a 
highly conscTI'i:d region in 011 carbo.~)'lases [lO]. This 
biotinylalcd Iysine is named biocYlin (10]. 

Biotin ean regul¡lIe the gene e.\pression of Ihe enZ)'111CS 
imoll'oo in its funClion os a cofaclOr wld mClllbolism. sud 
as carbox)'loscs. holocarboxylase synlhasc. Dnd thc sodiu111-
dependent multilli lilminic tr:tnsporter. whieh serlles as a 
biolÍn lmnsporter (18. 19]. This clTect sug¡¡esls Ihal Ihe 
I'ilamin has an endogenous funClion in gene rcgUlalion. 
InlcTCslingly, this eITccl has also bc,'n obscrved wilh othcr 
prolcins 31 pham13cological eoncentrmions of biotin. 
unrclatcd to biolin's f\lnc tiOn as a cofaclor (20, 21]. 

2.1. I'har lll lleological [ffl'tt~ or Blolln 

Al prcs~nl. il Is \\"~II accl'pll'd Ihal biotin mooilics g~"I1~ 
cxpression Dnd biological processcs at pharmacologic~ 1 
concenlmlions, which are about 30 lO 650 limcs ils dail)' 
requircmcnl (JO ).Ig). lbc ilClions of biOlin on gene 
exprcssion are produe~>(] at bolh Ihe lranscriptional and 
trnnslblionallel'cls (rcl'iewoo in [l. 22-24]). with eITccts on a 
I'ariety of biological processes, 5uch os metabolism. 
rcproduclion. and dC\'elopmenl {rel'iewed in (1, 22-24]). TIle 
actions of phannaeological conccnlmlions of biolin diffcr 
fmm Ihose gCllcmll'd by biotin rcstriclion [15]. Biotin 
analogs, such as biocytin. diuminobiotin. and deslhiobiotin, 
do nOI function as carboxylase cofaclors (25, 26] bul do haw 
biolin~like aCli~il ies in tcnllS of gene express ion. 
Bi~norbiotin, a melabolitc resulting from biotin catabolism. 
can 31so modify gene cxprcssion [25. 26]. 

Dakshin3murti el ,,1. \\"crc Ihe first 10 show Ihm 
pharmacological concentmtions of biolin aITeet proleins 
unrelalCd 10 Ihe en~ymcs Ihm panicipalc in biotin 
metabolism [27]. In dIe I 960s. Dakshinatnurti and Chcah­
Tan found Ihal an acule injcclion of biolin (1-2 mglkg) 
augmenled tite ae lll'll)' of hepatic glucokinase in alloxane 
diabelic mIS llJ1d in non-diabclic fasted mIS; Ihis effcel was 
also observed in culturcd mI hepmoeyles [28]. Later. il was 
discol'ered th81 Ihe aCl ion of biotin on glueokinase incrcased 
trdnscription (2!]. These discoverics were the firsl to discern 
SOnK' ofbiolin's CITl"CtS on gene expression. 

DNA microarray sludil'S have idemilied Ihousands of 
trnnscripls modilied by pharmaeological coneemnltions of 
biolin. In pcripheral blood mononuclear cells, bfter 
supplcmenlation wilh 2. 15 mg of biolÍn for 21 days. 
Wicdmann e/l/l. (29] found changes in Ihc abundnnec of260 

gl~lCS. In dlC human hepmocellular carcinoma cell linc 
~l epG2, culturing in media comaining phurm,1cological 
eonecntralions ofbiolin [IOnM] increasl'(l 243 ;!nd deereascd 
861 mRNA transcripts [25]. This sludy biso dcnlOnslrated 
Ihat Ih~ ITlU1SeriplS modilicd by biotin remielion dil'crgcd 
from Ihose modified by biolin supp!cmentat ion [25]. 

Siolin also has !IClions 01 the post-Iranscriptionallevci. In 
Ihe lalc 19805, sludies by the SlOekerl group [30] discovercd 
Ihal the prOlein abundance oflhc asialog!yeoprolcin receplor 
was diminished in biot¡n-dclicicnt IIepG2 eclls. Addition of 
biolin [0.1 mM] or biocylin rcslorcd Illc protcin lel'els of Ihc 
asialoglycoprolcin 1\.'CC]l10/, whilc mRNA abundance was 
no! modilied [JO]. J'rol ~ol11ic slUdics found protcins whose 
Dbundancc changed in response 10 phDrmacological 
conccnlnllions ofbiotin [IOnM], including protcins involllcd 
in ncrvous syslem function. eel! signaling, c)'toskclelon 
homcoslasis. and nuclear SIl"UCIUl\' and ImnSpOrl [31]: the 
increascd prowin expression was nO! duc lO incr~ased 

mRNA exprcssion [31]. Phormacologicol conccntr.ltions of 
biolin also innuence post-trnnsb tional changc~. sueh os 
prolein phosphorylation [32-34]. 

1.2. Molrcu la r Mtchan l;; nts or Blolin ' s [frnls 011 Grnr 
[tpresslon 

Presenlly, lhe most widely accepted meehanism for Ihe 
effccls of biolin on gene expression i5 a soluble guanylate 
cyclase-signaling cascade ([8, 20. 35. 36]. Olher slOdies 
have proposcd Ihat hislon~' biotinylation may parlieipme in 
biotin's 5)'slcmic effecls [rel'iell'ed in [3711; howel'cr. Ihis 
issue rcmains controvcrsia!. In IIddition. tlle existence of a 
TCCl'P lor was dl'SlTibl>(] in mouse lil· ... r plasma mcmbmnes 
[38]. Thc aUlhon; of this repon suggcslcd. bUI did not prol'e, 
tMI Ihe receplor mighl be linked 10 Ihe cGMP signaling 
pUlhwoy: howcl'er. no further sludies halle in ~cs l igotcd this 
imcresling observation. 

2.1./. S/J lllbl .. Guun)'lufe C)'dIlJt!-SigllUlilll; CIIJL"ud .. 

To daw. thc soluble guan)' lalc cyclnst'-signnling cascade 
i5 the bcst-supponcd meehanism inl'oll'ed in ¡hc cITeet of 
biotin on gene cxprcssion (18, 20. 35, 36[. The inl'ol\'e111cnt 
of Ih is palhwa)' was found b)' ~evcrnl groups in diffCr\'nt 
modcls, such as tissuc homogcnntcs, cell lincs. primary 
cultures. and il! rjl'O studies. The mcchanism \\'DS ObSl'Tlled 
in biOlin deplelion.rcplellon eOndilions [18-20]. biOlin 
supplcmenlation cOnditions [28. 32-341, and in soluble 
gunnylülC cyclasc hOl11ogcnall'S [35, 391. Pionccring sludies 
by Vese!y in 1982 [351 found Ihol 1mM biotin. or its analog 
(+).biolin.p.ni lrophenyl l'S ler. inereasoo Ihe ¡tclil'it)' of 
guan)'lalc eyelase 111'0- tO three-fold in mI homOgenalCs fr01l1 
lil'er, hcan. kidney. ecrcbcllum, nnd colon. Later, in 1984. 
the same group found Ihm Ihe biotin ünologs nubiotin. 
bisnoraz3biotin. cnrbobiolin. and isoaznbiolin wcrc al!lO able 
to enhance guanyhllC cyeJase activÍly in lissue homogcnules 
(39]. The smlle year. slUdics by Spence and KOuldeka fou nd 
dlm cuhuring isolaled hl'pa locylCS wilh biotin [IOnM 10 
1mM. maximal rl.'Sponsc lit 1 mM] increascd cGMP levels 
(28]. In eulturcd cclls, olhcr sludies, usinll b!och'TS and 
inhibitors, idenlified thm Ihe cGMP/PKG signaling pathway 
mcdiales lhe Imnseriplion of earboxylases. holocarboxylasc 
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symhetase. the sodium-dependem muhiv itamioie transpor1er 
[IS. 19]. the asialo¡,::lycoprotein rereptor [20]. and the iosulio 
rcttptor [20] io respoose 10 I mM biolin. In p,ancreatic is lcls 
isolawd from mIS. biotin- induced glucokinase mRNA 
exprcssion depeoded On guaoylatc cyclase [J6]. In ,.; ..... S 
wecks of dietar}' biotin supplcrm'malion (97.1 mglkg diel) 
increased cGMP in hepalic and adipose lissues [32. 34]. 

Little information exislS abouI the mechanisms by whieh 
biOlin increases cGMP. Solorzano·Var¡,::as el al. []S] 
dl-monstraled thal holocarboxylase synthcllIse catalysis is 
T\.'quircd 10 activate guanylate cyc1ase: based On thi s 
obscrvatioo. !hey proposcd thm bio tiny l A MP. the 
intermedia!e eompound of !his mzyme. is im'olved in thi s 
efTect (Fig. 1). Aoothet" n-pon [40] suggested thm biot io 
produces ilS actions 00 PKG via nitric oxide symhase: 
however. o!her im'estigatioos [41] have questiooed the 
oction of this compound in mediatiog biotio' s oclions [41] 
(Fig. 1). Studit:"S io the Jurkat human Iymphoma cell line 
fouod tilat ]OnM biOlin increased nirric oxide. the mRNA 
Ie,'ds of cndothc lial and ioduciblc oitríc oxide synthases. 
and PKG activity [40]. The cfTects of biotin 00 oitric oxide 
concentmtioos were abrogated by the nitric oxide symhase 
iohibitor N-mooomethyl~ar¡,::ioioe. lo contmsL in .. im studies 
showed !hat prt'treatment with a oitrie synthase inh¡bi tor had 
no efTect 00 the hypolensive ac lioo ofbiotin supplemcmalioo 
[150 mg biOlinlkg diet]. although pretremmi'ot with a 
guanylme eyclase inhib¡tor abolishcd the hypotensi~e aelioo 
[41]. FurtJw.>r im't:"Stigation w ill be rcquired 10 asccrtain the 
pan ofnirríe oxide productioo that fuoetioos as a mediator of 
biOlin induetioo ofsoluble guaoylate eyclase. 
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Fig. (1). AClions dO" 'nst ru m of gu n)"lat •• ydu~PKG in 
biotin_medialod gen. n pr ... ioa. lb. aclÍon of biotin on 
.. ialoglycoprotein pro..,in t",,,,lation and mRNA npre!iSÍOD of 
carboxyla=. holocarboxyJas.. synlhase. and Ihe oodium-d"l""'dmt 
multivil3minic trn"sponn- involv .. cyc1ic guanylate cyc1ase BId 
PKG octivation. In pancreatic islets. pharmacological roncrnl/3tioru; 
ofbintin ~,..., glurol<in;osc, mRNA by. mechani .... Ihat invoh· ... 
guanylatr cyd .... and PKG ,,,,,i,·atinn ..... hich precedos an inCT~aK 
ín ATP rontml. TIli. pro""'l .. insulín releas~ via ATP-.m.iu,·t 
polaSJ;ium eh"""",l •. Autocrin. in.ulin, in tumo ""Unte. in ... lin 
=eplor .ignal ing via phosphoino.itol_J_kinase (PIJK)IA~I. lit "jo"O 

rGMP increasn are associated .... ilh AMPK phosphorylation. 

Therc is linle infonnmioll about tht:> eascadc of aetions 
downslrcam of guanyla te eyclaselPKG acl iva tinn in biolin­
mediated I:ene expression. ]n isolated panerea tic is1cb, 
tremed with inhibilors of difT~>rent signaling pathways. we 
diseO\'ered !hat. downstream of guanylate eyclase and PKG 
acti\'ation, biolin [] mMJincreased ATP contt:>m. wh ich 
induces insulio secretioo via A TP-sensitive potassium 
challIK' ls. In tumo insulin, in an autOCTÍoe mannet". promotes 
P!JKlAkt signaling ac tivation. which increases p,ancreatie 
glucokinase mRNA expression [36] (Fig. 1). 

1.1.1. PrtJu i" Bi",;n)"'uli"" 

Srudies by Zempleni el al. (revie\Oo'ed in [31.41]) have 
suggCSted that hi slont:> and prott:>in biotinylation mediate 
biotin' s aet;ons On gene expression. Biotio has bcen found 
allachcd to histone proleins in a sile-spccific mannet" in 
severa] Iypcs of cclls [31]. whíeh led im'estigmors tO suggest 
!hat bin tin could oct as a regulalory moleeule for gene 
expression [43]. Histone biOlynilation was found m Iysine 
rcsiducs (K ). Three sitt:"S Wt!T"t' found in histone H3 (K4, K9. 
KIS). and possible K23 [44. 45]. Two sitt:"S in histone H4 : 
K8 and K I2 [43. 46]. As ... ell. evidence exist that K9. K13. 
K115 . K127 . and K119 in histone H2A are IlIrgCls for 
biotinylation in rrace amOUolS [4 7]. Tht:> sludics supponing 
this view. relay On the in o'ilfYJ biotinyLatioo of syothetic 
¡>Cplidl'S representing hislone C- Or N- termioal tai ls. and 
funher immunobloUing with streplllvidin. Ho",,,,·er. studies 
by Bailey el al. [48] and Hcaly el al. [49] have reservations 
abom the rolc ofhistont:> biotinylation in the effccts ofbiolio. 
Bailey el al. [4S] dl'monstrluoo that streptavidin imeracts 
with histones independemly of biotin binding. In add ilioo. 
these authurs analyzed in ceJl lines biolÍo radiolabelt:>d 
incorporal ion imo biotynylated proteins. showing that 
rndinactivi ty was delecled On carboxylases and ooly "ery 
low biotin <0.03%) was bound to hislooes in the lIueleus. 
Same conclusion was oblainl'() by Healy el al. [49]. who 
lested a number of mt:>thods in Ht:>La ccll lil)('. named 
rndiolabel biotin incorp<Jmtion, histone \Vestem blot analysis 
with avidin conjugatt:>s. anti-biotin. and anti-biotillylatt:>d 
hislone pep tide amibodies and mass spcctrometry. finding 
!hat while biotin could be dctccled 00 earboxylascs Or 
hisloncs biotiny lated in .. ilfYJ. biotin auachment On cell 
nati\'e histones could 001 be detecloo . whilt:> they Were 
consistently able to found acetylatioo. methylalion ad 
pbosphorylmioo in nati \'e histones with eaeh of these 
methods. Furthermorc. hislone biotinylalion was abscnt in 
ehromalin from quit:"Sccnt and proliferatille eells [49] 
Rcconsidering their previous imerpretations [31. 42]. 
Zl'mpleni el al. pcrfonnoo expcriments addressing histone 
biolinylation cooc!ud;ng !hat biotinylmion is a oaturaL albeit 
rareo histonc modificatioo [SO]. Challeoging these results • 
recent studies in o';m ha,e found !hat hislont:> isolated from 
nuckar fmetions o f cp¡didyrnal fat pads comained detectable 
biotinylated hislones. and !heir expression varied betwet:>n 
wikl typc and mice with a dominam-I)('gatil"e mutation that 
disruplS endogmous NAD-de¡>endent prote;n deacelylase 
(SIRTl) activity [11]. yel these studies used streptavidin­
HRP coojugale. 

]mercstingly. t:>n>l'rging ev idt:>nce suggests lhal histooe 
prott:>in biotinylation is nOl !he only mechanism for biol in' s 

syn\hrtast'. \he sodium-dependem muhivitaminic tmnsporler 
[18. 19]. t ..... asialoglycoprote¡n rt..:eptOT [20]. and \he ¡nsul¡n 
Tl.'Cl.'ptor [20] in response tO 1 m~1 biot¡n. In pancrl'3tic is lC1S 
isolmed fmm mIS. biotin- indllCoo glucok¡nase mRNA 
express¡on dl.'pCndl.'d On gUllOylme cyclase [36]. In ,·i,.... 8 
wl.'l.'ks of d¡ctary binlin suppl~mt'nlalion (97.7 mgll.:g diel) 
increased cGMP in hepa lic and ad¡pose lissues (32. 34]. 

Lilt le ¡nfonnation exislS aboul !he mcehan¡sms by which 
biol¡n incfi..~s cGMP. Solorzano-Vargas el al. [18] 
ik'monSlJlIIOO \ha l holocarboxylase symhetase ealalysis is 
n..'qu¡red 10 activate guanylate cyc lase; based On this 
observat¡on. Ihey propused !hat bio linyl A M P. \he 
intt'rnled i:lle compound o f !his enzyme. 15 ;m'ol,ed ¡n thi s 
e/Terl (Fig. 1). Ano\ht'T report [40] suggesloo !hal biotin 
produces ilS aClions On PKG Vla nÍlric oxide synlhase; 
howl.'ver. o!her im'estigalions [41] have qUl'SlionC'd \he 
:telion of \his compound in ml't!iating biolin' s :tel¡ons [41] 
(Fig. 1). Studies in !he Jurkat human Iymphoma el.'lI line 
foun d thm 10nM biotin iocreased ni\TIc oxide. \he mRNA 
1e,,<,ls of endo\helial 3nd inducible nilrie oxide synlhases. 
and PKG OCIi vily [40]. lb!.' e/Tects of biolin On nitrie oxide 
concentr.ttions were abmgaled by !he nilrlc oxid(' symhase 
inhibilor N-monome\hy l~lIrginine. lo comras\, in " im slud ies 
showed !hat pre!Jeaunent wi!h a nilrie synlhast' inhibi lor had 
no e/Ten 00 \he hypol('nsiv(' action ofbiotin supplem<,nla tion 
[1 SO mg biOl¡nlkg diet] . altltough prl'treatmi'nt with a 
gUllny l31e e)'c.1ase inh¡bilor abolished !he hypotensiV<' aClÍOn 
[41] . Fur\her inn'Slig3.lÍOll w ill be requi red 10 ascertain tite 
pan of nitrie oxid" produclion tltat funetions as a mediator of 
biot¡n induclion ofsoluble gu:mylate eyclase. 
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Fig. (1 ). "'clio n. d o...-nSlrnm of : " II)"la lO eyebw PI(G in 
biolin·n, l'd ia ll'd gen~ ""p. usian. ThO' action o f biotin on 
asialoglycoproleUl pmteon Inu"laloon and mRNA o.p"'''''''' of 
carbo_,y la=. holocarboxyi.tS<' synlh~ lUId Ihe ...Jium.depmdmt 
multiv;13minic lranspon,.,. in,·olv .. cydic guanylale cyelasc .. d 
PKG ,,,"¡"·ation.. In paocre2lic iskts. pharmacologic;o] cooC<1uratiom; 
ofbiolin ~ ..... glurokinas.- mRNA by a medw,imo Ihal ;n..oh· ... 
guanyl31e c}'cbsc lUId PKG ""Ii,·ation. ,,-hich p",c""cs lUl in<T<'H<' 
in A TP rontml. Thi. promol ... insulin ",1"".., via A TP-s ..... u,·~ 

potas,o;ium ehan",,! •. Autocrine insulin. in rum o .clÍn lcs insultn 
fC'C'qIIO' .ignaling "ia pbosphoino.itol.3.kinase (PIJK)/Akl . /n ,oj,.., 
cGMI' ¡"",,,,ases are as"""ial"" ",;Ih AMPK phoSf'horylalion. 

Then' is li n le informalion aboUl !he cascade of aclions 
downstream of guanyla re eyelaselPKG acliv3Cion in biol¡n ~ 

medimed I:~ne ('xprl'ssion. In isola.led pancre-~ t ic ¡slelS. 
tn'll led with ¡nhibilors or di/Tl'rent signaling pathways. we 
d¡sco,'ere!! thal. downs\Team o r guanyl:ne cycla,;e and PKG 
acú,-ation. biolin [1 mMJ incrl."dsL>d ATP ~'On t('nt. whic.lo 
induces insulin senet;on via A TP,sl"rlSitLn' polassium 
channi.'ls. In tumo insul in. in an aUlocrine m3nnCT. promole~ 
PIJKlAkt signaling 3~ t i,·alion. which inereasl.'S panc.ea tic 
glucok inase mRNA expression [36] (Fig. 1). 

1.1.1. Prvlldn Bivnnylulivn 

Sludics by Zempli.'TIi ," ul. ( ..... vil"\\·ed in [37. 42]) have 
suggested th:n bislOne and protein biOlinylation mediare 
biotin's actions On gene expression. Biotin has been found 
31t:lchcd to histone pmt('im in a site-specific mannCT in 
several Iypes of c;.!lIs [J7}. \\'hich loo inH'sligmorli 10 l uggest 
tltat bio tin could :tet as a rl'gulatory molecul(' for gene 
expression [43}. Histon!' biOl)"nilation was found m Iysine 
residU<'s (K ). Three sites \\'ere found in hislon!' lB (1(4. 1(9. 
K I8). and possible 1(23 144. 4 S]. T\\'o siles in histone H4: 
K8 and 1( 12 [43. 46]. As ":1.'11 . evidenre exist tltat 1(9. 1( 13. 
1( 12S. 1(12 7. and K I29 in histon!' H2A are targC1S fo. 
biotinylation ¡n trdCe amOUnts 147]. TIte StUd¡l'S supporting 
\his ,'ie\\' • • elay On rhe in "ilro biOlinylation ur synthelic 
peptides repn..'Sl.'nI;ng hislont' C· o. N· tt'rnlinal tai ls. and 
funher immunobloning ",ith stn'Pt:lvid in. Ho ..... (','e ••• lUdies 
by Bailey el al. (48] and Hi'3ly ('/ ul. 149] ha"e reservalion. 
aoout Ihe role of hislone biotinylatioo in \he e ffects orbinlin. 
Bailey .. , al. [48] demonstr::lled that s ttq>tavidin inlernets 
wi!h hi stones independt'nl ly of biotin bind¡ng. In add ition. 
these authors ana lyzed in ce ll lines biot¡n rndiolabeled 
iJtCorpor~lion inlo biotynylalcd prot('ins. showing Ihat 
radioaclivi ty was detecle!! On carboxylases and only "ery 
lo\\' biotin <0.03'-) waS bound tO hislOnes in tite nueleus. 
Same conclusoon "'as ObtalnL't! by Healy .. , al. (49]. ",ho 
h.'Sted a numbeT o f m('thods in HeLa cell line. named 
rndio label biotin incorpordlion. hisron!' Wi'SIl.'m blot analy ~ is 

",¡th avidin conjugares. ami·biot in. and anti· biotinyla led 
hislont' pcptide Bnlibodics and mass spcrtrom~uy. finding 
rhal while biol in oould be deleClt>d On carboxylases o. 
h¡slOnes biotiny la loo i" .. ilro. biotin 3uachment On cell 
naú"e hislolll.'s could nol be delected. ",hile thcy Were 
consistently uble tO found ae.-ry lation. meth)'lation ad 
phospborylalioo in na t¡ve hislOnes wi lh e..eh of !hese 
methods. Furth~'Tmore. hislooe biotinylation was absent ¡n 
('bromal in rrom quiese.-nt and prolifl!'r.ltive cells [49] 
Reoons idering thei. pre \'ious imcrpr('lations [37, 421. 
Zempleni el al. perforrncd ('xperiments address¡ng hillton!' 
biotiny lation cooclud ¡ng tltal biot¡nylation is a na tural. alb<,ÍI 
rareo histone modiflCalion [SO]. Challenging these results. 
!\'Cml slud¡es in , .¡ ... haH' found that his lone isolated from 
nuelear rraclions of I'pididymal ra! pads oomaincd M le-clable 
biotinylatcd histones. and \hei. !'xprt'Ssion \'lll'ied belween 
wlld I)'pe and mie.- w ith a dominalll-D<'gative mutallon !hat 
disrupts endogenou, NAD-d..']>I'ndcnt protein deacetylase 
(S IRTl) activity [17]. yel these studies used strq>t:w¡din­
HRP oonjugale_ 

ImlTCStingly. emerging ('mellee suggests Ihal h¡slone 
pmtein biol inyl3 lion is not !he only mechan¡sm for blal in' s 

syo\hCtast'. \he sodium-dl.'pl.'odl.'m muhivitamioic trdosporler 
[IS. 19]. lhe asialol:lycoproteio rt..:eptor [20]. and \he iosulio 
n'ttplor [20] io respoose tO I m~1 biotio. lo paoeTl"alic isll'1s 
isolmed from mIS. biotin- induced glucokinasc mRNA 
expression d~'J>CndOO On guanylme c-yclase [36]. 1,. ,·im. S 
w ..... 'ks of dictary binlin suppl~mt'olation (97.7 mglkg diel) 
;ncreasOO cGMP in hepatic 3nd adipose tissues [32. 34]. 

Litt le information exislS aboul !he meehanisms by \\ hi eh 
biolio inc~s eGMP. Solorzano-Vargas el al. [IS] 
Ik-mooStr.ltOO \hal holocarboxylase symhe1llSoe calalysis is 
n..'quired 10 aClivate guany late eyelase; based On this 
obSCTVation. Ihey propasOO !hal bio linyl AMP. \he 
;nt('J"rnOOi:ne compound o f mis enzyme. is im'ol,OO in this 
elTccl (Fig . 1). Ano\her report [40] suggested mal biotin 
produces ilS aClions 00 PKG Vla nitric oxide synlhase; 
howl.'ver. omer im'estigalions [41] have qUl'Stioned \he 
aclion of \his eompound in ml'ttiatíng biolin's aclions [41] 
(Fig. 1). Studies in !he Jurkat humao Iymphoma eell lioe 
found thm IOnM biotin irn:reased oitric oxide. \he mRNA 
levcls of endomclial 3nd inducible oitrie oxide synlhases. 
and PKG activi ly [40]. lbe clTCCts of biotin On nitrie oxide 
oorn:e11lr.ttions were abrogalOO by !he nitrie oxide syn\hase 
inhibilor N-monome\hyl~argmine. In comras!.. in ",m stud ies 
showOO mm prelJl.'atment wim a nilrie syolhase inhibi lor had 
00 elTen 00 the hypotensive aclion ofbiolin supplemeolalion 
[1 SO 011: biotinJl¡g diet]. allhough pretrealmi'nt wi\h a 
guanylau.· c)"c.1ase inhibitor abolished the hypotensiw acoon 
[41]. Further invl'SligaJÍQn w ill be rcquired tO ascertain Ihe 
pan of nitrie oxide produclion mal funclions as a mediator of 
biolin induclion ofsoluble gu:m)"lale eyclase. 
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Fig. (I). "'clio n. do .... nSlT"nm of :"D)"la t. e,.ebw PI(G in 
biolin·n, l'diall'd gen. ""pr ... ioD. Th .. aetion of biotin on 
asialoglyroprotelO prote,n t"""latlOn IIIId mRNA ap"""ion of 
carbo.<yla=. bolocarboxy~ 'Ynlh~ ami Ihe .... ium-d"l""'dml 
multiv;taminic lranspon,.,. in,·olv .. cydie guanylale cyelasc .. d 
PKG oct¡"·ation. In ~ islrts. pharmacological com:<ntnllÍonl; 
ofbiotin ~...., glurok;nasc mRNA by a medw,imo !hat ;nmh· ... 
guanylate c}"cI: .... and PKG lII."Ii,·alion. " 'hich p"'c""cs an in<T~ 
in A TP ronl,""l . Thi. promol ... in .... lin ",1"" ... via A TP-s ... "u,·~ 

polaS.';ium ch:annel •. Autocrine in.ulin. in tumo .cUUIC. insultn 
fC"C"qItor .ignaling "ia phosphoino,itol.J.kinase (PIJK)/Akl . /" ,." ", 
rGM I' i"",,,,ases are as""";"t",, ",;Ih AMPK ph0'l'oorylation. 

Then' is linle inform.:uion about !he cascad\' of aclions 
dO"ol"nstream of guanyla le e}"elaselPKG acliv3llon in biot¡n~ 
rnl'tliated I:enl' expTl"ssion. In ;sola.tl'd pancre-~Iic islclS. 
tn'll tOO wilh inhibilors or dilTerenl signaliog pa\hways. We 
disco\'ered lhal. downslream o f guanyl:ne cyclase and PKG 
actiulion. biolin [1 mMJincreasL'tt ATP ~"Onlent. whic.h 
induces insulín seeret;on via A T P-sensilive potas.sium 
channels. In tumo insul in. in ;m aUlocrine mannCT. pmmole~ 
PIJKlAkl signaling oCli,·alion. whieh inereases pancrealic 
glucokinase mRNA expression [36] (Fig. 1). 

1.1.1. PrOle;" 8 ;otin)"/utio" 

Sludies b)" Zl.'mplimi et o/. (re"it'\\'ed in [37.4211 have 
suggested Ih3t hislOne and pmlein biotinylation mediate 
biotin's aetions On gene expression. Biotio has been found 
311:lehcd 10 hislOne proleim in u site-specilie mannCT in 
Sl.'veral lypes of cells [37]. which loo in\l.'Sligmors tO suggcsl 
tltal bio lin eould act as a Tl"gulalory molecule ror gene 
I.'xpression [43]. HislOne biol)"nilation was found al Iysine 
residu.es (K). Three siles Wen.' found in hislone lB (1(4. K9. 
KIS). and possible K23 144. 4S]. Two Siles in histone H4 : 
KS and 1( 12 [43.46]. As " '1'11. evidenre exisl tltal K9. 1( 13. 
KI2S. KJ1 7. and KI29 in hislone H2A are targe\s ro r 
biotinylalion in trJec umOUnts 147]. l10e studil'S supporting 
Ihis ";I.'w. relay On Ihe i" "itro biotin)"lation ur syothe lic 
pl.'plides repn..'SI.'nting hislont' C· Or N - tt'rnlioal tai ls. and 
funhcr immunobloning with stn'Pt:l,·idin. Howc\·er. ilUdies 
by Bailey el al. J48] and Healy ("/ ul. 149] havl.' reservalions 
aoool the role of bistone biotinylation in !he effects orbiolin. 
Bailey ..., al. [4S] demonstr::I.lOO \hal streptavidin íntl'f3ets 
with bistones indepl'Tldl.'ntty of biotin binding. In addilion. 
these au\hor.i analyzed in eel! lines biotin rndiolabeled 
incotpordlion inlo biOlyn)"IDtoo proleins. showing thal 
radioaclivi lY was detened On carbollylases and ooly \"'ry 
low biol;n <0.03'-) W8S bound 10 hislOnes in me nucleus. 
Saml.' oonelusion was OblainL'tt by Healy el al. 149]. ",ho 
Il.'Sted a number o f me\hods in HeLa c:ell line. named 
rndiolabel biotin incorpordtion.. hislllne Wi'StCTTI blol analysis 
with avidin conjugmes. ami-biol in. and anti-biotinylated 
hislont' pcP lide Bnlibodics and mass spcctromcuy. finding 
lhat while biolm could be detcct~>d On carhoxylases Or 
hislOnes biotinylalOO ,,. .. ¡,ro. biotin nuachmenl On cell 
nati"e histolJl.'s could 001 be dctccloo. while thc)' Were 
consislenlly nble 10 found acelylation. me\h)"btion ad 
phospborylalion in na tive hislOnes with each of mt'Se 
method~. Furth~'Tmore. histonl.' biolinylalioo was absenl in 
chromal in rrom quieseent and prolif.:'r1llive cells [49] 
Reconsidering their pre\"ious inlerprelations {J7. 42]. 
Zempleni el al. pt.'Jformoo experiments addressing histone 
biotinylalion ooocluding tltal biolinylation is a oalural albeil 
raTl". hiSlonc modiflCalion [SO]. Chall"nging Ihese resulls. 
recenl studies ,n "im ha,,, found lhat his lone isolalOO fmm 
nuclear fraelions of epididymal rat pads containcd dett'O:lable 
biotinylaloo histones. and !heir exprt'Ssion \'aried belween 
wlld type and miee with a dominant-ncgalive mutatlon lhuI 
disrupls cndogl...nu, NAD-d..']>I'ndent protein ~ac"lylase 

(S IRTI) activity [17]. )"1'1 \hese sludies used strq>ta"idin ­
HRP coojugal!'. 

IntlTCslingly. emergiog emenee sU&gests that histone 
prole in biolinyl3tion is 001 !he on ly mechanism for bial in' s 
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elTe<:u [42]. A mass sptttrometl")' serecning study identified 
proteins other lhan histonC$ thlt ,,"ere modified by cov.lent 
binding of bimin; among thcm "'ere membCTs o f the heat 
shock supo;,rfamily o f proteins. including heat shock prOlein 
72 (BSP72) [51]. 

lJ. ElTn u of PhumaW kI¡;ica l Conctnlra tlons of 8imin 
on Clucost Mrtabolis m 

Numerous in,estigations [27. 28. n. 53] ha,'e reponed 
that acute administration of biotin posilivi:'1y affl"CtS !he 
aclivity of mzymes thal prommc ¡ Iucosc ulilization in !he 
Ji'er. Pharmacological concenmuions of biotin increase 
hepalic gluookinase mRNA ellópression and activity [2 1. 27]. 
Thc acli, ilíes of pyru"DIC kinase and phospoofructokinase_1 
aUKmenloo alle.- 24 h ohculi:' do5C5 ofbiOlin (1 and 2 mgll<g 
body "eight) in diabelic r.l!S [52): in contras!. sludies in OUT 
laboratol")' found thal in normal mire. ei¡;ht weeks of a 
biolin-supplemented diet [97.7 m¡; o f free biolinlkg dil'l; i.e .• 
13.5 mgll<g body weight] diminished lhe mRNA le,'els of 
pyruvale-kinase and phosphofructokinase-I and ha<! no 
efre<:1 On glucokinase mRNA upreuion [54]. NonethelCS5. 
OUT Sludies did not in,e-sli¡;atc Ihc aelivilíes of ~ 
cnzymes. These diverging resulb conct'TTling the response tO 
biolin may be l'.'plained by lhe faet lhal mRNA 1e\"('1s are 
nol necessarily rcflectCd by mzyrne acti"ity: other 
cxpLanalions inelude "ariations tn dose and administralion 
mode (chronic • .,... aUlle) or specic5 dilTcrmces. as found in 
OIher in\cstigations (SS-57). 

In animal models of diabetes. biotin decrea.ses liveT 
ellópression of genes Ihat regulate ¡Iuconeogi:'nesis [58. 59]. a 
pathway that s)'nthi:'sitts ¡Iucase and thus oppases its 
utiliz.:uion. In str"J!tozolocin-trealed rats. the mRNA 
abundance of phosphoenolpyruvatc carbox)'kinase was 
diminished 2 h aftcr intr1lp(:rilOncal (i .p.) injection o f I mg 
biolinlkg body weight (S9) , Thc deereasing efTe<:t of biotin 
on phosphocnolpyruvale carbolló)'kinase expression was .~ 
OOSCO·OO in other gluconeogenic ¡enes. such as glucose-fi_ 
phosphatase. and Ihc tranSCt"iplion fa.cton FoxO-I and HNF. 
4-alpha and [58). Nmably. Ihe nqati,·c effects of biotin On 
¡Iuooneogenic ge~. s-uch as phosphoenolpyru\"lIle 
carbox)'kinase or me IranscriptlOll factor FoxOI. ..-ere not 
obsen .. ed in Iilsted non-diabette an;mals [54. 601. These 
results indicate that the pharmacolo¡ical efTects ofbiol in can 
var)'. depo;,nding on the melabolic ualUS. 

Diol;n has posi live aClions on endocrine panereatic 
funclion. geni:' express ion. and insulin secrelion [36. 61 -63], 
Several in"csligations by OUT group [63) and other-s (61. 62] 
consislently found that ¡ti .'ilro aeUle exposure tO 
pharmacological doses ofbiotin mercases glueose--st imulalOO 
;nsulin release. Our gmup found tha! biotin concmtralions of 
10 10 1000 nM increa..sed mRNA le\els and gluookinase 
aclivity in culrured pancrea.lic islets isoLatCd fmm normal rau 
[63]: glucokinase reguble:S iMUlin release in response 10 
"arialions in blood glucose le,·els. As described abo,'e. lhe 
mechanism by which biotin increases ¡Iucokinase mRNA 
Ic .. cls involn$ cGMPIPKG signaling. which, by an 
unknown rnechanism. increases inlrarelluLar A TP and thus 
elicils insulin seaetion. Insulin. in an autocnne manner. 
ac liva lcs PUKJAkl signaling. ",·hich increases panereatic 

glucokinase mRNA expri'SSion (36). Oiotin also increased 
pancrealic gluookinase. but not insul in secretion. in the 
insulinoma RIN 1046-38 eel! line (64): howewr, the 
difTcrcnccs between that study and lhose prev iously 
desc1'ibOO rel)' On the inabilil)' of lhis 1.'1.'11 line 10 .elease 
insulin in response 10 glucase. 

The posi li .... elTl"Cts ofpltannacologieal concentralions of 
biotin /" "¡/ro ",ere also obsened j" ";'1) (65). In mire. 
biotin supplementalion increasOO insulin KCretion and me 
mRNA abundance o f a num""'" of lranscnplion facton 
regu lalin¡ insulin lran5("ription and KCretion (including 
fou2. Pdx l. and Hnf4a). glucokinase. insulin. Cama ld. and 
acCtyl-CoA carboxylase [65J. Biotin supplemenlation also 
cnlarged islcl sizc. but mis efTecI was no! rda lOO \O insulin 
5et\SilivÍty o. "i:'ight gain [6S] . UnCJIptt IOOI)'. biotin 
supplcmentalion modified islel archi leclure. ;ncreasing the 
percenta¡e of islelS with alpha-<cells al the islel oore: this 
efTeet was assoeialed with d ccreased mRNA clIópression of 
Ncaml. an adhesion proli:'in panicipatinll in islcl archite<:lure 
maintcnance (65]. 

Other esscntial proli:'ins invol\OO in ¡Iucose metabolism. 
such Ihe insulin receptor (20] and the recep lO' transduction 
prolcin IRS-l (33]. are modiíJtd b), biolin. In !he human 
hepatoblastoma cell linc HuB _7. biotin reslnction deerease-s 
I1Isu lin receplor protein synthesis and rcplelion of biotin 
reswred insulin receptor expression (20). Thc rapid inducoon 
of insulin receptor pro,,~in s)'nthesis witboul an increase in 
mRNA abundance suppon:s that lhe efreel of biotin is 
produced post-transcriplionall)'. The protein expression of 
IRS-I is also modified in response to biolin f33]; in the li ........ 
muse le. and kidnc)' o f mts with d iabetes ;nduced by 
Stl"Cpl0zoloein and high-fat dicto 10 wech o f biotin 
supplcmentation. aloM' or in combirunion wilh chromium 
picolinale. increascd the phospborybted. act;"c fonn o f lRS- l 
(33]. 

Consi!ilenl with Ihc effccts of biotin on gllJC05ol.' 
metabolism COZ)'mes. !he insulin receptor. aMi insulin 
K'Cn:1ion. pharmacological oonrentrations of biotin decreased 
hypcr¡lycemia in sorne (66..fi9) but nO! all (70) Jtud~. In a 
glOup ofsix paticnts with typo;, 1 diabetes. II1:atmenl with 16 
m¡lday of biOlin and the remo val of insulin trealmcnt fo. I 
",cck 10""ered blood glucosc le\ds from 266.±34 10 126:1::7 
[66]. In other stud ies. !he dail)' adminislTlIlion of biotin (40 
~¡lkll body weight: i.e .. approximalct)' 2-2.8 mglindi~idual 
wei¡;hlin¡ SO-70 kg) and insulin O\'e1' 3 monlhs 10 l)'po;, 1 
diabctic pa lienls s ignificantly dccrcascd fasting blood sugar 
and glycosylaled bt-moglobin Ii:'\els. oompared 10 !he group 
that recc;,'OO insulin plus placebo (69] . In 43 palients with 
type 2 diabetes. a deerease of about 4 S·'. in faslinll blood 
glucose oonecnlrations was obsened aftcr one month of 
tTeatrrn:nl " 'ilh oral doses of9 mg biotinlday (68). For 3 of 4 
patienls undergoing hemodial)'llÍ5 (67). 50 mil of biOlin 
(mtra.motIs (i .... }) post-di.aly~iJ dunng 2 wedts and 2 
montM ameliorated glucose intoler:Jncc. 1I"",·e'·e.-. sludies at 
our laboralory [70] did nOl find signirx:anl difTcrcnc:e; 
betwecn miklly h)'pe.-glycem.ic type-2 diabetic palients lreata! 
.... ith I S mK biotilL'day dunng 28 da)' •. 

In rOOcnl animal models o f diabetC$. biotin sUpplcml.'nt31ion 
al~ dccreased blood glucase levels. In KK miel.'. a ¡;i:'oclic 

tfTeC'b (42!. A lN.liS ~rumcl1)' w:T'I.'mlDj: Sludy ido.. .... ,ifitd 
procc",s ocha- than hlMOnel lhal ... en: modir.ed by to\"lllall 
blooln, of b,oun; amon¡ !hem .... tI'C member5 of the hea! 
Wwcl wperfam,ly o f prulelni. Includm¡ beal shock pro ... ", 
12 (l 15P12) [S 1). 

l..l. t: fTK" o, PhllrmuQklgkll1 COMttllralloas o, 810tin 
on GhKftC' M rlllbo lbm 

Numcrow m'ftU,MIOM {27. 28. S2. S3j ha"t rq.oncd 
!ha! 8tU1t admmlStr.ltlon 0' blOlln po5m,dy afTectS ~ 
1('11' 11)' o, mzymcs tbal promott a11lt(bC' ulilÍ22liOn in tht 
.. , .tI' . PbarmacokJ.&,cal OOncaltnllOnS o, blOM ~ 
hepallc ,Iurok,nast mRNA t.\praslOn and aeli, iey [21. 271. 
1lle 1CII\lIICS of pynl"llC kmuc antI phosphofrtldOtinasc·1 
au¡mcnu:d after 2" h ofacucc do!oft of biotin (1 and 2 mg.'1:g 
!xxIy "'C'lIhl) m d,ahem: fal,j [ni: m COnlr&Sl. studies in oor 
laboTlllol)' fouoo Ihu, m normal miet". ei&hl .... cele! o f D 

b,ol ¡n ·~upplemenll'<J d iLol [91.7 m, o f free biolinlkg di"l; i.c .. 
]J.S m&J1t;1I !xxIy wcillhll dimmi.'lhed lhe mRNA levds of 
pY"" 'me-kmast and phosphofruclDkinast"-1 and had no 
cfT~'C1 011 IIlucokm.!iC mRNA c..\prt.'lS1on [S4] . Nonemeles&. 
oor ~tudics dKl nol In'ocliaalt Iht aetivnies of thest 
rnzymn. ThcK di' I:f&lnll n:sulü eonrenung !be response 10 

blDlln rNI)' be c:xplll'nN by lhe fael that mRNA k>,eh at' 

rIOI nu:asanly rcflcclC!d by mzymt acti\ity. otbtr 
t.\plan'"OM IndudC' V_110m 111 duR and administratlOn 
mude (chromc "s. acult) or ~1tS diffttmces. 1:5 found In 

ochcr m,csullalloru [SS-S7). 

In ammal models of dlllbctcs. biCJtm deaeases ",tI' 
upraslOn of ¡CM!! lhal rqulalt ,lucontOgenesis [SS. S9j, I 

pillh ... -ay chal lynlhcslllL"5 ,IUCOK lUId thus opposes iu 
u"lizauon. In stn:ploZ(MO(:ln-lrealC~d talll, !he mR..'IlA 
abuooante of phosphomolpyn"'lle carboxytinase .... as 
dlmllllsbtd 2 h afta- muap;.TlIOtIt<l1 (i.p.) injettion of I mi 
blOtlni\1 body ... t'ghl (S9) . The dt'CtUSmg C'fTec1 of blo"'n 
0fI pho§phoenolpYnI"_ carbo.\) bNSC expressIon ... ·as .liso 
obSCI',;("\j m otbtr ,luCOMU,enlt amn. such as gluC<Kt-f>.­
~ • .lOO !he tnn.cnpllon fllClOrS FoxO-I and HXF_ 
4-.111pN and (SS). Notably. Ihe 1ItI1I"'C' tlTect5 of biolm On 
a1uroneo¡CtllC ,mol. IUeh as pbosphotnolpyru\1llt 
carbo.\)lm!lSt or lhe Iranw:ripllOl\ fllClOr FoxOI. .... e .... noc 
ob!ltntd In libttd non-tllBbttlC animals IS4. 60]. Tlie!iC 
rcJUhs mdical!: Ih:1I lhe phamulCololIlCal tffcclS ofbiol in can 
"11)'. dcpendin, un Ihc mcllloollc SIllIUI . 

Biolm has pusi!" ·t Itclions on I!ndoctine pancrcalic 
funcllon. gcnc exprt.'lSion, and IMUl in 5CO\"!ion [36. 61-63). 
Se'mll m'Cl;IIII'lions by our ¡mup (63) aoo omers [6 1. 62] 
COTIsislcndy found lhal ¡" ,.Iro 8tUIC expusure 10 

pharTll<lC'OIoII'ClI dosts ofblOlln mcn:ast5¡luC05t-slimulaltd 
mJulm rdeue. Our IlI'OUp fooOO tha! biobn concmtralions of 
10 \O 1000 nM locrnstd mR..~A Ic ..... 1s and gluoolinast 
111:11' " Y " (."\IltUTW pancrtallC ISIeI:li _I¡uro fmm norm.al. tallO 

(63): ,Iucokmase re¡ubiltS m!IUhn rcleast in r!5pOIHt ro 
VU.:tllOl\f In blood ¡11ItOK le\tl5. As dtscribtd abO\C'. tht 
IMClwlIsm by ... hlCh blOlln Incrnse ,lueok.inl:5t mR.."'¡A 
Ie'cb m,ol,cs cGMP PKG II¡n:ahn¡. \\hich. by lIn 

unknown mechantllm. men:aJie$ ,nu-a~lIular A TP .lOO tJu¡s 
elldls msutin Sttreltun. Insuhn. In an IUtotrine rnllrInC'r. 

aetl\'aICS I'IJKlAll Ilana"nll . ... hlCh 111CR'3SeS par!ereaU(' 

,lurol",uoSt mRNA upTaSlOn (l6] , BlOtm .liso mcrea5td 
pancrtatoc IIlucolnnase. bul nO! ,nmlln M:cretlOll, in the 
lIuullnoma RIN 1646-311 cel! hne (64); ho .... ""·tI'. !he 
d,ffertTlCtS bel\\rcn lhal .Iud)' and thoM: previously 
describa! rel)' on mc l!lIt .. lily of chis cel! line 10 rcleast 
mmlln m response 10 ,Iucott. 

The pos""c efTccl,j o'ph:r.rmacoIOlICllI concentntiom of 
bIOtm in O'Uro ... ·trt 100 ~td /" ,oj,., 16S]. In miet. 
bIOtm ~lemtnullon mc:rnsed mMllm IotCrttIOD and the 
mRNA abundanct of , numm o, InmcnpllOa faaon 
rt¡:ul'lm, mm"n trlnKnpllOll lInd lHn"lion (includinr; 
Fo.\a2, Pd.~ l . and lInf"<I). ,luroklnaM:. lMUhn. C3CDIIld. ano:! 
..... 'YI-CoA carboll)'lasc [6S). OlOlm supph:mml"ion .liso 
mlllflled ~klll:.o:c:. bu, Ihl~ efTee! ... ti 1101 rcllllro 10 insulin 
...... ~""·ny or ... ·Cl¡:hl ¡am [65) UnCllpl!lC lool)'. biotin 
suppll"mml3lion modified Islcl Irchn\."CIUTC. incn:as ing the 
pcrecnlO¡t of islcl~ wilh alpha-cells BI lhe: ¡slel core: chis 
"fT<'C1 ... 'u uWelnloo wuh d l'l'reased mRNA cx~ion of 
Neom l . :m ad hcsion pro!cm purllc lpalinllm islct archilcclurc 
m¡ .. nlcnanec [6S) 

OtIM.T asenli.1 prolclIII Invo hed m IiIlucose met.abolism. 
~\lCh !he mlul'n rtCtplOr" (20) 100 lhe receplor transduction 
prolc'n IRS- I (33). m: modlr.ed by bIotm.. In W hum:r.n 
bep:J\ObwlOma cell hllt lIull-1. blOlln raulcl lOn deneasts 
onsul,n rt«pIO!" prolem Jynlltall 100 replellOft of biotin 
reMOTW 'Mllhn rtttptOr C.\JIR'S3oIOn [20). Tht rapKl mdurrion 
o , Imuhn ItttplOr pMeln 5)'nthes~ \\ltlMMil ..... incrtast in 
mRNA .bu!Mbncc MlppotU tbat tht efTeet o f blOtin is 
produccd posl-Inmcripllonllly. Tht pMcm c:xpn:ss1Oft of 
IRS- I .. lOO modlfied In rapolUC' 10 blOlm (33); in !he li, «. 
musck. Dnd ~Klnt)' of nllS ... "h dlabeles ,ooueed by 
ilm"ploilX:ilOCm and h'ah-fal dlet. 10 "'tckl of biolin 
~lemmUlllOn. I lone or m rombmillOn wnh chromium 
pirohnatc. ncreucd chC' ~bilC!d. IICtl\C fonn of IRS-I 
(33) 

COI»aIcnI ""th tht tlTocts o, blOUn un g~ 
metabobsm CIlZ)'rnes. tht IIl!MIIIll n:ctpIOf. Md insulin 
J«n,1OIl, ph:lrmxolosteal 0lnetr!tr3110m of blOtln dt'Creased 
h)~lycenll' m IOmt (66-69] bul not .11 (70¡sttldies. In a 
¡IUUP of JI)[ patltnts ""th 1)"'" I d .. ~. ImItment ... ith 16 
IfII.oda)' of blOtm and lhe rmtO ... ¡ of mwhn !rellmenl fO!" 1 
,,·«k lo ... cred blood ,11ICOlIe IC"ell from 166.!34 10 126:":} 
[66]. In olher Mud,C$. lhe dady admmislTIl llOn of biOlin (40 
J.I&lk1l body ... ·ci,hl; Le •• appm.\lnt4lc1y 2-2.11 m&find,vidual 
"''''lIhlln, SO-70 ka) and in~uhn o"cr 3 monchs 10 I)'pe I 
d,ahe l, c palicnts ,ignificantly dccreaill'll f"I,ng blood l ugar 
and IIlyco.yluled hemolillobm Ic,·tll. compan'll 10 thc group 
lhal rcet"I\ed insuhn plus pbeebo (69). In 43 pallenl,j ... ilb 
1)'.,... 2 d,<lbclcs. I dccrease of Ilboul ·U·. m fasting blood 
,~ eoneentrlltOns "''a!I obiltO'ed .Il:tt ont monch of 
tmIItmml,,"h oral doKI of9 m¡ btolln.iby (681_ FOI" 3 of " 
pauenu undcr¡¡oIll& ltem,xhalYSG (61~ SO m¡ of bootin 
(,ntrlHnOIlS ILV.)) poM-tlIaI)IIJ dunn¡ 2 .... «tI and 2 
mO!"II'" .mthO!"ated "IUOOJt mlOlttance Ho-.t\tt. s wdies al 
our bbontory (70) did 1101 find SllPUrlCant d,fTl."1"enC'e5 
btt ... een mildly h)pa¡lycamc typt-2 d~1C pIloerlll trealed 
... ,th IS m¡ blOtlMlay durtnll28 day • . 

In rudcnlllllllTl<ll modch of d,3bdes. blObn ""ppltmcmation 
libo dl"'Crtas.ed blood gluCOJe Ie-els. In KK mice. a gcnctic 

~ff<:'C'''I·&2I. A ma5S .lfl'«'tromtlf)' !la\.Ynm¡: I ludy idenufi;:d 
proIeRa omer than hlMOna !hal "'~ mocbrJed by CO\'akllt 
blTldml or blotm: "mon, tnem "'-ete membL'N or the hnt 
lIhocl superf.lmtly or prolCmló. ITIcludm¡t be:!1 5bod: pl'OV:IO 
121" SP12I(.511 

2.3 . • :ffC'C'I~ of Phrmuokljtlal COM"nlnlloas uf lliotl" 
on C I_e i\l t'I.bolhm 

¡"umcruus I/IH-SU.MIUftIo (17. 18 . .52 . .531 han K'pOIYd 
lhIa _le Mlml/l¡jtr11110n of blOtln poAb\ cly afTects lb;: 
XII\ I'Y of mzyma WI promOlll;: Illuoosc üblinnion m lb;: 
IlnT. PIwmaooIoi:I¡:a1 ronctnlrallOnS of bKlhn lII(Tt'aSt 

hepallt' ,luroklnllSt' mR."'A aplftSlOn and Ktiu!)" {2 L 271. 
'Thc! .ell\llta of pyruVlllc kl~ and phosp/'lofrucmkio_.1 
lIugmmlt'd lIf1er 14 h ofacUle ~ ofbiotm ,1 lUId 2 mg.kg 
body "'C1ght) In d,aOellc ni!> (.511. In contras!. studll~s in OIlr 
1lI00nll01)' foüOO Ihul In nom",1 mlCl'. eighl I",'ele! of 11 

blolin·suppleml'flIL'Il dl L"t 191.7 mIl o f free biul inlkg dicl: ¡.e .. 
1J,5 m¡,\ll;lI body I'ocightl dunml5hcd lhe mRNA Icvds of 
Jlyru,·",e-kmflSC' and pho~phufructokmas.e·1 and h:ld 110 

efftcl un IIluoolumbe mRNA upreMiún (S4]. NOIIo!thcleu, 
oor ~tudl;:S dld 001 ImO"IIg .. l~ thr acu, ilK-s of thc.'Sc 
mzymd. 1"hNc d .. l'f1IJn¡: l"C)ulu conetmmll 1M response 10 
blOun may be uplllmt'd by lhe 'IICI IIw mRNA !;:\·r.!s ..... 
1101 ~Iy n:f1n:1Iftl by mzyrn;: acrwity; otbrr 
aplltn.11OruI IIKtude ' -_IION m dOK -.d adminnlrluon 

modo.- (ehrome .7 IlCUIl'I ac- spL'C1O dlffrrmces. 1:1 found 1ft 

OIht.T IM'eslllanom (.5.5·.s7I. 

In lItnmlll rnodell of dlabclls. bootm d~ ¡'Itr 
uprt'S$lOn of ¡<'MIo lhal rq¡ul"Ie ¡:Iucon;:ogenesis (SS, .59), • 
palhwly Ihm s)'nlhesiza ¡:luOOl.!: and mus 0JIP0Sf:" 11$ 

ullhr.lllon, In Itn:rlorowcln·rrcall.'d nus. 1M mR."':A 
abundllllCC' of phosphomolpyrul'llC nrboxy~ "'"a.i 

dlmmtshed 1 h .fter mtnpcnlOnnl 1I p.) mjec1ioa of 1 mi 
btotm.\.¡ body "'''Ighl (59) l"h;: docrn;,mg rffoc, of booun 
on phosphornoJpyrul-.c arhol.)-k~ e.\:pr;:s.ulD " ·IIS ako 
obteot'd m otbcT ¡:luCOMt)gc:n1C tm"- wch as- ,lu~-6-­
~ and !he tnnfCTIJllIotI fxlOn Fox()..1 and HNf· 
",--alpha.oo (.58) Notably. Ih!: Iqllll\t' dTt'I:H ofbiOJ.m On 
"urontO¡:mlC lIen1:11. .weh u phcKphomolpyru\":IIlr 
arbo.\)kmue or !he! tr.IMCrlpuon f_ foxOI . ... en: rQ 

~.:d m r~.:d nc:m--diabctoc .,umalli (S--I. 60). Tlw;:s¡., 
~uhj IndlCale lhal lhe phllllllllCOlcJgtel.l dTeclS ofbiotm c:an 
I"Ir)', d;:pendmg un Ihe ml."Iabohc "11"". 

Il lolln has poi"" C actions on cooocrine p31lCTe31ic 
funellon, gene rllprl>j!jlOn, IInd It»UIIIl ~tion IJ6. 61-631. 
.se. mil ",,,,:slI¡.lions by our gruup (6311100 others [61, 621 
ronsi~tendy fOllnd Ih:1I 1" "rro ilCUte uposun: 10 
pharTNiCOlogteal dofC!I ofbtoun IIICf"eHel ,Iucme-Slimubl~-d 
I/IMllln rt-Iruc, Our group fOllnd mlll boouo oont""ftIIrI IKIIH of 
10 tu 1000 nM IllCn::Ikd mR.'A Ic,'rhc and ,klool<ÍRUI: 
ICII"IIY en cullUftd pa~"e "lebi I50bird rrom normsl. .. u 
1631; &Iuroltnak rq¡ublles llIiUlm ~leav in respom;: lO 
"lIrÍalJOM m blood Iluco..r Ie\r"- As drK-riMd ;abo,.;:, th;: 
mechanl5m by '" nten blOlln ~ ¡turoIcinase mRNA 
1e\('1f; I/IIIIIvcs cGMP PKG IIgn:alm&. I'ohicb.. by an 
unkllOVon mcehannm. Incn:-.. .- Intn!:lellular ATP and mus 
cltel" IMUlln ~e"on. Insull", '" Iln ilUlocnnt rnannt'1". 
klll·lItCl1 1'1JK.Akl .,¡n.hng. ",hleh 1DCft'as<5 pan~"relI1t( 

,IUCQIr;inBc mRNA <'.\Pf"OSIOn (361· 810IUI 1"" mc:reasrd. 
pMen'1I11C ¡Iurobnuc. bul not lMUhn :Jrc:reI.1IlII. in thr 
lruuhllOfM RIN 1046--38 !:Iell Ime [6-1): hmI·rl·tr, me 
dlffl'mK'es bcrwl."Cll tmll 1100y and !hu,.;: pr-e-vioosly 
dt.'scrilx:d ~I)' on me IIIlIbllny of In" !:Iell IiM 10 r\'lras;: 
mJUlin In ruponK lO gIUoC~. 

Thr po5ltlll: cfTecl$ of ph;v!nxokl#tc:al ooncentn.tiom of 
b-lOun Ut l';,", "'a"C lbo ob!ient'd 1" ''''v 16.51 In micro 
bl""un ~kment:a"un ~ Insuhn IotC.TC1I1OD and me 
mR."'A t1bn~ or I numbcr of IrtiIInlpllOll fXlOlS 
rr¡ullllml m",lm trlmttnJllIOll and l«l'l:'lion {inc:ludinl: 
fo.u2, N.~ l . and Unf4,,), IlucollJgtt. _1m. CiICnIIld. and 
lC'C'Iyl..coA ~bo",)'lase (Mj. 01011/1 ~M"lemmlJlllOn a1so 
mbraloo ~It:I .I7.C. bul Ihl. cfft:Ct "'1:1 nol ~lal.:d 10 insulio 
)CQ~"hny or ""l:lghl Jlm (6.51 UneApoi.!looly. biotin 
iMlpplcmenlllllun modlficd I~lel an:hnCClUn:. mcrrll.'ling me 
JICrC''II\l1¡¡e of I~leu ""1m alpha·cclls 111 Ihe iilel core; mis 
cffl't\ 1'0'11.\ assoeiuloo IIlth dL'\:n:a..w mR NA expr-t'$Sion of 
Ncuml. IIn IIdllcslOn prolem p:lnlclp~Iin¡¡ in islel an:hi leclun' 
mIImlrnllnc" (651 

Olhn- es,;:mial prolCIM m\'OhN In IIII1OD!ie mct.aholism. 
M/Cn 1M IMnlin receptor (10]lInd lhe rteql lor u-ansducDon 
proICtn IRS·I (331. !IR' modlr¡,ed by bNHm. In lb;: ntI.IIWI 
I1cpllt()bwlOtN!:Ien hnc lIull ·7. blOlln R.""l!nellon decmts;::s 

'Mt.din rttc"fIIOI" prorel/l i)'ntllhli and r;:plelton of blOUD 
~ lMUlln ~ o.prt!<SlOll (20~ TM npld mducÚOQ 
of truull/l I'«CfJIUI" prot~ln lynthe!.1S ",,,houl Iln iDcrellSt' m 
mR.'1A "bund:utcr iUp¡tOru Imll W cff«"t of blOn.. is 
produccd posHnnKI'"IpllOn.lly. Tbc prulcln Opn::M1On of 
IRS·I lS.bo IlIOdlfied 1/1 rapoMC 10 hlOlm [331: m !he li\·n-. 
muttlc, and ltdncy of nll~ "'!lh dlabrleS ,nduccd b) 
stn:p IO~1ft and hlgb-ral dlte. 10 .... ..-eh of bKllin 
MlPfllemenuulOn .• km;: Uf 1ft cornblllllllotl wuh chromium 
plOOhnak. n:rusN mr phOJphor)'latft!. ICIIIC fonu of IRS- I 
13Jl 

COIU\.SIent 11M th.' effecu of bioun on ghlcose 
...etIObolnm CftZ)~ lb;: 111",1... rtCq'*JI", md insulin 
JC'Cmton. pnarmxo",,=teal roncmtnlllons of blOb'l dea-e:tsed 
h)'J'CfVI)ttrnl. 1/1 5OIllt' (66--tr9¡ bul not a11 (701 dldoeL lo • 
¡roup oh", pallm~ WM I)pc 1 dutbc:-tn. tmltrIk. .... , ""ilb 16 
"",day of bKMm and tbe renIOI·.1 of tniulm I~almml fOl" I 
w«k lo","crcd blood II:lurosr IClcI~ from 1~l4 10 116::7 
1661, In olher ~udlCS. !he wuly IIdmmlsu'lhon of biolin (--lO 
..¡¡IItg body "clghl: I.I:~ appro.\I", .• Icly 1·1.8 1lIK/ IOO;"idual 
" .... ¡;lIlInll: 50·70 k¡;) aoo in~ulln o\·~r 3 monlh~ 10 Iype 1 
dlllbcnc pa ll('fIIS JIgnificanlly dcerr:l:il-d flllil inll: blood lugar 
:snd IIlyro.ylhU:d hemoglobm !e\rl •. l"Omp"rcd lO the group 
Imn rt'a.""t'd "'Mllln pllü plaemo (691, In 43 pallC1HS ",im 
I)'pe 2 dlabc:~ I dec~_ or aboul --IS-. 1/1 f;&!itlllll blood 
,hM:otc ronctnlrlllOM "''al ~ed .Ra- UM monlb of 
a-caunml '" uh unl doK>t of9 ma bIOtm.day (68). for- j or--l 
I*lCnb undt~rllomg n.m-IutlYl1S (671. .so mg oC blOUD 
tmlnl"mu\IS !Lllt potI--dutl)'m dunnll 1 II«U Ind 1 
mlJntbs .mcho",Ied IlIIlCOM mlOlmln!:le Hov. ........... swdirs:u 
our IabontIOr)' (10] dld nol rtnd ~,..,irlCllnl d,ff.....-.mc-es 
bct",-een mlldly hypn¡lyt"Cm1l: ~·1 d~1e pabmtS tn::ued 

"'1m 15 mil blotlnoday dunnll18 tby~. 

In rodcnt IIIIImlII modth of dtabL1t11 , blotlft ~1cmm1300n 
aJso dca-t:ued blood ¡;luroM: IC"lds In KK mi«. a ¡;t:netic 
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model of diabeles wilh insulin res istancc aOO mikl 
hyperglycemia (7 1]. adminislralion of:2 a.nd 4 mg of biolinlkg 
body weighl for 10 wecks decrcased posl-prandial glucase 
conce.uralions a.nd improu.-d bolh g lucose lo lerancc and 
insulin scnsilivily (71]. In Iype 2 diabetic OtSl.lka Long­
Evans Tokushirna Flny ra15. biolin amcliora led glucase 
IOlerance [72]. In ralS wilh diabetes induced by a high-fal 
diet and StrepIO;tOlocin. biolin supplemcnlal>On. alooc (300 
}lglkg body weight pcr day for 10 " ecks) o r in oombinal>on 
wilh chromium picolin:l1c (80 f.I&fkg body weighl). increased 
Sf,'TUm insulin le ... !ls [33 ]; howe\cr. o thc r in\'cs ligalion found 
no efTects ofbiolin (60 f.lg biolin/lqr; body weight ) On glucase 
to lcrance in ei lher slroke-pronc sponlancousl)' h)'pertensive 
r.HS Or non-diabelic mili [41]. 1ñc low biOlin amounl used in 
Ihis sludy m:ay exp la in for Ihe disagrocmcnl wilh othcr sludies. 

2.4. E ffffb uf Ph.rmllC1l login l Concenlfll lions uf Diolin 
On Lipld lU ('IlI bUlb"I 

Invesligalion' h:we shown Ihal biOlin possesscs 
h)'pcrlipidemic efTects. In hea llh)' hum:ans. 0 .9 mg/day bialin 
supplememalion modifiOO serum lipid leve ls [73]. In palicms 
wilh hypercholeslerolemia. dai ly administralion of 5 mg o f 
biotin for 4 weeb diminishcd !l-CfUm ehoiestcrol conccntrations 
(74]. In both nonllal (n- 15) aOO typc 2 diabetic paticnts 
(n- 18) with hypenrigl)'ccridcmill. Sl.lpplemcntat>On wi lh 
5 mg of biolin mret' l imes pcr day for 28 days Iowered SCrtJm 
uig lyccride and \'ery-Io,,-dcnsity lipoproll."i ns (VLDLs) 
[e\'e ls (75J. In hypercholeslcrolcmic type 2 diabeles mellirus 
palienls. biolin. in combimnion with ehromium picolina le 
(2 mg/600 f.lg daily for 90 days). dimin tshed ser\.lm 
ll"iglyceridl." [e\els and lhe LDLIIIDL eholeslerol ratio (76]. 
In 35 individuals ... ilh Iypc I d iabeles. daily adminislr3lion 
of biolin (40 f.lg/kg body wcighl; Le .. approximall."ly 2-2.8 
m¡0ndividual weighting 50-70 ka) aOO insulio over 3 
montru. rcduC\.>d me 10lal chole:s lerol. VLDL and plasma 
triglyceridl." le\'els, comparcd 10 the oontrol group (n- 35) 
m.-aled wilh insulin plus placebo [69]. 

The hy~riglyceridemic aClions of biOlin obscr.ed io 
humao§ wen': also fouod in animal models. In nonnal mi-c:e . 8 
weeks of a biolio-supplemcnled d iet (!J.5 mglkg body 
weight) dimioishOO serum Irig l)'ccride concentr.llions [54J. 
In nllS wilh diabetes induced by strcptozolocin and a high-fal 
diet , biOlin (300 f.I~g body weight per day for lO wee k. s). 
TCducOO blood Iriglyceride. lotal ehalesterol , and nOn· 
eSlerificd fally acid levels (33]. 

The hypol .iglyceridelllic e lTccts of pharmacological 
conecnlrD\ion§ of biolin on lipemia are associa tcd wi lh 
dilllin i,hOO lipogenic gene cxprcssKm in me liver and 
adiposc lissucs (54 ). Slud ies in our laboratory revea led mal 
biotin , io normal miee wi lh eight wecks of biotin 
supplememation in Ihe diet, dccrcased me mRNA abundanee 
of lhe lipogenic lraoscriplion factor i lerol regulatory I." lement 
binding PrQlein l-c (SREBP-I e) in !he li ... er and thc rnRNA 
abundance of proteios whose Iranscription is regulatOO by 
mis flleto., Sl.lch as pYT\lvate kinasc. acety l-CoA earholl.ylase-
1, and fllny acid synlhase (54]. Similar negalive efTects 00 
SREDP_I c, fally acid synthasc and acety l-CoA earboll.ylase­
I,wcre obsen'ed io slreplomlocin-tTCaled mIS 2 h afler an 
aem e i.p , injcction of I mg biolinlka body weighl [58]. 

In adiposc tÍ5sue, dieta!)' biolin suppleml."nta tion (54] 
dCCTCased thc m RNA le\cls of S RE DPl e, accl)' l-CoA 
carboll.ylasc- I, fall)' acid synlhase. g luease-6-ph-osphale 
dchydrogenOUl.", phosphofruClokinase-l. and PPAR-garnma. 
In oontrasl, io Ihe ooiposc lissuc of ralS with d iabetes 
produeOO by slreplomlOCin IInd high-fa l dieto 10 weeks o f 
biotio OOministr1llion iocrcased Ihe protein abundance o f 
PPAR_gamma (33]. It Í5 nOlewonhy thal biotin analogues 
modify PPAR-gamrna expn.'vion and adipogcncsis in me 
3D-U celt line [77]. suggeslina lhal biolin participatcs io 
adipogenesit . 

SlUdies in our labomlory invC5ligalOO thc signllling 
palhways and posHmnseriplional aetions by which 
phannacologieal concenlmlions of biolin reduce lipogcncsis 
(32, 34); Ihe n':su hs rcvealcd Ihal d il."lary biolin 
supplcmcnlat ion O\'er 8 wcck.s augmcnled cG MP and ac live 
AMPK le"els in Ihe liver. In hannon)' wi th Ihis efTeCl. me 
abundance of the m:\lure fono of S REBI'-Ie d im inishcd and 
!he inael ive phosphorylalOO foml ofaeClyl-CoA earboxylase· 
I ineTCased. Simi lar])'. in lhe adipose lissue, bolh lhe ac li"e 
fom. of AMPK proleio and Ihe inaelive phosphorylalcd fonn 
o f acety l-CoA carbollt)'lase-I increased afier b iotin 
supplcn.cnla!ion [32]. 

The plurmacological effl."CIs of biotin un lipid metaboli5m 
pathways, othcr Ihan lipoacne:sis. are less ell.plored. 
Phannaeological conceolra. ions of the vilamin mighl a fTcct 
fany acid oll.idalion io adiposc l inue. s inee lhe abuodance o f 
the ac tive fonn of aCClyl-CoA carboxylasc-2 increased in 
response 10 dietary biotin supplemcntation (34]. Diotin 
supplcmcnlalion did nol obscrvably a fTcct lipolysis in 
epididymal adiposc lissue from miee fed a biatin­
Sl.l pplcmentOO diet over 8 ~lXb (34). 

2.5. Effeels of Pha rn¡lIculogka l Concent.l'lllions of Biolln 
On Hyperlenslon 

Phllnnacological conccntralions of biot in have an 
antihypenensi\'e efT ... -c1 in strokc-prone sponlancous l)' 
hypcneMive mIS [41 ]. Eighl " 'eeb o f biolin intake in water 
(approximately 1.2 mglkg body weight) dimin i5hOO ooronary 
arterial Ihiekeoing. rOOuccd syslolic blood pressure, and 
dimioishOO the incidenee of sa lt - iOOuecd s troke [41 ]. The 
anti-hypcrteosive eITccl of biolin was also produeed 6·IOh 
afie . a single i.p. dosc of 0.5 or 5 mil; o f biotin [4 1]. 
Inhibilion of soluble guanylate cyclase suppresscd the 
hypotcnsive ítClion, whilc inhibilioo o f nitrie oxide 
production had no efTect on biolin aelion [41 ]. These results 
suggesl Iha! biOlin dccreased blood pressure via a oitrie 
oxide_indepcnden. dill.'el aCtivalion of soluble guany late 
C)'e lase (41]. 

2.6. Errecls or Ph armacologica l Concenlralions or Biotin 
On Reproductlve .' un cllons 

Biotin supplcmcntalioo modifICI reprodUCli\e fcatures. 
1ñc group of Simmios and Ilrooks (78. 79) reported lhal 
biotin supplemcnla lion in Ih~ diel (350 " glkg diet) 
augmemcd lhe anoual prodUClÍ\'ily of 5OWI. retumed me 
sows 10 CSIrUS sooncr. aOO resultcd in earlicr pregnancy man 
sows on conlro l d ielll (32 f.I&fkg diet) [78-80). Other s ludies 
indicalcd that biolin supplcmenlalion (330 "g biatin 

rnodcl or dlólbell.'!l .... ,th lI\!Iuhn raistance and mild 
hypttBlyccm ... 171).Mlm,n'~tr1IIlOn or2:Jnd 4 ma orbioún.\:g 
body .... e'&hl ror 10 .... ~kt dlxrcaKd po!I(-prandial glucose 
roneesltr1ll00m and ,mpro\f:d both Bluco!le IOICTllncr and 
ñuulln sem,.,,"y (71] In I)'pt 2 doabc!:Ic Otsuka Long­
E\'IIM Tokll~luma Fany r:tlJ. b,oun amel,or.ued &Iucose 
IOler.mce (72]. In ralS ..... lIh d>:tbctes ,nducf:d by a high-ral 
din and 'lrCpIOZOIOCIn. btOt,n suppkmcnlallon. alone (300 
.. ","kg body .... ·e'ahl pcr day for 10 .. ecks) or in combinaoon 
Wllh ch,ronllum p,cohn:lle (80 .. Jflr.1 body ..... dahl). increased 
senom lru;uhn le\els (33], ho .... e\tt, u locr m'l:5li&al ion found 
no effeas or blOlln (60"1 bíounfk& body ..... c'ahl) o n g lucase 
t(Ilerance m e llher ~ Irolo:e-pnlnc IIpIlnlancously hypcncns i\ 'c 
nus or non-dulbcl 'c nllS (41). Thc lo'" biolln amounl USt,'d in 
IhiJ !<Iudy may explllln rO. Ih.: d.sa¡r\.'C:nll:nl ..... ith othcr Slud ics. 

l.4 • .:rrrtll ur l'hllrmllctJlu¡;lu l CUllu nl n l lo lls ur IUUlln 
On 1_1,, 111 MNllbnllnn 

In"csli¡;aIlOnS hllvc shown Ih:tI biOl in posscsscs 
hypcrli p idemic e fTeas. ' n healthy hum:1II5. 0 .9 mg!day biolio 
sup plemcnlallon modifit.-d K'l'\lm hpid le,els [73]. lo pa tienls 
..... tl h hypen:lt.oleslerolemill, dllily admin isll1Il ion of 5 mg o f 
bio¡in r.:;r" ..... a:b d,m,mshed sCnlm eholotcrol concmuations 
[74 , . In boIh noo"al (n- 15) IInd Iypt 2 dUIlbc!ic plll lenlS 
(n- 18) ..... lIh hypertria lyoer,denlla. .upph:mentalion ",i lh 
5 ma OrblOlm Ihree ttmes pt.'T day ror 28 days Io ..... eted serum 
mgl)ecnde and ' ·ery-lo ... -dallillY hpoprou:ins (VLDLs) 
Ie\els (75) . In hypen:holc$terok-m.c Iypc 2 d ... bclCS mellirus 
pallenl5.. blOlln. m comb,nallOn w.m chrofnlUm picolinale 
(2 m,,600 I"a dluly fut 90 &ly.). dlmmlshed 5enIm 
trigly«nde le>cls and tlw: LOl./l IOL eholC!llerol r.nio [76]. 
In 35 ,nd" Kluals .... llh I)'pe I d .... lX'lcs. da.l) admmislr.l.oon 
or bMMm (40 .. &J\.& body ... et&ht: • .e; approxim ...... )' 2-2.8 
mgf'tndl"idu;al "clahl,na 50-70 ti) and II\liUIin me.. 3 
ffiOflt!» reducaj lile total cholC!llcrol. VLOL. and plasma 
Inglycertd.! \r\·ds. compared lO the conlrol aroup (n- 35) 
In"aloo wllh lru;uhn plus pl1l«bo (691. 

~ hypotna1ycendenllc aC1tOns or btOlln observed in 
humans "'C~ abo round In ammal modcls. In nonnal miee. 8 
........... $ or a btOHn·lupplemCDIt.'d d .e l (13.5 mwkg body 
.... e.ghl) d lmlnt~hoo 5enIm Ir'a1yccndc conccnlr.u iollll [54 ). 
In mIS "'l1h d .abe!es IbducW by ~In:plozo locin and a high· fa l 
d ieto b iolin (300 JAlIJl:w body \\.:iah l pcr day for 10 ..... eeks). 
n.'d uced blood Iri¡¡lyceride, lota l eholcslerol. and nOn­
eSle rt fkd rmly ac ld 1¡,we ls (331. 

Thc hypolrialyccride nt ic CtT.:CIlI or pharmacolog ieal 
concenlr.ll ioll.'l or biolln un lipcnlla are assodaled wi lh 
dimim .. hed hpo~enie ¡¡ene cxpre!l!ltOn lb lhe liver and 
mdipose II","Ud (54 ]. SIudics m our labonllory revealed lIlal 
biOlin . lb norm:l l mlee "'l1h C.ahl ..... ecks of biotin 
§upplcmrnlollOn m Ihc dOCI, decrea§Cd lbe mRNA abundanre 
of!he llpoac",c transenplion faelOr toIerol f'CaulalOry elemenl 
bindm" prolem l -c (S RE8I' · le) m IOC h,e.. and \he rnRNA 
abundllnCe or protemli ... boje tn.lI!ICnpl lOl1 os regulated by 
milo raclOC'.l'UCh u pyru"ule Io:mU('. arel)I-CoA carboxylase-
1.:Jnd r:lII)' acid Iynth~ 154J- S.mllar n~al,,'e elTcclS On 
SRE8P·Ic. fall)' aclld Iynma)(' and acnyl-CoA carboxylase­
I ... ~ ~f:d .n toIfi'pto.l!QlOCm·lRalcd nt15 2 h afie.. an 
acule J.p . mpttOn of I mi bKlhnlkl bod) ... elahl [58). 

In adljlO5e IlliSt1e. dietary blOlln MlpplcmcntallOn (54J 
det:rebcd lhr mRNA lC\eb of SR~DPlc. acety l-CoA 
carboxylase-I . fall)' Kili .)'nlba!te. &luCO!le-6-phosphale 
debydrogenue. phlbphofl'\lcto .. ,nlb('· I , and PPAR·pmma. 
In rontrtit. m lhc MI,posoe liSMIC or ntl~ .... lIh d,abeies 
produced b) $tl'q)loZOlOCm and h.ahoral d.et. 10 ... ct.,," of 
biolin MlmlDlstrallon I~MCd me pcoICln abundance of 
PPAR·ganuna (Jl) . .. os nDle .. onhy lhal blOltn analogUl'!i 
modlj} PPAR-aamma expt\'~lOn and adlpo"l:ncs ,s in me 
3D·U c~1I "ne 177(. lu&.litCSlln& UWII blOltn partlC,patcs in 
adipogene.;ls. 

Slud.es ID our l:abonatory in~CSlla3l lod lhe 5,gnaling 
1'':lIhway~ .nd po~I- l l'Im .• cripllOnal aC lions by .. hich 
pharmacoloBicul concenlnlllOD.'l or blDIID I\.'duce Iipogt. ... l5 is 
(32. 34): Ihe roul lj rcvellled Ihal dlcto!)' bimin 
supplemcntallOn OVLT 8 ... ~ks auamcolt.'d cG MP and active 
A MI'K le"els in Ihe "ver. Ir¡ harmon)' wilh ¡h lS d Tect. !he 
abundallCt' or Ihc Illlll ll re ro m. of S IUm l' -lc d illl ln ishcd and 
lile inacl i"c phosphory lllloo forn. o f IIct.'Iyl-CoA earbox)' lase­
I inereased . SiDll lorJy. in the adipo~c lissuc. bolh lhe oclive 
fom. or A MI' K proleln IInd Ihc InoC II 'C p lt.osphorylaled fo rm 
o r aCC!yl-CoA earboxylue-I lDCT'Cascd arter b iotin 
supplcmcnlllllOn {32). 

The pbarmacoloaica' efTC'Cl" or blOltn on h,,1d metaboli5m 
p:uh ..... y.. OIber Ihan hpo¡¡t. ... oIJ. are less t'Xplored. 
Ph:annacoloalcal runcrnlralllOnJ ur lhe ,uamm mi¡¡h l alTeet 
f:lIIly aclld oxKlallOn .n ad,J'IO"C lossoe. s.nce !he llbundana of 
thc ac11\ e fonn of Kct) I_CoA carboxylue-2 mcrrased in 
response 10 dlC!1If)' bMM,n MlpplcrnmtallOf1 (34 ). Biotin 
supplementauon dld not lJbs.erI.'ably alTt.'C1 Itpolysi!li in 
eptdidyrnal MlIJIOIIC IlHüe fmm mlee red a biotin· 
.... pplemenled dlC! 0"er8 .... cc .. s{J4I_ 

2.5. Effecu; ur Ph tarmacolugkil l COI1 CCfll ra lMlnJ of motll1 
011 H~pc .. lt·ruJon 

f>ha.rTrlaroloau:al COl1C\'DlntllOIU of blOltn ha\'e lln 

llnlibyper1erutl\c em.'Ct in $Iroke-prone sponlllnoously 
hypenen,¡,-c mili 141). E1&h1 .. c.-c:U of blOlln mtalo:e in .. au.'T 
(approxun:llcly 1.2 m¡t/k¡¡ body .... cl&hl) dlnllnished ooIOnary 
nnert:l l IhlCkemna. rt.odllccd S)'5IOIIc blood prcssure. and 
din.Ínishcd Ihe ,nctdt.'nCe of !IIl1t·.nduCl-d 51rolo: c (4 1). The 
llnl í-hypcrt':!Ulve cm:el of bloh n wu al!IU produccd 6-10h 
afier a smale I.p . dose of 0 .5 or 5 ma o r biol;n (4 1). 
Inhibitton o r !iOluble a lluny la le cyelll~c 5Upprcs5t.'d Ihe 
hypolCDSivc IIC l ioll. .....h ile inh ibillOlI o r n itrie oxide 
produclion hfld no e fTect on b iol'n IIel lO n [4 11. Thcse results 
suggcsl Ihlll biOlin de.,:reased blood prt.'S!>lIre vi:a a n itrie 
oxide-indt.-pcndenl d' rt.'CI acth .. allon or soluble guanylale 
cyclast' 141). 

2.6. Errecl! or I'bultllcokl1:lC1I I COnetolra llon) or 810110 
On k cproduelh'c "·un t"llon~ 

DtOlin tupplemcn!aloon "K"hilCs I\.-productl\ e fcalura. 
The group or Slmm,n~ and Oruoh (78. 79) reponed !hal 
bioun tupplcrnmtatoon ,n !he dlCl (350 I"~kg diel) 
augmenlcd Ihc annul product.v.!), or so .... ·!>. retumcd lile 
_ ...... '" C:stnlS liOOIlCr. and l\'Suhed m cotrher prq:na1lC)' lhan 
so ..... s on rorurol d.eu (32 .. ",ka dlCl) 178-80). Other SI00>es 
indicaled IIw blOun supph:menUlllOn {330 .. g biot;n 

InIIJIkI of d~ ... ,lb 'nMOlon ~llicann: and mikI 
hyperal)'~~m .. )1 1) • .Jmlfl'MnlIIOn of 2 .... 4 me ofbJOtin kg 
body ",,~ •• hl rOl" 10 "".ft"U dc:cr.:ued ~·pqnd~1 .Iucose 
cono;:m_MIoM and ,tnpn)\ed bo.h .lucoM' 101nan~ and 
mJuhn .eru"m ny (711 In I)'JX' 1 dilobdlC 0buJc1l Long. 
EUM TukwJumII F.ny ..... blotln IOmehonued alucase 
IO~~ (721 In nllf ... nh d!:lbet ..... ,nd~ed by lO hlP.f:!l1 
dloCt IOnd 'lR'ptOZlMOCIn. b,oun .uppl..-~.uon. .Ioor (300 
}ll!i. body "'~I&N pe!' ilII)' flM" 10 ... eru) or In combmation 
.... "h ~hron .. um plCOl_~ (80 }lJ.\' body ""'C'tPI'). 1nCI"eaSed 
KfWn IMUhn k!~e:b I1JI. tIO'\f>c:\c:r. othct 'M"elll •• "'" found 
no C"fT«1. UrblOlm (6O}l' blOlm ka body ...... ,ahe) on ltucose 
101c:nnI;-~ Ifl ~lIhtt .trot ..... pronc .,MIt" .. nc:ouSIy hypenen:sr.·C' 
nnl Uf' non·dlllb.:11C nll$ (41 J Tho: Jo ... bOOlln .mount U5C'd in 
Ih" ,;.ud) mil)' C'),plllln rot ,h~ lh.liOllV"ftmcn' ..... ,lb othc:r .lUdies. 

2 .... . Err~b ur " hllrmllCtt luglu l C OIlc: ..... .... ' ko n ' o f IJ kolin 
" n 1. II,ld /1 "" 11 111111.0 111 

In\· ... .!uIWIl. ioll" ha",.. h Ó"'1I .hu, biohll po5sesSt's 
hypcrhpld"'mk' c:o-eC'lf. In h"'ldlhy hUllum~. 0.9 ,"¡Vd:!)' biolin 
,uppl\!m ... nlllllUlI ,nod.ncd Knlm "pid le:n'I,)71 J. In pllllenlS 
"" nh h) pcrcholcslero\emi., da.l)' IKImln'lilnllJOII or oS mg of 
blOlm for 4 wa:b wmmi>Jw:d !IC'rum c:hoJr.¡1O'U1 l.'lUnCClluaÓDM 

(N) In boch rKNmIIl (n- U) .nd ,yJX' 2 d,abc:!1C' paimts 
(n-18) ..... !lh hypenn.I)CttJdnn ... ~pplc:mall.UOft ... ,m 
5 m& ofbJot,n thra: '.m .... pon da) for 28 d.). Iooocnd SftUm 

rn.l)cr..,dc and .·Cf)' · kI .... 4c:n~.1)' lipOprO ..... nl (VLDLI) 
It>~h; 175). In h)pc.-n:hoblc:rokmic I),JX' 2 d .. betes melliwl 
".lImu" btou.n. m COmblflllllQn ..... "h dtromrum plC'Olirune 
(2 m¡.600 }la wlIl)' f ... 90 dapl. d'mm!5hed serum 
rrl¡¡I)('eI"idc- Ie\ eI_ lUId the LDl.JlIOL ~holC$lcrul r.ll0II [76]. 
In )5 .nd" .... UlIOI .... ,.h 'ype I dlllbeee... dad)' admlDtstn.DoII 
ur blOCm ,.lO }ll<'¡¡ body "C"I¡¡hl. i.~~ ."pro.ll,mat~1y 2·LII 
m~Ind¡\OdUOlI ""el&tll.n. 50-10 ll) .na amulm O\eI" 3 
monlhl> r«Iuccd !he total cholalero!. VLOL .00 plasm.:ro 
tnll)Cttw,k ~cI .. romplOrC'd M) Ih~ corllrol .roup (n-J5) 
~,al .... 'm ¡MOlm plut placebo 1691. 

~ h)"potnll)'cerxkmlC' .... 1I0nl ur bJOlm obst'ned ÍII 

hum.u" .... nr 111M) found in an'IYYI modot-b In nontW ~. 8 
.... ·«-tl o( • blOl,n...uppit'rm"TI1Cd dlt'l (13.5 mK-kg body 
... elah') d.mmoshal senom In.I)a:nd.: co"'-"n'l'1Il lOfIS [54]. 
In nuf, ..... !lh d,abcl~ indUCt'd by Sll"'C'plO~WCIn :me! a high-f:!1 
d.eI . bool,n (lOO }llJ!kw bnd)' ..... C'\¡¡h ' ~ day rOl'" 10 .... eeks). 
n .. du.ced blO<Xl Inwl),c ... n • .k. 'oMI cholcslI:rol. aOO nOn~ 
hlcnficd f!Llt)' lIC.d le\e l1' )33J. 

The hypu'rial)'ceridcmic CtTL'C'" uf pharmacological 
COflCL .... , l'Dlkms of b 'OIm on hpc: lll i •• rt 1I1'SOCUl 'OO wi ,h 
dmlmu.hc-d hpoacnio: Il"nc \."l!prfililOn In !he- Ii"cr and 
~'poM' IIUIK'lI 154J S ' OO,t'!I in oor IabonlOry n:u:a lal ma, 
b.OIm, 111 nonn;¡l m.« ","h l"1.h. ""t'd.. of biotin 
SUppJema,'II.1OfI ,JI !he dllo"l. d«n!aNld lhe mRNA .b!.mdanre 
oflN: l'l'QleDlIo" ""'.c:npuon fiIaor li!t'fU1 rC'¡ubtor} rI~mm, 
b,nd.", pro ..... n 1-< (SRE8P·k) ,n !he Io\n lUId tbe rnRNA 
.bundllnCe of prol~_ ... ~ trw.moc:nptiOn tS rqul.ed by 
lbb factor. $UCh a.; py",\·.le l,nuc. aI;lCt) I· CoA cwbc)Jt)"J.&se.. 
1. lUId fall)' IICId 1I)n"'- 1541 S.m,1ar nqall\~ efTecu On 
SREBP· Ic. fíoll)' liad S)nlhbc and 1ICt'I)I·CoA c8fboJrylase· 
I .... err obtw.-r\aI ,n urqMu;rnlOCm·~.led .. '" 2 h afia- II.D 

KIlI\." l.'" in~lIon of I m. blOCml\;1 bod)' .... e'.hIIOS8). 

In adlJlOM' 11fo!lUe. dorlllr)' blOlm IIoUpp .... mencalJon (SoIJ 
decn:a!;al thc: mll."IA I,,",eh or SR(IJPle. aI;lCt)l-CoA 
carbox)'lase--1. fíon) ac:1d J)'n.hMc:.. Illu<:OliC"-6-pho5phllle 
dc:h)·druaenllk. pho!ophufruoollfUl..e· I. .nd PP A R-prnma. 
In oon'tafi'. m !he ad,JIO$C' etSJiUe of I'IIIf; ..... "h doabt.'I.l."S 
produad b) 'lTC'p.omlOCm and hl .... r.1 dlet. 10 ... eeb of 
b,oun adminlMnlIlUn tnC'"",,-S Ih~ p!vu·m .bunda~ of 
PPAR· ... nun. (JJ) h b ,..,.... ... unh)' ,hal blOtln ucaJo¡ues 
mocllfy PPAIt·I.nma Vi~oon .nd adopolmC!SlS .n tite 
1T1·LI cdl 11M 1771. su"",,"nl INII blOlm pllrtlCapMes in 
.h~", 

StudlC'S 'n our IabonIIOI')' ,n\allllllt~ che Illnaling 
~h ..... )'s ud JMKI· tnlnscnp,oon;¡l .~Ioonl by ..... hkb 
ph.;umactoIOI" .... 1 t:OnI!enlnlllQm uf bJOlln n:ducC' IrJl'Ot,!mesis 
[J2. J41; Ihe roul~ n.·H I!laJ Ihat dJaIU)' blOlin 
supplcnu ..... Ull lUn UVlT Il ... L .... b "uW,"l·n. ~oJ cQM l' and IIClh 'c 
AM I'K le"",I.!i ,n Ihe II ",C'I", In h"nnuny ..... " h Ih i, err~. !he 
abundana: of ,he ma'u ..... fom l uf SREI1 I' . le d ""IllIShL-d Ilnd 
Ihe 1II0CII \e phu~phory lml!d furtl1 ofllce.)'I .CoA c¡, rbo.~)'I:!se. 
I IIlCrtlt!ied S imilllrl)'. in Ihc ,od,polIC li},uc. bolh ,hc IICliv~ 
fonn or AM I'K prolc,lI.nd Ihe lnaCII\e: phosphorylulal rorm 
or ac:t.'1)' I-CoA c.rbal!) Iose-I ,ncrebt'd .nc:r blOei" 
:ruppkmmblhon (J1] 

Th~ phamKok)a ..... 1 cff~ ofblOl.n un I",Id mct3bo1:ism 
patto ... -.ys. othn !han hpowrnauo. IIIC' leu e .. plorcd... 
~taIl C'OIIc:rnlnlUOIlli of IN: • rt.nm m,p' .rrec:c 
flltly .cld o .. Kb.JOn m ad'f'OM' tlMlte . ... roce thc: .bundance of 
che acln~ fbnn of kCt) J..CoA carbo.. .. )'1ase-2 mcreued 'D 
~~ 10 doctal)' blOlut ~pplc:malca.>(lQ 114) Biotin 
¡;upplanmwuón dld no! obkn.bly .IT«I lopoly.", in 
q"dldym.1 adipOlC lossur Ihlm mlC'~ flo'<! • blOtm­
.supplcmm.aI diC1 D\n 8 ... c."dJi Poli 

2.5. EffH'b .r "b . .. mllC'lD~koo l C • • ~nI, ... IIu", "f IJIoI.ia 
o. 11) jK'rlnl.uo. 

Ptcarm.oolos,QI eorx:rntnlllON of boohn ha~'~ an 
_ihyperlt'rbl\~ C'ff«t ... slrole-fI"O!W IpOnI .... eous.Iy 
hyp.:nCl'bl\'" .. a ("1 J E.pt ... ccl.. or boot.n ,nad~ In "'allT 
(lIppru.um:alely 1.2 mil- ka body .... ~'Wh.) d.minbhed coronary 
,,"cnlll mlC'll"nI"ll. n:duc:W .. ystollC' blood pn."HU~. :and 
d,mmlihlooJ In... ,ncMil'ncr uf ... it · .ndw:ed ~truk ... 141J The 
anu·hypcnen,,\oo: 1.'0'«1 uf bJOlin ... u .~ prudured 6-IOh 
"Oer • ~lIIll-le ¡ p . .J1I$I.l of 0 .5 or .!I mI' óf blOlln 141 J. 
Inh,blllon tl f wluble WUflnylllu: C)'clll~e .lIppres. ... -d 'hc 
h)'pu'l!lIsive 'M:llnn. whi lc ¡nh,bi'lOn ur nilr ic oxidc 
prodUC' I011 h!M1 no clTca un bio'm 1I ... KtIl )41). ThL'!<I." rcsults 
~UUC~I ,hltl b'IJHII dccr~.II'kd bloo.J pl1o$llure: \li! la nl tri c 
o."de·mdc¡"Hmdcn, d 'n. .... , .IICII\. ' ''''' or itOlubk Iluu)"mlc 
cyc:10bl" 141 J 

2.6 , EfTc:C11 of J>b.rnl.colotkal Concl"fI.ndofl) .f 8iollfl 
•• R~produC'lh ~ FunedCl.~ 

OlOun ,upplcmcnca,ioct mod,f_ repmdl.lCll'~ f .... turrs.. 
~ alUOp of S,mm,n, .00 SNol.l 178. 79) rrponcd tita, 
blOl,n suppkmen~11On .n Ibc- dlCl USO J.I .. kl dor1) 
.... "metned che annll:ll prodUCIl'11)' of .., .... s. mUmN lbe 
$0\'1 JO r.itnuo _ . lUId tC"lolled .n t'IIrher prC"InlllIC') !han 
_. on C'OIID'OI d,~tli (31 J.l1l-1;. dlC") I7tJ..,gO). ~ha- Itooies 
tndllo".,aI thIü blOlIlI Mlpplcmn¡"'lOn (lJO J.I' blOlm 
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addedlkg feed) during gesl3l ion and Ia.:talion iocreased Ihe 
num ..... r ofpigs [81]: howe,·er. olher sludies mallesled d iels 
supplemenled wim eimer 440 Ilg d-biolinl\¡g IhroughouI me 
sow reproductive cycle [82] Or 550 .,gIl:g [83] during 
geslalion and lactm ion did nOI find any ..... nefieial effectS. 
The discrcpancy of Ihe effects m ay ..... due 10 Ihe \Olal bimin 
availabiliry prescm in me base diel: bendicial cff~'C1S [78-80] 
were observed wim sow dielS based On wheal. a cereal wilh 
Iow biolin availabili ly [84 ]. while no effccls [82. 83] were 
observed in com-based diets. w hose biolin availabilily is 
abouI 100";'. 

Biolin posili"l' ly affecled milk. produelion. In eows. 
b;ol;n (10--20 mglday) augmcnloo m;lk produclion [85_88]. 
Firsl- Iaclalion hcifl'rs nl'eded f""'CT inscminalions per 
prcgnaney and look fcwer days from ealving 10 eonecplion 
whcn biol in was addoo 10 Iheir diet man conlrols of lhe sarne 
pari ly [87]. Also. 10 mg biOlinlday/eow reduced mI' 
oceurrences of retained placcnta and endOmetTilis pucrperalis 
[88]. In suppon of Ihc beneficial effects of biOlin On milk 
production. IWO recenl reviews [89. 90] evalualed mI' 
effeclivClK'SS of biotin supplememalion On milk yield and 
concluded Ihal b iolin suppll'ml'nlS inereased milk production 
wilh no signiílCam effects On Ihe percentages of milk fm and 
prOlein. 

In young broill'r brceder hl'ns (30-33 wecks of age). 
h;fl!;n '''pplemenlat;fln ;n drin k;ng w"ler ;nne",,,,,t "ee 
production am! me fen iliry mle. bul nOI halehabilily Or 
hatchling qualiry [91]. 

Biotin supplemenlation (10 nM) in human spermalozoa 
augml'nted moliliry aOO prolonged me survival of frottn­
mawed sClTlen sampll's [92]. sug,gesling Ihal me vitamin may 
have hl'nl'filS in assisted rcproduetion [92]. In COnlrasl . 
weaned mIS fed a d iet comaining 1% biotin (10 g biolinlkg 
die\; 990 mgll:g body weightlday) for 6 wecks. had 
decreaSl'd lotal spenn coums aOO Sctniniferoos lubule 
diaml'lers [93] compared \O pair-foo rJIS: howe\'er. mI' 
biOlin-suppleml'med mIS showed impai red body weighl gain. 
decreaSl'd food imake. and ocgati\'dy a ffeeled li,'er and 
kid rK')' wei¡:hls. and Ihis ma¡:ni lude of biolin intake is abo"e 
me reponed loll'rable upper intake le\'el ofme vitamin [94]. 
so il is p lausible lhal lhe leslis changes mat resulted from me 
extremcly high eoncemmlion of biolin are Ihe result of 
syslemic loxie effeclS. 

In other sludies. high amOuntS of bio lin ncgalively 
affecled female reproduction. Biolin excess reduces ferlilily 
in hidc beclles (Dermes/es maculalus) [95]. flies [96]. and 
mosqui loes (97]. In mIs. an aCule dose ofbiolin ( 10 mglloo 
g body weighl) in IWO suhculaneous injcclions. when given 
10 a m I On days one and two of pregnaney. ca used mI' 
resorplion of fe!Uses aOO plae~'n tae. and biotin-rrealed 
prcgnant ralS failed 10 maintain normal levels o f utcrine 
wei..:tIl. ¡:Iyco¡,:en. prolein. and hl'p:llic protein. concomitant 
wilh Ihe Ioss of pregnancy [98. 99]. Funhl'rmore. alrophy of 
me corpus luteum and ovary stroma and leukocYle 
infiltralion imo Ihe vaginal IUml'n wCl"e found in mIs wilh 
acule i.p. Ireatment of 50 mg of biotin [100]. In conrrasl. a 
simi lar trealml'nl did not affeel me reproduction Or ineidCl>Ce 
of fe!Uses with eXlernal malfonnalions in ICR miel' [101]. 
indieming thm miel' are more res istanl 10 biolin exeess man 

mIS. Sludies in OUT laboralory in BalbC mire fed a biolin­
supplemenll'd diet (97.7mg biolinlkg body weightlday) for 9 
wecks [ 102] showed elevated SCTUm eSlradio l conccntrations 
wimout changes in progesterone concl'ntraliorul. compared lO 
me control group. Morphologica l analysis found a decrease 
in both Gmafian aOO ovarian primary folliele nu m ..... rs [102]. 
In comrasl 10 me ObSl'n'alions of Paul e' al. [lOO]. who 
fo und altern lions of lhe atrophy of the corpora lutea and 
eslrouS cycle eaused by acutl' biotin lrealm{'fll in mIS. OUr 
dala did 001 reveal significant modificalions in Ihe CSlrouS 
cycle Or !he numbcr of eorpora lulea in me ovary. In cows. 
biolin (IOmgldayloow) suppressed ovulation and CSlrouS 
symploms. and Ihe eows showed low levels of progeslel"One 
On days I S. 21. aOO 45 alter calvmg ¡KKJ. 

2.7. Effeeu o f Pha rmaeologiCII I Conceotra tions of Oiolin 
00 Deve lopmenl 

The effeels o f phannacologieal eOneenlr3lions of biOlin 
On development are controversial [101. 103]. In pregnam 
miel' receiving exeessive amounlS of biolin (50 mg). there 
",as nO increased incidence of feluses wilh external 
malfonna lions [101]. bUI administralion of modcralely 
ell'valed levels ofbiotin (1 00 pmol) 10 early embryonic chiek 
eyes affected retinal am! lens SlruClures [103]: !he effeclS 
wl're restricted to embryos rrca led betWCl'n Hambmger and 
Hamilton stages 14-17. Similar effecls were found with Ihe 
blOtm analogul'. blOcytm. whl te aVld", ",hlblled Ihose 
effeclS. The mechanism is relaled to apoptosis withoul 
affecling prolifl'rJlion. These results revea!. for the firs llime. 
mal adequate biotin concl'ntralion and precise regulalion of 
reli nal cell dealh are involved in eye morphogenesis [103]. 

2.8. Erreeu o f I'ha rmaeo logiCII I Conceotra tio ns of Oiolin 
00 Immunt F'un ctio ns a nd Infla mmation 

Several sludies have found Ihal biol in supplementalion 
affeclS immune funclions aOO eylokines expression (revised 
in 1104]). In healthy donors . oral adrnin istralion ofO.75 mg 
of biolin for 14 days dccreased milogl'n-slimulated 
peripheml blood mononuclear cell proliferalion [105] aOO Ihe 
SCCTellOn 01" mlerll'ukm- I beta aOO IIIIC1"lcu"m-2. compared lO 
me levels found before supplememation [lOS]. In aoolhl'r 
s!Udy. in pcripheml blood mononuclellT eells isolmed from 
hl'althy adults before and aftCl" suppll'mI'ntalion wilh 1.95 
mg biotinld fo.- 21 d. me imCl"feron-gamma and imcTleukin­
lbela m RNAs were 4.3 and 5.6 limes more abundant. 
respec lively. aftCl" rrealmCTII wilh biolin man at day O. 
whereas intl'rll'Ukin-4 mRNA expression decreased after 
biolin suppll'mI'ntation [106]. Similar lO observalions in 
periphem l blood mononuclear eells. Jurlat eells exposed lO 
10 nM biolin had dccreased IL-2 secrClion illlo me culture 
media [107]. In agreernCTII wilh studies by Wil'dmann [106] 
mat found increased IL- I b produelion of human peripheral 
blood aftCl" biolin suppll'ml'ntalion. in ,.;\'0 s ludics in m ice 
fo und Ihm biotin reduced l'aT swelling in niekl'l allergy 
mrough imcrleukin- lbeta produelion [108]. In rJlS with 
hypcrglyccmia produced by slrt'pwzOIocin aOO high-fal dieto 
me express ion of me active fonn of NF-k B. a transcriplion 
faclor involved in ('('lIular responses 10 diver'Se inflammalion 
stimuli. including free rad icals. decreased in bolh liver and 
kidney (33]. Novel slud ies found lhal non-carboxylase 

addedlkg fCl'<l) dunng ¡':l'slal ion aOO laclalion iocrl'asl'd ml' 
nu mber of pigs [81]: OOwe\'l'r, othl'r sludics mal Il'SIOO dil'IS 
suppleml'ntOO wi\h l'i\hl'r 440 Ilg d-biolinll.:g througOOul !he 
sow reproductive eycle [81] Or 550 .. l!Ikg [83] during 
gcslalion and laClation did nO. find any bcnl'ficial <'ITl'CIS. 
The discrepancy of Ihe l'ffl'CIS may be due to thl' wtal biOlin 
availabil iry pres.cnt in !he base diel: bctJcficial l'fTeclS [78-80] 
were obsi'TYOO wim sow dÍt'1S based On wheat. a cereal wilh 
Iow biolin availabili ty [84]. while no l'fTCClS [81. 83] wcre 
obsen'oo in oom-based diets. whoS<.' biol in a\"ailability is 
aOOm ICKW •. 

Biotin positi\"ely aITeclOO min.: produc lion. In cows. 
biOlin (10..20 mglday) augmc," OO milk produMion [SS_S8]. 
Firsl- Iactalion hcifers ncedOO fevo'er inscmin3lions pcr 
pregn:mcy and look f('Wi'T days from calving 10 concl'ption 
when biol in was added 10 Iheir diet man oontrols of!he S3ml' 
pari lY [S7]. Also. 10 mg biolinlday/cow reduced \he 
OCCurtenee-s ofrelained placcnta and endOml'lrilis pucrpcralis 
[88]. In suppon of mc bt'rK'ficial l'ITeClS of biotin On milk 
production. tWO 1"CCl'nl revievo's [89. 90] e\"alualed me 
eITeclivl'Ttl'Ss of biotin suppll'menlalion On milt yield and 
ooncludcd IIlaI biotin supplemenlS incrcasOO milk produetion 
wilh no signirICam eITl'ClS On me pcn:enlages of milk fal and 
proll'in. 

In young broiler brecder hens (J0-33 wecks of age). 
hintin '<"I'I'I"","n,, .. inn in <lnnk ;ng w",.". in ..... "".",1 "tg 
prodUClion and me feniliry mte. but not halehability Or 
hatchling qualilY [91]. 

Biolin SupplCml'nlalion (10 nM) in human spcrmalozoa 
augmemed mOliliry aOO prolonged me survival of frozen­
mawed scrnm samples [91]. sug¡,:eSling Ihm ml' vitamin may 
have bendilS in asSiSll'<l reproduction [91]. In contrasto 
weanlod ralS foo a diet comaining 1% biolin (10 g biolinll.:g 
diet: 990 ml!lkg body wl'ightlday) for 6 wet>ks. had 
dccreascd 101a1 spcrm ooums and seminifl'TOUS lubule 
diamctcrs [93] compared 10 pair-fed mis: however. me 
biOlin-supplemenled ralS sOOwed impaired body weighl gain. 
dccreased food intake. aOO negati\'ely aITeclcd li\'er and 
kidllt.'")' wei¡:hlS. and Ihis ma¡:niludc of biolin in take is abo\'e 
me ""1>OnOO lolerabll' upper inwe Il'wl ofme vi lamin [94]. 
so il is plausible !hat lhe testis ehanges !hal resulte<! from me 
l'x tremely high concemralion of biolin are me result of 
syslcmic IOxic eITeclS. 

In other s ludies. high amOums of bio lin ncgalively 
aIT~'Cll'<l femak' "">produclion. Biotin excess reduces fertility 
in hide bccllcs (Dermeslcs maCltlatu~') [95]. flies [96]. and 
mosqui tOl.'S [97]. In nlts. an aCule dosl' of biotln ( 10 mg/loo 
g body ""eighl) in IWO s uocutaneous ¡njcctions. Whl'n gi\"en 
10 a m t On days one and IWO of pregnancy. cause<! me 
rcsorplion of feluses aOO plael'ntal'. and biotin-trealed 
pregn.:mt ralS failcd 10 maimain oormal leve ls of ulenne 
""ei¡.:tll. I(lyco¡:l'n. prolein. and hepalie protein. oonoomilant 
wilh Ihe Ioss of pregnaney [98. 99]. Funhermore. atrophy of 
me corpus lutcum and ovary slroma and Il'ukocyte 
¡nfiltralion into Ihe vagi nal lumen ""i'Te found in rals wilh 
acu le i.p. treaunml of SO mg o f biolin [100]. In contras!. a 
similar \n'3lmCl1 t did oot aITeel ml' reproduction Or incidl'OCe 
of felUses wilb eXlernal malfornlations in ICR miee [101]. 
indical ing that miel' are mOTe res iStanl 10 biolin exeess !han 

mIS. Sludie-s in Our labomtory in BalbC miee fed a biolin­
suppk'mCl1led dil'l (97.7mg biolinlkg body weightlday) for 9 
WI."i.'K.s [102] showoo elevatoo SCTUm eSlradiol concenlr.llioos 
wi\houl changes in progesterone conct'ntrnlions. compared 10 
\he comrol group. Morphological analysis found a decrease 
in bom Gr..aafian aOO ovarian primary folliclc numbers [102]. 
In conlrasl 10 me obSl'"r\"ations of Paul el al. [100]. wha 
fouOO a!teru tions of lhe atrophy of the oorpom IUlea and 
eslroUS cycle caused by aCUle biotin IrI':l lmem in ralS. OUr 
data did 001 reveal si¡,:nificanl modifiealioos in the eslrouS 
cy~le Or !he numbcr of corpor..a lu tea in me ovary. In cows. 
biotin (IOmg/dayfcow) suppressed ovulalion aOO eslrouS 
symploms. aOO Ihe cows sOOwed low Il'\'els o f progeslt'TOnl' 
On days 15.21. aOO 45 afti'T ~a lvmg ¡III1J. 

2.7. Effecu o f I'ha rmaco logln l C oncentn llio ns of 8;uli n 
00 Denlopmeol 

Th" eITeels of pharmacological concentralions of biolin 
On developmetll al\' conlroversial [101, 101]. In prl'gnam 
miee rlocei ving excessi\"t' amoums of biolin (SO mg). there 
.... -as nO increased incidmce of fctuses wim cxlernal 
malformalion§ [101]. bUI administralion of tnOd;:omlely 
elevatOO levels ofbiotin (1 00 pmol) 10 early embryooic chick 
eyes afTl'~ted retinal aOO lens struClurl.'li [103]: thl' eITcclS 
were rcstrictcd 10 embryos Ué':lted between Hamburger and 
Hamilton slages 14-17. Similar efTecls were fouOO wim me 
blOtm analogue. b,oC)'tm .. whlle aVldm mhlblted Ihose 
eITcclS. 'J"ht> ml'chanism is relaled \O apoplosis withoUl 
aITccling prolift'r-..tion . These resu lts reveal. for the firs l lime. 
\hat adl"quale biotin concentralion and precise regulmion of 
relinal ecll death are in\'olved in eye morphogenl'Sis [101]. 

2.8. Effecu o f I'ha rmacologiu l C oncentMII l io ns uf 8;ul.in 
On 1 mmu nI.' F"un cl io ns . nd Infla mma tion 

Sevl.'T1ll sludies have found mal biotin supplementation 
aITl'ClS immune fUI\Clion s aOO cylotines expression (revised 
in [104]). In healthy donors. oral adminislnllion ofO.75 mg 
of biotin for 14 days dccr1'ased milogen-slimulmed 
peripheJal blood mononuck'ar cell proliferalion [105] and me 
SCCTellOn 01" mlerleukm-I beta and mlt.'rlcukm-2. compared 10 
\he Il'vels found beforl' suppll'menl:ltion [lOS]. In anolber 
study. in pcriphl'ml bload mononue!l'¡jJ" ce lls isolated from 
healthy adults beforl' and afié'!" supplementalion wim 1.95 
mg biotinld for 21 d. the inli'Tferon-gamma and inlerleukin­
I bcla mRNAs were 4.3 and 5.6 limes more abundanl. 
respeclively. afler !Tl'aln>enl with biotin !han al day O. 
"hereas interlcutin-4 mRNA expression dccreased afier 
biot¡n supplernl'ntalion [106]. Similar 10 obser ... a tions in 
pcriphtmJI blood mononue!eaT cells. Jurkat cells exposed 10 
10 nM biolin had decreas..'Ci IL-1 secretion imo me C"ultUrl' 
media [107]. lo agreemem wilh sludies by Wiedmann [106] 
\hat found increased IL-I b produc lion of human pcripheral 
bload after biotin supplementalion. ;n ,.;.-0 s lUdies in mice 
fouOO th:'1 biOlin reducOO eaT swelling in nictel alll'rgy 
\hrough imi'Tleukin-lbet:l production [108]. In mIS with 
hypcrglycemi:. produced by slreplozlDlocin :lOO h'gh-fal dil'l . 
\he expression of me active form of NF-kB. a Ir.lnsC"nplion 
factor involved in cellular responS<.'S 10 diH'I~ inflammalion 
sumuli. including rrel' radicals. deercas..>d in OOm liver and 
kidnl'y [33]. No,'el slud ies found thal oon-carboxylase 

addedlkg fCl'<l) during gl'sl3lion aOO laclalion incrl'asl'd !hl' 
nu mber of pigs [81]: OOwe\'l'r, other sludies !hal 1l'SIOO dil'IS 
suppll'ml'nIOO wi!h l'i!her 440 Ilg d-biolinll.:g IhmugOOul !he 
sow repmduC1ive eyele ]82] Or 550 .. l!Ikg [83] during 
gcslalion and laC\3\ion did nO. find any bcnl'ficial <'ITl'ctS. 
Thl' discrl'pancy of Ihe effl'C'\S may be due 10 Ihl' wlal biOlin 
availabil iry pres.cnl in !he base diel: bcrJl'fieial l'fTC"C1S [78-80] 
were obsi'TYOO wi!h sow dÍt'ts based On whea!. a cereal ",ilh 
Iow biolin availabili lY [84]. whilt' no efTl'C1S [82. 83] Wl'rt' 
observed in oom-base<! diC1S. whose biol in ava ilab ililY is 
aboul I~ •. 

Biolin posiu\'ely aITi'Cuxl min.: produclion. In cows. 
biotin (10..20 mglday) augmcn.OO milI.: prodUCtlon [85-88]. 
Firsl-Iacmlion heifers ncedé'd fevo'eT insl'minalions per 
pregn:mcy and look f('W(.T days fmm calving 10 conceplion 
w hl'n biol in was added \O Iheir diet !han oonlrols of!he sarne 
pari lY [87]. Also. 10 mg biolinlday/cow redured !he 
OCCurtenCes ofrelained placenta and endoml'lTilis pucrpera.lis 
]88]. In supporl of !he b('rK'ficial eITectS of biotin On milk 
production. two TeCl'nl reviews [89. 90] evalualed !he 
eITi'Cliveness of biolin suppll'menlalion On mil" yield and 
ooneludl'd Ihal b iolin supplements ¡ncrcased milk prodllclion 
wilh no signiiICam eITl'L1S On !he pen:enlagl'S of milk fal and 
proll'¡n. 

In young broilcr brreder hens (30-33 weeks of age). 
hint;n '<"ppl""'''nt'''inn in drink;ne w", ... in",,,,,.,,,1 "eg 
prodllCtion and !he fertiliry mIl'. bUI nOI hatchabililY Or 
halchling qualilY [9]]. 

Biolin supplemenlalion (lO nM) in human ~rmalozoa 

augmemed molility aOO prolonged !he sUlvival of frozen­
!hawed semen samples [92]. suggesting Ihal !he vimmin may 
have bi'ndíts in asSiSll'<l reproduC1ion [92]. In contraSt . 
weanl'(] mIS fed a diet oontaining ] % biolin (lO g biolinll.:g 
die!: 990 ml!lkg body weighúday) fo. 6 wecks. had 
dccreascd 10lal sperm coums aOO seminifl'roos lubule 
di amC1 t'TS [93] oompared Ul pair-fed mIs: howe" .... !he 
biolin-supplemcnled ml'l sOOwed impaired body weighl gain. 
decreascd food ¡ntake. aOO negmi\'e!y aITcelcd li\'cr and 
kidrn.'")' we¡¡:hl'l. and Ihis ma¡:nilude of b iolin in lake is aoo\'e 
!he """'JlOned lolerable uppcr inwe ll'vl'1 of!hl' vi tamin ]94]. 
so il is plallsible mal !he lestis ehangcs !hal resulted fmm !he 
l'Xlreml']y h¡gh coneemralion of biolin are !he reslllt of 
sysll'mie loxic eITi'Cts. 

In OIhl'r slud ies. high amOUntS of bio l¡n negalively 
aIT~'C Il'd femalc ""I>rodoclion. Biotin excess reduces fl'r tility 
in hidl' bcclles (Dennesles maCltlatu~') ]95]. flies ]96]. and 
mosqlli tocs [97]. In nlIS. an aCule dosl' of biotLn ( 10 mg/loo 
g body weighl) in IWO SUOCUt:lneous ¡njcct¡ons. Whl'n gi\"en 
to a m I On days Onl' and IWO of pregnancy. caused !he 
resorplion of fl'luses aOO placrn tal'. and biolin-lre3led 
pregn.:lnl ralS failed 10 maimain oormal le\'l'ls o f ulerine 
\\"eiJ,:tu. J(lycol!,l'n. pTOtl'in. and hepalie prolein. oonOOmilanl 
wilh the Ioss of prcgnaney [98. 99] . FunheTmOre. atrophy of 
!he corpus !ulCl.lm and ovar)' srroma and ll'ulr;.ocyle 
¡n.fillralion inlo Ihe vaginal lumen \\"CTC found in. mIs wilh 
acUle i.p. Irrounenl of SO mg of biolin [100] . In contras!.. a 
simi lar tre31mrn t did 001 aITeel !hl' reprodul"1ion Or incidl'nCe 
of fl'\Uses with eXlernal malfornlations in ICR m¡ee ]101]. 
indieal ing !hat miel.' are mOre res istam 10 biolin excess !han 

mIS. Sludics in Our laoomtor)' in BalbC miee fed a biolin­
slIpplcmenll'd diet (97.7mg biolinlkg body weighúday) for 9 
\\" ..... 1.:5 [102] showed clevaled SCT\lm eSITadiol ooncentr.llions 
Wi!hOlIl ehangl'S in pTOgeslerone ooncentralions. oompared 10 
!he oontrol gmup. Morphologiea l analysis found a dccTease 
in hu!h Gr.aafian aOO ovarian primar)' folliele numbers [102]. 
In COntrast 10 me obSl'"r\'alions of Palll el al. [lOO]. \\"00 
fOllnd a!tem tions of the atrophy of Ihe oorpara 11IIea and 
eslroUS cycle caused by acule biolin lrea lment in nllS. OUr 
data did 001 re\"rol significanl modificalions in ml' l'SlrollS 
cy~te Or !he numbcr of eorpara lu tea in !he ovar)'. In cows. 
biot¡n (IOmglday/oow) suppressed ovulalion aOO l'SIT"OlIS 
symplontS. and Ihe cows showed low Il'\'els of pT"Ogeslt'Jonl' 
On days I S. 21. and 45 aftCT ealvmg ¡IIIIJ. 

2.7. Effecu o f I'ha rmaeo loglca l Concenlnl tio ns of 8iolin 
nn De\'l' lopmenl 

The eITecl'l of pharmacological concenlrat ions of biolin 
On dl'~elopmenl an' oonlT"Ovt'TSial [lO!, 103]. In pregnam 
miee rt"Ceiving execssi"e amoUnlS of biolin (SO mg). Ihl're 
.... "35 nO increased incidence of fCluses wi!h cxlernal 
mal formations [10 1]. bUI administr:llion of mod.......-alely 
elevated Icvcls ofbiotin (] 00 prnol) 10 early embryonic ehick 
eyes afTl'eted TClinal and lens slrUelurcs [103]: ml' eITccl'l 
\\"ere restrictl'd 10 entbryos !Tl'3ted helween Hamburger and 
Hamihon slages ]4-] 7. Similar e fTccIs werl' fouOO wi!h!he 
blOlm analoglle. blOC)'lm .. whlle aVldm mhlblted !hose 
eITccts. 'J"lw mechanism is relaled 10 apoplosis wi!hoUl 
aITeeling prolift'r" lion. Thesc results rcveal. fOT lhe firsl lime. 
!hat adl"qllale biolin concemralion and precise regulaJ.ion of 
retinal ecJl dl'am are in\"olved in eye morphogl'nl'Sis [103]. 

2.8 . EfTl'C1J o f I'ha rmaco logica l Conceulra lions of Biol.in 
On 1 mmllne F"un clio ns . ud Infla mma tion 

Several slud¡l'S hav(' found !hal biotin slIpplememation 
aITl'ClS immune fuoclions aOO cylokines expTl.'Ssion (reviscd 
in []04]). In heahhy oonors. oral administralion ofO.7S mg 
of biotin for 14 days dCCTl'ased milogen-slimlllmed 
pcripheml blood mononuclcaT cell pmliferalion ] ]05] and !he 
sec.l'IlOn 01" mll'rleukm-I beta and mlcrlcukm .. 2. compared 10 
!he Il'vels found before suppll'menl:ltion ]105]. In anolbcr 
study. in ]K'riphl'ral blood rnononuclear cells isolaled fmm 
hea lthy adults bcforl' and afti.'r supplementalion wi!h 1.95 
mg biol¡nld fo.- 21 d. Ihe inlCTft'TOn-gamma and inlc.leukin­
] bcta mRNAs were 4.3 and 5.6 limes more abundam. 
respectively. after treaUniml wjlh biolin !han al day O. 
"hereas interlcu"in-4 mRNA expression dccreased after 
biot¡n suppll'menlalion ]]06]. S¡milar 10 obseni3 tions in 
pcriphernl blood mononuelcar ceJls. Jurkal cells expose!! 10 
10 nM biolin had deCr\'ascd IL-1 sccretion imo !he culture 
media [107]. In a¡;recmcnt wilh sludies by Wiedmann [106] 
!hal fOllnd ineTeased IL-I b produc lion of human peripheral 
blood aftcr biotin supplemen talion. in ";m s lud¡cs in miel.' 
fOllOO !hal biot¡n Teduced ca. swelling in nie"el alll'rgy 
!hrollgh imi.'rll'ukin-lbet:l production ]108]. In ml'l wilh 
hYpCTglyccmia produced by SlTeplOZOIOCin :lOO h¡gh-fal dil'l. 
!he expression of!he aCtIve form of NF-kB. a tr.lnscriplion 
rOCIOr involved in relllllar responSl.'S to diverse inflammalion 
sumul i. including lT~e radirnls. dccrcascd ¡n bo!h livi'T and 
lr;.idnl'y [33]. No,'d slud ics found lhal oon-carboxylase 
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biotin)'laled proteins indUCf eht'mokinc production [S I). 
Thesc disoo\etics indie31f thm biolin has uses in thf 
trcalmenl o f irnmuneJinflarnm310ry di~ua: ho\\ e\·O'. ilS 
efficacy remains 10 bt' pro"ed in inflammalOry condilions io 
humans. 

2.9. E"«II of I'harmacoklgin l Co neenlral lons of Oiolin 
00 FooI ... d Duma lilis 

Fool pad dermalil is is a oommon OOndilioo io poul1ry 
productioo and represenls a ... clfa!'\' problem [1(9). Sorne 
slOOin ha\'Cl shown tha! biolin supplemcnul1ion prolt!CIS 
aga iosllh is eondilion [1 10-112). ",hile othcrs fai lcd 10 prow 
this cfTeel (113) . Turley poullS fl!'d • oommctcial diel 
CORtaioing 2S0 ",g of biotinlkg shov.ed a H% incidcnce of 
fool pad dermalilis. v.bercas fool pad dermalitis decrcased 10 
S·. "hm this diel was supplemcnled wilh 400 ",a: biotinll:g 
of d ie! (111). Very high concentralions of bto lio (2.000 
",¡I1:g of die! ) reduced lhe r;e\erity of foot poo lesinns. 
COR1P3l'ed 10 oornmercial diets contain ing 300 ", a: bintinlkg 
[112 ). Turkeys fed 2.000 ",g/kg ofdifl plus 41 mg Znlkg o f 
dict for 4 weeks had decreas.ed developmcnl aOO scllm!)' of 
fool pad dcrmalilis On fresh dry lincr (2S% moislure). bUI 
nol 00 13% moislu!'\' lillet' [] 10j. Anolher rcpor1 ;ndieales 
tha! biolio supplernemalion (2.000 j.lg/kg o f diel) abon' the 
nO nnal rerornmrndations fo. broiltn (lOO I'a) reduees ¡he 
se\'eril)' ofthis oondilino. dcspile cool inllOUs cxposure 10 Wt'l 
Hller (109). Conlraty 10 these findings. sludics anal)'zing 
biolin supplernentalion (200. 800. and 1600 ",g.1:g) 00 

macroscopie and hismlogical features (ID) found !hal Ihe 
,-itamin did nol pre .. en! dermalilis in grov.mg lurtC)'s (11 3). 

2.10. t: fTecll of t'h lrm.t'oklglul Co neeolnuion of OiOlin 
0 0 Ihe Cyloc:hronw P450 1 Subr.mlly 

The clTcclS o f pharmaoological ooOCCOITalKmS of biolin 
on Ihc cxprcssinn aOO aC livity of lhe cylochrome P4S0 ]A 
$ubfamily ha" e been exp lored. Rodrigucz·Mc lcndez el al. 
[114) found thal. in JU.kal eells. Ihe IC\'ds o f CVPl B 1 
mRNA and lhe traoscripl ional aCl ivil)' of I CY P10l reportl'r 
gene. WIS ¡realet' in biolin·supp]emcoIOO cclls lhan in binlin· 
derlCicn l cells (1 ] 4 ): uofortunalely. Ih is sludy did nol 
anal)'zc CY PIOl expression al ph)'siological roncentralinns 
of!he \ illlmin. A slOOy b)' Ronquillo el ul. (1 1 S) found lhal 
WisUtr ralS IrealOO wi th biotin (2 mcII<g body " 'e igbl ) fo.- 1. 
3. S. or 1 days oftream"'nl sho"ed no efTeclS on CVPIA 
lleliv ity. t'ven ",'hl'o co-trcaled with CYPIA indueers: the 
CV rlA2 aCI;' ,!)' lCH'Is were nol stalÍll lica lly sigo,ílCDnI. 
1I0wc\·cr. in mire. IWO monthli of biotin supplemcnlalKm io 
Ihe die! (1 6.6 mglkg bod)' weighuda)' ) incn:ased 100 activilY 
ofCYP I A2 (102). These CORtrasling responses 10 bin lin ma)' 
be cxplained b)' .. arialions in dosc. administt31ion. Or 
responses 10 binl;n belween speela. as dcmonslrolOO by 
olhcr aUlhors [S6) 

2. 11 . Ad\-ersc Effet'Is of Pb.rm.tologinl Concen lrllions 
of8;01;n 

Fcw stOOics ha.e addressed ~in IOxicil)' . In humans. 
no M"cnc efTects were found for IrealmenlS in !he range of 
0.2S lO SO mi o f biOlin fo . up 10 40 dll)'s. dcl i,-ercd either 
Onlll)'. inlra .. enously or intr.lmuscularl)'. (116). Oral doses up 

lO 100 mg biolinld 10 holocarbox)'lase s)'nlhetasc· and 
biotinN.taw-dcfielcnl palicnlS did nOl res.JiI in oo,Cf'K elTeels 
(11 7). Studies in d iabetic p.atients fOllnd lhal 9 m¡ o r biotin 
dail)' did nol induce c1inieal aggrlwalion or undesinble side 
efTeclS o,ct' an alended period o f 48 months (68]. No 
OO\ene efTccls wcre found with intrll\enou$ adminislralion 
of SO mg biotin Ihree limes per weck fo. up 10 IWO monlm in 
patienlS undergoing hemodialysis (61]. Biotin doses SO· lO 
100.rold o f Ihe dail), rcquircmcms were well lo leraled for l· 
2 years in palienl! sulTet'ing froro d i.:lbelic pcriphcral 
ncuropalhy (11 8). 

Gi\'co lhe clh ica l oonccms in Ihe slud)' of biolin loxiei!)' 
in hunlllllS. Ihc sludics addressing this issoc ha\'e been 
addressed in c1assieal lests. sueh as !he Ames ICSI (119·121). 
and lesting in rodcnlS (116. 122). In the Ames lest. 10 mg 
biotin in dlmclhyl sulfoxidelplare showed !hal biolln was no! 

IOxic o.- mUlllgenic [121). In !he RK bacteria] lest. biOlin ( 1 
mg/m],) sbowed no mUlagenic efTC(1S [] 19). In oonlrasl. I 

Tradescan lia·Micronucleous leSI re\ealOO Ihal biolin WIS 

indC'ed mUlllgcnic. ",ith a minimum elTcel dose o f 244.3 
mg/ml (120 ). 

8iolin 's ora l and i.p. LD", acule lox icity vuluCll reponed 
for I1'lIS are 3S4 and 29 mglkg body weighl, n'SpCCli"ely 
[]22]. For micc. binlin's ;ntra\'enous LD", fo r mice is 1000 
mg/kg bod)' weighl [122). lbe reponed LO" for rcpcaled 
l().{Iay oral adminisltalKm of binlin in ralS was 3S0 mgJ1¡g 
bod)' ,,·eighl. bul Ihose slud ics did nol pro .. ide suOkM:n1 
detail (1 16). Sa"-amurll el ul. (94] found lhal 3·week-01d 
WiSlll. rab fed dicts of!lOO mg biOlinll<g (79.2 mg biolinlkg 
bod)' weightld) 10 10.000 mg¡1;.g (990 mg biotin!1r;g bod)' 
wcighuday) fOT 28 days had decreased food inlOke and bod)' 
weighl gain wilOOuI ehangcs in brain weighl. I)iarrhea ,,'35 

obser.ed in rals fed a S.OOO mg biolin!1r;g die! (49S mg 
biotinlkg body "cight'd ) (94). o ,..;, 1'31 io fOUT died with a 
8.000 mg/kg die! (192 mg biotinlkg bod)' weighlfd). and tv.o 
in four mIS dicd ",i lh a 10.000 mg/k.g diel (~] _ I: ~cess biolin 
did nol afTcc l lhe urinary excrelion o f olher walet'·soluble 
.. itamins (94] . In anolher sludy. a 1.000 mg biolin/k¡ dicl (99 
mg biotin!1r;¡ bod)' " 'eightfd) did ROl alTect body " 'cighl or 
food intoke in nlS (93): biocttemical loxicity paramclClS. 
!iUCh as crcalinine. blood urea nitrogen. alanine 
aminolransfcrase. aOO aspartme aminotransfernse. "ere no! 

afTec ... >d by a 100 lO 10.000 mg biotin /kg diel (93), allhough 
!he 10.0000 mg biolin!1r;g die1 decreas.ed bod)' "'cl¡hl. food 
intoke. and li\'cr and kidney weighl. In streptOzolocin·lrealed 
diabelic ralS. scrum le"cls o f urea. ereal inine. aspanale 
aminolmns(l-rltlle. and alanine aminotrans(era5e aOO Hvet' and 
kidncy leHls o f maIoOOia1dch)'dl' dccn.';lliCd in biolin· 
supplemCOled rals. eompared 10 diabelic cootrOls (33). 

Ahhough biOlin oom;niSIr3lioo is considercd ure (116). 
in\<es ligationl 10 8Ssess ;IS IOxicil)' need 10 be caullously 
addn!'Ss.ed in lighl of the focl lhal plulrmaoological 
CORCCnll"lllions ofbiolin han pleiotropic clTe'Cls. 

3 . • ' INAL REMARKS 

h i$ currenll)' ... cll established by hundred of n:pom that 
pllartnxologica] concmtralions of biOlin nlOlllfy genc 
c:.pr1":lSion ami biological funclioos (Fig. 2). The signaling 
pathway. the GMPIPKG eaSC3(!l'. il Cul'T<'ntl)' lhe besl· 

btot,n)'blCd proteins induo:e ehmlokorc produetlon (SI]. 
n-- dlSCO\tt1e5 indÍCIn: mal blOt,n has IHCS in tM 
IfeItmeN of unmuoe.rmnamIlUllory dl>(uo; ho .... c\·n. its 
efTocacy Trolam~ 10 be pro\'td tn ,nl1ammalOf)' ~II_ in 
h&imans. 

2.9 . • :nnob ur Pharmarologka l COnCtlUral!oU or Blolin 
on FOIl! " ad IH rntuil1s 

~'ool pad dcrn,alilis is I rommon rond ilion in pollhry 
prodllellon and represenls a .... clfare problcm [109]. Sorne 
wudies ha\'c Mlo .... n m:u blOlin !l.Uppleom~-nulllon proIKIS 

.¡.Inu ! mil rond,lion fl 10..-1 12] ... hile 0Ihcn flllcd 10 pro,e 
mili cfT«1 (111]. Tun:.ey pouhs ftd a oommcn:1I1 diel 
oontllnm¡ 250 ... or biotin.'k, sho .. ed a Sl"o JlK:Kknc:e of 
root pad <knnatJlis. .. bereu rool pad deonnauns ~ 10 

So .. 1'.hC'n mIs dlCt was supplemmttd .. ,lb 400 .. , blOllll1!l:g 
o( dlCt [1 111. Very bigh conccnlrl llO'" of blOlm (2.000 ",,'t, o( dlCl) redoc.!d thc- ~'all)' o( rOOl pad Iesions. 
oomparc:d 10 rornrncn:ial d,eu ronlam,n, lOO ", blOtinJ\:g 
[1 12). Turkeys fed 2.000 ,,¡Jki ordlel plus 47 mi Znlkg of 
die! fl)\" ;& .... ed:s had decoreased dl ... ~lopmen! and K\'ml)' of 
rool pW dCTmalilis On frcsh d ry hller (2So,¡, mOl!lure). bul 
oot 011 73% moislure liner [1 10]. Allolher nlJOn indicates 
chat bionn ~upple mentlltion (2.000 ,,¡Vk. of d jel) abo\'l' che 
nonnlll rffOmmendalion<l rO!' brOllCf'I (JOO ,,¡) rtduCH !he 
K\'erol)' Of lhl5 amdillon. desp,te conunlJOll. c:ocposure 10 WeI 

hnn [1091. Contrary 10 ~ rindmp. Studles analyring 
btotm Mlpplemml:lllon (200. 800 .• nd 1600 "KfIt,) Da 

1IlX"*"P'C and hisaological featora ]IU] round that !he 
\ ,am'n dld nol .,re\en! dermaUlIS ... rol'.· .. 'Iurlr.cys (IU]. 

2.10. En«u of Pharmatolo,ical COnC'l'II , ... Ik!1I of Dio' ... 
o n ,"" e, IlK:hromt 1'''501 SlIbf.mll)' 

,.~ C'fTcclS of pharm:u.»Ioi:IClII oonC('ruraUOM o f biol,n 
on Ihc expresllion and ael'''''Y of lhe C)'luchrome P;& SOI A 
subfumlly ha \e bct.'n explored. Rodriiue~.·Melcndez 1" al. 
'11;& ] found cha!. in JUB/U edls, the Ie"els of CYP I B 1 
mRNA , nd,he InInscripl ionaJ aell\lly ora CVPIIlI repont'. 
lleol'lC. \\"1' irealn in biOlin.supplcmcntoo edls lhan in biolin· 
dco(ocoent edb [1 1;&); unfOl'1un_l)'. chIS s.wy dld no¡ 
INIl)'tt C"PISI apression" ph)IIOIos>Q1 concallralions 
of!he \·namm. A study b)' Ronqudlo r,,,1 (liS] found Iba¡ 
'0\ .... I1IIS trcat~ I'.·,m biotin (2 .... '111 body .. ci&h!l f ... 1. 
l. 5. or 7 d.ays of Ireaunenl WIO" .. td no dfo:clS on CYPI A 
KI'III)'. cI'en I'.hcn c:o-uealtd "-ldI CVPIA .nducen; me 
CYP IA2 at1.,,'Y ~·els .... en: 001 Jla"lilocaU, sl.mrJC3nl. 
1I000cI('l'. In ml(:eo, 1..-0 monm, o( blOhn supp1emcn,aIJOn in 
the dl~" ( 16.6 mKfltg body welgh ... d.)') lIw:n:a!lCd lhe at1ivil)' 
ofCYPI A2 [102]. These OOIIlI"a.'nlli response~ \0 biolin may 
be cxplainoo by \'aria tions in dose. lIII'nini51r.n ion. o. 
reo;poMell 10 blOlin be.wet'n speeies. a~ demomlralcd by 
OIher luchon (S6] 

2.11 . Ad\C'~ EfTt'C'h of Pha rmarolo¡:1a.1 C •• C'tlllralions 
of 8 10' 1. 

FC"A ~udll'S b.a'·e ~ blOun 101OC''Y_ In humans. 
no lIII\nx elTa:u " .en: found fOl' Irntmmu .. !he ran¡e of 
0.15 ti) 50 m& of tñOOn ror l1p 10 ;&() days. dcoh\Cftd eRhn 
onlt)'. ,"II1I\cnously 01" intramuscularly. (1161. Oral doses up 

ro 100 "" bJOllnd 10 holoc:arbo:oybK' I),nlhctue· and 
hlOwudue-dcfieltnl ~11tn1S did lIOl n'SUh .. ad\'('rM' cfTC'CU 
[l17). StudIH In dlabctJc pa.tiOIlS round lha 9 me uf blOllIl 
lbIly dld nO! irodutt clmocal aggnvauon 01" undnorablt nk 
cff«1S O\a" In O lmded period of ;&8 months (68). No 
.hene efT«IJ .. en: foond l'.iIh inlr1l\ellOUS IIIImlll1Sll1IlIOn 
of SO mi hkHm three IImcs pe.- weck for up 10 11'.'0 rnomh5 m 
p;I"enl~ underiomi hemodialysis [671. BlOtm dOK'J So..- 10 
lOO-fold of lhc daily rcquin.'rnt'nlS WMe I'.ell lo lcnlloo for 1_ 
2 yeal'!! IR ~.icl1ls sufTering from dlabellc periphcr,¡1 
neuropath)' ( 118). 

G¡\'en lhe echocaJ con<:cms in chc study of blOl", 10~IC'ty 
In hllnuns. cht wudll'S ~,ng mili IHtIC haH' b«n 
IIddI'CSK'd ni ..-1.uteaIICSlS. suc:h IJ !he Amt'S test (119-121 ~ 
and teslln& '" rodomcs 1116.122). In che Ameos en.. 10 mi 
btotm In dlmcch)"ltull(lJ;)de-plate shmo.td mal blOt .... ·u nO! 

IOXIC or muuatnlC (121)_ ln thc- RK blanullrH. blOlm (1 
.... ml) iblmcd no mul<ljtcnic: efft('t$ (119). In COnlnlSL. a 
Tradesnnl,a_ M,cronuclaJoUs _ I'\'\ealed tlulI boolln "as 
indttd mUIlIIICRIC. w.ch a minimum cfTCC:1 doK o f 24-1J 
m"ml [1201. 

Biolin', oml aOO ;'p. LD.e acu.e l()~ ici,y values reponoo 
ror ml~ U"C lS4 and 29 mgll:g body " 'cl¡¡ht, rcspccl i-cly 
[122J. for micc. biolill 's in1Tal·enouI LD~ for ""Ce"~ 1000 
m,,1;. bod)' wt •• hl (1 22). 11>e reponed lOlll rOl' rtpt:Ilcd 
10000y 0IlI1 admm.Strallon of biotin '" rals I'.a~ lSO "",'ka 
body I'.'a¡ht. b\ol chOK Sludies did nol pro\ Ide MlfTociau 
detall (116). S ... ·amun col sL (94) fooM lbal 1 ... ·tt .. -okI 
Wisw 111'" ftd dlClS of 800 mg biowl.\;a (79.2 ma: btOIon1;¡ 
body .. ·etJhtd) lO 10.000 mg,'kg (990 ma btoon.t. body 
I'.· .... h ... day) (or 28 days had decreucd food ",tale and bod) 
"CI.hl ¡aln wllhoul dIan.es in braln " 'CI&hL. D...mc. "-a5 

obscned ,n mili ft-d a S.OOO mg blOUn.-ki dil'l (;&9S mi 
bJOlllvki body I'.elih ... d) (9"). o .... "'\ in four dl~-d "lIh a 
8.000 m¡lk. d ..... (792 mi biolinlkg body welihlld ), and 1"0 
in four mIS dicd wnh a 10.000 mgll:g d iclf94]. "x~~ biolln 
did no, afT~~1 lhe: urinary eXCTCl10n o r Ulhcr ",~lt'I'.su lllble 
\'illlmins(94] . In anotlK.T stoo)' •• 1,000 mi blO,in'1ta dio.'l (99 
m¡ blOtllli\.lI body "CI&ht.d) did lIOl afTea body I'.c •• bl or 
food mlah In I1IIS (91]: biodll~minJ lo~oclly paramclCfS. 
Sl.lCh as crcalmmc, blood 111\". mlro&cn. Ibnmc 
1IQl1l10111Ift!ifcrase. and aspan:lle ImlllOtnllli'fcno!ie. I'.I.TC' nO! 

1lT«ted by a 100 lO 10.000 mg biotin 1\. die! (91) . • hhou¡h 
thc- 10.0000 lIlJ btolln.'k¡ diet dCCTeilSt'd body .. e,p!. food 
mtal~, and Io'a" and kldney l'.·eighL In I'IrqMOzolllCm'lrcaltd 
dllbelle ralS. IICr\Im Ic:\'~b of urea. Cro:lllmme. lIJflanlll~ 
arninolnllu;fCl1l.K. and alan ine aminotnln!ir~TaK.nd liver aOO 
I.:ldncy In 'els or nulondialdehyde dccreaied in blOlln­
slIpplemcntcd "IIS. comparcd ro diabeloc control~ [U). 

Ahhou¡h biotin ooministrd¡io n is oon~ Klered 511 ft [1 16]. 
inH'lIlIia llOns 10 asscss ilS IOxic i,y necd 10 be eaulÍOI.Isly 
addres.sed In llihl o( !he fael chll1 pI1armaoolOilCl1 
concmtrallOn. ofblOlln hale pll'iouopoc elT~. 

l . fI.~A I. IH:'\lA R"S 

It 15 CWTrnIIy .. ell CSlabIisbed by hundrtd o( l'C'pOrU !ha! 
pbarm:Irolojocal conccnll1llions of blOlm mod,~ ,me 
e:<p~1OR and b.l1o¡>Q1 furlCtions (Fi • . 2). The slin ... hni 
p;uhoo'ay , thl' OMP'PKO cascade. III cunmlly tht bal-

bootm)1a1Cd protctftll Indur~ ~hano'''M lW'oducuon (SI). 
~ dlK'OH.'na 1IId~ Ih. '-'. has _ .. me 
Ifhtmnlt or Inununc.mOamm.IOr)' d~. ho\I,e\'tt. ilS 
dfoney TmlmllI 110 be pro,-td m IllllammalOr)' oond'hom in 
I""nana. 

l .' • • : " «'1' .( I'humacolof:k.1 C OftCt''' II'IIIIo., of 8 10110 
011 1'"001 1'. 11 l)t"rm. Ii1 ;" 

I'~ pIId dermal1us is • oonunon oontl,llOft ,n pouluy 
~IICUon aOO repract1IS .... ·dfan plVbk:m 11091. So ..... 
$liad,,,,, ha.c .no ... n IbM blOun MlpplcmmulUon protects 
'p'n.1 th .. oondllU:1n (110-112) .... h,k DIhcrJ nuled 10 pro,e 
ibIS clf«1 (11)). Tun.ey poults red • OOlllrl'lt"l"C,aI diet 
conlamm¡ 250 "" of btOlln .. 'k, Ilho ... ·a:! • ,5)", InCd~ of 
rllOt '*' IknnaIlU . .. ... ha-eu (001 '*' lkrIMI,t .. ~ 10 
" "hm mIS d.n ,,'u ,¡uppkmmKod ",di J.OO "'. bootm,kg 
al dlt'l (111 J Vny h..,h conccmnllOM or bootm (2.000 
",.1" or d~) l'CducnI W k"\CflC) o( I"0oI pad leooM. 
compamJ 10 rom~l.d dJCU OOftUlnlltl )00 1" btoun'kg 
1112) Turlr:eys (a:! 2 .. 000 ",.'1, or dlt1 JlM 47 m& Zn.'l.g or 
d ..... for 4 "'l'ClJ h:td do..'Crr'!iC'd dndopme-nl .00 ~"enry of 
fool p;Id dennamis on frnh dry hller (15". 1TI00Mure). bu t 
nol 011 73% moL~IUn.' Hller [1101. Anolhl..., repo rl indIC3 h,' S 
Ibal blUun 5uppk:menl3lion (2.000 ... tVkll or II M.oI) abo.,c me 
normal r«'OflllntndtllOru ro.. brodtni (lOO 11&) rNutH tM 
k'\mry armn mntllllOn, depile conllnUOUJ UpoAIrt" lO " 'el 
¡ltla 11(9). Contnry lO Ihcx r_hnp. $ludie! anatyDng 
btoun tuppkmmt.1On (200 .. 800. 8nd 1600 ",.'\.¡) _ 
....:ro.rople 8nd h_Io¡.a1 (eaNrn (11)1 Ióund ttw me 
'IQmm dld nol pn'eaII dcnn.mll m ,"",m, N .. b)'s (111l-

1.10. E" « u . r I'ha nu.folo,lu l Co n« nl rtl lkl ll of 8io1;a 
o. ,''''' C)" lochro lm' 1'''50 1 S. bfM m U, 

TI'oe errec:b af pharmac:olojlCal eoncmlnalkMu of blOl.in 
~ In.: npraslOO and acllnry or thc C)'lochrume." P4S0IA 
lIUbranllly ha\e be,",n explon:d. Rodnllutl.. Mdcntkz ~, al. 
(1141 fooOO Iba. In Ju,kal e ... I .... ¡he k.el. ar CYPI BI 
mRNA and W InInKnpIIOMIIIl"II.II)' or. C " I'I IU reponcr 
lenc . ... 1IS 1In.'.ta In btoun-lIUpplanmtcd ~1I1 \han UI '-'in­
dC'flflCTll «lb {tI"]; unfonunacely. th", ~ludy dI!! 1101 
.... /)'tt 0'1'101 expRUlOn .. physlO!os_1 f;OnCmtralOOS 
o(1be ... lImm. A study by Ronquillo.., '" (115) round thal 
'0\ ... I'IIU trattd "'Im btotm (l .... '1, body ".C1JhI:) fOl" 1. 
J . , . rH" 7 ~ of tralmml ..,..-td 110 clf«b CM evl'IA 
~""I) . n en . -hen OO-In"aIN ""ldI C" 1'1 A mduc:en,; tbc 
Ol'lAl 1aC1'~-lry ""d~ "a-e no! iWllucal1y t.o¡n,fll:aJl. 
lIO\IIe\('I". m mltt . I,",O months OrblOlln MlpplcmenWIOn In 

me." dlel (16.6 m¡!k, body ... ello\ht..day) 'ncrencd In.: lKu\ily 
orCv r lA2 (102]. Thne conl".."n¡ respon~J \(1 biull n may 
be cxplUlncd by \'oria l ion~ in dOIil!, lIl!tnini)lnll ,on. Or 
I'CSpUIIloC!I 10 blOlin belween _pcc:Ie!I. al oknlOMlmLcd by 
OIhtt .umon (56) 

1.11. Acht'nt' EffH'b . r ..... rmacalot:lnl C •• efll IMl IIoIIS 
. r slot .. 

FC'"oO »fllcha: ha,~ ~ btoIm lO.\KII) In humans. 
\110 1Id.·_ eff«u "'-a-e rOWld rOl' trnlmmb in W .... c of 
0.25 10 so m. ar btoon lOr up 10 -'O days. dehH:ftd Clltlt'"r 
.... 11y. mlfa\l:nously or mtramu!lCuhvly. (116] 0...1 doses up 

ID 100 ... btoua d lO OOIoaibo.l)1aK l )'ftlbetue- Md 
boot,,"dllK--dc:flC'GU ~IICnl:li cbd noc IUUIt m lId.rrw CfffeU 
(11 7). SlIx!a m dlJbmc ~umü round IhII 9 m¡ or too .. n 
dally dI!! no! induce elm.:al aa&nU!1OO .. u~ ude 
eff«1:Ii o.a- ... o lcndcd penod or "8 monl," (68] No ".tr)t' dR'(u"~ rouOO ... 1Ih mln'l!I'IOIa IIdmllll:lill'1lllOn 
of SO mil blOlm Me 1um:5 pcr ""n:k ror up lO 1 .... 0 monlM In 
pallenl. undcrllomll hemod~ly~'J 1671- 8 101,n doI.n 50- 10 
l(l(1...rold urlbe dlJly rcqu ln:menb ... ~ .... elllo/eratet.l ror l . 
2 )e~nt In palKTIb ,¡urrcrm¡ fmm dl:lbetlf perlpheral 
neumpulhy 1118) 

Gnm 1M mICa! ronc:c:ms m 1M srudy o( blOlln 1O~lOry 
m humans. m~ studlt'lli addres:sln¡ thll _ ha.e becn 
.td~ m c:las.n:allau. .. sud! as: Iht Ames 1a1(119· 121 L 
-.d \leSI,.., m IOdmb ]116. 121). In 1M Ama .... 10 mi 
boaun In dlllltth)1 sulfO:udc .. plate shooootd mal bllMm ... ti IlOl 
lO.\K or _ .. mI( (121) . In Ihc: RK t.acnallfta.. blOt. (1 
ma.ml) .... a:! no 1nUUImK" eIT«tI (119) In COIIttaR... 
T~UJ·"hcronuc:lcvus _ rt"H'.1ed \hal btollll .. u 
mdc«I InUlllltnlC . ... ,dI • mmmlUm dTc:ct doK or 244.3 
mil'mII120) 

U,01ln ·' ul"I\lllnd I.p. L D,. acu le \O~icny volite. r~I)()rIt'd 
for nu~ lIfe )S" Imd 29 mllk¡ body "e,¡hl, ~(!"" cl)' 
(122) ~'or miC\'o blOl;n·. tnln ... cnOUJ LD" fur mK:e;' 1000 
..... \.. body ... tllht (1221- Thc- reponed LDJI rOl" tq!ellted 
10000y 0I'III JldmmlSlI'1Iuon o( btoun m """ ... __ J50 ..... "". 
bocI) " 'C'IItM. bul lboK AIHha did nol pro'. MlIl"ICII."DI 
ckwl 1116) S ... -.mUQ d al. (9-'( fouOO IhII ) . .. cd:-oId 
".- I'1Ib ra:! dK"lll or 800 me blOtm' '', (7'9.2 me bIOtm\., 
body "CllhLd) to 10 .. 000 fll&.'l., C990 m¡ btotln k, body 
" 'C'IIhtdlry) fOr 28 di,.. hlld 1kcn:a!iC'd rood mla~t 8nd body 
"'aah, ,atll "'Ilhoul manila In bnun "'l"I¡hL Oturn.:a ...... 
oMerH'd In .... b red a ' .000 m¡ blOlLllik, dlt'1 (49' mil 
bioun. ... bod)' ... ·ct,ht..d) 1941. one nll In rour dta:l ... ,th • 
8.000 m"", dlC'l (792 m¡ blOlm:LII body ... ·etllhl d). antl ","o 
m (oo. I1Ib d,~'<I","h a 10.000 m¡/l:¡ dll:l (94) bllC'i~ blOl,n 
.lid nol .rr«-I thc: unnar)' exc:n:llOn af 0Iher- ... Ma--..olublc 
",tl1mm~ (94] In InOthcr slooy .• 1.000 m¡ blOlln1.. die! (99 
ma blOttn'\., lIOtIy "'l"I¡hlod) dI!! 1101 .rrea body ... ·eillhl or 
rood Inw.c m I'1IU 19J); blOdtcnllcal 10'\,,"11) ~lnelt'f"S. 
JUCh .. c:rnlmmt., blood urt". nllrollen.. .lanlM 
IImlQOtl1Ullir,",",,"" and aspanae amUllOll"1Ubrc:nM . .. rre noc 
1lfT«"tCd by 11 100 10 10.000 m¡ b_ '\11 cbet (9)). ahhou¡h 
W 10.0000 !al MOUn.1., dlt'l cknaKd body .. ellha.. food 
..... c. and b,·a- and k!dncy .. qhL In ~mtoc:_trntoed 
dlllbtut I'1It1. lICnUTI "'-els of uru. antm,ne., .... _U,Ie." 
_inoll'1lnllf~. and ./anille .minutQni(er.H and Ii. cr and 
kidney lC"\cl, of mllontl~kkh)dc decrcuet.l In bllUlII ­
supplem I:'Yttoo nll~. oompan:d lO dlabellC oontmls (JJI 

AhhQUllh b,otm IKl mmi~lralion ;~ ooMKlcr~d IIIr~ (1 16]. 
;n,~I'III1IJOn' 10 U!Ie$I 'b IOxlCily 1lCl'tl 10 be ClUliuuJly 
1Idd~ In hahl a( 1M rael INI phlnnaeolOClCII1 
eonet'nll'al_ ofblOlm ha, e plc:IOIropK elT«:ts. 

J _ FI'AL Mt:"\IA R KS 

ti ., cuncnlly .. cll atablubN by hunclra:l ar n:porb .... 
pharmaco!oslClll ronc:mnuons o r blOCm IIIIX"1"y a.:nc 
e.\prt"üion 8nd b.l1o¡¡1Ca1 fU1K11Dm CFIII. ~ ) Th~ "IIMlln, 
paah ..... )' . Ibe GMI''PKG c:asc:adc. IS cunmlly thc brIl_ 
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Fig. (2 ). Mull ipl .. aclions of biolin. 1) Th~ dassi<-al funnion of biolin i. lo xl as a carboxyl carri~ in carboxylalion reaclion ... 2) Al Ib~ 
genomic le,·el. hislOIlt biolinylalion is a natural. al~il .. re. modiflCalion. J) cGMPIPKG sígnaling i. in"olvcd in lranscriplion and 
lnUIslalion. 4) F~ srudi~s hn"e add=S<"d Ih~ IOxi<- effecrs of u, rss biolin. 

Fig. (J). Phumarolo:kl l .. rr...,t. of binlin. Tt.. dfects of pharrnacological concenlnnion. of biolin ha,'~ Ihe polenlial 10 ~ usrcd as a 
Iberap"''';'' " .. I.-gy: Ih~ effeclS of lHolin on glu= and lipid melaboli"" indicale illl polenlial fo. pre"enling o. managing diabeles and 
melabali, syndrome. n.. beneficial errec" of bÍOlÍn in rnilk produclion and foot poo dermalil is indialle lha! biolin can ~ useful in animal 
fanning. Regarding ilS xlion on imrnunc functions. Ihe slUdi ... suggesllhal biolin mighl be usrcd in Ihe !reaunenl of inflarnmalory di ... rde .... 
allhough ilS efficacy in "",uing inflarnmalory condiliolls in human. ",ruBÍns 10 ~ pro,·e<!. The effee" on reprodllclion """aln comroversial. 

SllpportOO mechanism 10 explain !he effccts of biotin On gene 
expression. lbe faet !hat lhis mechanism is ab le to regulate 
!he gene express ion of the enzymes involllOO in it s function 
as a eofactOT. depending on!he a\"ailab ility ofbiotin [18. 19). 
suggesl thm biotin gme regulation is an endogenous 
funetion. Ne\"cnheless. sinee phannaeological concentrations 
ofbiotin are unlikely to be aua inOO in Ihe diel. it opens!he 
question whether ilS l'fTects arl' achil'\"oo by binding 10 
targels in a oon-nalural mannl' •• as in !hl' case of !he 
rec\'ptor·mOOialed pharmacologicaJ l'ffects of níacin. To 
dale. Ibis possibili ly has nOl becn inllcsligatoo: howe\"cr. !he 
rt'pOn indicating the exislcnCl' of a membrane receptor 10 
biolin is an inlereslÍng obscrvalÍOll Ihat lea,"es !his door open. 

As re\"iewed in Ihe presem repon. !he l'fTects of 
pharmacological concenualions of biotin ha,'e Ihl' potl'ntíal 

10 be used as a therapeulÍe s tralegy: !he efTccts of biotin On 
hypcrtens ion and gluoosl' aOO lipid bomeostasis indicale its 
potential for promoting Ilasc ular heal!h and preventing Or 
managing diabetes. The benelocial efTcclS of biotin in milk 
production and fOOl pad dermalitis indicate !hal biolin can be 
uscful in animal fanning. Reganling its adion On immune 
functions. lhe studies suggest lhat biotin mighl be used in the 
tn'atment of innammatory disordcrs. al!hougb its efficacy in 
treating innammatory conditions in humans remains 10 be 
prolled (Fig. J). Funh .. r slud ies 10 e,'aluatl' biot in IOx ici lY 
and ilS aetions On d i\"erse biological funct ions. in !he light of 
!he efTecls of phannaeologicaJ ooneenlmt ions of biotin 10 
modity tissue struc.ture and size . .-eprodueti,·l' functions. and 
dcvelopmem. wil1 be required 10 detl'rmine its use as a 
!hcrapeutic agen1. 
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Fij:. (2 ). Mull ípl .. actiono of bio. in. 1) Tb~ cla",ical ¡unnion ofbKHin i. 111 le. "". carbox)l ""tri,.,. in carboxyla.ion reactinns.. 1) Allbe 
gmomic le,·d. hi'lII"'" binlinylalion i, B namral. alMil ",re. modiflCalinn. 3) cGMI'JPKG sigoBling i. in"ol\"rd in Ull11SCnp1inn and 
InInslalion.4) Frw ,rudi.,. ha,'c addres""¡ m~ IIIX;C dfecu of cxcess bi<>I'n. 

I Pharmacological effecls of biotin I 
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Fij:. (3). Pharmarolo:ica l .. rr..., .. of biolin. The ~rr...,.s of pharmacological conc ... lnllin ... of binun ha,-~ me pol ... lial 111 M uM<! "" a 
Iberapnu,e SInII.-gy: me eff...,,, of bim,o on glucmc: and lip,d """taboli.." ,odiCllle 'I!; pm .... 'al fo. p",,-mling o. managing diabeles and 
metabolic ,yodrome. Tho bencficia] cffecl!; of biotio in mili.: pmduclion and foot pad dcrmalili. indic;ue mal binlin can M useru] in animal 
fann;ng. Regarding ;I!; xlion on immune fullClion,. me ,mdi.,. 5I.lggesl mal biolin migh. be usnl in me treatmml ofinnarnmalmy di'lOrders. 
almough il, efficacy in I.ealing innammalory condi.ion, io human. ",mams 111 be pro,-~. The effecl,on n:pmduelion mu&in conu1)wrsi.l. 

supporled mechanism 10 uplain me efTl'ClS ofbiOlin on gene 
exp.essinn. 1be facl mal Ihis mechan¡sm is able 10 regulale 
me gcne express ion of Ihe enzymes ¡n\"olved in ils funclion 
as a eofoclo" depl!nding On me 3\"3ilabililY ofbiotin [18. 19). 
suggesl mal biolin gene regulalion i5 an endogenous 
funclion. Nevtmheless. since phannacological oonC<:'ntralioos 
ofbiolin are unl¡kely 10 be auained in me diel. it opeos!he 
queslion whether ilS efTcclS are achieved by binding 10 
targelS in a oon·nalural manne •• as in me case of !he 
rect'Plo.·ml'dialed pharm:v.:ological efTecls of niacin. To 
dale. mis poss ibili ly has nOI bt.'en investiga led: how(',·e •. !he 
report indical¡ng the exisu.·nce or a membrane recepto. 10 
biOl¡n is an imeresting observailon Ihal lea\'es !his doo. open. 

As T'Cviewed in Ihe present . <'¡>On. !he ~fTeclS or 
pharm.acological concentralions of biolin ha,'e Ihe polemial 

lo be used as a therapeuilc stralcgy: me efTcclS of biolin On 
hypen<:"nsion and glucose aOO lipid homeoslBSis ¡ndicale il!; 
polemial for promoling vascular healm and prevenling o. 
managing diabell's. The beneficial efTects of biolin in milk 
produclion and fool pad dermalilis im]¡c3le !hal biolin can be 
useful in animal farrning. ReganJing ilS action On iOlmune 
functinns. me sludies suggesl ibal biolin migh l be used in !he 
trealment or innamm:u ory disorder-s. almough ils efficacy in 
u-cat¡ng inflamm3101)' conditions in humans rema ins 10 be 
proved (Fig. J). FUMe. sludies 10 e\"3lua le biotin IOx¡cilY 
and ilS actions On diverse biological funct ions. in !he lighl of 
me efTecl' of pharmacologicaJ concentrations of biolin 10 
mod¡'Y tissue slruclure and size . reprod uct¡\'e func lions. and 
developmenl. will bt.' required .0 determine its use as a 
mcr.tpeUlic agen!. 
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Fij:. (2 ). Mult ipJ .. actiono of biolin. J) n .. elass;cal function ofbKH;n ;0 10 ocl as. carboxyl ""rri,.,.;n carboxylaliofl reactions.. 1) At lile 
gmomic le,·d. h;,IO"'" b;olinylation ;, a natuml. alMil ",re. mod;flCation. 3) cGMI'JPKG signal;ng ;0 ;n"ol\"rd in 1"'""""p1ion and 
InInSlalion.4) Frv.' ,rudi.-s ha,'" addressN 1II .. lOx;e effecu of .. xcess bi<>Iin. 

I Pharmacological effecls of biotin I 
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Fij:. (3). Pharmarologica l .. rr..., .. of biolin. Thi: ..rr<"CI. of ph:umacological conrmttalio"" of bioun ha,-.. !he polefll;al 10 M usrd as a 
lII ... ap<"lnic sttat.-gy: lb .. efree'" of biOlin on glucmc: and lipid """labol;.." indical" i", potml,al fo. p",,-mling o. managing d'aMle. and 
motabolie .yndrom ... TIIC bmeficial .. ff.c!.< of biotin ;n ru;11: pmducl;on ""d foot pad d...-mBlili. indical. Iba biolin can b.- u.efuJ in animal 
fanning. R.-gording ilS oclion on immune fullClions. lb .. srudi"" Sllggesl Ibal biolin mighl be usnl in lb .. Ireatmml ofinnarnmalOly disomers. 
allbough ils .. fficacy;n lreating innarnmalory condilion. in hum"". ",mams 10 be pro,-.-d. The ..rf<"Clson "'I'mduclion "",,&in romro.-ersial. 

supporlOO mechanism 10 .xplain me em.'ClS ofbiOlin On gene 
expression. lbe fael ma! Ihis mechanism is able 10 regulall' 
me gene exprt'Ssion of Ihe enzymes in\"olvoo in its functioo 
as a eofacto •• depl!11d iog On me a\"ailabi lily ofbio!in [18. 19). 
suggesl mal biotin gene regulation is an endogenous 
funetion. Nc\"enheless. sioce phannacological ronc.:'ntrntioos 
ofbiotin are unlikely to be auained in me diel. it opeos me 
question whether its efTcclS are achk>\"ed by binding 10 
mrgelS in 3 oon-naluml manner. as in me case of me 
r-ect'plor·mooÍ3loo pbarma, .. ological e/Toets of niacin. To 
date. this possibili ty has not been iovesliga too: howe,·er. me 
report indicat ing tlM.' exislt'nce of a ml'mbrane recepto. to 
biOlin is an imercsling obsen-alion Iha! lea\'es mis door open. 

As nwiewed in the pfCSem rt.'J>Ort. me efTcclS of 
pbarmacologiC"al ooocemralions of biOlin ha,'e Ihe polemÍ31 

10 be uscd as a thcrnpeUlie stmlegy: the e/TcrlS of biotin On 
h)'pl'Tl<:"nsion and gluoosc aOO lipid homooslaSis ¡ndicale its 
potemial fOT promoting vase ular hcalm and preventing Or 
managing diabelt's. The beneficial ('fTeclS of biotin in milk 
production and foot pad dermalitis indicate mal biotin can be 
USl'ful in animal farrning. Reganling ilS action On immune 
functions. the sludies suggesl tbat biotin migh l be usoo in rne 
trealmcnt ofinnammalory disordé'r-s. ahhough its effieacy in 
ut'a ting innammalory conditions in humans rl'ma ins to be 
proved (Fig. J). FUMer sludies 10 e\"3IU3Ie biol in 10xieilY 
and its aetions On di\"ersc bio logical funcr ions. in thc lighl of 
the efTccls of pharrnacological ooncemmtions of biotin 10 
mod¡1}< tissue slruelure and size . .-cproduet¡\·e funel>Ons. aod 
development. will be required lO dClermine its use as a 
ther.lpeUlic agent. 
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Pha,macologkal (onc<ntr;¡tions ofbiotin hav< plriotropk .tfecb.. Mvrn.l RPO'ts ha,.., documrnted tbat biotin suppkmmt.lion 
drc,oasrs hyptrglycnnia. Wr ha ... shown tha\ a biolin-5upplrmrnled di", inc,..,asrd insulin srcrrt ion 3Jld Ih. mRNA abundanc~ 
of prot.ins rq;ulaling in.uIin trans.cription ond srcrrtion. W. olso fuund rnlarged panero.tic il;kts and modified islrl morphology. 
Otbrr 5tudi.rs ha"" shm;·n th.at pharmacologiul conunln.lion5 ofbiotin modify li ....... trudUR. Although biotin administr;¡lion 
ÍJ comi&mi sak. [itt!. att.ntion ha5 brrn gr...,n to its <tfecl on li .. u. structur •. In thi •• Iudy, _ in...,.ligaled tbr .tfect of biolin 
.upplrrnrnLllion on h.p.1ie morphology and Ii,.." toric:ity maru ... Mak BALBlcAnN H.d míe. _R fed. control or a biotin-
5upplrrnrnted dirt for 8 wed.s. \'«suolh. control mke, biotin-suppkm.nted mk. had an alt.mi portal triad wilh dilal.d sinusoids.. 
ÍflCrr;¡s<d v.os.cularity. and bilr conducb. Furthrrmore, ... .., oo..erv..d an incRasrd proportion of nooeornrgaly and binuclrated 
hrpatoc)1rs. In spil. of tM Ii,·., morphologk3l chan~. no ditf.ROCes ... ·rr. obsr"..,d in thr ..,mm livr, damag. indicato ... 
oIÍdati,~ st"",. maru .. ,or 3Jlti""i<!an, rnzymes. Our data d.lDOflStrat. for Ih. first tirnr th.al biotin ouppl.m<ntation affecls ti"", 
morphology in normal mice, and Ihallh..., modificatiom aR nol. par;¡lIrlcd with d.armg. maru,s. 

I.Introduction 

Th. physiological role ofth. vitamin biotin (also named B7) is 
to participate asa coenzym' of carboxylases [11 . lhc adequat. 
intak. (Al) levd of biotin is 30 pg/d for adults [21. It has 
hecn ",di documented that biotin affects gen. ap=ion 
and systemic functions at pharmacologkallevd!ó, which are 
appcoximatdy 30 to 650 times its daily rc:quirement 131. 

Pharmacological doses of biotin haY< hypolipid.mic [4-
8[ and hypoglyermic effects [7, 9-121 and reduer diabetes 
complications [U-U1 in both animal modds and humans. 
Thesc: effects are aMOCiated with changes in gen. and protein 
apre&Sion [12, 14- (8) in key metabolic organs, such as th. 
liv.r and th. pancreatic islets. 

In prmous studies in our laboratory, normal míee 
fed a biotin-supplemented diet for 8 wecks demonstrated 
increascd insulin secretion and high.r Ie\·ds of mRNAs 
involved in the control of insulin transcription and se<:retion 
comparc:d with mke fed a biotin-§uffident diet [151. [nt<r­
estingly, biotin supplem.ntation indue.d an incrc:asc in islet 
siz. and modified its typical architectur. of alpha-cdls at th. 
periphery and beta-cells at the core [151. 

Other studies have shown that pharmacological doses of 
biotin modify ti&su. morphology. Our research group pr.­
viously demonstrated that treatment with pharmacological 
concentrations of biotin d«reases th. number of primary 
and Graafian follides in f.male mi" [191. Consistent with 
tbis etfrct of biotin on reproductn·. structures, acute biotin 
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l . lntroductioD 

The physiologica! role of the vitamin biotin (airo named B7) is 
10 participate asacocnzyrne of carbox)'lases [11. ThC' adequate 
intale (Al) levd of biotin is 30 pg/d fOf adults [21. It has 
becn ""dI documentC'd t!ut biotin affects gene apl'CS.'iÍlln 
:llId systemic functions at pharmacologkalleyds, which are 
approximatcly 30 to 650 times its daily rrquirrment 131. 

Pharmacological doscs of biotin han hypolipidemic [4-
8[ and hypoglrcemic ctrecls [7,9- 121 and reduce diabetes 
",mplications [u-n1 in both animal models :llId humans. 
Thcsc: dfecls ar'C aMOCiated with c!unges in gene and prolC'in 
apression [12, 14-18) in Uy ",elabolic org:lllS, such as the 
lli'er and the pancrratic islrts. 

In pn'vious sludie. in our laboratory, nonnal mice 
fC'd a biotin-suppIC'Il1C'nlC'd diC't for 8 wC'e1u; demoll5lrated 
incrrased insulin sccrction and higher IC"'c\s of mRt~As 
invol\'ed in Ihe conlrol of insulin lransc ription and s«rrtion 
comparcd ... ith mke fed a biotin-.uflicient diC't [15]. In tcr­
estingly, biotin supplC'menl3lion induced an incrrasc in bIC'I 
size and modified ils Iypica! architccture of alpha-celh al the 
pcriphery and beta-cells allhe COl'C ]15). 

Olher studics ha\'C' shown Ihat pharma",logical. doses of 
biotin moclify tÍMuC' morphology. Our rescarch group pre­
\iously demonstraled Ihat Irralmenl with pharmacol.ogical. 
concentrations of biolin decrrascs the number of primary 
and Graa/ian foUides in female míee {191. Consislrnl ... ilh 
Ibis ctfccl of biotin 011 reproducti'ie slructures, acule biotin 
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l . lntroduction 

lbe physiological role of the vitamin biotin (alro !lamed B7) is 
10 participate 3saeoc:nzymeof carboxylases [1[. lbe adequate 
intake {Al} 1n ... 1 of biotin is 30 pg/d for adults [2[. lt has 
becn ",dI documc:nted tMt biotin affects gene CIpI'CS.'iíon 
and systemic functions at pharmacologica! k.,ds, .... hi,h are 
appmximatdy 30 10 650 times lis daily rrquirrmenl [3[. 

Pharmacological doses ofbiotin han bypolipidemic [4-
8] and hypoglrcemic dfccts [7, 9- 12[ and reduce diabetes 
(Omplications [11-13[ in both animal modds and humans. 
lbesc dfccts are a~i3ted with changn in gene and protein 
apression [12, 14-18J in ~ metabolic organs, su,h as the 
lli·el' and the panm:atic Wrts. 

In prt'vious studies in our laboratory, nonnal mi" 
fed a biotin-supplanented diet for 8 wecks demomtrated 
inm:ascd insulin sccretion and higher l ... ·ds of rnRNAs 
involved in Ihe contml of insulin transc ription and sc<rction 
compared váth mke fed a blotin-sufficient diet [ISJ. In tcr­
estingly, biotin supplem~nlation induccd an incrcase in islet 
size and modified its Iypica! architecture of alpha-cdls at the 
periphery and bcta-"Us at the core [15J. 

Gther studies have shown that pharmacologica! doses of 
biotin moclify tissue morphology. Our research group prc­
\iously demonstrated that treatmml with pharmacological 
eoncentrations of biot in decreases the numbcr of primary 
and GraafiaJ\ follicles in femaJe miee {19J. Consistent with 
this dfeet of biotin on reproductive structures, acute biotin 
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Irealmenl induccd atrophy in ¡he (orpora tutea of femate 
mis [201. In male rals., biotin supplcmcntation for 6 wecks 
dccrcascd total spcrm counls as wcll as Ihe diameter of 
Ihe scminiferous tubes [21). In anima! modcls of diabetes., 
biotin supplcrncntation arncliorateJ Ihe histopathologkal 
morphology in Ihe liver [12, 121, kidncy [23), and pancreas 
[11). 

Bccause of hiolin's cffccts on glucosc and lipid metab­
olism, supplerncnls and rncdkations (Ontaining pharma.:o­
logical amounts of Ihe vilamin are commeráally availablc 
[8,24 ). Although biotin supplcrncnlalion is (Onsidcrcd safc 
[25), Jiule attention has bccn paid lo its cffcct on lissuc 
slruclurc. In Ihis sludy we investigatcd Ihe dfccts of biotin 
supplcmentation on hcpatic morphology and livcr toxicity 
markers. 

2. Materials and Methods 

2.1. Animal Model and Experimental Design. Al! interven­
lions were approved by the Elhkal Commillee for Exper­
imentalion of the Biome.:!ieal Research [nslitule of Ihe 
Nalional Autonomous University of Mexico. Al weaning 
Ihree-week-old male BalblcAnN miee were fe.:! one of 
Ihe fol!owing die!s: biotin-conlrol (TD-0I362) or biotin­
supplemenled diel (TD-02458) conlaining 1.76 mg and 
97.70 mg of free biotin/kg die!, respeclive!y (Harlan Teklad, 
Madison W I, USA) as describe.:! previously [15- 18, 261. A 
Ihird group of miee recei\'ed the conlrol die! bul were lrealed 
with a single dose of carbon lelrachloride (Ca., 2mllkg 
body weighl) lo induce li\'e r damage. Food consumplion 
and body wcighl were measure.:! Ihrough the experimenl. 
After 8 weeks., the miee were depri\'ed of food for 12 h and 
aneslhelized as describe.:! in [15-181, and Ihe blood and liver 
were exlracte.:! . The miee were killed via cervical dislocalion. 

2.2. Analysi~ of Serurn Aspartllte Aminotronsfel"/lje, Ala­
nine Aminotransferase, Gamrna-Glutam>~transferase, Alka­
line Phospllatase, Totlll and Direc/ Bilirubin, Alburnin, and 
Urea. Blood samples were collected and centrifuged al 
1600 xg and 4' C for IOmin. Sera were stored al -20' C 
until used. Hemolyzed samples were dis.::arded lo avoid 
inlerference with Ihe assays. The compounds were quanlified 
by colorimelric assays (Spinreact, Sanl Esleve de Bas, Spain) 
according lo Ihe manufaclurer's prolocol and were expressed 
as UIL. 

2.3. Lipid Peroxidlltion. Lipid peroxidalion was quantified in 
liver homogenates by assaying malondialdehyde using Ihe 
Ihiobarbiluric acid by melhod [271. Briefiy,li\'er homogenales 
were incubated wilh Ihiobarbiluric acid, healed by boiling 
for 4Smin, and kept in kc for 15min, followcd by a cen­
Irifugalion al 3000 xg for 10 min, twice. The supernatant was 
read at 532 nm. The malondialdehyde levels were reporled in 
I'mol/mg of p rotein. 

2.4. Glutllthione Conten/. Immediale!y after Ihe miee were 
sacrificed, liver samples were washed in a saline isolonic 
solulion lo eliminate remnant blood, homogenized in 5% 
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ice-cold melaphosphork acid (1/20 wlv) (Sigma Aldrkh, 
SI. Louis, MO, USA), and cenlrifuged al 12000 rpm at 4"C 
for 15 mino The supernalant was collecled and kept on ice. 
Glulathione was quanlified speclropholomelrically al 405 nm 
with Ihe HT Glutalhione Assay Kil (Trevigen, St Louis, MO, 
USA) according lo Ihe manufaclurer's recommendalions. The 
concenlration of reduced gluthatione (GSH) was calculaled 
using a GSH slandard curve. Oxidized glulathione conlenls 
were dele rmine.:! by subt racting Ihe anlOunl ofGSH from Ihe 
leve! oflatal glulalhione. 

2.5. Superoxide Dismutase Activity. Approximaldy 100 mg 
of liver was homogenized wilh a glass poller homogenizer 
in an iee-cold saline isolonic solution. Tissue ext racls were 
cenlrifuged all2500 xg for 30min at 4' C lo remove insol­
uble male rial, and Ihe proteín concenlralion was measured 
using a Bio-Rad proleín assay following Ihe manufaclurer's 
inslruclions. Super oxide dismulase activily was quanlified in 
liver homogenates wilh a commercial kil base.:! on xanthine 
oxidase and a color agenl according lo Ihe prolocol provided 
by the manufaclurer (Sigma Aldrich, San Louis, MO, USA). 

2.6. Catlllrue Activity. Calalase adivily was measure.:! accord­
ing lo Gólh, 1991 [281, with slighl modificalions. The liver 
was homogenized in phosphate buffer (0.1 M, pH 7.00). Ten 
/lg of lolal proleín was incubated for 30 seCo in phosphale 
buffer (0.1 M, pH 7.0, and 12 mM ofhydrogen peroxide). The 
reaction was stopped by addilion of 31.4 mM ammonium 
molybdate. Reaclions were read al 405 nm, and the spedfic 
aclivily was cakulated. 

2.7. His/ological AnalysiJ. The livers were dissecled and fixed 
in 10% neutral formalin, dehydrated in ascending grades of 
alcohol , and embedded in paraffin waX. Consecutive 5/1m 
Ihiek secl ions were cut, mounted on glass slides, and slained 
with hemaloxylin and rosin. 

Two slides were prepared for each mouse. These con­
Imned th ree seclions of each liver. Ten field arcas for each 
section wc:re randomly selecled and examine.:! for hislologieal 
changes{15x) under light microscope. The random fidd arcas 
were scored as follows: normal appearance (- ), minimal 
ce!lular d isruplion in less than 1% of fidd arca, mild cellular 
disruption ofl%-30% offidd arca, moderate ce!lular disrup­
lion of 31%-60% of fidd arca, severe cdl disruption of 61%-
90% offield arca, and very severe cellu lar disruplion of91%-
100% of fidd arca 1291. 

To assess binudeate.:! hepalocytes and nudeomegaly, 
Ihree fidd arcas of six sections were taken from 9 mice in 
each group. These were analyzed al 40x in an Olympus BX51 
microscope. The analyses were performed simultaneously by 
Iwo persons who were blinded lo Ihe group idenlity. 

2.8. Nitric Oxide Concentra/ion. Liver homogenales were 
prepared asdes.::ribed aboye and were treated wilh proteínase 
K [10 mg/rn1110 remove interfering proteins. Quantificalion 
was pcrformcd with a commerdal kit (D,errno Scien/ijic, 
Rackforo. lU., USA) for Ihe indirecl de!erminalion of nilriles 
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treatment induccd atrophy in ¡he corpora lutea of remale 
mis [20]. [n malc rals, biotin supplcmentation for 6 wttb 
dccreascd total spcrm counts as wdl as ¡he diarnctcr of 
¡he scminifcrous tubes [2IJ. In animal modds of diabcta., 
biotin supplcrncntation arncliorated Ihe histopathological 
morphology in Ihe liver [12, 22]. kidney [23). and pancreas 
fllj. 

Ikcausc of hiolin's el1ects 00 glucosc and lipid metab­
olism, supplcrncnts and medications containing pharmaco­
logical amounts of Ihe vitamin are cornmerdally 3vailable 
[8,24 ). AlIhough biotin supplcrncnlal ion is considercd ¡,afe 
(25), Jiule altention has beco paid lo its dfcct 011 tissuc 
slruclurc. In Ihis sludy wc invcstigated Ihe e/Te,ts of Motín 
supplcmentation 00 hcpatic morphology and liyer toxidty 
markcrs. 

2. Materials and Methods 

2./. Animal .Modelulld Experimental Desigtr. Al! interven· 
tions were approved by the EthicaJ Committee for Exper· 
irnentation of the BiomedicaJ Rcscarch Institute of the 
National Autonomous Universi ty of Mexico. At weaning 
three·wee:k·oJd maje BaJbleAnN míee were fed one of 
the following dict§: biotin·controJ (TD·0I362) or biotin· 
suppJcmented diet (TD·02458) containing 1.76 mg and 
97.70 mg of free biotinlkg dict, respectivc1y (Harlan Teklad, 
Madison WI, USA) as dcscribcd prcviously [15-18, 261. A 
third group of mice reccived the control dict but were lreatcd 
with a single dose of carbon tetrachloride (CCI~, 2 ml/kg 
body weight) to induce Hver damage. Food consumption 
and body wcight were measured through the cxpcriment. 
After 8 wedu, the míee were depdvcd of food for 12 h and 
anesthetized as describc<i in [15- 181, and the blood and liver 
wcre extracte<!. The miee were kil!ed via cervical dislocation. 

2.2. AtJ<llysi~ of SerwlI Aspartate AmiuotmttsfeTruc, Alu­
ninr Aminotratr5frmse, Galllma-Glutalll"ltmtlSfemse, Alka­
litre Plrosplrala>e, To/al ami Direr/ Bilirubitr, Albumiu, atrd 
Urea. Blood samplcs were eollc.::ted and centrifugcd at 
1600 xg and ,,·C for IOmin. Sera were stored at - 20' C 
until used. Hemolyzcd samp!es were discarded to avoid 
interferenee witb the assap. The compounds were quantificd 
by coJorimetric assays (Spinreact , Sant Esteve de Bas, Spain) 
according to the manufacturer's protocol and were npresscd 
as UlL. 

2.3. Lipid Peroxidatioll. Lipid pcroxidation was quantified in 
liver homogenates by assaying malondialdehyde using the 
thiobarbiturieactd by method [271. Briefly,1iver homogenates 
were incubalcd wilh thiobarbituric add, heated by boiling 
fOf 45min, and kcpt in kc fOf 15min, foUowcd by a cen­
lrifugation at 3000 xg for 10 min, twiee. The supcrnatant was 
rcad at 532 runo The malondialdehyde levds were reported in 
fmlOltmg of p rotcin. 

2.4. Glrrtattrioue Con/en/. Immedialdy after Ihe mice were 
sacrificed, !iyer samples were washed in a saHne isatonic 
solution to eliminate remnant blood, homogenized in 5% 
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ice-cold mctaphosphoric add (1/20 wlv) (Sigma Aldrich, 
SI. Louis, MO, USA), and eentdfuged al 12000 rpm at 4' C 
for 15 min. The supcrnatant was col!ected and kept on icc. 
G!utathionc was quantified spcct rophotomctrically al405 nm 
with Ihe HT Glutalhione Assay Kit (Trevigcn. St Louis, 1\10, 
USA) according lo Ihe manufacturer's recornrnendations. The 
conccntration of reduccd gluthatione (GSH) was calculatcd 
using a GSH standard curve. Oxidizcd glutathione contents 
weredctermined by subtrac ting Ihe amount ofGSH from Ihe 
le\"el of lotal glulathione. 

2.5. Supem:cide Dismuta5e Artil'ity. Approximatdy \00 mg 
of Jiver was homogenized with a g1ass potler homogenizer 
in an ice-co1d saJine isatonic solution. Tissue ext racts were 
centrifuged al 12500 x g for 30 min at 4' C lo remo"c in!iOl ­
ublc material, and the protcin concenlrat ion was measured 
using a Bio-Rad protcin assay fol!owing the manufacturer's 
instructions. Super oxide dismutase activily \VaS quantified in 
¡iver homogenatcs wilh a commerdal kit bascd on xanthine 
oxidase and a color agent according to the prolocol prm;dcd 
by tbe manufacturer (Sigma Ald rich, San Louis, /1-10, USA). 

2.6. Ca/u/me Actil'ity. Catalase adivity was mca~urcd accord­
ing to Gilth, t991 [281, with s!ighl modifications. The !iver 
"'OlS homogenized in phosphate buffer (0.1 M, pH 7.00). Ten 
IIg of lolal protcin was ineubated for 30 sec. in phosphatc 
buffer (O.t /1-1 , pH 7.0, and 12 mM of hydrogen pcroxide). The 
reaetion was stoppcd by addition of 32.4 mM ammoniurn 
mo!ybda le. Reaclions were read at 405 nm, and the spcdfic 
activity was ca!cutated. 

2.7. His/o/ugiral Alralysis. The livers were dissected and fixcd 
in \0% neutral formalin, dehydrated in asccnding grddes of 
alcohol, and cmbcdded in paraffin wax. Conseculi\"c 5¡1I1l 
Ihick sccl ions were cut, rnounled on g!ass .dides, and staincd 
with hcmatoxylin and cosin. 

Two s1ides werc prepared for each mouse. These con­
tained th ree: !iCctions of eaeh !iver. Ten ficld arcas for ea,h 
scction were randomJy scleetcd and namincd forhistologica! 
changes{25x) under 1ight microscopc. The ranJorn fi d d arcas 
were scored as follows: normal appcarance (- ), minimal 
cdJuJar dis.ruption in !ess than 1% of ficld arca, mild cel!u1ar 
diHuption ofl%- 30% offic1d area, moocrate cdluJar disrup­
tion of 31%- 60% of fie1d area, severe cel! disruption of 61%-
90% offie1d arca, and vcry sC'o'ere edlu!ar disruption of9l%-
100% of fie1d arca 1291. 

To asscss binudeatcd hcpatOC}1eS and nudeomegaly, 
¡hree fi dd arcas of six scdions were takcn from 9 mice in 
each group. Thcsc were analyzed al 40x in an OJympus BX51 
microscopc. The analyscs were perforrned simuhaneously by 
two per50ns who were blinded lo the group identity. 

2.8. Nitri. Oxide COlrcetr/ra/iotr. Li\"er homogcnates were 
prepared as described ahove and were trealed with proteinase 
K [\O mg/m11 to rcmove interfedng protcins. Quantification 
"'Ol~ performcd with a cornmercial ki t (Tlrermo Scielrlijic, 
Rackfom. lU., USA) fOT the indirect dctermination of nitrites 
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Irealmenl induccd atrophy in Ihe corpora lutea of fcmale 
mis [20]. In malc rals, biotin supplcmentation for 6 weeks 
dccreascd total spcrm counts as wel! as Ihe diarnctcr of 
Ihe scminifcrous tubes [2IJ. In animal modds of diabeta., 
biotin supplcrncntation arncliorated Ihe histopathological 
morphology in Ihe liver [12, 22]. kidncy [23), and pancreas 
[12]. 

Ikcausc of hiolin's el1ects 00 glucosc and lipid metab­
olism, supplcments and medications containing pharmaco­
logical amouo!s of Ihe vitamin are cornmerdally available 
[8,24 ). AlIhough biotin supplcrncnlal ion is conddercd ¡,afe 
(25), Hule atlention has beco paid lo lIs dfcct on ¡issu.: 
slruclurc. In Ihis sludy wc investigatcd ¡he effects of Motín 
supplcmentation 011 hcpatic morphology and livcr toxidty 
markcrs. 

2. Materials and Methods 

2./. Allimul Modelulld E:cperiment<ll Desigtl. Al! interven· 
tion5 were approved by the Ethical Committee for Exper· 
irnentation of the Biomcdical Rcscarch Institute of the 
National Autonomous Universi ty of Mcxico. At weaning 
three· wee:k·o ld male Balb/cAnN mke were fed one of 
the following dict5: biotin·control (TD·0I362) or biotin · 
supplemented diet (TD·02458) containing 1.76 mg and 
97.70 mg of free biotin/kg dict, respectivcly (Harlan Teklad, 
Madison WI, USA) as dcscribcd prcviously [15- 18, 261. A 
third group of mice received the control dict bUl weTe lreated 
with a single dose of carOOn tetrnchloride (CCl~, 2 ml/kg 
body weight ) to induce liver damage. Food consumption 
and body wcighl were measu rcd Ihrough the cxperiment. 
Aner 8 weeIu, Ihe mice were deprived of food for 12 h and 
anesthetizt"d as describro in (15- 181, and lhe blood and l¡ver 
were extractcd. The mice were kil!ed via cervical dislocation. 

22. Allldysi~ of &rum Aspartate Amillotmllsferrut, Alu­
nin~ Amillatrall5femse, GUlllma-GllltulII"ltnmsfemse, Alku­
fi lie Pliospllala>e, Tolal 011<1 Dired Bilirubitl, Albumin, tllld 

Ure<I. Blood samplcs were collccted and centrifuged al 
1600 xg and 4"C for IO min. Sera wen: stored at - 20"C 
until used. Hemolyzed samplcs were discarded to avoid 
intcrferenee with Ihe assap. The compounds were quantificd 
by colorimct r ic as.says (Spinreact, Sant Esteve de Bas, Spain) 
according lo Ihe manufacturer's protocol and were expressed 
as UlL. 

2.3. Lipid Peroxidatioll. Lipid pcroxidation W35 quantified in 
liver homogcnates by assaying malondialdehyde using the 
th iobarbiluricacid by method [271. Briefly,Hvcr homogenalcs 
were incuba tcd wilh thiobarbituric acid, heated by boi!ing 
fOf 45 min , a nd kep\ in ke fOf 15m[n, foUowed by a cen­
trifugation at 3000 xg for 10 min, twice. The supernatant was 
rcad at 532 runo The malondialdehyde levels were reporled in 
¡mlOlfmg of p rotein. 

2.4. Gil41athiollc Con/ell/. Immediatdy arter thC' micC' were 
sacrificed, ¡¡ver 5ample5 were washed in a salinc isotonic 
solution to c:Hminate rem nant blood, homogenized in 5% 
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ice-cold mttaphosphork aeid (1/20 w/v) (Sigma A!drich, 
SI. Louis. MO, USA), and centrifuged at 12000 rpm at 4' C 
for 15 mino The supcrnatant \\'aS collected and kept on ice. 
G!utathionC' was quantified spcct rophotomC'lrkaUy at 405 nm 
wi th the l-fr Glutathione Assay Kit (Trevigen, St Louis, MO, 
USA) according lo the manufacturer's recommendations. The 
concentra tion of reduccd gluthatione (GSH) WlIs ca!culated 
using a GSH standard curve. Oxidized glutathione contenls 
wcredttc:rmined by subtrac ting the amounl ofGSH from the 
lcn! of total glutathione. 

2.5. Supc:mride Di5/11Ut<l5e Acti\·ity. Approximatcly 100 mg 
of liver was homogenized with a gla5s poller homogenizer 
in an kc-cold salinc isotonic solution. Tissue ext racts were 
ccntrifuged al 12500 x g for 30 min at 4' C to remo"c in!iOl ­
ublc material, and the prolcin concentration \\'aS measun:d 
using a Bio-Rad protcin assay foUowing the manufacturer's 
imt ruction5. Super oxide dismutase activity \VaS quantified in 
¡iver homogenates wilh a commercial kit bascd on xanthine 
oxidase and a color agent according to the protoco! prm;ded 
by the manufactu rer (Sigma Aldrich, San Louis, MO, USA). 

2.6. Cala/me Activity. Cata!ase activity was mea~u rcd aceord ­
ing to G(¡th, \991 [281, with 6!igb! modifications. The !iver 
,'¡as homogenized in phosphate buffer (0.1 M, pH 7.00). Ten 
/lg of lotal protein was incubated for 30 sec. in phosphate 
buffe r (0.\ /11, pH 7.0, and 12 mM ofhydrogen pcroxide). The 
reaetion was stopped by additioll of 32.4 mM ammonium 
mo!ybda te. Reaclions were n:ad at 405 nm, and the spccific 
activity was cakulated. 

2.7. Hislolugicul Allalysi5. The livers were dissected and fixcd 
in 10% neutral formalin, dehydrated in asccnding grddes of 
alcohol, and embedded in paraffin wax. Consecutive 514111 
Ihiek scct ions werr cut, mounted on glass .dide5, and staincd 
with helllatoxylin alld cosin. 

Two sHdes were prepared for cach mouse. These con­
tained th ree: !iCclions of caeh !ivcr. Ten ficld arcas for eaeh 
scction wcre randomly sdected and examincd forhístologica! 
change5 (25x) under ligh t microscope. The random fidd arcas 
were scored as fO!lOW5: normal appcarance (~), mínimal 
cdlular d isruptíon in less tban 1% of ficld area, mild cdlular 
disruption ofl%- 30% of ficld arca, mooC'rate cdlular disrup­
tion of 31%- 60% of field arca, severe cel! disruption of 61%-
90% offield arca, and very sC'o'ere cd!u!ar disruplion of91%-
100% of ficld arca 129]. 

To asscss binudeatcd hcpatocytes and nudeomegaly, 
three fidd areas of six sections were taken from 9 miee in 
eaeh group. Thesc were analyzcd at 40x in an O!ympu5 BX51 
microscopc. The analyses were perfo rmed simultaneously by 
two persons who were blinded 10 the group identity. 

2.8. /Ilitrj[ Oxide COllce/llra/ioll. Liver homogC'nates were 
preparcd as dcsc ribed above and were trealed with proteinase 
K [lO mg/ml1 to n:move interfering proteins. Quantification 
wu performed with a commercial ki t (Tllerlllo Sciell/ijic. 
Rockford. lLL, USA) foc the indirect determination of nit rites 
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TABU; 1: Etf«1 of ~ight w~ks ofbiotin .upplernrnlalion on ""rum liver damas<' indie.lor .. 

Enzyme/rnrtabolite Unit. Control Biolin-supplemenlM 
,upartat. aminolransfe,-a.., [UIL) 163 t 11 .0 196 t 8.60' 
Alanin. aminolransfe,-a.., [U/l) 32.9:t 3.29 30.2 t 2.40 
Gamma-glutamyltraruf. ra .. [U/l) 2.77:t 0.38 2.48:t 0.50 
Alkaline phosphata"" [U/l) 164 t 11.0 196 t 8.63 
Total bilirubin [I'mol!l) 0.30:t 0.040 0.22 t 0.029 
lndir«1 bilirubin [I'mol!l) 0.29 t 0.071 0.22 t 0.020 
Albumin [mgfdl[ 3.28 ± 0.26 2.57 ± 0.24 
Ur.a (ml\l'dl[ 52.3:t 1.21 5O.7:t 1.89 

v ....... "" mnn:t SEM. " 7 tOo • P < o.OSO. 
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"" " Control Suppl<menl«l Control ~w _""" Control SuPl'l<m<Ilt«l 

"" G= ,., 
'"' 

FtGUU 1: Etf.<t ofbiolin .uppl. mentation on liver malondiald. hy<k >nd redoced and ""idized glulalhion~ in mk. fed • biotin-.upplemented 
dirl for8w~ks. (a) Malondialdehy<k cOIK. nlrations. V>lu~s ""pr...,nl the mean:t SEM of5mk. fmm each gr01lp. (b) Reduced and ""idized 
glulalhione. BI""k ban: conlrol group; p.aU. rn<d bar", biotin-supplemented group. Valun repr.""nlth~ mean:t SEM of8 mk~ fmm . aeh 
group. Al! me .. ur. menls were prrformed in triplicate. ¡;'p > 0.050. 

and nit rates in biological samples using nitrate reductasc: and 
Ihe Griess reagenl that absorbs visible light al 540 nm. 

2.9. Stlltisticlll Anlllysis. Statistkal analyses were pcrformed 
using the Stalview statistical analysis program and Graph­
Pad Prism 6.0 software (Berkeley, CA, USA). AH data are 
presented as the mean :t SEM; ti is the number of cvaluated 
subjcc ts. Statistical significance WaS assessc:d by Student's 
Hest or I-way ANOVA. p va lues less than 0.050 were 
considered statistkaHy sign ifican\. 

3. R esulls 

3.1. Effect of Biotin Supplell1tn/alion on Serum Liyu D/lm­
/lge Indica/oN. \Ve studied how biotin supplementation 
influenced liver enzyme tests (Table 1). The data show 
increased aspartale aminot ransferase (ASf) levds in Ihe 
biotin-supplemented group (p < 0.050); howeve r. Ihe values 
were in the normal range (55.0- 352 VIL) [JO). No differences 
were seen betwecn the control and Ihe supp[emented group 
in gamma-glulamyllransferase (GGT), alanine aminotrans­
ferase (ALT), alkaline phosphatase (ALP), lotal and direct 

bilirubin, albumin, and urea. As expected, aH parameters 
were significant1y (p < 0_050) afrected in the cacbon te ­
lra,hloride group comparcd IIlÍth OOlh the conlrol and 
supplemented groups: ASf = 954 :t 23.6 VI L; GGT = 9.91 
:t 0.78, ALP = 213 :t 7.60 VI L; ALT = 833 :t 13.2; bilirubin 
1.11 :t 0.28 [l'mol/L); indi red bilirubin 1.01 :t 0.18 [l'moIlL); 
albumin 4.86:t 0.34 [gldL); urea IOS:t 8.33 [rug/dL). 

3.2. Effec/s 01 Bio/in Supplementll/ioll 011 Oxidative Slress 
Markers alld An/ioxidlln/ Enzymes Aclivities. \Ve also eval­
uated the efrects of biotin supplementation on lipid perox­
idation and oxidized and reduced glutathione. Eighl weeks 
of biotin supplementation did no t modify malondialdehyde 
concentrations versus the (Gnlrol group (Figure I(a); control 
= 0.40 ± 0.016; supplemented = 0.36 :t 0.015 nmol/rug 
protein). In the ,arOOn tet rachlo ride group, Ihe levcls were 
significant lyincreased (p < 0.050) compared with thecontrol 
and supplemenled groups (CC!.. = 0.51 :t 0.010 nmol/rug 
protein). 

G[utathione is a major antioxidant Ihal protects tissues 
from free radical inju ry. The analysis of glutathione (oncen­
lrations (Figure I(b)) shol-l",d that Ihe levcls of the reduced 
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TABLE 1: Effm of~igllt w..,ks ofbiotin .uppl~ment.tion on ""mm IiY~r damaS" indieaton. 

Enzyme/mdabolM Unit. Control Biolin-,urplem.ntnl 
,up.rtat. arninol ... n.f~ ... "" [UfL) 163 ± 11.0 196:t 8,60' 
Alani"" aminot ... nsf~ ... "" [Ufl] 32.9:t 3.19 30.2:1:1.40 
Garnma-g1utamyltraruf .... "" [Ufl] 2.n±0.J8 2.48 ± 0.50 
Alkalinc ph"'phata"" [Ufl] 164 ± 11.0 196 ± 8.63 
Total bilimbin [l'molJl) 0.30:t 0.040 O.ni 0.029 

lndi.«1 bilirubin [I'mol!l) 0.29 ± 0.071 0.22 ± 0.020 
, .. Jbum;n (mgldl) 3.28 ± 0.26 2.57:1: 0.24 
U= [m~dl) 52.3 ± 1.21 50.7 ± 1.89 

V.ru...an mnn ± SEt.! . ~ 7 lO • • p ..: 0,0>0. 
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"" " Control Sup¡>l<m<nleJ Control ~w _."" Control Supvlm1<nteJ 

"" G= ,., ,'1 
FtGURB 1: Eff...,t ofbiolin ,uprJem~nlation en he. malondiald.hylk and redlKed and o~idized glutathion~ in mic. fed a biotin-.uppkmcnted 
die! for8w«ks. (al Malondialdehyde <o""ent ... tion .. Valun "'p.=nt tM mcan ±SEM of5mic~ from cach g'aup. (bl Reducnl and oxidized 
g1ul'lhione. Black ban: control group; I"'nerned b.", biotin-,uppJem~nted group. Valun .eprestnt the m""-n ± SEM of8 ntice from e.eh 
group. AII mc .. u",menls we.e perform"'" intriplicatc. ¡;'p > 0.050. 

and ni trales in biological samples using oitrate rcducta!iC and 
Ihe Griess reagenl that absorbs visible light at 540 nm. 

2.9. Stuti5tical Altulysi5. Statistical analpes were pcrformed 
udng Ihe Stalview 5tati5l.ical anal)'sis program and Graph­
Pad Prism 6.0 software (Berkde)', CA, USA). All dala are: 
prcsented as the mean ± SEM; 11 is the number of evaluated 
subjec ts. Statistical significance was asscssed by Sludent's 
Hest or I-wa)' ANOVA. p va lues less than 0.050 were 
considered statislicalJ)' sign ifican\. 

3. Resuhs 

3.1. Effeff oi Biofill Supplemtlttafiolt 011 Sal/m Li!ler Dum­
Ugf Ittdirators. W~ sludie<! how biolin supplemeOlation 
infiuenced liver enz)'lIIe tests (Table 1). The data show 
incre:ased aspartate aminot ransferase (AST) levds io Ihe 
biotin-supplemented group (p < 0.050); however, the values 
were in the normal range (55.0- 352 VIL) [JO). No ditferences 
were seen between the con trol and the supplemented group 
in gamma-glulam)'ltransfuasc (GGT), alanioe aminotrans­
ferase (AlT ), al kaline phosphatase (ALP), total aod direc! 

bilimbin, albumin, and urea. As expected, all panuneters 
were significantl)' (p < O.OSO) atf«ted in the carbon te ­
trachloride group comparcd wi!h bolh !he conlrol and 
supplemented groups: AST = 954 ± 23.6 U/L; GGT = 9.91 
± 0.78, ALP = 223 :t 7.60 U/L; ALT = 833 ± 13.2; bilirubin 
1.22 ± 0.28 (I'mol/L); indi red biJirubio 1.02 ± 0.18 [l'mol/L); 
albumin 4.86 ± 0.34 (gldll; urea 108 ± 8.33 [mg/dL). 

3.2. Effects oi Biotill Suppiemelttatioll 0 11 Oxidatil'e S/feSj 
Mllrkers all<l AII/iru:iduu/ Em:ymes Ac/ivities. We also eval­
uated the elfects of biotio supplc:mentation on lipid perox­
idation and oxidized and reduced glut3thione. Eight weeks 
of biotin supplementation did not modify malondialdeh)'de 
concentrations versus the conlrol group (Figure: I(a); control 
= 0.40 ± 0.016; supplemented = 0.36 :t O.OISnmollmg 
protein). In the carhon tctrach¡orid~ group, Ihe leYcls were 
significantl)'i ncreased IP < 0.050) compared wilh thecontrol 
and supplemenled groups (Ce!., = 0.51 ± 0.020 nmollmg 
protdn). 

Glutathione is a major antioxidant that protccts tissucs 
from fre:e radical injur)'. The anal)'sis of glutathione concen­
lrations ( Figur~ I(b» shov,'C:d ¡hat the levcls of the reduced 
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TABLE 1: Etfffi of~igllt w..,ks ofbiotin .uppl=~nl.tion on ..,mm Ii',~r darn.g~ indie.lon. 

Enzyme/ rndabolM Unit. Control 5iolin-,urpl~m.ntnl 

Alpartat. arninotran.f~",.., [UfL) 163 ± 11.0 196 ± 8,60' 

Alani"" aminolran.r~ra.., [Ufl] 32.9 ± 3.19 30.2:1:1.40 
G;un ma -glUla myh raruf. "'.., [Ufl] 2.77:1: 0.38 2.48:1: 0.50 

Alkaline phmphata.., [UfLj 164 ± 1l.0 196:1: 8.63 

Total bilirubin Il'molJl) 0.30 ± 0.040 o.n:!: 0.029 

[ndi •• d bilirubin Il'molJl) 0.29 ± 0.071 0.22 ± 0.020 
,"lbumin (mgldl) 3.28:1: 0.26 257:!: 0.24 

U= [m~dl) 52.J:!: UI 50.7:!: 1.89 

V.ru..._ runo ± SEt.! . ~ 7 ID • • p .( 0,0>0. 
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F'GURIl1: Erf"'t ofbiotin .upplem~ntation on he. malondialdehy<k and m!lKod and o~idized glul.lhion~ in mice red a biotin -.uppkmentrd 
die! fo. 8 ,.,."d<s. (a) Malondialdehylk concenlration .. Valun repr=nl tM mean :!: SEM of 5 mi"o fmm e""h group. (b) Redu"ed óUld oxidized 
g1utalhiono. Black ba .. : control group; I"'lIo",ed ba", biotin-.uppl<T!l~nted group. Valun r~pres<nl th~ man:!: SEM of8 nú,~ fmm e.eh 
group. Al! mea,mremenls we.e prrfomled in triplicat •. N' p > 0.050. 

and nil rales in biological samples using nitrale reducta!iC and 
the Griess reagent that absorbs visible light al 540 nm. 

2.9. Stati5ticol Altalysi5. Statistical aoalpes we.~ ~rformed 
udng the Stalview 6tatistkal analysis program and Graph­
Pad Prism 6.0 software (Berkd~y. CA, USA). All data are: 
prescnted as th~ mean ± SEM; 11 is the number of cvalualed 
subjcc ts. Statistical significance was assc:sscd by Sludent's 
Hest or I-way ANOVA. p va!ucs less than 0.050 were 
considcred statistkally sign ifican!. 

3. Resuhs 

3.1. Effcct of Biotin Supplemtttlatiolt 011 Sal/m Uyer Dam­
ugr Ittdirators. W~ sludied how biotin supplementalion 
infiuenced liver ~nzym" tests (Table 1). The data show 
increa!iCd aspartate aminotransfera!iC (AST) levcls in Ihe 
biotin-supplemented group (p < 0.050); howeyer, the values 
were in the normal rang~ (55.0- 352 VIL) (JO). No differences 
were secn betwcen the con trol and ¡he supplcmented group 
in gamma-glutamy!transfera!iC (GGT), alanio" aminotrans­
f~ra!iC (ALT ), al kaline phosphata!iC (ALP), total aod direct 

bilirubin, albumin, and urea. As expected, all panuneters 
were sigoificantly (p < O.OSO) affccted in the carbon le­
trachloride group comparcd with bolh the control and 
supplemented groups: AST = 954 ± 23.6 VIL; GGT = 9.91 
± 0.78, ALP = 223 :!: 7.60 VIL; ALT = 833 ± 13.2; bilirubin 
1.22 ± 0.28 (I'mol/L]; indi rcct bilirubio 1.02 :!: 0.18 [l'mollL1; 
albumin 4.86:!: 0.34 (gldl); urea lOS ± 8.33 (mgldLj. 

J.2. Effccts of Biotin Suppiemelttatioll 011 Oxidutive S/feSj 
M llrkus all<l AII/iru:idau/ EII::ymt:S Ac/iyities. We al!KI eval ­
uated the dfects of biolio supplementation 011 lipid perox­
idation and oxidized and reduccd glutathione. Eighl weeks 
of biotin supplementation did not modify malondialdehyde 
concentrations yenus th~ control group (Figure: I(a); contra! 
= 0.40 ± 0.016; supplemented = 0.36 ± 0.0I5nmollmg 
protcin). !n the carbon tetra"h!o ride group, th~ lcvcls were 
significant!yincre:a!iCd (p < 0.050) compared with thecontrol 
and supplement~d groups (CCl, = 0.51 ± 0.020 nmollmg 
protdn). 

Glutathione is a majar antioxidant ¡hal protccts tissucs 
fmm fre:e radical injury. Th~ analysis of glutathione concen­
trations ( Figur~ I(b» showcd that the l.:vcls of the reduced 
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FIGURE 2: Effm ofbiotin supplnn .. ntation on 5Upnori<k di,",ulas<'and ClII~ acti\ity in mk .. fed '" biotin- ruppkrrKmnl din for8 w~b. 
(a) Lh", .u~ro~jdr disrnutas<' acti\ity. Valuos rrprntnt 1M mnI! ± SEM of 5 míe .. [rom rach group. (b) Livn ... talase activity. Black NIS: 
control group: paU"rn.:d han: biotin-.uppkm .. ntnl group. " .. Iun upl'<'Snlt u... mnn:t SEM of9 micO' from .... eh group. AU m .. a~m .. nl • 
.. ..,r .. ~rforrmd in triplicat ... ~'I' > O.OSO. 

(., 
'" FIGURE l : Eff«lofbiolin supplnnentation 00 liv .. , morphology in míe .. kd a biotin-ruppl .. rnented did ro.. 8 ... ~ks. Paraffin sections staiMd 

by h .. rnaloxylin and .... in. (a) Control gn>UpS upr<'snIlaliw imag .. showing a normal portal triad. (b) Suppl .. m .. med group. Ldt pand: 
rq>r~nlali,." ¡m,s<'_ sllo,.,.;ng illI aJurM triad wilh dilate<! ..musoids alld ine..,......! nurnoo ofbil .. duns. Riglu JNnd: enlarg.,.[ portal ""in 
wilh adjac .. nt portal ,""¡n bn.nch. pv: portal ,..,in; ha: hq>alic muy; bd: bite, duct; do: dilate<! 5ÚIu..,ids: pvb: portal ,,,in bralKh. ScaI .. bar 
rq>r~nt. 100 Jlm. 

and the oxidizC'd forms did not signilicantly diffC'I" bdwC'Cn 
tbe control and supplementC'd group (reduced glutatbione: 
control = 15.9 ± 1.06; supplementC'd = 16.6 ± 1.06 nmoUmg 
protcin; oxidizC'd glutathionc, control = 1.25 ± 0.079; sup­
plementC'd 1.22 ± 0.030 nmoUmg protcin; in tbe caroon 
tctrachloride control group, values were increascd (p < 
O.OSO) compared with the control and supplemented groups 
(reduced glutathione = 10.0 ± 0.75 nmoUmg protcin; oxidizcd 
g1utatbione = 7.52 ± 1.20 nmol/mg protcin); the oxidative 
stress indcx was cakulatC'd using the ratio bctwC'Cn rcduced 
g1utathione/oxidizC'd glutathione). The oxidative strCM index 
for both groups was indicatin of no oxidative stress (12.7 ± 
0.90 and 13.6 ± 0.90, m;pectivdy; P > O.OSO). In contrast, 
tbe stress inda for the careon tctrachloride was signilicantly 
different (p < o.OSO) comparC'd to the control and the 
supplementC'd groups (carbon tetrachloride = 1.33 ± 031 ). 

Liver supcroxide dismutasc activity (Figure 2(a» mowed 
no significanl dilferences betv;een Ihe biotin-supplemented 
group and tbe control group: control = 14.8 :1: 1.45; sup­
plementC'd = 15.0 :1: 1.48 U/mg protcin. Increased cnzyme 

activity was found in the caroon tctrachloride positive control 
w.lues (25.4 :1: 1.86 U/mg protcin; p < 0.050 compared with 
the control and tbe supplementC'd groups). Catalase acti\ity 
(Figure 2(b» did nOl signilicantly differ bct,,"Cen the control 
and supplernented group, control = 144:1: 18.1; supplemented 
= 151 :1: 13.5 U/mg protein. The carbon tetrachloride positive 
control vallJeS mo\\"Cd incrcased catalase adhity (286 :1: 
30.1 U/mg protein, p < O.OSO compared with the control and 
supplementC'd groups). 

3.3. Effec/ of Bío/in Suppleml'lI/u/ion 011 liver Morphology. 
Dcspite Ihe fad that biolin supplementalion had no dfect on 
Iiver loxkity markers., histological analysis showed nolkeable 
difkrences bet\\"Cen groups. Light microscopy observations 
of livers fmm control míee showed a normal morphology 
with adjacenl normal sized sinusoids radiating from Ihe 
central veins toward the periphery of the Ii\"er lobules and 
a normal portal triad (Figure 3(a». In Ihe supplementcd 
mice, we obsen"Cd an a1terC'd portal triad. Morphological 
evaluation rn'ealed moderate dilatC'd sinusoids, moderate 
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Fn:a:u 2: Effm ofbiotin .upplnncntatiOll on ~upnt>ridc dismutaK and GllaIa.., acti\ity in mkc red a biotin- suppkJnC'ntnl dkl fOl" 8 "-«D. 
(al '-""r ",,~roIidr dismuu.... activny. Valu..s rrprntnllM rnQJI :1: SEA! ofS D'lce fmm ach group. (b) LiRr atajase actlvity. Black bars: 
control. group; p;ltlrrnnl hMI:: biotill-.uppkmcmnl group. V;llUO rq>rnnlt ttK mno:l: SEM of9 míec from nrn group. Al! m",,~rncnts 
_re I""rfurrmd in triplicatc. ~"p > 0.050. 

,., ,» 
Fmuu, 1: Effmofbiolm .upplcmenlatior! on liyumorphologyin mic., rro. biotin -mppkrncnlnl dkt fOl" 8...,.,L;. Paraffin S«tio"" . tatIK"d 
by hcmal<lIylin and .... in. (al Control group'5 rq>~ntaliw im~ .bowlng a norlIl31 portal triad. (b ) Supplcrncnkd group. lm panck 
"l'l'OtnwiVC' ,magc. sho .. ing an oJw""I,riad witb diblnl .u.usoids 2nd inc..,aSft! numoo ofbi]., dun .. RiS/u ¡w>d: cnbrg..! portal ,-ein 
with adioocnll ponal ' .... 0 branch. pv: pona] ,..,in; ha: lK¡mK ancrp bd: biLe dun: d", dila,nloinuso¡ds:; pvb: ponal...,;n br.r.nch. Scalc bar 
rep~nl.l00l'm. 

and Ihe oxidlzed forms di.! nol significant l)' diffa bctwecn 
me control and 5upplcmcntcd group (reduccd glutamionc: 
control = 15.9 :t 1.06; supplcmcntcd = 16.6 :t 1.06 nmoUmg 
pmtcin; uxidizcd glutathionc, control. = LB :t 0.079; 5Up­
plcmentcd ]..22 :t 0.030 nmoUmg protcin; in tbe camon 
tclrachloridc control group, values WCR incRascd (p < 
O.OSO) comparcd with the control and supplcmcmed groups 
(reduced glutathionc = 10.0 ± 0.75 nmoUrng protrin; midizcd 
glutatbione = 7.52 ± 1.20 nmol/mg protcin); the oxidative 
stras indcx was calculatcd using thc ratio bctwecn rcduccd 
glutatbionc/mid izcd glutathionc). Thc oxidativc ~rrM inda 
for ooth groups "'""liS indicalÍ\'c of no omative Slress (12.7 :t 
0.90 and 13.6 .:t 0.90, rcspccti\'dy; p > O.OSO). In contrast, 
tbe !Otras inda: for the caroon tctrachloride "'""liS 5igni6cantly 
diffcRnt (p < O.OSO) compared to tbe control and thc 
5uppJemcntcd groups (carbon tcll'1l.chloride = 1.33:t 031). 

Livcr supcroxide dismutasc acthity (Figure: 2(a)) sho"'"l:d 
no significant dilfe rences bet\\'een tbe biotin-supplemented 
group and tbe control group: control = \4.8 :t 1045; sup­
plemcnted = ]5.0 :t 1.48 U/mil. prolcin. Incrcascd cnzyrne 

acthi ty "'""lIS found in the camon tctrachloride positi\"e control 
\""lIlua (25.4 :t 1.86 U/mg protcin; p < O.OSO comparcd with 
¡he control and mc supplemented groups). Catal.asc acthity 
(Figure 2(b)) did not signi6cantly diffcr bctwccn the control 
and supplememcd group, control = 144 :t 18.1; supplcmentcd 
= \51 :t 13.5 Ulmg protcin. 1hc carbon tctrachloride positivc 
control \'alucs dml>"l:d incrcascd cataJase acti,ity (286 :t 

30.1 U/mil. protein, p < O.OSO compared with !he control and 
supplernentcd groups). 

J.J. Effrrt of Biotin Supplelllt"lItlltirm mI Lil'Cr MorpllOlogy. 
Despilc Ihe fact that biotin supplemcntation had no cffcc t on 
liver toxicity rnarken, histologica.l an.uysis showed noticcable 
diffCrcnces bct",'Cen groups. I1gbt microscopy ohscrvatiom 
of livers from control mice sho",'Cd a normal morphology 
...itb adjacent normal sizcd sinusoids radiating fmm the 
central ,"Cins tOl>""lIrd tbe periphery of tlle I¡'-c r lobulcs and 
a normal portal triad (Figure 3(a». In the supplcmcntcd 
micc, we obscrved an altercd portal triad. Morphological 
cvaluation l"C\·cakd moderate dilated sinusoids, rnodcrate 
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Fn:a :u 2: Eff~ ofbiotin .upplnncntatiOll on ~upnt>ridc dismlltaK and ",tala.., acti\ity in mkc red a biotin- .uppklnC'ntnl dkl fOl" 8 .. -«ks. 
(al l. ... ". ",,~roIidr disrnuu.... adiVlt)'. Valu..s r~n( 1M rnQJI 1: SE.\! ofS D'lce rro." ach group. (b) ll\'n atajase a<1lvily. Black bars: 
control. group; p;ltlrrnnl bars: biotin-.uppkmrntnl group. V;uuo reprnomt ttK mno 1: SEM of9 míec from nrn group. Al! m",,~rncnts 
"..,re I""rfurrmd in triplicatc. ~"p > 0.050. 

,., ,» 
Fm" ... , 1: Eff""tofbiolm supplcmenlatior! un liyumorphologyin mic., rro. biotin-mppkmcnl.d dkt fOl" 8...,.,b. Paraffin S«tio", . talrK-d 
by hcmal<lI)'lin and .... in. (al Control grou~ rq>~ntatiw im~.bowlng a norlIl3l portal triad. lb) Supplcrncnkd group. lm panc~ 
"l'~nw¡VC' Im0g<'. showing an oJw""I,riad witb diblnl ";nusoids and inc..,aSft! numoo ofbi]., dun... Righl~: cnbrg..! portal nio 
with ad¡oocnl! poAld ' .... 0 branch. pv: pona] ,,,in; ha: lKpalK ancrp bd: biLe dun: do: dilate<! oinuso¡ds:; pvb: ponal...,;n bralKh. Seale bar 
rqll~nl. 100 I'm. 

and Ihe oxidized forms di.! nol significantl)' diffa bdwecn 
thc control and supplc"fllcntcd group (rcd llccd gllltathione: 
control = 15.9 :t 1.06; slIpplemcntcd = 16.6 :t 1.06 nmoUmg 
pmtein; uxidizcd gllltathione. control = 1.25 :t 0.079; sup­
plemcntcd ]..12 :t 0.030 nmoUmg protcln; in thc (amon 
tctrachloridc control group, valucs were increascd (p < 
O.OSO) comparcd with the control and supplcmcmed groups 
(redllced glutathionc = 10.0 ± 0.75 nmoUrng protcln; m:idizcd 
glutathione = 7.52 ± 1.20 nmol/mg protcin); the oxidative 
stras indcx was calclllatcd using thc ratio bctwecn redllced 
glutathionc/oxidizcd glutathionc). Thc oxidativc ~rCS5 inda 
for ooth groups "'""liS indicalÍ'·c of no oxidativc stress (12.7 1: 

0.90 and 13.6 ;t 0.90, rcspccti\"Cly; p > O.OSO). In contrast, 
thc stress inda: for thc camon tetrachloride "'""liS signi6cantly 
diffcrcnt (p < O.OSO) compared to thc control and the 
slIppJcmcntcd groups (carbon tetl"1l.chloridc = 1.33 ± 031). 

Livcr slIpcroxidc dismutasc: acthity (Figure 2(a)) sho"'"l:d 
no significant dilfe rences bet\\·een !h .. biotin-supplemented 
group and !hc control group: control = 14.8 ± lAS; sup­
plcmcnted = ]5.0 :t 1.48 U/mil. protcln. Incrcascd cnzyrne 

acth, ty "'""liS found in thc carbon tctrachloride positi\"c control 
'""lIlua (25.4 ± 1.86 U/mg protcin; p < O.OSO comparcd with 
the control and the supplcmcntcd groups). Cata!asc acthity 
(Figure 2(b)) did not sigrúficantly differ bctwccn the control 
and supplcmemcd group, control = 144 ± 18.1; supplemcntcd 
= 151 ± 13.5 Ulmg protcln. Thc caroon tetf3chloride positive 
control '·alucs mOl\"l:d incrasa! atajase acti,ity (286 ± 
30.1 U/mil. protcin, p < O.OSO compared ""ith tbe control and 
supplcrnentcd groups). 

J.J. Effa:/ af Bio/ill Supplelllt"lIll1lirm 011 Li.~r MorpllOlogy. 
Dapite the fact Ihat biotin supplementation had no cffec t on 
liver loxkily rnarken, histological analysis showed noticcable 
diffCrcnces bet"'"l:cn groups. I1gbt microscopy obscrvations 
of livel"!i from control mke 5ho",~d a normal morphology 
"itb adjacenl normal sized sinusoids radiating fmm Ihe 
central \"Ci ns tO"'""lIrd tbc periphcry of the I¡'-e r 10buJes and 
a normal portal triad (Figure 3{a». In the supplementcd 
miee. wc o~T\·ed an altercd portal triad. Morphological 
cvaluation l"C\"Caled moderate dilated sinusoidl, moderate 
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F'GUR.Il 4: Elfect ofbiotin .upplementation on binudealM hepaloq1e •• nd nudwmegaly in míee fM • biotin-.upplemenIM diel for 8 w...,ks. 
(a) Hematoxylin and cosin repr=nlali\"e imaSe of hepalocyte. flOm conlrol and biolin -.uppleme"'od group (,ighl) .mowing mono alld 
binudealM hepalocyt ... (b) Quanlification of binudcated hepa'ocytes f'<' r field. (e) HematoxyUn and en.in ima~, of hepa'<>q1es from 
comrol OIId biolin-.uppleme"'cd glOup (righl) showing nuclei <12 and >]2I'm. (d) Nuclei quan'ifiCilliOfl >l2l'm f'<' r field. IIlack bar.: cOflIIO] 
glOup; pallcrned ba ... : biolin -.upplemcnIM group. Valu .. rep .. senl \he mean ± SEM of9 mice"", group .• p < O.OSOcompared lo Iheconlrol 
glOup. 

in(feased vascularity, and mild increased number of bile 
conducts (Figure 3(h)). 

Changes were aloo observed in the hepatocyte nudd. 
Compared to the mke fed a control diet, the biotin­
supplemented group showed a 39% increase in the number of 
binudeated hepatocytes (control = 13.2 ± 1.29; supplemented 
= 18.7 ± 1.50%) (Figures 4(a) and 4(h)). In addition, the 
number of hepatocytes with nudeomegaly (nucld > 12 ¡.< m) 
was increa .. d: (Ontrol = 0.81 ± 0.11; supplemented = 130 ± 
0.28% (Figures 4(c) and 4(d)). 

3.4. Eifrc/s of Bio/ill Suppiemellla/ioll 011 Ni/rie Oxide uv­
ek The increased vascula rization obscrved in histology 
prompted us to determine nitric oxide concentrations 
bc.::ause nitrÍ( oxide has been proposed to participate in 
the biotin transduc tion signaling pathway cGMP/PKG [311. 
However, no differences were found in nitric oxide (Oncen­
tration bctween the control and the supplemented group 
(FiguTl: 51: control = 24.5 ± 0.55; supplemente.:! = 25.6 
± 1.50. Carhon tetrachloride levels were increased: 643 ± 

7.l71'moVmg tissue; p < 0.050, compared with the control 
and supplemented groups. 

4. Discu ssion 

In this study, we found that dght weeks of dietary hiotin 
supplementation induce.:! notice.ble changes in liver mor­
phology in normal mice and that theS(: modi fications were 
not parallded with liver damage markers. The biotin­
supplemented mice had a higher percentage of dilated 
sinusoids, vascularity, and bile duets compared with the 
controls. We also found an increased number ofhinudeated 
hepatocytes (about 39%) and hepatocytes with nucleomegaly 
(66%) in the biotin-supplemented miee compared with the 
controls. These results togcther ",ith previous results in 
pancreatk islets 1151 and ovaríes 1191 and the observations 
by other groups (12, 21- 231 indicate that pharmacological 
concentrations ofbiotin modify tissue stTUeture. 

Binudeated hepatocytes and nudeomegaly are the result 
of polyploidy (32). At preS(:nt, the role of increased polyploidy 
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F'GUILE 4, EffeCl ofbiotin suppl.m.ntation On binudnt.d hepatoqt •• and nud"'mq¡~ly in mke red a bioon-.upplementM diet for 8 ",...,ks. 
(a) Hemato%ylin;md eO(;in ""p~ntati", inuse of h'p"tocytes from ,ontrol ;md biotin-.uppl.mcnted group (right) showing mOno and 
binudeated hepatocytn (b) QlWltifi,alion of binud.at.J hopatocyt .. fH'r fidd. (~) Hem.to"}'lm and rosin im.~, of h.patOC)'t .. fmm 
control;md biohn-suppl.n,cntM group (right) .howing nucki <12 and ;.l2l'm. (d) Nud.i qu;mtificati"" ;.t2l'm fH'r fidd. Block 00", ,,,,,trol 
group; p"lter".,d ba .. : biotin-supplcmentM group. Valucs ,..,p .. ..,nt th. mc;m :t SEM of9 mic. p<"r group .• p "" 0.050 {ompan:-d lo Ih. <antro! 
group. 

increascd \'3scularity, and mild inuused number of bile 
conducts (Figure 3(b)). 

Changes werc also obscrved in the hepatocyte nudei. 
Compared to the mice fed a control die!. the biotin­
supplemented group showed a 39'110 increaM" in the number of 
binucleah:d he¡xtt0C)1es (control = 13.2:t 1.29; ,upplemented 
= 18.7 :t 1.50%) (Figures 4(a) and 4(h)). In .ddition, Ihe 
number of hepatocytes with nudcomegaly (nudci ;. 12 f'm) 
was increa..,d: control = 0.81 :t 0.11; supplemented = 1.30 :t 
0.28% (Figure5 4(c) and 4(d». 

3.4. ElJecls 01 Biolill SUpplelltflllalioll 011 Nilric Oxide L.v­
eis. The increased ~'ascularization ob!;Crved in histology 
prompted us to determine nitric oxide concentrations 
h«ause nitri, oxide has been propo,ed to participate in 
the biotin transduction ,ignaling patbway cGMP/PKG [311. 
Hov.·ever, no diftáences were found in nitric oxide concen­
tration hetween tbe control and the supplemented group 
(Figure S): control = 24.5 :t 0.55; supplemented = 25.6 
:t 1.50. Carbon tetrachloride k.-els were increased: 64.3 ± 

7.17/lmoVmg tissue; p < 0_050, compared with the comrol 
and supplemented groups. 

4. Discu ssion 

In this study, lVe found that dght w«ks of dietary biotin 
supplemrmation induced notkeable changes in !iver mor­
phology in normal mice and that these mooifications were 
not paraUded with !ivrr damage markcrs. The biotin­
,upplememed mice had a higher percentage of dilated 
sinu,oids, vascularity, and bile ducts (ompared with the 
control,. \Ve also found an increased numbcr ofhinud~ted 
hepatocytes (about 39%) and hepatocytcs with nudeomegaly 
(66%) in the biotin-supplemented mic~ comparcd "ith the 
controls. These results together I'.ith prrvious results in 
pancrcatic i'!CIS [ISJ and ovari .. [19J and the oh!;Crvations 
by other groups [12, 21- 23J indicate that pharmacological 
concentrations of biotin motlify tissue structure. 

Binudeated hepatocytcs and nudeomegaly are the result 
of polyploidy [J2]. At presento Ihe role of increa!;Cd pol)'Ploidy 
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F'GUILE 4, ElfeCl ofbiotin supplementation On blnudrated hepatoqte. and llud .. m>q\~ly in mk~ red a biotin-.uppl~m~ntnl diet for 8 ",...,b. 
(a) H~rnato~ylin;md ~O(;in ""p~ntativ~ im..g~ of h'p"tocytes from. eomrol ;md biolin-suppl.m~med group (right) mowing mOno and 
binud~~ted hepatocytn (b) Quantifi,alion of binud~at.d hepatocyt •• fH'r fidd. (~) Hern.toxylm and rosin im.~, of h'patocrtn from 
comrol;md biohn-.upplomomed group (right) showing nucki <12 and >12 I'm. (d) Nudoi qu;mtificati"" >t2l'm fH'r firld. Black ¡". .. , ,,,,,trol 
group; p"ttornod ba .. : biotin-.uppl~rnomnl group. Value. ""p,.som th. mean :t SEM of9 mico pe' group .• p < 0.050 comparnl to tho <omro! 
group. 

in,reascd \'3scularity, and mild inuused number of bile 
condu( ts (Figure 3(b)). 

Changes were also obscrved in the hepatocyte nudd. 
Compared to the mice fed a control dieto the biotin­
supplemented groupshowed a 39'110 increasc in the number of 
binudeated hepat0C)1es (control = B.2:t 1.29; .upplemented 
= 18.7 :t 1.50%) (Figures 4(3) and 4(b»). In .ddilion, the 
number of hepatocytes with nudcomegaly (nude! :> 121'm) 
was inereased: control = 0.81 :t 0.11; supplemenled = 1.30 ± 
0.28% (Figures 4(e) and 4(d». 

3.4. ElJecl5 01 Biolill Supplemelllalioll 011 Nilric Oxidr Le~­
ek The increa.ed ~'aseu!arizalion obscrved in histology 
prompted us to determine nilric oxide concentrations 
becausc nitri, oxide has been proposed lo participale in 
Ihe biotin transduction signaling palhway (GMP/PKG [311. 
Hov.·ever, no diftáences were fOllnd in nitríc o~ide concen­
tration between Ihe control and the supplemented group 
(Figure S): control = 24.5 :t 0.55; supplemented = 25.6 
:t 150. Carbon tetrachloride le·,el. were inueased: 64.3 ± 

7.17 /lrnoVrng tirosue: p < 0.050, compared with the control 
and supplem~nted groups. 

4. Discussion 

[n this sludy, lVe found that eighl weeks of dietary biotin 
supplementation induced notkeable changes in !iver mor­
phology in normal mice and thal thes.: modifications were 
not paralldcd with liver damage markers. The biotin­
supplemrntcd mice had a higher percentage of dilated 
sinusoids, vascularity. and bile duets (ompar~d wilh the 
control •. \Ve also found an increascd numbcr ofbinud~ted 
hepatocytes (about 39%) and hepatocytcs with nudeomegaly 
(66%) in the biolin-supplemented micc (ompared "ith th~ 
controls. These results together ",ith pr~vious results in 
pancrcatk islets [15J and ovaries [19J 3I\d the obscrvations 
by other groups [12, 21-23J indicate that pharmacological 
concentrations of biotin motlify tissu~ struclure. 

Binudeated hepatocytes and nudeornegaly are the result 
of polyploidy (32). At prcsent, the role of increascd polyploidy 
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FIGURE 5: Etf~cl of biolin suppl~m. nLltion on nilrie oxide <on­
<e!!tration. in mice red a biotin-supplemented di. t fo. 1\ ", • • ks. 
Vah,., r' pr • ..,nl ¡he mean ± SEM of 9 mice fmm e.eh gwup. 
M ... su",rnenls """ e ~rformed in triplicate. Blad, ban;: control 
group: p.nerne<! l>a rs: biotin-supplelMnted group. s . p > 0.05(1. 

in Ihe ¡¡ver is slill under debate [33, 341. Po!yploid eclls are 
generatcd in sorne ¡ypes of caneer such as esophageal and 
colon cancers [31); hOl'icvcr, in Ihe ¡¡ver, mos! of Ihe sludies 
suggcst Iha! Ihis rncchanism rcnders Ihe cells more resistanl 
lo injury and cnhances Ih. Jivcr's functional capacily [32, 341. 
OUT findings .how Ihat, dcspitc incrcascJ polyploidy, sc rum 
damage indicators, oxidative stress markers, and antioxidan! 
cnzyrnes wen: nol atfcctcd by biotin supplerncntation. sug­
gesting that the hepatocyte nudear changes produced by the 
vitamin might be rdate.:! to the positive elfects assodated with 
liyer polyploidy. However, further studies will be required to 
test this hypothesis. 

In previous stud ies., I-I'e observed that normal micc fed 
a biotin·supplemented diet (approximately 13.5 mg/kg body 
weight ) showed increased pancreatic islet size as wdl as 
increased alpha·cells at the islet center comparc:d with the 
controls (15]. However, these structura! changes did not have 
ad\'e rse elfects on islet function. Our prior studies (19] in the 
same mouse modd showed changes in response to biotin in 
the female reproductive tract, with decreased Graafian and 
ovarian primaryfollides. Neitherour priorstudies (15 , 19] nor 
this work (data not shown) identified unfayorable elfects of 
biotin supp!ementation on body weight, food wnsumption, 
external appearance, or behavior. 

Changes on ovary histology were also ooseryed by Pau! 
et al. (lO] in response to acute intraperitoneal treatment 
of SOmg/kg body weight of biotin (lO]. Consistent with 
our experiments, they found that biotin did not alfect 
normal body weight gain (20]; howeyer, in contrast with 
our ooservations (19], they found estrus cyde irregularities. 
Sawamura et al. (11 ], found that rats fed a diet containing 
10g biotin/kg diet for 6 weeks (990mg/kg body I-I'eight ) 
presented diminishe.:! tota! sperm counts and seminiferous 
tubule diameters compare.:! to pair-fed rats. HOl-l'eyer, the 
biotin-supplemented group showed reduced food intake, 
impaired body weight gain, and de.:reased kidney and liver 
weights. It is possible that the histological modifications 
might result lrom biotin toxic elfects beca use the magnitude 
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ofbiotin intake is aboye the reported tolerable upper intake 
levd found by the same inyestigators (35]. 

Other investigations found that biotin supplementation 
modified the histopathological featu res produced in the 
diabetic state (12, 12, 23]. In rats with diabetes induccd 
by 2 weeks of high-fat diet (HFD) and a single dose of 
streptozotocin that were then fed a HFD supplemented 
with biotin (300 lIg/kg body weight per d ) over lO weeks, 
studies by Sahin et al. (12] noted that the histopathological 
changes in the liyer, kidney, and pancreas of diabetic rats 
were reverted with biotinsupplementation. Male Swiss albino 
mice with streptozotocin-induced diabetes treate.:! daily by 
oral gavage with 15 mg/kg of biotin for 12 successive days 
had improyed kidney and liyer damage assodated with the 
diabetic state (22, D ]. In the kidney, biotin supplementation 
decreased the number of distorted glomeruli, intlammatory 
cdls, and giant macrophages (13]. In the liver, biotin caused 
uductioll< in dilat~d portal Yein. l~"loocytic infiltration. and 
fally degeneration (21). It is interesting to note that while 
in diabetic modds the elfe.:t of biotin re\"erses altered tissue 
structure produced by the pathological diabetic state, in 
normal animals the changes are observed on the typical 
morphology. None of the previous works showed the liver 
histology changes shown in the present repor\. 

Despite the elfects ofbiotin on liver morphology, our data 
did not find changes on liver damage indicators such as albu­
min, total and direct bilirubin, garnma-glutamyltransferasc:, 
alanine aminotransferase, alkaline phosphatase, or urea . 
These results agree with studies in normal rats showing that 
diets containing up to 1,000 mg/kg diet did not alfect these 
parameters (21 ). These data indicate that pharmacological 
concentrations of biotin do not alfect dassic liver damage 
tests. However, we cannot rule out the possibility that the his­
tological changes obseryed here might alfect lillCr physiology 
in other ways. 

The re\'e rsion of altered tissue structure induced by biotin 
in diabetic animal modds is assodated with reduced oxida­
tive stress (12, 21, D ].ln rats withdiabetes induced by a high­
fat die! and streptozotocin, serum, liver, and kidney malon­
dialdehyde levds I-I'e re de.:reased in biotin-treated animals 
(11 ). Additional1y, the protein express ion ofthe active form of 
NF-kB-a transcription factor involve.:! in cellular responses 
to diverse intlammation stimuli induding free radicals­
diminishe.:! in both, liver and kidney (11). In Swiss albino 
diabetic mice, biotin treatment decreased the immune­
reaction response toward acrolein immunohistochemical­
signal- an indicator of oxidative danlage (12, D ]. HOl-l'eyer, 
in our study, biotin supplementation had no elfect on liver 
malondia!dehyde levds or other oxidative stress markers such 
as reduce.:! and oxidized glutathione. In agreement with this., 
no statistical significant dilferenccs were obseT\'ed on the 
antioxidant activity of superoxide dismutase and catalase. The 
dilference in biotin elfects betwecn norma! and pathologica! 
stateshas also becn observe.:! in genecxpression (12,14, 17, 36, 
37) and insulin and glucosc: tolerance (15, 38], indicating that 
the pharmacological elfects ofbiotin can vary depending on 
the metabolic status. 

Nitric oxide has an important role in vasodilatation (39]. 
Studies in lurkat cells have lound that the elfects 01 biotin 
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FIGUU[ 5: Eif.d uf biolin suppl~m.nta!ion on nitrie o~id. <00-
<.mr-~(ion. in mico f.d a b,Qtin-suppl.mrnt<d di.t for 11 ...... ks. 
\'allJeS rrpr=m th. mran ± SEM of'} mico from raeh gmup. 
M .... urrrn.nl ..... ere ~rformrd in triplicat •. m",k bars: ullllroI 
group; p.tt.rnnl MIS: biOlin-supplen"'"led group. N' p > 0.0541. 

in the Jiver is slil1 uod.r debate [33, 34]. PoJ}'P1oid ,ell. are 
generatcd in sorne Iypcs of canee, sueh a. csophagea! and 
colon C3nCCrs [32); hDw."." in Ih. liver, mosl of Ih. , ludies 
suggcst Iha! Ihis rncchanism Tenders Ih. cdls more resistan! 
10 injury and enhances Ihe Ji"er's funcliooal capacity [32, 34]. 
OUT !indiog. sho"," that, despile incrc:ased polyploidy, se rum 
damag. indicators, oxidativ.: stress markers, and aotloxidan! 
enzyrnes were: nol affectcd by biotin supplemcntation, sug­
gesliog Iha! lhe hepatocyte nuelear changes produced by the 
vitamin might Ix relata! to the positive elfecls a!iSOCiated wilh 
liver pol)'Ploidy. However, furlher sludies will be required to 
lest this hypolhesis. 

[n prcvious sludies, wc obscrved that normal mice fed 
a biolin-supplemenled diel (approximaldy 13.5 mgtkg body 
wcighl ) showed increased pancrcatic islel size as well as 
increascd alpha·cdls at the islet center eompared wilh Ihe 
controls (15J. HowevCT, Ihese sl ruclural changes did nol have 
ad\'ersc: elfects on islet function. Our prior sludies [I9J in Ihe 
same mouse modd showed changes in response lo biotin in 
Ihe female reproductive l racl, wilh decreasc:d Graafian and 
ovarian primary foHieles. Neilherour priorstudies (15, 19J nor 
Ihis work (data nol sho"71) identified unfayorable elfccls of 
biotin supplementation on body wcight, food consumplion, 
extemal appearance, or bchavior. 

Changes on ovary histology were also obsc:rved by Paul 
el al. (20J in response to acute intraperitoneal lreatment 
of 50 mglkg body wdght of biolin (20 ]. Consistent wilh 
our expcriments, Ihey found Ihat biotin did not alfecl 
normal body wdghl gain (20(; hown·er. in conlrasl wilh 
our observations (19]. Ihey found eslrus c)'de irregulari ties. 
Sawamul1l el al. (21]. found Ihat rals fed a diel contalning 
\O g biotinlkg diel for 6 wecks (990 mglkg body wdghl) 
prcscnted diminisha! lolal sperm counls and seminiferous 
lubule diamelers compara! lo pair-fed rats. However, Ihe 
biotin-supplemented group showed reduced food intake, 
impaired body wdght gain, and d«reased kidncy and liver 
weighls. It is possible Ihat the histo!ogical modifications 
might result !rom biotin toxic elfccts bcC3USC the magnitude 
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ofbiotin intake is aboye Ihe reported tolerable uppe r intake 
leve! found by Ihe same inyestigators (35J. 

Other investigations found Ihat biotin supplemenlation 
modified the histopathological featu re5 produccd in the 
diabclic slate (12, 22, 23J. [n rats with diabeles induca! 
by 2 weeks of high-fal diet (HFD) and a single dose of 
streptozotocin Ihat were then red a HFD supplemented 
with biotin (300 I/g/kg body weight per d) over \O weeks, 
studies by Sahin el al. (12] noted Iha! the hislopalhologicaI 
ehanges in Ihe ¡¡yer, kidney, and pancreas of diabetic rals 
were reverted wilh biotin supp!ementation. Male Swi!;S albino 
mice with st reptozotocin-induccd diabetes Ireata! daily by 
ora l gavage wilh 15 mglkg of biotin for 12 succe5sive days 
had improyed kidney and !iver damage associated with the 
diabctic state (22, 231. [n the kidney, biotin supplemenlation 
d«reasc:d the number of distorted glomeruli, innammatory 
cdls, and gianl macrophages (23J. In Ihe ¡iver, biolin caused 
reduc tions in dibted portal ,·ein.leukocytic infilt ration. and 
fauy degeneration (22). [t is in teresting lo nole that while 
in diabetic modds the elfcct ofbiolin reverscs altered ti5sue 
slruclure produced by the pathological diabctic slate, in 
normal animals the changes are observed on Ihe Iypica! 
morphology. None of Ihe previous works showed Ihe liver 
histology changa shown in Ihe present report. 

De5pile the elfects ofbiolin on liver morphology. our data 
did not find changes on liver damage indicators such as albu­
min, total and direel bilirubin, g;unma-glulamyltransferase, 
alanin~ aminotransferase, alkalin~ phosphatase, or urca. 
Thesc results agree with ~tudies in normal mis showing tbat 
diets containing up to 1,000 mglkg diet did not alfee t Ihese 
paramelers (21). These dJta indkate !hat pharmacologicaI 
concentrations of biotin do not alfeet elassk !iyer damage 
tesis. Howrver, we eannot rule out the po!;Sibilily that Ihe his­
lological changes obseryed here might a!red liver physiology 
in o!her W:ly5. 

The re\'e rsion of altered ¡¡!;Sue slructure induced by biotin 
in diabctic animal modds is associated with reduccd oxida­
l i"e stress (12, 22, 23J. [n rats withdiabeles indueed bya high­
fal diet and strcplozotocin, serum, liver, and kidney malon­
dialdehyde levds were deereascd in biotin-treated animals 
(12). Additionally, the protcin expression oftheactive form of 
NF-kB-a lranscription factor invo!va! in cdlular responses 
lo diverse innammation stimuli ineluding free radicals­
diminisha! in both, lil'er and kidney (12). [n Swi!;S albino 
diabclic mice, biotin IreJtmenl deereased tbe immune­
reac tion response toward acrolein immunohistochemical­
signal- an indicator of oxidative damage 122, 23). However, 
in our study, biotin supplementation had no elfeet on liver 
ma!ondialdehyde In'ds or o!her oxidative stress markers such 
as reduca! and oxidized glutathione. In agreement wilh this, 
no statistieal significant differences were observed on Ihe 
antioxidant aclivity of superoxide dismutasc and ealalase. The 
diITerencc in biotin elfects betwccn normal and pathologica! 
slateshasalso bccn observa! ing~nccxpression 112, 14, 17, 36, 
371 and insulin and glucose lolerance 115, 38J, indicating Ihat 
Ihe pharmacological elfecls ofbiotin can vary depending on 
Ihe metabolk status. 

Nitric oxide has an important role in vasodilatation (39J. 
Studies in Jurkal cdls have !ound that the elfects o! biotin 

, 

" 
FlGuut 5: Eif«\ of biolin .uppl~m.ntalion on nitrie oxide <00-
c.mr~(ion. in mke fed a biotin-supplcmrntcd diet ror 11 ..... elu. 
\'alu .. "'pr.",m the mean ± SEM of 9 miee from rael! group. 
M .... urern.nl ..... ere JKrformrd in lripUcale. mack bars: umlrol 
group; p.ttern...J MIS: biotin-oupplen"'"led group. N' p > 0.0541. 

in th. !iv~r is slit! noder debate I.n, 34]. Po!yploid ,di. are 
gcneratcd in sorne ¡}'Pes of canee, sueh a. csopbagea! and 
colon canCCI'S [32); ho ..... \,.r, in Ihe Iiver, mas! of th. , ludies 
suggest tha! Ihis mcchanism Tenders Ih. ,dI. more resistanl 
10 injury and enhances Ihe Ji,'ce'. (uocliooal capacity [32, 34]. 
Our tinding5 sho"," Ihat, despile incrc:ased polyploidy, sc rum 
damage indicalors. oxidati".: stress markers, and aotioxidant 
enzymes wtrC: nol affcctcd by biolio supplerncntation, sug­
gcsliog Ihal lh. hepatocyte nudear changes produeed by th~ 
vitamin might be rdatN to th~ positive elfeds associated wilh 
liVl:r pol)'Ploidy. However, fu rlher sludies wiH be required 10 
test this hypothesis. 

[n previous studies, we obscrVl:d that normal mke fed 
a biotin- supplem~nted diet (approximatc!y 13.5 mgtkg body 
weight) showed increased pancrcalk isl~t size as weH as 
inereascd alpha·cdls at the isle! center compared wilh Ihe 
controls [ISJ. However, these st rudural changcs did nol have 
ad\'erse elfects on isle! function. Our prior sludies [I9J in Ih~ 
same mouse modcl showed changes in response lo biolin in 
Ihe female reproduclive lracl, wilh deereased Graatian and 
ovarian primary follides. Ncilherour prior studies [15, 19J nor 
Ihis work (dala nol sho"71) idenlitied unfavorable elfccls of 
biotin supplcmentation on body wcight, food consumplion, 
extemal appearance, or bcha\ior. 

Changes on ovary histology were also obsen'ed by Paul 
~I al. [20J in response to acut~ intraperitoneal lreatmen! 
of 50 mglkg body wcighl of biotin [201. Consislent wilh 
our experiments, Ihey found Ihat biotin did not alfeel 
normal body weighl gain [20[; hown·er. in conlrast wilh 
our observations [19]. Ihey found eslrus crck irregulari lies. 
Sawamurn el al. [21]. found Ihal rals fed a diet containing 
\O g biotinlkg diel for 6 weeks (990 mglkg body wcighl) 
prcscnted diminishe<! tola! sperm counts and s.:miniferous 
lubllle diameter.; compare<! lo pair-fed rats. How.:ver, Ihe 
biotin-supplemented group showed rcduced fOO<! intake, 
impaired body wcight gain, and dcc reased kidncy and liver 
weights. 1I is possible Ihat th~ histo!ogieal moditiealions 
mighl result ¡rom biot in toxic elfccls bccausc Ihe magnitude 
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ofbiotin intake is above the reported tolerable uppc r intakc 
leve! found by the same in\"esligators [35J. 

Olher invcstigations found that biotin supplcmentalion 
moditiN the histopathological fcalu res produccd in Ihe 
diabctic slale (12, 22, 23J. [n rats with diabetes inducN 
by 2 w«ks of high-fat die! (HFD) and a single dose of 
slrcptozotodn that were then fed a HFD supplemented 
with biolin (300 lIg/kg body weight per d) m'er \O weeh, 
studies by Sahin el al. [121noted lhal the hislopalhological 
changes in Ihe liVl:r, kidncy, and pancreas of diabetic mis 
were rnerted wilh biotin supp!ementalion. Male Swiros albino 
rulee with st replozotocin-induced diabetes treate<! daily by 
oral gavage wilh 15 mglkg of biotin for 12 successivc days 
had improyed kidney and li\"t"T damage associated wilh the 
diabetie stale [22, 23[. [n the kidney, biotin supplemen\¡ltion 
deereased Ihe number of distorted glomeruli, innammatory 
cdls, and gianl macrophages [23J. In the liver, biolin caused 
redllClions in dibted portal ,·cin. lellloocytic intiltration. and 
fatly degeneration (22). [t is in teresting lo nole that while 
in diabelic modds tbe clfect of biotin rcver.;(s altered tissue 
slruclure produced by lhe pathological diabelic slate, in 
normal animals Ih( changes are observed on Ihe typica! 
morphology. None of Ihe pre\10US works showed Ihe liver 
histology changes shown in the prescnl repor\. 

Despite Ihe elfects ofbiotin on liver morphology. our data 
did not tind changes on liver damage indicators such as albu­
min, lolal and direel bilirubin, garnma-gllllamrltransfcrase, 
alanine aminotransferast'", alkaline phosphatase, or urca. 
Thesc rcsults agree with stlldies in normal mis showing tbat 
diels containing up to 1,000 mglkg diet did not alfeet tbese 
parameler.; [2Ij. These data indicate tbat pharmacologkal 
coneentrations of biolin do nol alfecl dassle !ive r damage 
tesis. However, we cannot rul( out the possibility that Ihe his­
lological changes obsen'ed here might a!red Ji"er physiology 
in otber ways. 

The re\'ersion of altered IÍssue slruclure induced by biotin 
in diabetk animal modds is associated wilh reduced orida­
t ive stress [12, 22, 23J. [n rats with dialx-Ies induced bya high­
fal die! and slreplozotocin, S(rllm, liver, and kidncy malon­
dialdehyde Inels were decreasN in biolin-treated animals 
(12). Addilionally, Ihe prolcin expr~ssion oflheactive form of 
NF-kB-a lranscriplion faclor involvN in edlular responses 
to diverse innammalion stimllli indllding frc:e radicals­
diminishN in bolh, li\'er and kidney (12). [n Swiss albino 
diabctic mice, biotin treatmenl deereased tbe immune­
reaction response toward acrolcin imnmnohislochemical­
signal- an indieator of oxidative damage [22,23). Howcver, 
in our stlldy, biotin supplementation had no elfeet on liver 
malondialdehyde ln'ds or other oxidati"e slress markers slleh 
as reduce<! and oxidized glutalhione. In agreemenl with this, 
110 statistical signi6cant differenccs were observed on Ihe 
antioxidant activity of superoxide dismutase and catalase. The 
difTerencc in biotin elfects between norma! and pathological 
stateshasalso been observe<! ingenecxpression [12, 14, 17, 36, 
371 and insulin and glllCOse loleran,e [15, 38J, indieating thal 
Ihe pharmacological elfecls ofbiolin can vary depending on 
Ihe melabolic status. 

Nilric oxide has an important role in vasodilatation [39J. 
Stlldies in Ju rkat cdls have !ound that the elfeels of biotin 
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are dependent of nitri, oxide (On,entrations [31]. Hov.'Cver. 
other studies in rats re,eiving eight weeks ofbiotin in water 
(approximatdy 1.2 mglkg body weight) indkate that biotin 
effe,ts are independent of nitrk oxide (40). Our data did not 
find ,hanges in the (On,entration of nÍlrk oxide suggesting 
that other me.:hanisms are involved in the vasodilatation 
, hanges observe.:! here. 

The mechanisms involved in biotin- indu,e.:! histologkal 
, hanges are largdy unknown. In pan,reatk islets. we found 
that the ,hanges produ,ed by biotin supplementation on islet 
ar,hite,ture might be relate.:! todiminishe.:! expression ofthe 
neural ,ell adhesion protein Ncaml. whose decreasOO expres­
sion produces , hanges in islet morphology and generates an 
increased number of alpha-cdls at the interior of the islel [41] . 
Current studies in our laboratory are focused on the molec­
ula r mechanisms responsible for the morphologkal ,hanges 
observed in the liver in response lo biotin supplementation. 

Biotin products with pharmacologkal concentrations of 
biotin are (Ommercially available. Biotin administration is 
considere.:! harmless in humans and rodents [25]. Toxicity 
tests su,h as the Ames test [42-44] in baderia found 
that biotin \\'as neither toxk nor mutagenic. Nonethdess, 
a Tradescalltia-micronucleus bioassay showed mutagenic 
effecls with a minimum effeclive dose of approximatdy 
250 mglml [45]. In humans. no adversc effects were found 
with administration ofO.25 to 100 mg biotin. A laek of adversc 
effecls has been reported in patienls with inborn errors of 
biotin metabolism (46). normal individuals [24]. diabetic 
patients [10. 13]. and patients undergoing hemodialysis [n] . 
Rats fed diets containing up to 1.000 mg/kg diet did not 
show live r damage [21] . Although pharmacological (Oncen­
lrallons of blolln are considere.:! safe. furlher Invesllgallons 
are required to determine Ihe effects of the lissue slrueture 
changes observe.:! in this sludy. 

.5. Condusion 

Our data shows for the first time Ihat biotin supplementation 
affects liver morphology in normal miee and Ihat these 
modifications are not parallded with ehanges in classkal liver 
damage indicators and oxidative st ress markers. These resu lts 
indkate Ihal biotin toxkity studies need to be addressed with 
diffi:rent lools be.::ause the pharmacologkal ,oncenlrations of 
biotin affect tissue morphology and haye nudei effecls. 
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are dependem oí nitric oxide con(emrations [3IJ. HO,,",'C"er, 
otller studies in rats recciving cigllt weeks oí biotin in water 
(approximatdy 1.2 mg/kg body wcigllt ) indieate tbat biotin 
dfects are independent oí nitrie oxide (40). Our data did not 
find cllanges in the concentration of nitric oxide sugge~ting 
tllat otller meellanisms are involved in tlle vuodi!atation 
cllanges observcd here. 

Tht"" meellanisms involved in biotin-induccd histological 
changes are largdy unknown. In pancreatic islets, we found 
that the changes produced bybiotin supplementation on islet 
architecture might be relatcd todiminishcd expression ofthe 
neural cdl adhcsion protcin Ncaml, whose decreascd expn:s­
sion produces changes in islet morphology and generates an 
increasc:d number oí alpha-cells at the interior ofthe islet [411. 
Current studies in our laboralory arc focusc:d on the molec­
ular mechanisms responsible for tbt"" morpllological changes 
obseryed in the ¡¡ver in response to biotin ~upplementation. 

Biotin products with pharmacologica! concentrations of 
lIiotin arc commercially availallle. Biotin administration is 
considercd harmless in lIumans and rodents [25J. Toxicity 
tests such as tlle Ames test [42-44J in bacteria found 
that lIiotin was neitber toxic nor mutagenic. Nonethelcss, 
a Tmdesc<llllia·micmnudeus bioassay sllowed mutagenic 
dfeets with a minimum dfective dOS(" of approximatcly 
250 mglml [45J. In lIumans, no ad\'ersc e/fects were found 
witb administration ofO.25 to 100 mg biotin. A lack of advt""rsc 
dfeets lIas been rcported in patienls witll inboro errors of 
biotin metabolism 146), normal indiliduals [24]. diabc tic 
paticnts [10, nJ, and patients undergoing hemodialysis [Ill. 
Rats fed diets containing up to 1,000 mg/kg diet did not 
sllow ]jyer damage 1211. Altllougll pllarmacological concen­
tratlnns of blotln art"" consldercd safe, further Invesllgatlons 
are required to determine the elfects of tbe tissue structure 
changcs observcd in tbis study. 

.5. Condusion 

Ourdata shows for the first time that biotin supplementation 
afl"eets liyer morpllology in normal miee and that these 
modifications are not par.u!eled with cllanges in dassical ¡iver 
damage indicators and oxidath'estress markers. Thcsc: rc:sults 
indicatt"" that biotin toxieity studies need to be addrc:ssed with 
di/fcrent tools bccause tbe pharmacological concentrations of 
biotin alreet tissue morpllology and lIal'e nudci dfeets. 
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are dependem oí nitric oxide concemrations [3IJ. HO"'e\·er, 
otller studies in rats recdving dgllt weeh oí biotin in water 
(approximatdy 1.2 mg/kg body weigbt) indicate Ihat biotin 
dfects are indep~ndent of nitri, oxide [40). Our data did nm 
find changes in the concentration of nitric oxide suggesting 
that otller mechanisms are involved in lile vasodilatation 
changes obs~rved here. 

The meellanisms involved in biotin· induced histological 
changes are largdy unknown. In pancreatic islets, we found 
that th~ changes produced bybiot in supplementation on islet 
architecture migllt be related todiminislled expression ofthe 
neural ,di adhesion protdn Ncaml, whose decreased expreso 
sion produces cbanges in islct morphology and generates an 
increascd number of alpba-cc!ls at the interior of the ¡slet [411. 
Current studies in our laooralory are focuscd on the molec· 
ular mechanisms rcsponsible for Ihe morpbological changes 
obser\"ed in the 1iver in response to biotin supplementation. 

Biotin products with pharmacological concentrations oí 
biotin are commerciaUy available. Biotin administration is 
considered harmless in bumans and rodents [25J. Toxicity 
tests sud! as the Ame!; test [42- 44J in bacteria found 
that biotin was neilher toxic nor mutagenic. NoncthelCM, 
a Tmnes'lI/lliu·micmnudeus bioassay sbowed mutageni, 
dfects with a minimum elfective dOM" of approximatcly 
250 mglml [45J. In humans, no ad\'ersc dfects were found 
with administration ofO.25 to 100 mg biotin. A lackof adverse 
dfects bas been reported in patients with inoom errors of 
biotin metabolism [46), normal indiliduals [24]. diabe tic 
patknts [10, ]JJ, and patients undergoing hemodialysis 1111. 
Rats fed diets containing up to 1,000 mg!kg diet did not 
show HI'er damage 1211. Altbougb pbarmacological concen­
lrallon5 of blolln are consldered safe, furtller lnvesllgallons 
are required to delermine the effects of tbe tissue structure 
,hanges observed in Ihis study. 

.5. Condusion 

Ourdala shows for the first time thal biotin supplementation 
affeets liver morpbology in normal mice and that thesc 
modifications are not par.J.!Ie1ed with cbanges in dassical liver 
damage indicators and oxidatÍl'estress markers. Thesc results 
indicate that biotin toxicity studies need to be addres5ed with 
differenl tool5 because Ihe pharmacological concentrations of 
biotin afreet tissue morpbology and bave nudd elfects. 
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