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INTRODUCCIÓN 

 

La detomidina (DET) 4-(2,3-Dimethylbenzyl)-1H-imidazole, es un alfa-2 

adrenérgico, agonista potente y específico de uso común en el ámbito de la 

medicina veterinaria, utilizado como sedante a nivel clínico y de campo en la 

especie equina en procedimientos que requieren sedación, restricción o 

contención química e incluso analgesia (diMaio Knych y Stanley, 2011). Este 

fármaco ha sido administrado frecuentemente por vía parenteral (Kaukinen et al., 

2011; Knych et al., 2012; Knych y Stanley, 2014) y sus efectos sobre parámetros 

farmacocinéticos y farmacodinámicos en el caballo han sido descritos cuando son 

administrados por vía intravenosa (IV) o intramuscular (IM) (Hubbel et al., 2009; 

Knych et al., 2012). No obstante, la DET ha sido administrada recientemente por 

vía enteral en una presentación farmacéutica novedosa de gel, cuyos efectos 

sobre estos parámetros aún no han sido adecuadamente dilucidados. 

Los efectos sedantes y depresores cardiovasculares de los fármacos agonistas 

alfa-2 adrenérgicos pueden ser revertidos efectivamente por el antagonista del 

receptor alfa-2 (Knych et al., 2012). Los tres antagonistas comúnmente utilizados 

en el área de la medicina veterinaria son yohimbina (YOH), atipamezol y 

tolazolina. En el ámbito de la medicina equina, el único fármaco antagonista alfa-2 

adrenérgico aprobado por la Food and Drug Administration es tolazolina, aunque 

yohimbina y atipamezol también se han utilizado para revertir los efectos de los 

agonistas alfa-2 adrenérgicos (Knych y Stanley 2014). Los antagonistas alfa-2 

adrenérgicos se utilizan a menudo para revertir los efectos depresores en el 

sistema cardiovascular y sistema nervioso central (SNC) causados por los 

agonistas alfa-2 adrenérgicos cuando estos han sido administrados por vía IV, IM 

e incluso sublingual.  

La YOH es un alcaloide indol derivado de diversas fuentes biológicas o botánicas 

en las que se incluye a la corteza del árbol de Pausinystalia YOH y la raíz de 

Rauwolfia (Dimaio Knych et al., 2011a; Dimaio Knych y Stanley, 2011b). Este 

fármaco incrementa el flujo del neurotransmisor noradrenalina a través de la vía 

simpática. Además de ser un potente antagonista de los receptores alfa-2 
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adrenérgicos situados a nivel central y periférico en los seres humanos y en 

diversas especies animales mamíferas (Kollias-Baker et al., 1993; Ramseyer et al., 

1998; Hubell y Muir, 2006). En el ámbito de la medicina veterinaria, la YOH se 

utiliza casi exclusivamente para revertir el efecto sedante o los efectos 

cardiovasculares negativos generados por los agonistas alfa-2 adrenérgicos, 

especialmente de la DET (Dimaio Knych et al., 2011a). Diversos experimentos han 

demostrado que en los caballos, la YOH antagoniza la bradicardia ventricular y 

aurículo-ventricular (AV), las cuales han sido reportadas después de la 

administración de DET por vía enteral (Knych et al., 2012). Aparentemente, la 

YOH puede tener un óptimo volumen de distribución en el organismo y puede 

aclararse rápidamente tras su administración intravenosa en la especie equina 

(DiMaio Knych et al., 2011a). Se ha demostrado que en el ser humano, la YOH se 

metaboliza rápidamente a tráves de enzimas del citocromo CYP450 a dos 

metabolitos secundarios, siendo el más importante, el hidroxil-yohimbina (LeCorre 

et al., 1999). Hasta donde se sabe, no hay informes en la literatura científica que 

indique cuántos y cuáles son los metabolitos de la YOH que intervienen en el 

metabolismo del fármaco en el caballo (Dimaio Knych et al., 2011). No obstante, 

se sabe que la hidroxilación es la principal vía de eliminación de la YOH en el 

caballo. Sin embargo, mientras que la hidroxilación de la YOH en los seres 

humanos se ha atribuido a las enzimas CYP450, hay evidencia de que las 

enzimas  CYP3A4 y CYP2D6 han sido identificadas como  responsables del 

metabolismo de la YOH en el caballo (Knych et al., 2012). Con base en la 

evidencia de estudios experimentales sobre la eficacia de la YOH, el objetivo de 

este estudio consiste en revisar sistemáticamente la seguridad de la droga en los 

caballos, sus parámetros farmacocinéticos, farmacodinámicos y los parámetros de 

comportamiento farmacológico en caballos sedados previamente con DET. 
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REVISIÓN DE LITERATURA 

 

1.- Efecto de la detomidina sobre parámetros farmacocinéticos, 

farmacodinámicos y de comportamiento farmacológico en caballos.  

 

Son contados los artículos científicos especializados que se han enfocado a la 

caracterización de los parámetros farmacocinéticos y farmacodinámicos de la DET 

cuando ha sido administrada por vía enteral o parenteral. Uno de los estudios más 

importantes fue realizado por DiMaio Knych y Stanley (2011b), quienes 

caracterizaron la farmacocinética y farmacodinámia de la DET cuya presentación 

farmacéutica fue en gel y se administró vía sublingual en caballos previo a una 

competencia. En dicho estudio, se incluyeron 12 caballos adultos pura sangre 

clinicamente saludables en competencia activa. En este estudio se demostraron 

cambios farmacocinéticos y farmacodinámicos, los cuales se vieron reflejados en 

la concentración de DET en plasma que fue de 168±83.7 ng/mL. Esta 

concentración es considerada como elevada, pues es señal que la DET se 

absorbe bien en la mucosa sublingual hacia la circulación sistémica. La 

concentración plasmática de la DET más alta se logró rápidamente tras su 

administración sublingual en un tiempo máximo de 36±10 minutos posteriores a la 

administración del fármaco. Su vida media de eliminación fue de 1.5±1.0 horas, lo 

cual puede constatarse con las concentraciones de la DET a nivel urinario, ya que 

sus niveles de metabolitos en muestras de orina estuvieron por debajo del límite 

de detección por 3 días después de la administración. La vida media de 

eliminación tras su administración sublingual es prolongada, si se compara con el 

tiempo de eliminación después de la administración IV o IM. Las concentraciones 

del compuesto original y sus metabolitos pueden estar por debajo del límite de 

detección en orina hasta 3 días después de su administración. En sintesis, se 

sabe que el gel de la DET (40 μg/kg) parece inducir un grado moderado de 

sedación cuando se administra por vía sublingual.  
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Un estudio dirigido por Kaukinen et al. (2011), permitió identificar la absorción, 

biodisponibilidad y efecto sedante de la DET cuando es administrada a los 

caballos por vía enteral con una presentación farmacéutica novedosa en gel y se 

contrasto con la administración intravenosa e intramuscular de la DET en solución 

inyectable. El estudio fue realizado con nueve caballos, cada caballo fue asignado 

al azar. Se colectaron muestras de sangre antes y después de la administración 

del fármaco, con la intención de medir las concentraciones de la DET en el suero. 

Las variables farmacocinéticas fueron estimadas para cada caballo y para el  

momento en que fueron  dosificadas. Las variables evaluadas en los previos al 

muestreo de sangre fueron sedación, frecuencia cardíaca (FC), ritmo cardiaco y 

efectos adversos. La dosis utilizada fue de 40 μg/kg de DET IV, IM o sublingual 

con un período de lavado de 7 días entre cada tratamiento. La concentración 

máxima de la DET cuando es administrada por vía sublingual fue inferior, respecto 

a cuándo se administró por vía IM (4.16 vs. 11.16 ng/mL) y el tiempo máximo (tmax) 

fue de 1.83 vs. 1.06 horas. En el estudio, se concluyó que la DET se absorbe en 

menor cantidad cuando se administra por vía sublingual respecto a su 

administración vía intramuscular ya que parte del fármaco no llega a la circulación 

sistémica. 

 

Vainionpää et al. (2013), indagaron sobre las concentraciones plasmáticas del 

fármaco antagonista alfa-2-adrenérgico MK-467 (anteriormente conocido como L-

659'066), su efecto sedante a nivel periférico y sobre la motilidad intestinal en 

caballos sedados con DET administrada vía intravenosa. En su estudio utilizaron 

seis yeguas clínicamente saludables, la profundidad de la sedación, sonidos 

intestinales, actitud, postura, altura de la cabeza, apertura de los párpados y el 

movimiento de las orejas fueron registrados antes y después del tratamiento. 

Además realizaron un electrocardiograma. Posterior a la toma de muestra 

sanguínea, se analizaron las concentraciones de DET y MK467 en plasma. La 

dosis utilizada fue de 10 μg/kg de DET (Equisedan, Vetcare, Finlandia) 

administrada vía IV sola y en combinación con 250 μg/kg de MK467 (Merck & Co., 

Inc., NJ, EE.UU.) vía IV en un diseño cruzado aleatorizado con 14 días de periodo 
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de lavado entre tratamientos. En el estudio se detectó una reducción significativa 

de la FC después de la administración de la DET, y la frecuencia respiratoria fue 

significativamente mayor después de la administración de DET-MK467. Los 

investigadores determinaron que la DET-MK467 reducen la concentración 

plasmática de la DET así como el área bajo la curva, favorece el incremento en su 

volumen de distribución y el periodo de aclaramiento. Finalmente se identificó que 

el MK467 no afecta la calidad de la sedación inducida por la DET, aunque si 

reduce la duración del efecto farmacológico, lo que puede haber sido causado por 

los efectos del MK467. En este sentido, los investigadores sugirieron que el 

MK467 puede ser clínicamente útil como agente farmacológico para prevenir 

ciertos efectos secundarios a nivel periférico causados por la administración de la  

DET en caballos. 

 

2.- Efecto de la Yohimbina sobre parámetros farmacocinéticos, 

farmacodinámicos y de comportamiento farmacológico en caballos.  

Contados son los artículos especializados que han caracterizado los cambios 

farmacocinéticos y farmacodinámicos. El estudio dirigido por Dimaio Knych et al. 

(2011) determinaron el perfil farmacocinético de la YOH cuando fue administrada 

por vía IV en caballos. En el experimento se utilizaron ocho caballos adultos 

sanos, no medicados. Se obtuvieron muestras de sangre que fueron procesadas 

en diferentes momentos antes y hasta 72 horas después de la administración de 

los fármacos. Las muestras de sangre en plasma se analizaron mediante 

cromatografía líquida por espectrometría de masas y los datos fueron analizados 

utilizando un modelo farmacocinético no compartimental y otro compartimental. La 

dosis utilizada en dicho estudio fue de 0.12 mg/kg de YOH (Yobine, Lloyd 

laboratorios, Shenandoah, IA, EE.UU.), dosis que fue administrada vía IV lenta 

durante 1 minuto. La concentración plasmática máxima fúe de 114.5±31.8 ng/mL y 

fue registrada a las 0.09±0.03 horas posteriores a la administración del fármaco. El 

volumen de distribución y el aclaramiento sistémico fueron de 13.5±2.1 mL/min/kg 

y 3.3±1.3 L/kg en el análisis farmacocinético no compartimental. La vida media de 
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eliminación terminal fue de 4.4±0.9 horas. Para el análisis compartimental, la 

concentración de YOH en plasma se ajusta mejor en términos de tiempo a un 

modelo de dos compartimentos, el aclaramiento sistémico y el volumen en estado 

de equilibrio de la distribución de la YOH fue de 13.6±2.0 mL/min/kg y 3.2±1.1 

L/kg. Se detectaron los metabolitos hidroxi-yohimbina en las muestras de orina en 

cualquiera de los puntos de tiempo muestreados. Dos caballos presentaron 

efectos sedantes, incluyendo un ligero descenso en la posición y altura de la 

cabeza y una postura caracterizada por relajación de miembros posteriores, 

mientras que en los restantes seis caballos no hubo cambios en su conducta. Los 

signos de sedación persistieron durante aproximadamente 1 hora en ambos 

caballos. Los sonidos Gastrointestinales (GI) se incrementaron moderadamente en 

comparación con el valor basal, mientras que la consistencia fecal parecía normal. 

Esta investigación, permite sugerir que la YOH se caracteriza por tener una vida 

de eliminación prolongada, muy probablemente como resultado del secuestro y 

liberación lenta de sus metabolitos. Una dosis de 0.12 mg/kg administrada por vía 

intravenosa en caballos, ha permitido identificar que el volumen de distribución es 

elevado y el aclaramiento sistémico es muy lento, la cual está determinado por su 

vida media de eliminación. 

En un estudio especializado, los investigadores Dimaio Knych, Steffey, y Stanley 

(2011), demostraron la farmacocinética y farmacodinámica de la YOH  cuando es 

administrada por vía intravenosa en el caballo. En esta investigación se utilizaron 

nueve caballos adultos sanos no medicados. Las muestras de sangre se 

recogieron varias veces antes y hasta 24 horas después de la administración del 

fármaco. Dichas muestras se analizaron mediante cromatografía líquida por 

espectrometría de masas utilizando tanto el análisis no compartimental como el 

compartimental. En dicho estudio se utilizó una dosis de 0.1, 0.2, y 0.4 mg/Kg de 

YOH (Yobine; Lloyd laboratorios, Iowa) administrada por vía intravenosa lenta 

durante 1 minuto. La concentración plasmática máxima fúe de 106.0±28.9, 

156.7±34.3 y 223.0±44.5 ng/mL para la dosis de 0.1, 0.2, y 0.4 mg/Kg y ocurrió a 

las 0.09±0.03 horas posteriores a la administración del fármaco. El aclaramiento 

sistémico y el volumen de distribución fueron de 12.0, 12.2 y 17.9 mL/min/kg y 2.1, 
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2.6 y 2.9 L/kg en el análisis no compartimental. La vida media de eliminación 

terminal fue de 43.6, 3.3 y 2.9 horas para las dosis de 0.1, 0.2, y 0.4 mg/Kg. Para 

el análisis compartimental, el aclaramiento sistémico y el volumen de distribución 

de la YOH fueron de 11.1 mL/min/kg y 2.3 L/kg. Dos caballos mostraron signos de 

sedación, un caballo presento excitación y los restantes seis no se apreciaron 

conductualmente afectados. Se observaron episodios de taquicardia a pocos 

minutos de la administración de las distintas dosis en los caballo. Sin embargo, no 

hubo correlación entre las respuestas de comportamiento y el incremento del ritmo 

cardíaco. 63 % de los caballos exhibieron bradicardia antes de la administración 

del fármaco y mejoraron transitoriamente  conforme aumento el tiempo, fueron 

desapareciendo los efectos adversos. Las respuestas de comportamiento tras la 

administración de YOH parecen ser consistentes en los caballos, las cuales son 

independientes de la dosis. En todos los caballos, la YOH tuvo profundos efectos 

sobre la frecuencia y el ritmo cardiaco, la frecuencia cardíaca máxima fue superior 

a 100 latidos por minuto en algunos de los caballos bajo estudio. En general, los 

efectos de la YOH parecen ser muy variables entre los caballos, y a pesar de que 

actualmente no hay indicación terapéutica respecto a la administración de la YOH 

en caballos, se sugiere administrarla con precaución, ya que existe la posibilidad 

de efectos adversos impredecibles. 

Jernigan et al. (1988), caracterizaron el perfil farmacocinético y determinaron la 

vida media del clorhidrato de YOH con dos dosis diferentes en caballos. En su 

diseño experimental, consideraron dos grupos de caballos y determinaron si la 

vida media varió cuando la dosis fue diferente. En el estudio se colectaron 

muestras de sangre en diferentes momentos antes y  hasta 3 horas posteriores a 

la administración del fármaco. Las concentraciones séricas de YOH fueron 

determinadas por un método de cromatografía líquida de alta eficacia (HPLC). 

Para el análisis farmacocinético, se utilizó un modelo farmacocinético no 

compartimental utilizando la teoría estadística metodo de los momentos. El 

clorhidrato de yohimbina (Sigma Chemical Co., St. Louis, Missouri) se preparó 

como un 0.4% peso/volumen 0.075 (siete caballos) o 0.15 (cuatro caballos) mg/Kg 

y fueron inyectados en la vena yugular. Las dosis utilizadas se basaron en las 
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concentraciones para antagonizar la xilazina y la ketamina en los caballos. No 

hubo diferencias significativas en ninguno de los parámetros farmacocinéticos 

entre las dosis pequeñas y grandes de YOH. El volumen de distribución de YOH 

fue de 39.6±16.6 vs. 34.0±19.4 mL/min/kg y 4.6±1.9 vs. 2.7±1.0 L/kg en los 

caballos que recibieron dosis grandes y pequeñas respectivamente. La vida media 

eficaz fue de 76.1±23.1 min y 52.8±27.8 min en los caballos que recibieron dosis 

grandes y pequeñas de YOH. La administración de YOH no produjo cambios 

conductuales en los caballos, se mantuvieron relajados y sin evidencia de 

ansiedad. El volumen de distribución fue elevado debido a la solubilidad del 

fármaco en los lípidos y a su  capacidad para atravesar membranas. 

 

3. Efecto de la Yohimbina sobre parámetros farmacocinéticos, 

farmacodinámicos y de comportamiento farmacológico en caballos sedados 

con detomidina. 

 

Heather Dimaio Knych et al. (2012), describieron la farmacodinamia y los efectos 

de la YOH en caballos sedados previamente con DET. Nueve caballos adultos 

fueron usados en el estudio, en los cuales se obtuvieron muestras de sangre en 

distintos momentos, desde antes y  hasta 72 horas después de la administración 

del fármaco. Las muestras se analizaron mediante cromatografía líquida por 

espectrometría de masas y las evaluaciones de comportamiento fueron subjetivas, 

las cuales se realizaron durante el estudio. Además se incluyó el monitoreo de los 

signos de sedación, excitación y/o agitación. Los efectos del fármaco sobre el 

comportamiento, la frecuencia y el ritmo cardiaco, el nivel de glucosa, el volumen 

de paquete celular (PCV) y la concentración de proteínas plasmáticas fueron 

medidas. En dicho estudio se emplearon tres regímenes de dosificación. 1) 0.03 

mg/kg DET (Dormosedan, Pfizer Salud Animal, Pennsylvania, EE.UU.) IV. 2) 0.2 

mg/kg YOH (Yobine, Lloyd laboratorios, IA, EE.UU.) IV. 3) 0.03 mg/kg DET IV 

seguido por 0.2 mg/kg de YOH vía IV. Cada caballo recibió los tres tratamientos y 

se consideró un periodo de lavado mínimo de 1 semana entre tratamientos. Se 
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identificó que dos caballos mostraron signos de sedación. La YOH regulo 

efectivamente la frecuencia cardíaca y el porcentaje de alteraciones de la 

conducción atrio-ventricular, estos valores se demostraron cuando se administró la 

YOH 15 minutos posteriores a la administración de DET. Antes de la 

administración del fármaco, la frecuencia cardíaca disminuyó significativamente en 

todos los caballos bajo estudio. La bradicardia inducida por la DET persistió 

durante 1 hora.  

Los niveles de glucosa fueron obtenidos, identificando hiperglucemia causada por 

efecto de la DET, la cual desapareció por un efecto benéfico de la YOH. Las 

concentraciones de glucosa en plasma  aumentaron significativamente durante un 

máximo de 3 horas después de la administración de DET (31 mg/dL) en el grupo 

de los caballos tratados solamente con DET. La DET es eficaz en la inducción de 

la sedación con efectos pronunciados sobre los efectos cardíacos, incluyendo una 

notable disminución en la frecuencia cardíaca y una mayor incidencia de bloqueos 

de la conducción AV. Los investigadores determinaron que la administración 

intravenosa de YOH resulta ser eficaz para revertir los efectos sobre 

cardiovasculares de la DET.  

 

Knych et al. (2012), describieron la farmacocinética de la DET y YOH, en el 

estudio se incluyeron nueve caballos adultos clínicamente sanos, cada caballo 

recibió tres regímenes de dosis con periodo de lavado de 1 semana entre cada 

tratamiento. Se recolectaron muestras de sangre y se analizó la concentración de 

la DET y de la YOH mediante cromatografía líquida por espectrometría de masas. 

Los Datos fueron analizados mediante un análisis no compartimental y otro 

compartimental. Las muestras de sangre se recolectaron en el momento 0 (antes 

de administrar DET) y 1 hora (antes de la administración del antagonista) y a los 5, 

10, 15, 30, 45 minutos y 1, 1. 5, 2, 2.5, 3, 4, 5, 6, 8, 12, 18, 24, 36, 48 y 72 horas 

después de la administración de la DET y YOH. En el estudio se emplearon tres 

regímenes de dosificación. 1) 0.03 mg kg-1 DET (Dormosedan, Pfizer Salud 

Animal, Pensilvanya, EE.UU.) IV, 2) 0.2 mg/kg YOH (Yobine, Lloyd laboratorios, 

IA, EE.UU.) IV y 3) 0.03 mg/kg DET IV seguido por 0.2 mg/kg YOH IV 15 minutos 
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después. Los investigadores señalaron que la vida media de eliminación de la 

YOH no se afecta por la administración de la DET. 

 

Knych y Stanley (2014), describieron los efectos de los antagonistas alfa 2-

adrenérgicos de la DET cuando esta es aplicada por vía sublingual en el caballo. 

En el estudio se incluyeron nueve caballos sanos que fueron divididos en cuatro 

tratamientos, en los cuales cada caballo recibió todos los tratamientos 

considerando como mínimo una semana entre tratamientos. Se obtuvieron 

muestras de sangre y se analizaron las concentraciones de YOH, atipamezol y 

tolazolina mediante cromatografía líquida por espectrometría de masas. Las 

muestras se recogieron en el momento 0 (antes de la administración de DET) y 1 

hora después de la administración de DET (antes de la administración del 

antagonista) y a los 5, 10, 15, 30, 45 minutos y 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 12, 18, 

24, 36, 48 y 72 horas después de la administración del antagonista. Se 

administraron cuatro tratamientos: 1) 0.04 mg/kg DET (Dormosedan Gel, Pfizer 

Salud Animal, Nueva York, EE.UU.) vía Sublingual (SL). 2) 0.04 mg/kg DET SL y 1 

hora más tarde se continuó con la administración de 0.075 mg/kg de YOH  

(Yobine, Lloyd laboratorios, IA, EE.UU.) vía intravenosa (IV). 3) 0,04 mg/kg DET 

SL, una 1 hora después se administraron 4 mg/kg de tolazolina (Tolazolina, Lloyd 

Laboratories) IV. 4) 0.04 mg/kg de DET SL, una hora más tarde se administró 0.12 

mg/kg de atipamezol (Antisedan, Salud Pfizer Animal) vía IV. 

La administración de DET aumentó significativamente la prevalencia de trastornos 

a nivel Atrio Ventricular. La YOH efectivamente disminuye la prevalencia de los 

bloqueos Atrio Ventriculares. Se determinó que la DET aumentó significativamente 

las concentraciones de glucosa a los 45 minutos posteriores a la administración 

del fármaco y así se mantuvo hasta por 3 horas. Por el contrario, la administración 

de YOH atenuó significativamente la hiperglucemia inducida por la DET. Las 

concentraciones de glucosa en plasma que se registraron fueron de (111±17 y 

93±14 mg/dL) a los 45 minutos y 3 horas después de la administración de la YOH.  

  



 14 

JUSTIFICACIÓN  

 

En el ámbito clínico de expertos en el área de equinos a nivel internacional, 

mucho se ha comentado sobre el uso, aplicación y efecto de fármacos como la 

YOH en caballos sedados previamente con DET. Entre estos hallazgos, se 

destacan las experiencias de médicos a nivel clínico en los que se han hecho 

observaciones de las respuestas clínicas y conductuales en el caballo por efecto 

de la DET. Sin embargo, son escasos los estudios de carácter científico realizados 

con pacientes equinos que permitan identificar con claridad y precisión, los efectos 

del fármaco en el animal y su comportamiento farmacocinético, farmacodinámico y 

de carácter comportamental desde el punto de vista farmacológico. En este 

sentido, consideramos  necesario y oportuno, realizar una revisión de carácter 

sistemático que permita identificar de manera global y con precisión 

farmacológica, cuales son los efectos respecto al uso de la YOH en caballos que 

han sido sedados previamente con DET. En esta revisión sistemática se pretende 

identificar inicialmente los efectos de ambos fármacos cuando se administran 

solos y cuando se administran después del proceso de sedación. Además existe la 

intención de identificar los efectos de estos fármacos a nivel farmacocinético, 

farmacodinámico y de comportamiento farmacológico en pacientes a los que se 

les ha administrado previamente DET como un agente sedante.  

 

HIPÓTESIS 

 

La caracterización del efecto de la YOH sobre los parámetros 

farmacocinéticos y farmacodinámicos en equinos sedados previamente con DET, 

permitirán al clínico establecer un criterio sobre el uso adecuado de la YOH, y así 

poder tomar decisiones terapéuticas en pacientes equinos.  
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OBJETIVOS 

Describir y caracterizar de manera certera y precisa los efectos farmacocinéticos y 

farmacodinámicos de la yohimbina en caballos sedados previamente con 

Detomidina a partir de una revisión bibliográfica sistemática. 

Específicos  

 Identificar los efectos farmacocinéticos y farmacodinámicos de la DET en el 

caballo. 

 Identificar los efectos farmacocinéticos y farmacodinámicos de la YOH en el 

caballo. 

 Caracterizar los efectos farmacocinéticos y farmacodinámicos de la YOH en 

caballos sedados previamente con DET.  
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MATERIAL Y MÉTODO 

 

Diseño experimental. 

Se realizó una búsqueda en PubMed (Centro Nacional de Información sobre 

Biotecnología, Biblioteca Nacional de Estados Unidos, Bethesda, MD) y SCOPUS 

(Elsevier Inteligencia Investigación) desde su creación el 26 de mayo de 2015. En 

la revisión se incluyeron estudios experimentales que involucraron el analisis de 

los parámetros farmacodinámicos y farmacocinéticos en equinos clínicamente 

sanos tras la administración de la DET por vía enteral o parenteral. También se 

incluyeron los estudios experimentales que determinaron la farmacocinética, la 

farmacodinamia y el perfil farmacológico de la YOH en caballos. Finalmente se 

consideraron los estudios experimentales que abordaron el efecto de la YOH 

sobre la farmacocinética, farmacodinámica y parámetros de comportamiento en el 

caballo sedado previamente con DET.  

El resultado de la búsqueda, permitió obtener una determinada cantidad de 

estudios científicos, de los cuales se realizó una selección de las investigaciones 

enfocadas específicamente a evaluar los efectos de la DET, YOH y de la YOH 

cuando previamente se administró DET. Los documentos obtenidos fueron el 

resultado de una revisión y análisis de los títulos, y se eliminaron manuscritos 

duplicados y aquellos estudios que evaluaron los efectos de otros fármacos alfa-2 

adrenérgicos  agonistas o antagonistas en el caballo, distintos a  la DET y YOH. 

También se excluyeron aquellos documentos que abordaron especies animales 

distintas a la equina.  

Posteriormente se inició con el análisis de los documentos que consideraron el 

uso de la DET en equinos, posteriormente se revisarón los artículos que 

incluyeron la administración de la YOH y finalmente, se analizarón los documentos 

que evaluaron el efecto de la YOH en pacientes equinos previamente sedados con 

DET. En los tres casos, el primer criterio de análisis consistió en evaluar las 

variables sexo, fin zootécnico, edad, dosis, presentación farmaceútica, vía de 

administración, efectos clínicos, cambios en el comportamiento, entendiendo por 
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estos, los parámetros cardíacos y sanguíneos, además de los parámetros 

farmacocinéticos y farmacodinámicos. 

 

El artículo de carácter científico  resultado de la revisión sistemática que se basa 

en los efectos de la YOH sobre parámetros farmacócineticos, farmacodinámicos y 

de comportamiento farmacológico en caballos sedados con DET se adecuo a las 

instrucciones a los autores de la revista indexada Journal of Equine Veterinary 

Science (JEVS). A continuación se describen las características de la guía a los 

autores de esta revista, las cuales se encuentran publicadas en su portal.  

 
Guía de autor: 
General 
 

Journal of Equine Veterinary Science (JEVS) is an international publication 
designed for the practicing equine veterinarian, equine researcher, and other 
equine health care specialists. Published monthly, each issue of JEVS includes 
original research, reviews, case reports, short communications, and clinical 
techniques from leaders in the equine veterinary field, covering such topics as 
laminitis, reproduction, infectious disease, parasitology, behavior, podology, 
internal medicine, surgery and nutrition. JEVS is also an official publication of the 
Equine Science Society. 
 
Types of article 
 
Original Research Papers (Regular Papers) 

1. Review Articles 
2. Case Reports 
3. Short Communications 
4. Clinical Techniques 

Original Research: Research or extensive clinical reports containing significant 
new findings. The material presented should be original and not have been 
published elsewhere, except in a preliminary form. Papers will be reviewed by 
referees familiar with the subject matter of the paper. Revisions are likely to be 
expected. 
 
Review Articles should cover subjects falling within the scope of the journal, which 
are of active current interest. Papers need not contain original work or ideas. They 
will be reviewed for completeness, accuracy, style and suitability of content by 
referees familiar with the subject and the Editor-in-Chief. Revisions may be 
requested 
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Case Reports are practitioner-oriented reports meant to communicate the facts of 
an interesting case or series of cases. Papers will be peer reviewed. Revisions are 
likely to be expected. The major concerns of the critique will be accuracy of 
diagnosis and relevance to equine practice. 
Short Communications are intended to provide quick publication of highly relevant 
and interesting information. Manuscripts should contain original data and be limited 
to 2000 words. The number of tables and figures are limited to two each. A limited 
number of references should be included. Manuscripts will be peer reviewed by 
two reviewers and the Editor. 
Clinical Techniques should describe a procedure or technique that must include 1) 
an overview and a description of the procedure; 2) a detailed series of images and 
descriptive text describing each step of the procedure; 3) a detailed description of 
the instruments and other materials needed to perform the procedure as well as 
trade name, manufacturer's name and address; 4) a summary or conclusion; and 
5) references. Additional information acceptable for this section would include 
topics of current interest to our colleagues whether it is a technique or subject that 
can be used in the clinical situation. "New drug regimens for use in the horse" is 
one example of such a clinical topic that has direct application to the equine. 
 
Submission checklist 
You can use this list to carry out a final check of your submission before you send 
it to the journal for review. Please check the relevant section in this Guide for 
Authors for more details.  
Ensure that the following items are present: 
One author has been designated as the corresponding author with contact details: 
• E-mail address 
• Full postal address  
All necessary files have been uploaded:  
Manuscript: 
•Include keywords 
• All figures (include relevant captions) 
• All tables (including titles, description, footnotes) 
• Ensure all figure and table citations in the text match the files provided 
• Indicate clearly if color should be used for any figures in print 
Graphical Abstracts / Highlights files (where applicable) 
Supplemental files (where applicable) 
 
Further considerations 
• Manuscript has been 'spell checked' and 'grammar checked' 
• All references mentioned in the Reference List are cited in the text, and vice 
versa 
• Permission has been obtained for use of copyrighted material from other sources 
(including the Internet) 
• Relevant declarations of interest have been made 
• Journal policies detailed in this guide have been reviewed 
• Referee suggestions and contact details provided, based on journal 
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requirements  
For further information, visit our Support Center. 
Ethics in publishing 
Please see our information pages on Ethics in publishing and Ethical guidelines for 
journal publication. 
Policy and ethics 
The work described in your article must have been carried out in accordance 
with The Code of Ethics of the World Medical Association (Declaration of Helsinki) 
for experiments involving 
humans http://www.wma.net/en/30publications/10policies/b3/index.html; EU 
Directive 2010/63/EU for animal 
experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en
.htm; Uniform Requirements for manuscripts submitted to Biomedical 
journals http://www.icmje.org. This must be stated at an appropriate point in the 
article. 
Unnecessary cruelty in animal experimentation is not acceptable to the Editors 
of Journal of Equine Veterinary Science. 
 
Conflict of Interest 
Any conflicts of interest must be disclosed at the end of the submitted manuscript 
under the subheading 'Conflict of interest statement'. All authors must disclose any 
financial and personal relationships with other people or organizations that could 
inappropriately influence (bias) their work. Examples of potential conflicts of 
interest include employment, consultancies, stock ownership, honoraria, paid 
expert testimony, patent applications/registrations, and grants or other funding. 

See also http://www.elsevier.com/conflictsofinterest. Further information and an 

example of a Conflict of Interest form can be found at: 
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing. 
 
Submission declaration 
Submission of an article implies that the work described has not been published 
previously (except in the form of an abstract or as part of a published lecture or 
academic thesis or as an electronic preprint, see 'Multiple, redundant or concurrent 
publication' section of our ethics policy for more information), that it is not under 
consideration for publication elsewhere, that its publication is approved by all 
authors and tacitly or explicitly by the responsible authorities where the work was 
carried out, and that, if accepted, it will not be published elsewhere including 
electronically in the same form, in English or in any other language, without the 
written consent of the copyright-holder. 
 
Contributors 
Each author is required to declare his or her individual contribution to the article: all 
authors must have materially participated in the research and/or article preparation, 
so roles for all authors should be described. The statement that all authors have 
approved the final article should be true and included in the disclosure. 
 
Authorship 

http://service.elsevier.com/app/overview
http://www.elsevier.com/publishingethics
http://www.elsevier.com/journal-authors/ethics
http://www.elsevier.com/journal-authors/ethics
http://www.wma.net/en/30publications/10policies/b3/index.html
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://www.icmje.org/
http://www.elsevier.com/conflictsofinterest
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
http://www.elsevier.com/authors/journal-authors/policies-and-ethics
http://www.elsevier.com/authors/journal-authors/policies-and-ethics
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All authors should have made substantial contributions to all of the following: (1) 
the conception and design of the study, or acquisition of data, or analysis and 
interpretation of data, (2) drafting the article or revising it critically for important 
intellectual content, (3) final approval of the version to be submitted. 
 
Changes to authorship 
Authors are expected to consider carefully the list and order of 
authors before submitting their manuscript and provide the definitive list of authors 
at the time of the original submission. Any addition, deletion or rearrangement of 
author names in the authorship list should be made only before the manuscript 
has been accepted and only if approved by the journal Editor. To request such a 
change, the Editor must receive the following from the corresponding author: (a) 
the reason for the change in author list and (b) written confirmation (e-mail, letter) 
from all authors that they agree with the addition, removal or rearrangement. In the 
case of addition or removal of authors, this includes confirmation from the author 
being added or removed. 
Only in exceptional circumstances will the Editor consider the addition, deletion or 
rearrangement of authors after the manuscript has been accepted. While the 
Editor considers the request, publication of the manuscript will be suspended. If the 
manuscript has already been published in an online issue, any requests approved 
by the Editor will result in a corrigendum. 
 
Copyright 
Upon acceptance of an article, authors will be asked to complete a 'Journal 
Publishing Agreement' (see more information on this). An e-mail will be sent to the 
corresponding author confirming receipt of the manuscript together with a 'Journal 
Publishing Agreement' form or a link to the online version of this agreement. 
Subscribers may reproduce tables of contents or prepare lists of articles including 
abstracts for internal circulation within their institutions. Permission of the Publisher 
is required for resale or distribution outside the institution and for all other 
derivative works, including compilations and translations. If excerpts from other 
copyrighted works are included, the author(s) must obtain written permission from 
the copyright owners and credit the source(s) in the article. Elsevier has preprinted 
forms for use by authors in these cases. 
For open access articles: Upon acceptance of an article, authors will be asked to 
complete an 'Exclusive License Agreement' (more information). Permitted third 
party reuse of open access articles is determined by the author's choice of user 
license. 
Author rights 
As an author you (or your employer or institution) have certain rights to reuse your 
work. More information. 
Elsevier supports responsible sharing 
Find out how you can share your research published in Elsevier journals. 
Role of the funding source 
You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of 

http://www.elsevier.com/copyright
http://www.elsevier.com/permissions
http://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
http://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
http://www.elsevier.com/about/company-information/policies/copyright
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/copyright
http://www.elsevier.com/sharing-articles
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data; in the writing of the report; and in the decision to submit the article for 
publication. If the funding source(s) had no such involvement then this should be 
stated. 
Funding body agreements and policies 
Elsevier has established a number of agreements with funding bodies which allow 
authors to comply with their funder's open access policies. Some funding bodies 
will reimburse the author for the Open Access Publication Fee. Details of existing 
agreements are available online. 
After acceptance, open access papers will be published under a noncommercial 
license. For authors requiring a commercial CC BY license, you can apply after 
your manuscript is accepted for publication. 
Open access 
This journal offers authors a choice in publishing their research:  
Open access  
• Articles are freely available to both subscribers and the wider public with 
permitted reuse. An open access publication fee is payable by authors or on their 
behalf, e.g. by their research funder or institution. 
Subscription. Articles are made available to subscribers as well as developing 
countries and patient groups through our universal access programs. 
• No open access publication fee payable by authors. Regardless of how you 
choose to publish your article, the journal will apply the same peer review criteria 
and standards.  
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 
.For non-commercial purposes, lets others distribute and copy the article, and to 
include in a collective work (such as an anthology), as long as they credit the 
author(s) and provided they do not alter or modify the article. 
 
The open access publication fee for this journal is USD 2500, excluding taxes. 

Learn more about Elsevier's pricing policy: 
http://www.elsevier.com/openaccesspricing. 
 
Green open access 
 
Authors can share their research in a variety of different ways and Elsevier has a 
number of green open access options available. We recommend authors see 
our green open access page for further information. Authors can also self-archive 
their manuscripts immediately and enable public access from their institution's 
repository after an embargo period. This is the version that has been accepted for 
publication and which typically includes author-incorporated changes suggested 
during submission, peer review and in editor-author communications. Embargo 
period: For subscription articles, an appropriate amount of time is needed for 
journals to deliver value to subscribing customers before an article becomes freely 
available to the public. This is the embargo period and it begins from the date the 
article is formally published online in its final and fully citable form. Find out more. 
 
This journal has an embargo period of 12 months. 
 

http://www.elsevier.com/about/open-science/open-access/agreements
http://www.elsevier.com/about/open-science/open-access/agreements
http://www.elsevier.com/access
http://www.elsevier.com/openaccesspricing
http://elsevier.com/greenopenaccess
http://www.elsevier.com/about/open-science/open-access/journal-embargo-finder/
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Elsevier Publishing Campus 
 
The Elsevier Publishing Campus (www.publishingcampus.com) is an online 
platform offering free lectures, interactive training and professional advice to 
support you in publishing your research. The College of Skills training offers 
modules on how to prepare, write and structure your article and explains how 
editors will look at your paper when it is submitted for publication. Use these 
resources, and more, to ensure that your submission will be the best that you can 
make it. 
 
Language (usage and editing services) 
 
Please write your text in good English (American or British usage is accepted, but 
not a mixture of these). Authors who feel their English language manuscript may 
require editing to eliminate possible grammatical or spelling errors and to conform 
to correct scientific English may wish to use the English Language Editing 
service available from Elsevier's WebShop. 
 
Submission 
 
Our online submission system guides you stepwise through the process of entering 
your article details and uploading your files. The system converts your article files 
to a single PDF file used in the peer-review process. Editable files (e.g., Word, 
LaTeX) are required to typeset your article for final publication. All correspondence, 
including notification of the Editor's decision and requests for revision, is sent by e-
mail. 
 
Submit your article 
 
Please submit your article 

via  https://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JR
NL_ACR=JEVS. 
 
Referees 
 
Please submit, as part of the covering letter with the manuscript, the names, full 
affiliation (department, institution, city and country) and email addresses of up to 5 
potential Referees. Appropriate Referees should be knowledgeable about the 
subject but have no close connection with any of the authors. In addition, Referees 
should be from institutions other than (and preferably countries other than) those of 
any of the Authors. You may also suggest reviewers you do not want to review 
your manuscript, but please state your reasons for doing so. The Editors retain the 
right to choose reviewers as deemed appropriate. All submissions will be reviewed 
by at least two anonymous reviewers to evaluate them for originality, clear 
statement of a hypothesis, appropriate experimental design, completeness of 
methods, a logical and comprehensive discussion, and conclusions that are 
supported by data. 

http://www.publishingcampus.com/
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
https://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=JEVS
https://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=JEVS
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Use of word processing software 
 
It is important that the file be saved in the native format of the word processor 
used. The text should be in single-column format. Keep the layout of the text as 
simple as possible. Most formatting codes will be removed and replaced on 
processing the article. In particular, do not use the word processor's options to 
justify text or to hyphenate words. However, do use bold face, italics, subscripts, 
superscripts etc. When preparing tables, if you are using a table grid, use only one 
grid for each individual table and not a grid for each row. If no grid is used, use 
tabs, not spaces, to align columns. The electronic text should be prepared in a way 
very similar to that of conventional manuscripts (see also the Guide to Publishing 

with Elsevier:  http://www.elsevier.com/guidepublication). Note that source files 
of figures, tables and text graphics will be required whether or not you embed your 
figures in the text. See also the section on Electronic artwork. 
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 
'grammar-check' functions of your word processor. 
 
Article structure 
 
Subdivision - numbered sections 
Divide your article into clearly defined and numbered sections. Subsections should 
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in 
section numbering). Use this numbering also for internal cross-referencing: do not 
just refer to 'the text'. Any subsection may be given a brief heading. Each heading 
should appear on its own separate line. 
 
Introduction 
State the objectives of the work and provide an adequate background, avoiding a 
detailed literature survey or a summary of the results. 
 
Material and methods 
 
Provide sufficient detail to allow the work to be reproduced. Methods already 
published should be indicated by a reference: only relevant modifications should be 
described. 
 
Results 
 
Results should be clear and concise. 
 
Discussion 
 
This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive 
citations and discussion of published literature. 
 
Conclusions 

http://www.elsevier.com/guidepublication
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The main conclusions of the study may be presented in a short Conclusions 
section, which may stand alone or form a subsection of a Discussion or Results 
and Discussion section. 
 
Essential title page information 
 
• Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and 
family name(s) of each author and check that all names are accurately spelled. 
Present the authors' affiliation addresses (where the actual work was done) below 
the names. Indicate all affiliations with a lower-case superscript letter immediately 
after the author's name and in front of the appropriate address. Provide the full 
postal address of each affiliation, including the country name and, if available, the 
e-mail address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publication. Ensure that the e-mail 
address is given and that contact details are kept up to date by the 
corresponding author. 
• Present/permanent address. If an author has moved since the work described 
in the article was done, or was visiting at the time, a 'Present address' (or 
'Permanent address') may be indicated as a footnote to that author's name. The 
address at which the author actually did the work must be retained as the main, 
affiliation address. Superscript Arabic numerals are used for such footnotes. 
 
Abstract 
 
A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An abstract is 
often presented separately from the article, so it must be able to stand alone. For 
this reason, References should be avoided, but if essential, then cite the author(s) 
and year(s). Also, non-standard or uncommon abbreviations should be avoided, 
but if essential they must be defined at their first mention in the abstract itself. 
 
Graphical abstract 
 
Although a graphical abstract is optional, its use is encouraged as it draws more 
attention to the online article. The graphical abstract should summarize the 
contents of the article in a concise, pictorial form designed to capture the attention 
of a wide readership. Graphical abstracts should be submitted as a separate file in 
the online submission system. Image size: Please provide an image with a 
minimum of 531 × 1328 pixels (h × w) or proportionally more. The image should be 
readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. 
Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example 
Graphical Abstracts on our information site. 
Authors can make use of Elsevier's Illustration and Enhancement service to ensure 

http://www.elsevier.com/graphicalabstracts
http://www.elsevier.com/graphicalabstracts
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the best presentation of their images and in accordance with all technical 
requirements: Illustration Service. 
 
Highlights 
 
Highlights are mandatory for this journal. They consist of a short collection of bullet 
points that convey the core findings of the article and should be submitted in a 
separate editable file in the online submission system. Please use 'Highlights' in 
the file name and include 3 to 5 bullet points (maximum 85 characters, including 
spaces, per bullet point). You can view example Highlights on our information site. 
 
Keywords 
 
Immediately after the abstract, provide a maximum of 6 keywords, using American 
spelling and avoiding general and plural terms and multiple concepts (avoid, for 
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly 
established in the field may be eligible. These keywords will be used for indexing 
purposes. 
 
Acknowledgements 
 
Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to 
the title or otherwise. List here those individuals who provided help during the 
research (e.g., providing language help, writing assistance or proof reading the 
article, etc.). 
 
Formatting of funding sources 
 
List funding sources in this standard way to facilitate compliance to funder's 
requirements: 
 
Funding: This work was supported by the National Institutes of Health [grant 
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant 
number zzzz]; and the United States Institutes of Peace [grant number aaaa]. 
 
It is not necessary to include detailed descriptions on the program or type of grants 
and awards. When funding is from a block grant or other resources available to a 
university, college, or other research institution, submit the name of the institute or 
organization that provided the funding. 
 
If no funding has been provided for the research, please include the following 
sentence: 
 
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. 
 

http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
http://www.elsevier.com/highlights
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Units 
 
Follow internationally accepted rules and conventions: use the international system 
of units (SI). If other units are mentioned, please give their equivalent in SI. 
 
Nomenclature 
 

 Authors and Editors are, by general agreement, obliged to accept the rules 
governing biological nomenclature, as laid down in the International Code of 
Botanical Nomenclature, the International Code of Nomenclature of Bacteria, 
and the International Code of Zoological Nomenclature. Virologists should 
consult the latest Report of the International Committee on Taxonomy of Viruses 
for proper nomenclature and spelling. 

 All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by 
their scientific names when the English term is first used, with the exception of 
common domestic animals. 

 All biocides and other organic compounds must be identified by their Geneva 
names when first used in the text. Active ingredients of all formulations should 
be likewise identified. 

 For chemical nomenclature, the conventions of the International Union of Pure 
and Applied Chemistry and the official recommendations of the IUPAC-IUB 
Combined Commission on Biochemical Nomenclature should be followed. 

Formulae 
Give the meaning of all symbols immediately after the equation in which they are 
first used. 

 For simple fractions use the solidus (/) instead of a horizontal line. 
 Equations should be numbered serially at the right-hand side in parentheses. In 

general only equations explicitly referred to in the text need be numbered. 
 The use of fractional powers instead of root signs is recommended. Powers of e 

are often more conveniently denoted by exp. 
 In chemical formulae, valence of ions should be given as, e.g. Ca2+ , not as 

Ca++. 
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Abstract  

The aim of this study was to review the safety of the detomidine  (DET) in horses and the 

effects of yohimbine (YOH) over pharmacokinetic, pharmacodynamics, and behavioural 

parameters in horses sedated with detomidine. A literature search was made on PubMed1 

and SCOPUS2 for studies that had evaluated the effects of DET or YOH on clinics 

pharmacodynamics and pharmacokinetics parameters in horses plus experimental studies 

with the effect of YOH on the pharmacokineticS, pharmacodynamics, and behavioral 

parameters in horses sedated with DET. Aditionally, information was obtained from studies 

where DET or YOH was administered alone or in their combination in treatment of horses. 

Three investigations described the pharmacokinetics or physiologics effects of YOH when 

administered after DET to reverse the behavioural and physiological effects of DET. The 

                                                
1 PUBMED: National Center for Biotechnology Information, United States national Library, Bethesda, MD. 
2 SCOPUS: Elsevier Research Intelligence. 
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studies with DET showed that it was more absorbed when administered intramuscular than 

when administered sublingual. In those studies, they noted important implications, both 

from therapeutic and regulatory prospective. They demonstrated intravenously 

administered DET is effective in sedation with effects on cardiovascular effects.  

 

Key words: Detomidine, Yohimbine, Pharmacokinetic, Pharmacodynamics, Behavioural 

change. 

 

Introduction 

There is a wide group of alpha-2 adrenergic adrenoreceptor agonists such as xylazine, 

detomidine (DET)3, medetomidine and romifidine. In veterinary practice, xylazine and 

medetomidine are the most commonly used drugs for horses. DET is a potent agonist of 

both centrally and peripherally located alpha-2 receptors in many animal species (Jochle & 

Hamm 1986; Salonen et al., 1989), and is characterized by rapid distribution and 

metabolism to two main metabolites with subsequent elimination (Knych et al., 2012). 

DET is commonly used in equine medicine for procedures requiring sedation, chemical 

restraint or analgesia and is most commonly administered parenterally (Kaukinen et al., 

2010; DiMaio and Stanley, 2011; Knych et al., 2012; Knych and Stanley, 2014; Vainionpää 

et al., 2013). The effects of DET on the pharmacokinetics and pharmacodynamics 

parameters in the horse following either intravenous (IV)4 or intramuscular (IM)5 

administration have been well described (Salonen et al., 1989; Grimsrud et al., 2009; 

Hubbel et al., 2009; Mama et al., 2009; DiMaio and Stanley, 2011).  

Alpha-2 adrenergic antagonists are often used to reverse the sedative, cardiovascular 

depressant (Knych et al., 2012) and central nervous system (CNS) effects of alpha-2 

adrenergic receptor agonists following IV or IM administration. The three antagonists most 

commonly used in veterinary medicine are yohimbine (YOH)6, atipamezole and tolazoline. 

                                                
3Det: Detomidine is alpha-2 adrenergic adrenoreceptor agonists. 
4 IV: Intravenous 
5 IM: Intramuscular 
6 YOH: alpha-2 receptor antagonist. 
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In equine medicine, the only FDA7 approved alpha-2 adrenergic antagonist is tolazoline 

(Knych & Stanley 2014). YOH is an indole alkaloid derived from several biological or 

botanical sources, including the bark of the Pausinystalia yohimbine tree and the Rauwolfia 

root (Dimaio Knych et al., 2011; Dimaio Knych and Stanley, 2011). YOH enhances 

sympathetic outflow neurotransmitter, norepinephrine. It is a potent antagonist of centrally 

and peripherally located alpha-2 receptors in humans and many animal species (Kollias-

Baker et al., 1993; Ramseyer et al., 1998; Hubell & Muir 2006). In veterinary medicine, 

YOH is almost exclusively used to reverse the sedative or cardiovascular effects of the 

alpha-2 receptor agonists, especially DET (Dimaio Knych et al., 2011). In horses, YOH has 

been shown to antagonize the ventricular bradycardia and atrioventricular (AV)8 

conduction disturbances observed following administration of DET (Knych et al., 2012). 

YOH appears to be widely distributed, as evidenced by a large volume of distribution and 

rapid clearance following IV administration to horses (DiMaio Knych et al., 2011). In 

humans, YOH is rapidly metabolised by the cytochrome P450 enzymes to two hydroxyl-

yohimbine metabolites (LeCorre et al., 1999). To our knowledge, there are no reports in the 

literature regarding YOH metabolites in the horse (Dimaio Knych et al., 2011). 

Hydroxylation is the major pathway for the elimination of YOH in the horse. However, 

although hydroxylation of YOH in humans has been attributed to CYP450 enzymes, 

namely CYP3A4 and CYP2D6, the identity of the enzymes responsible for metabolism of 

YOH in the horse hase yet to be elucidated (Knych et al., 2012). Based on the evidence of 

experimental studies on its efficacy, the aim of this study was to systematically review the 

safety of this drug in horses and the effect of YOH over pharmacokinetic, 

pharmacodynamics, and behavioural parameters in horses sedated with DET.  

 

Method 

A literature search was made on PubMed (National Center for Biotechnology Information, 

United States National Library, Bethesda, MD) and SCOPUS (Elsevier Research 

Intelligence) from its inception on 26 May, 2015. In the review, experimental studies 

involving the evaluation of the effects of DET administered enterally or parenterally in 

                                                
7 FDA: Food and Drug Administration. 
8 AV: Atrio-ventricular 
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horses on clinics pharmacodynamics and pharmacokinetics parameters were inlcuded. 

Experimental studies that determined the pharmacokinetics or pharmacodynamics profile of 

intravenously administered YOH in horses were also included. Finally, experimental 

studies evaluating the effect of YOH on the pharmacokinetics, pharmacodynamics, and 

behavioural parameters in horse sedated with DET were included. A review of titles and, if 

available, abstracts was performed by two of the investigators who eliminated duplicate 

manuscripts and studies evaluating the effects of other alpha-2 adrenergic antagonists on 

horse. Five manuscripts were retrieved for further revision. Disagreements between the 

investigators were resolved by consensus. 

Data abstraction was performed by three other investigators. From the experimental studies 

performed in horses, the following variables were obtained: animal species, sex, age, 

dosage, administration route, clinics effects, changes in behavior, cardiac and blood 

parameters, and pharmacokinetics and pharmacodynamics effects. Of the 26 retrieved 

studies, information was obtained from 14 selected reports (Dimaio Knych et al., 2011; 

Dimaio Knych et al., 2012; Di Maio Knych & Stanley 2011; Di Maio Knych et al., 2011; 

Jernigan et al., 1988; Kaukinen et al., 2010; Kaukinen et al., 2011; Knych et al., 2012; 

Knych & Stanley 2014; Mama et al., 2009; Vainionpää et al., 2013; Salonene et al., 1989; 

Jochle & Hamm, 1986; Hubbel et al., 2009) . 

 

Results  

The following studies reporting treatments in horses which employed DET or YOH when 

administered alone or in combination were identified. Three in vivo experimental studies 

with horses characterized pharmacokinetics, pharmacodynamics, sedative, and clinical 

effects of DET. The DET was administered at different doses enterally or parenterally. 

DET doses of 0.03 mg kg-1 was most frequently chosen for two reasons, it is the dose 

commonly used for sedation in horses, and this dose has demonstrated the minimum effects 

on alveolar concentration of isoflurane in horses (Dimaio Knych et al., 2012). However, 

studies with this drug do not use this suggested dose. The first study characterized the 

pharmacokinetics of a novel DET gel product after sublingual (SL)9 administration 

indicated slight differences in absorption and plasma DET concentrations. 

                                                
9 SL: Sublingual 
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Carboxydetomidine and hydroxydetomidine were detected in urine samples. The 

elimination of DET is differed between sedentary and active horses. For the second 

experiment, AUC10 and Cmax11 show that IM and SL routes of administration were not 

bioequivalent. The onset of sedation was very fast with IV administration. However, the 

time to the onset of sedation was longer after SL and IM administration. Part of the gel is 

likely to be swallowed and, due to extensive first-pass metabolism, does not reach the 

systemic circulation. In two experiments, no adverse effects were observed in horses that 

were treated via SL. Other study showed the pharmacokinetics parameters of DET where 

the clearance was considerably faster and the volume of distribution markedly higher  

compared to previous reports in the some species (Table 1). 

Three experimental studies characterized the pharmacokinetics or pharmacodynamics 

profile and determine the half-life of YOH when administered to horses. The studies were 

conducted in a randomized fashion at different doses administered intravenously where in 

each horse received 0.075, 0.1, 0.12, 0.15, 0.2 or 0.4 mg/Kg of YOH. Mean plasma YOH 

concentration in the first 15 minutes following IV administration of 0.4 mg/Kg YOH 

corresponded to 105 or 220 ng/mL (Table 2). Immediately following administration, some 

horses showed signs of sedation which persisted for approximately 1 h, as indicated by a 

slight drop in head height (chin-to-ground distance). Gastrointestinal (GI) sounds increased 

in most horses at all doses studied; nevertheless, a dose-dependent response was evident 

with GI sounds. 

Another three investigations described the pharmacokinetic or physiologic effects of the 

YOH when administered after the DET to reverse the behavioural and physiologic effects 

of DET. The experimental studies with DET showed that DET had been absorbed when 

administration route was SL but was less absorbed than when given IM. In these studies, 

they noted important implications, from both therapeutic and regulatory perspectives. These 

studies demonstrated that intravenously administered DET was effective in sedation, but 

with negative effects on cardiovascular system (Table 3). 

 

                                                
10 AUC: Area under the curve. 
11 Cmax: Maximal plasma concentration. 
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The behavioural effects of the alpha-2-receptor antagonist, YOH, appears to be highly 

variable between horses. Regardless of the variability in response when administered alone, 

YOH was effective in resolving naturally occurring as well as DET-induced AV conduction 

disturbances. 

 

Discussion  

In relation to administration of DET in horses, it has been shown individual variability in 

pharmacokinetics parameters can be attributed to factors such as dose, loss of drug, dose 

lost via expulsion from the mouth or swallowing, or DET metabolism by enzymes in the GI 

tract wall or first-pass effects (di Maio Knych & Stanley, 2011). DET is a lipophilic weak 

base with an acid dissociation constant (Pka) of 7.2; thus, absorption is favoured in an 

alkaline environment, mouth and small intestine included. Oral cavity in horses tends to be 

alkaline, which makes it possible that slight differences. SL administration of DET gel was 

well tolerated by horses, barely perceptible diffuse erythema of the oral mucous membranes 

was reported in horses formulation. Salonen et al. (1989) indicated that due to extensive 

first-pass metabolism, the drug does not reach the systemic circulation. SL administration 

of DET is apt to reach the heart before distribution to the brain because the mucosal 

capillaries drain directly into the jugular veins, which run directly to the heart. However, 

blood must travel throughout the body before reaching the brain (di Maio Knych & Stanley, 

2011). 

The highest plasma DET concentration was 168±83.7 ng/mL, which indicated that the drug 

was absorbed well from the SL mucosa into the systemic circulation. In SL administration, 

drainage from the submucosal region was via the jugular vein. In this respect, it is 

important to know whether if collection of samples was via a jugular vein immediately 

following absorption. Although DET appeared to be absorbed well following SL 

administration, there was a great degree of variability in Cmax and Tmax among horses. The 

Cmax differed substantially as a result of the site used for collection of samples and the time 

after drug administration (di Maio Knych & Stanley, 2011). 

The elimination of drugs has been reported to differ between sedentary and active horses 

(di Maio Knych & Stanley, 2011). Previous studies have reported the elimination half-life 

of DET to be 26 to 71 minutes (Knych et al., 2012). Vainionpää et al. (2013) reported a  
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half-life of 37  minutes, resulting in observations analogous with the previously reported 

findings. The mean half-life of the elimination of DET following SL administration 

reported by di Maio Knych & Stanley (2011) was 1.5±1 hours and longer than after IV 

administration which was 26.4 minutes. Terminal half-life of DET was longer after SL than 

after IM administration, but sedation lasted longer after IM administration (Kaukinen et al., 

2011). This can be explained by the lesser bioavailability of DET as a oromucosal gel, 

compared to the injectable solution, reflecting the dose-dependent duration of DET sedation 

(Kamerling et al. 1988).  

DET administration SL and IV produced profound sedation in all horses studied as 

evidenced by an observable decrease in chin-to-ground distance (Dimaio Knych et al., 

2012; di Maio Knych & Stanley 2011)). Kaukinen et al. (2011) reported that sedation 

started sooner after IM administration than after the administration of the oromucosal gel. 

This can be explained by the lower mean Cmax and the longer mean tmax after SL 

administration via IM injection, indicating that DET is absorbed more rapidly when given 

IM to horses. DET produces cardiovascular side effects and ataxia (Dimaio Knych et al., 

2012); in the study of Kaukinen et al. (2011); However, those effects were less pronounces 

after SL administration. No adverse events were observed in the oromucosal gel group, 

with the exception of only adverse effect after IM treatment was mild bradycardia observed 

in one horse. It has been shown that some horses exhibit signs of ataxia (stable but swaying 

lightly) between the 40 to 90 minute assessment points after oromucosal gel administration. 

The bradycardia and conduction disturbances observed following DET administration may 

be attributable to a centrally mediated decrease in peripheral sympathetic tone, presynaptic 

inhibition of norepinephrine release from fibres innervating the heart, or enhancement of 

vagal reflexes (di Maio Knych & Stanley 2011). 

Dimaio Knych et al. (2012) noted a marked increase in glucose concentrations 30 minutes 

post-DET.. Hyperglycemia has been detected in horses (Dimaio et al., 2012; Knych & 

Stanley 2014) and has been attributed to inhibition of insulin release from the pancreas beta 

cells. di Maio Knych and Stanley, (2011) reported no apparent pattern for glucose 

concentrations over the 6 hours sample collection period although there was a large 

variability among horses, suggesting the possibility of a non-drug-related phenomenon and 

simply a result of food being withheld from the horses before and throughout the glucose-
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monitoring period. There is need for additional studies to characterize these effects in 

horses. In relation to the administration of YOH, it has been shown than there are variation 

in the pharmacokinetics parameters. It is possible that the differences observed were caused 

by age, physical condition, intrinsic clearance, amount of body fat, and tissue blood flow 

(Jernigan et al., 1988). The pharmacokinetic parameters calculated for YOH, as the large 

volume of distribution, was due to its rapid dispersed (2.0 - 5.7 L/Kg). The lipid solubility 

and lipophilic compound of YOH may allow it to cross the blood-brain barrier to a 

potential site of action in the CNS. The same researchers indicated extensive tissue 

distribution and ability to cross membranes, which helps to explain its duration and action 

when used for arousal from anesthesia. 

The mean half-live of YOH was 86.6 min in horses given a small dose of 0.075 mg/Kg  and  

57.8 minutes in horses given a large dose of 0.15 mg/Kg (Jernigan et al., 1988). The 

relatively long serum half-life and mean residence time of YOH indicated that this would 

be present in the body until after most anesthetics or sedatives were no longer effective. In 

steers and dogs, the half-life ranged from 87 to 164 minutes, respectively. In other studies, 

the investigators were able to detect YOH in plasma samples at 12 hours postdrug 

administration and have demonstrated that plasma versus time concentration data were best 

described by a two-compartment open model (Dimaio Knych et al., 2011; Dimaio Knych & 

Stanley, 2011). They suggest that it was a result of sequestration and slow release over 

time.  

The clearance and terminal elimination half-life can differ substantially between studies 

because of the ability to collect and detect YOH in plasma samples. However, renal blood 

flow may be the limiting factor in the clearance of YOH in the form of metabolite. 

However, additional studies are necessary to be conclusive. The large volume of 

distribution coupled with the slower systemic clearance is the reason for the longer terminal 

elimination half-life (Dimaio Knych et al., 2011).  

Based on analysis of plasma and urine samples in horses, it has been reported that 

hydroxylation also appears to be the predominant pathway for elimination of YOH. One 

metabolite was hydroxy-yohimbine in urine samples (Dimaio Knych et al., 2011). YOH is 

eliminated by a first-order process, and it is possible that this could have a very prolonged 

half-life with small serum concentrations due to release of the drug from tissue reservoirs 
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(Dimaio Knych et al., 2011). A more sensitive YOH assay and determinations of renal and 

hepatic clearance are necessary to define further a possible prolonged elimination of YOH 

(Dimaio Knych et al., 2012).  

YOH has been shown to decrease the incidence of naturally occurring nonpathological AV 

conduction disturbances following IV administration in horses (Di Maio Knych & Stanley, 

2011; Dimaio Knych et al., 2011). Similar effects were reported when administered alone, 

with maximal resolution of AV blocks occurring within 2 minutes of administration 

(Dimaio Knych et al., 2012). 

The clearance and t1/2el
12 of YOH following SL DET administration (22.9 mL minute-1 kg-

1), 1.87 hours (t1/2el) reported on a study (Knych & Stanley 2014) differs from previous 

report of YOH disposition following IV DET administration (6.8 mL minute-1 kg-1); 4.4 

hours (t1/2el) (Knych et al., 2012). Knych & Stanley (2014) reported total YOH plasma 

clearance to ranged from 18.6 to 41.2 mL minute-1 kg-1, indicating that it is a high hepatic 

extraction ratio drug with extra hepatic metabolism. Similar findings were reported in 

horses (di Maio Knych & Stanley 2011; Knych et al., 2012).  

DET IV administration in horses produced a decreased heart rate of 15 bpm. This maximal 

change was observed at 2 minutes postdrug administration, and it is likely attributable to 

large concentrations of drug delivered to the heart. The heart rate increased 16 bpm in 

horses receiving YOH subsequent to DET (Dimaio Knych et al., 2012). This change was 

slightly more rapid, 2 minutes post-YOH administration than that observed when YOH was 

administered alone. Antagonism of the DET-induced cardiac effects was most pronounced 

with YOH and tolazoline and least with atipamezole (Knych & Stanley 2014). In addition 

to their effects on heart rate, administration of DET has been associated with AV 

conductions blocks an increasing incidence of AV blocks (Dimaio Knych et al., 2012) 

following enteral administration. It was reported 48% of the AV signals were blocked 

following DET administration alone, with the maximal number of conduction blocks 

occurring by 5 min post-DET administration. The bradycardia and the conduction 

disturbances may be due to a centrally mediated decrease in peripheral sympathetic tone, 

presynaptic inhibition of norepinephrine release from fibres innervating the heart or the 

enhancement of vagal reflexes. Dimaio Knych et al. (2012) noted that DET induced 

                                                
12 t1/2el: terminal elimination half-life. 
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conduction blocks immediately post YOH administration. The percentage of AV 

conduction disturbances returned to pre-DET values within 2 minutes of YOH 

administration. 

DET administration following subsequent administration of YOH generates differences in 

behaviour, including a return toward baseline chin-to-ground distances, which were 

observed within 3 to 5 minutes of YOH administration. This initial period of arousal was 

followed by 10 minutes of sedation. Although the animals were obviously sedate, signs 

were less pronounced than those observed upon initial administration of DET (Dimaio 

Knych et al., 2012). Horses treated with YOH showed signs of alertness within 5 minutes 

followed by a return to sedation (Knych & Stanley 2014).  

Plasma glucose concentrations increased following DET administration which decreased 

toward baseline much faster in groups that received YOH subsequent to DET as compared 

to horses that did not receive the alpha-2 adrenergic receptor antagonists. It is possible that 

the faster return to baseline glucose concentrations was due to displacement of DET from 

receptors. This is supported by the lack of effect of YOH on plasma glucose concentrations 

(Dimaio Knych & Stanley 2011), suggesting that YOH by itself had no effect on plasma 

glucose concentrations (Dimaio Knych et al., 2012). Probably, the inhibition of insulin 

release was mediated through postsynaptic adrenoreceptors located on the pancreatic cells, 

specifically the alpha-2 adrenergic subtype and that of alpha-2 adrenergic receptor 

antagonists, such as YOH, blocking the hyperglycemic effect of alpha-2 adrenergic 

agonists (Oda et al., 1991 in (Knych & Stanley 2014)). YOH decreased DET-induced 

hyperglycaemiadue likely to cessation of DET-induced effects as opposed to being due to 

atipemezole. The antihyperglycaemic effect may be dose dependent, and a higher dose of 

atipamezole may be necessary to reverse the alpha-2-agonistic effect and in turn result in 

decreased plasma glucose concentrations (Knych & Stanley 2014). 

DET pronounced generating cardiac effects, including a notable decrease in heart rate and 

an increased incidence of AV conduction blocks. Conversely, the behavioural effects of the 

alpha-2 receptor antagonist, YOH, appears to be highly variable between horses. 

Regardless of the variability in response when administered alone, YOH was effective in 

resolving naturally occurring as well as DET-induced AV conduction disturbances. Overall, 

YOH was effective in reversing the behavioural and cardiovascular effects of IV 
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administered DET. The antagonistic effects of YOH on HR and rhythm changes and 

behavioural effects elicited by SL-administered DET appear to be incomplete.  

 

Conclusion  

In recent years, DET administration in horses has become popular, in part, due to the 

existence of a pharmaceutic form supplied as a gel for the oral administration coupled with 

a YOH administration increment to reverse the DET effects. Although YOH is not an FDA-

approved drug for the equines and it is indicated as an alpha-2 antagonist, YOH has been 

used for this purpose. Scientific evidence shows multiple variation of pharmacodynamics, 

pharmacokinetic, and cardiovascular parameters for individual horses; therefore, YOH 

should be used cautiously in order to avoid serious and unpredictable undesired side effects. 

Until the causes of variation between individual horses is resolved, it is important to 

determine if the source of variation relays just in the individuality of each animal or if there 

is a relationship with determinant factors such as age, sex, body fat or physical condition, 

renal clearance, or any other condition. 
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Table 1. Effects of detomidine in horses on clinics, pharmacodynamics or pharmacokinetics parameters. 

Authors  Objective  Experimental model Dose and 

administration 

route 

Pharmacokinetics or 

pharmacodynamics 

changes 

Conclusion 

(di Maio 

Knych & 

Stanley, 

2011) 

 

Characterise 

pharmacokinetic

s and 

pharmacodynam

ics of DET gel 

administered in 

horses before 

competition. 

Twelve healthy fit 

actively competing 

adult Thoroughbred 

racehorses were 

included. Horses were 

assessed as healthy and 

free of cardiovascular 

disease. 

Horses did not receive 

any sedative or 

analgesic agents; they 

continued to be 

exercised throughout 

the sample collection 

period, except for the 

0.04 mg/kg DET 

(Dormosedan 

Gel, Pfizer 

Animal Health, 

New York, NY) 

administered 

SL. 

Highest plasma DET 

concentration was 

168±83.7 ng/mL. 

Peak DET plasma 

concentration was 

rapidly with mean±SD 

Tmax13 at 36±10 min 

after drug 

administration. Half-

life of elimination was 

1.5±1 h. 

Concentrations of 

DET as well as its 

metabolites in urine 

samples were below 

DET gel appeared to have 

been absorbed well from 

the SL mucosa into the 

systemic circulation. The 

half-life of elimination 

following SL 

administration was 

prolonged, compared with 

IV or IM administration, 

with detectable 

concentrations of DET or 

its metabolites in plasma 

for up to 24 hours after 

administration. 

                                                
13 Tmax: Time of maximal plasma concentration 
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day of drug 

administration, during 

which no exercise was 

performed. 

the limit of detection 

LOD14 by 3 days after 

administration. 

(Kaukinen 

et al., 2011) 

Determine the 

absorption, 

bioavailability 

and sedative 

effect of DET 

administered to 

horses as an 

oromucosal gel 

compared to IV 

and IM 

administration 

DET injectable 

solution. 

Nine healthy horses 

were given (five 

Standardbreds and four 

warmbloods) were 

used. Each horse was 

allocated by computer-

generated 

randomisation to 

receive DET via each 

route in a randomised 

order. 

Blood samples were 

collected before and 

after drug 

administration for the 

40 µg⁄kg DET 

route IV, IM or 

administered 

under the tongue 

with a 7-day 

wash-out period 

between 

treatments. 

DET was given 

as a bolus into 

the jugular vein, 

as an IM 

injection into the 

neck muscles 

(Domosedan 10 

Slow absorption leads 

to fewer and less 

pronounced adverse 

effects than the more 

rapid absorption after 

IM injection. 

Maximum 

concentration for DET 

given via SL route 

was lower than 

following IM 

administration 

(geometric mean 4.16 

vs. 11.16 ng/mL) and 

the tmax was longer 

Less DET is absorbed 

when given SL than when 

given IM, because part of 

it does not reach the 

circulation. SL 

administration of DET 

oromucosal gel at 40 µg⁄kg 

produces safe sedation in 

horses. Slow absorption 

leads to fewer and less 

pronounced adverse 

effects than the more rapid 

absorption after IM 

injection. 

                                                
14 LOD: Limit of detection. 
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measurement of DET 

concentrations in 

serum. 

Pharmacokinetic 

variables were 

estimated for each 

horse and each dosing 

occasion. 

mg⁄mL solution, 

Orion Pharma, 

Espoo, Finland), 

or as an 

oromucosal gel 

(Domosedan 

Gel 7.6 mg⁄mL, 

Orion Pharma, 

Turku, Finland). 

(1.83 vs. 1.06 h). 

(Vainionpä

ä et al., 

2013) 

 

Investigate 

plasma drug 

concentrations 

and the effect of 

the peripherally 

acting alpha-2-

adrenoceptor 

antagonist MK-

467 (L-659′066) 

on sedation, HR 

and gut motility 

in horses 

Six healthy Finnhorse 

mares were used. They 

were not pregnant and 

in winter anoestrus. 

The depth of sedation, 

intestinal sounds, 

attitude, posture, height 

of the head, eyelid 

aperture and movement 

of the ears were scored 

before and after 

treatment.  

10 µg⁄kg-1 DET 

(Equisedan, 

Vetcare, 

Finland) was 

administered IV 

alone and in 

combination 

with MK467 

250 µg⁄kg-1 

(Merck & Co., 

Inc., NJ, USA) 

IV in a 

AUCsed was 

significantly higher 

with DET than 

DET+MK467, but 

maximal sedations 

scores did not differ 

significantly between 

treatments. MK467 

lowered the AUC of 

the plasma 

concentration of DET, 

and increased its 

MK467 prevented DET 

induced bradycardia and 

intestinal hypomotility. 

MK467 did not affect the 

clinical quality of DET-

induced sedation, but the 

duration of the effect was 

reduced, which may have 

been caused by the effects 

of MK467 on the plasma 

concentration of DET. 

MK467 may be useful 
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sedated with IV 

DET. 

An electrocardiogram 

was recorded 

continuously, HR and 

rhythm were evaluated 

before and after of the 

injection. 

Blood was collected 

after drug 

administration.  

randomised, 

crossover design 

with a minimum 

of 14 days 

between 

treatments. 

volume of distribution 

and clearance. A 

significant reduction 

in HR was detected 

after DET. HR was 

significantly higher 

after DET-MK467 

than DET.  

DET induced 

intestinal 

hypomotility, was 

prevented by MK467.  

clinically in the prevention 

of certain peripheral side 

effects of DET in horses. 
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Table 2. Effects of yohimbine in horses on clinics, pharmacodynamics or pharmacokinetics parameters. 

Authors  Objective  Experimental model Dose and 

administration 

route 

Pharmacokinetics, 

pharmacodynamics 

or behavioural 

changes 

Conclusion 

(Dimaio 

Knych et al. 

2011) 

Determine the 

pharmacokinetic 

profile of IV 

administered 

YOH in horse. 

Eight healthy non-

medicated adult horses 

including seven 

thoroughbreds and one 

Standardbred. 

Blood samples were 

collected prior and at 

various times up to 72 h 

post drug 

administration. Data 

analysed using both 

non-compartmental and 

compartmental analysis. 

 

0.12 mg⁄Kg 

YOH (Yobine, 

Lloyd 

Laboratories, 

Shenandoah, IA, 

USA) an IV 

dose 

administered 

slowly over 1 

min. 

Peak plasma 

concentration was 

114.5±31.8 ng/mL, 

occurred at 0.09±0.03 

h. Systemic clearance 

and steady-state 

volume of distribution 

were 13.5±2.1 

mL/min/Kg and 

3.3±1.3 L/Kg 

following non-

compartmental 

analysis. Terminal 

elimination half-life 

was 4.4±0.9 h. 

For compartmental 

They were able to detect 

YOH in plasma samples at 

12 h post drug 

administration, suggests 

that YOH is characterised 

by prolonged elimination, 

most likely as a result of 

sequestration and slow 

release over time.  

A dose of 0.12 mg/Kg IV 

to horse has a large 

volume of distribution. 

Large volume of 

distribution coupled with 

slower systemic clearance 

determined support the 
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analysis, plasma YOH 

vs. time data were best 

fitted to a two 

compartment model, 

systemic clearance 

and steady-state 

volume of distribution 

of YOH were 

13.6±2.0 mL/min/Kg 

and 3.2±1.1 L/Kg.  

longer terminal 

elimination half-life.  

(H. K. 

Dimaio 

Knych, 

Steffey, and 

Stanley 

2011) 

Investigate the 

pharmacokinetic

s and 

pharmacodynam

ics of YOH 

when 

administered IV 

to horse. 

 

Nine healthy non-

medicated adult horses 

including 8 

Thoroughbreds and 1 

Standardbred  

A minimum of 1 week 

was allowed to elapse 

between 

administrations of 

additional doses to the 

same horse. 

0.1, 0.2, and 0.4 

mg⁄Kg YOH 

(Yobine; Lloyd 

Laboratories, 

Iowa), IV 

administered 

slowly over 1 

min.  

 

Peak plasma 

concentration was 

106.0±28.9, 

156.7±34.3 and 

223.0±44.5 ng/mL for 

doses of 0.1, 0.2, and 

0.4 mg⁄Kg, occurred at 

0.09±0.03 hours. 

Systemic clearance 

and steady-state 

volume of distribution 

Behavioural responses 

following YOH 

administration are highly 

variable between horses. 

YOH had profound effects 

on heart rate and rhythm, 

with maximal heart rates 

exceeding 100 

beats/minute in some 

horses. 

YOH should be used with 
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Blood samples were 

collected prior and at 

various times up to 24 h 

post drug 

administration, were 

analysed using liquid 

chromatography–mass 

spectrometry. Data 

analysed using both 

non-compartmental and 

compartmental analysis. 

 

were 12.0, 12.2 and 

17.9 mL/min/Kg and 

2.1, 2.6 and 2.9 L/kg 

following non-

compartmental 

analysis. Terminal 

elimination half-life 

was 43.6, 3.3 and 2.9 

h for doses of 0.1, 0.2, 

and 0.4 mg⁄Kg. 

For compartmental 

analysis, plasma YOH 

vs. time data were best 

fitted to a two 

compartment model, 

systemic clearance 

and steady-state 

volume of distribution 

of YOH were 11.1 

mL/min/Kg and 2.3 

L/kg.  

caution as there is the 

potential for unpredictable 

harmful effects. 
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(Jernigan et 

al. 1988)  

Characterise the 

pharmacokinetic

s profile and 

determine the 

half-life of YOH 

with two 

dosages in 

horses. 

Two groups of horses 

(11 Crossbred horses; 

seven geldings and four 

mares) were used to 

determine whether the 

half-life varied when 

the dose was changed.  

Blood samples were 

collected prior and at 

various times up to 3 h 

post drug 

administration. 

For pharmacokinetic 

analysis, a non-

compartmental 

approach using 

statistical moment 

theory was used. 

YOH 

hydrochloride 

(Sigma 

Chemical Co., 

St. Louis, 

Missouri) was 

prepared as a 

0.4% w/v. 

0.075 (seven 

horse) or 0.15 

(four horse) 

mg⁄Kg was 

injected into the 

apposite jugular 

vein. 

No significant 

differences in any of 

the pharmacokinetic 

parameters between 

doses of YOH. 

Systemic clearance 

and steady-state 

volume of distribution 

of YOH were 

39.6±16.6 vs. 

34.0±19.4 mL/min/Kg 

and 4.6±1.9 vs. 

2.7±1.0 L/kg in horses 

given doses. 

The mean effective 

half-life for YOH was 

76.1±23.1 min and 

52.8±27.8 min in 

horses given small or 

large doses of YOH. 

The large volume of 

distribution, due to YOH's 

lipid solubility and ability 

to cross membranes was 

seen.  

Their results indicated 

relatively long serum half-

live of YOH in horses. 
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Table 3. Effects of yohimbine on changes in behaviour, pharmacodynamics or pharmacokinetics parameters of detomidine in the 

horse. 

Authors Objective Experimental model Dose and 

administration 

route 

Pharmacokinetics, 

pharmacodynamics 

or behavioural 

changes 

Conclusion 

(Heather K. 

Dimaio 

Knych, et 

al., 2012) 

Describe 

pharmacodynam

ics effects of 

DET and YOH 

when 

administered 

alone and in 

sequence. 

Nine adult horses (eight 

Thoroughbreds and one 

Standardbred). 

Blood samples were 

obtained prior and at 

various times up to 72 h 

post drug 

administration.  

Plasma samples were 

analysed using liquid 

chromatography–mass 

spectrometry. 

Behavioural effects, 

heart rate and rhythm, 

glucose, packed cell 

Three dose 

regimens were 

employed. 1) 

0.03 mg kg-1 

DET 

(Dormosedan, 

Pfizer Animal 

Health, PA, 

USA) IV. 2) 0.2 

mg kg-1 YOH 

(Yobine, Lloyd 

Laboratories, 

IA, USA) IV. 3) 

0.03 mg kg-1 

DET IV 

Heart rate decreased 

significantly for all 

horses, following DET 

administration. The 

maximal decrease (15 

bpm) was present 2 

min post-DET. 

Bradycardia persisted 

for up to 1 h post-DET 

administration. YOH 

returned heart rate and 

the percent of AV 

conduction 

disturbances to pre-

DET values when 

DET is effective in 

inducing sedation with 

pronounced effects on 

cardiac effects, including a 

notable decrease in heart 

rate and an increased 

incidence of AV 

conduction blocks. IV 

administration of YOH is 

effective in reversing the 

behavioural and 

cardiovascular effects of 

IV administered DET. 

YOH induced sedation, 

bradycardia, AV heart 



 53 

volume (PCV) and 

plasma proteins were 

monitored. 

followed 15 min 

later by 0.2 mg 

kg-1 YOH IV.  

Each horse 

received all 

three treatments 

with a minimum 

of 1 week 

between 

treatments.  

administered 15 

minutes post-DET.  

Plasma glucose 

concentrations 

increased by 30 min 

post-DET 

administration, both 

for the DET only and 

the DET+YOH dose 

groups (44 and 32 

mg/dL-1).  

block and hyperglycaemia. 

(Knychet 

al., 2012) 

Describe the 

pharmacokinetic

s of DET and 

YOH when 

administered in 

combination. 

Nine adult horses (eight 

Thoroughbreds and one 

Standardbred) were 

studied. Each horse 

received all three dose 

regimens with a 

minimum of 1 week in 

between subsequent 

regimens.  

Blood samples were 

Three dose 

regimens were 

employed. 1) 

0.03 mg kg-1 

DET 

(Dormosedan, 

Pfizer Animal 

Health, PA, 

USA) IV. 2) 0.2 

mg kg-1 YOH 

The Cl system and Vd 

of DET were not 

significantly different 

for either treatment. 

The maximum 

measured DET 

concentrations were 

76.0 and 129.9 ng mL-

1 for the DET and 

DET-YOH treatments, 

DET increases plasma 

YOH concentrations and 

decreases the Cl and Vd 

compared to 

administration of YOH by 

itself.  

The elimination half-life 

of YOH remained 

unaffected when 

administered subsequent to 
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collected at time 0 

(immediately prior to 

DET administration) 

and at 1 h post DET 

administration 

(immediately prior to 

antagonist 

administration) and at 

5, 10, 15, 30, 45 min 

and 1, 1.5, 2, 2.5, 3, 4, 

5, 6, 8, 12, 18, 24, 36, 

48 and 72 h post 

administration of the 

DET and YOH 

treatment. 

Plasma was analysed 

for DET and YOH 

concentrations by liquid 

chromatography-mass 

spectrometry. Data 

were analysed using 

(Yobine, Lloyd 

Laboratories, 

IA, USA) IV. 3) 

0.03 mg kg-1 

DET IV 

followed 15 min 

later by 0.2 mg 

kg-1 YOH IV.  

 

respectively. Systemic 

clearance and Vd of 

DET were not 

significantly different 

for either treatment.  

There was a 

significant increase in 

the maximum 

measured YOH 

plasma concentrations 

from YOH (173.9 ng 

mL-1) to DET-YOH 

(289.8 ng mL-1). Both 

the Cl and Vd for 

YOH were 

significantly less (6.8 

mL minute-1 kg-1 and 

1.7 L kg-1) for the 

DET-YOH as 

compared to the YOH 

treatments (13.9 mL 

DET. However, the 

increased plasma 

concentrations in the 

presence of DET has the 

potential to cause 

untoward effects and 

therefore further studies to 

assess the physiologic 

effects of this combination 

of drugs are warranted.  
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both non-

compartmental and 

compartmental analysis. 

minute-1 kg-1 and 2.7 

L kg-1).  

(Knych & 

Stanley 

2014) 

Describe the 

effects of alpha-

2-adrenergic 

receptor 

antagonists on 

the 

pharmacodynam

ics of SL DET 

in the horse and 

evaluate effects 

of alpha-2-

adrenergic 

receptor 

antagonists in 

reversing its 

sedative and 

Nine healthy horses 

consisting of eight 

Thoroughbreds and one 

Quarter Horse were 

studied. Four treatment 

groups were studied 

and each horse received 

all treatments with a 

minimum of 1 week 

between treatments.  

Blood samples were 

obtained and plasma 

analysed for YOH, 

atipamezole and 

tolazoline 

concentrations by liquid 

Four treatments 

were 

administered 1) 

0.04 mg kg-1 

DET 

(Dormosedan 

Gel, Pfizer 

Animal Health, 

NY, USA) SL. 

2) 0.04 mg kg-1 

DET SL 

followed 1 h 

later by 0.075 

mg kg-1 YOH 

(Yobine, Lloyd 

Laboratories, 

DET administration 

significantly increased 

the prevalence of 

AV15 conduction 

disturbances. YOH 

effectively decreased 

the prevalence of the 

AV blocks initially, 

although the number 

of AV blocks 

increased again by 1– 

2 hours for all drugs. 

DET significantly 

increased glucose 

concentrations by 45 

min post 

At the doses of 0.075 mg 

kg-1, the effects of YOH 

on cardiac and behavioural 

effects elicited by SL 

administration of DET are 

transient and incomplete. 

                                                
15 AV: Atrioventricular. 
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cardiovascular 

effects. 

chromatography-mass 

spectrometry. Samples 

were processed 

according to the 

methodology described 

by (Knych & Stanley 

2014). 

IA, USA) IV. 3) 

0.04 mg kg-1 

DET SL 

followed 1 h 

later by 4 mg kg-

1 tolazoline 

(Tolazine, Lloyd 

Laboratories) 

IV. 4) 0.04 mg 

kg-1 DET SL 

followed 1 h 

later by 0.12 mg 

kg-1 atipamezole 

(Antisedan, 

Pfizer Animal 

Health) IV. 

administration with 

concentrations 

remaining elevated for 

3 h (121±11 and 

127±43 mg dL-1). 

YOH significantly 

attenuated the DET 

induced 

hyperglycaemia.  
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CONCLUSIÓN 

La yohimbina ejerce efectos benéficos sobre los parámetros farmacocinéticos y 

farmacodinamicos en equinos sedados previamente con detomidina, lo que 

permite revertir efectivamente los efectos adversos  generados por la Detomidina. 

No obstante, es necesario se realicen más investigaciones con el uso de estos 

agonistas y antagonistas, pues aun no quedan claros los efectos de ambos sobre 

los niveles de glucosa en el paciente además de los efectos sobre el 

comportamiento de  los equinos.  
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