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RESUMO

Sabe-se que a Glutamina desempenha diversas fungdes no organismo, além de ser uma
importante fonte de energia para os enterdcitos e sistema imune, objetivou-se avaliar o efeito
da suplementacdo com Glutamina (GLN) e Glutamato (GLU) sobre as varidveis
hematoldgicas e bioquimicas em cdes que apresentassem quadro clinico de enterite. 15 cdes
foram selecionados e divididos em dois grupos: grupo 01 (G-CON) — 5 animais e grupo 02
(G-GLN) — 10 animais. Os animais pertencentes ao grupo 01 foram submetidos ao tratamento
clinico sem suplementagdo e os animais pertencentes ao grupo 02 foram submetidos ao
tratamento clinico e suplementados com uma mistura de GLN e GLU (Aminogut®,
Ajinomoto do Brasil) por via oral, por um periodo de 14 dias. Foi realizado hemograma
desses animais e determinacdo de GLN, GLU, proteina total (PT), albumina (ALB), globulina
(GLOB), ureia (UR), creatinina (CREA), aspartato aminotransferase (AST), alanina
aminotransferase (ALT), colesterol total e triglicerideo. Os resultados obtidos foram
submetidos a0 ANOVA e ao teste de Tukey, foi estabelecido o nivel de significancia em 5%.
Apbs andlise dos resultados observou-se alteracfes nas concentracdes de GLN e GLU, PPT,
GLOB, ALB, UR e triglicerideo (P<0,05). A contagem de eritrocitos, concentracdo de
hemoglobina, o percentual de hematdcrito, os indices hematimétricos e contagem de
plaquetas, ndo apresentaram diferencas (P>0,05). O leucograma demonstrou alteracdo
significativa nos valores de leucocitos totais, neutrofilos e linfocitos (P<0,05), os demais
parametros analisados ndo apresentaram variacdo estatistica (P>0,05). Concluiu-se que em
caninos com enterite, a suplementacdo com uma mistura de GLN + GLU associada ao
tratamento medicamentoso foi capaz de produzir elevacdo nas células do sistema imune
(leucocitos e linfécitos) e das proteinas e suas fracdes.

Palavras chave: aminoacidos, alboumina, globulina, linfocitos



ABSTRACT

We know that glutamine performs many functions in the body as well as being an important
energy source for the enterocytes and immune system, the intention was to evaluate the effect
of supplementation with Glutamine (GLN) and Glutamate (GLU) on hematologic variables
and biochemical in dogs that presented clinical enteritis. 15 dogs were selected and divided
into two groups: Group 01 (G-CON) - 5 animals and Group 02 (G-GLN) - 10 animals. The
animals of the group 01 were subjected to medical treatment without supplementation and
animals belonging to the group 02 were submitted to clinical treatment and supplemented
with GLN and GLU (Aminogut®, Ajinomoto of Brazil) orally for a period of 14 days. It was
conducted blood count of these animals and determination of GLN, GLU, total protein (TP),
aloumin (ALB), globulin (GLOB), urea (UR), creatinine (CREAT), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total cholesterol and triglycerides.
The results obtained were submitted to ANOVA and Tukey test, it was established the level
of significance of 5%. After analyzing the results It has been observed alterations in the
concentrations of GLN and GLU, PPT, GLOB, ALB, UR and triglycerides (P <0.05). The
count of erythrocytes, hemoglobin concentration, percentage of hematocrit, RBC indices and
platelets count did not differ (P> 0.05). The leucocyte count showed significant change in the
total white blood cell values, neutrophils and lymphocytes (P <0.05), the other parameters
analyzed did not show statistical change (P> 0.05). We concluded that canines with enteritis,
supplementation with a mixture of GLN + GLU associated with drug treatment was capable
of producing elevation in immune cells (leukocytes and lymphocytes), proteins and its
fractions.

Key words: amino acids, albumin, globulin, lymphocytes
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1. INTRODUCAO

A Glutamina (GLN) é o aminoacido (AA) livre mais abundante no plasma e no tecido
muscular e esta associado a diversas fun¢fes metabdlicas importantes, o que reforca seu papel
essencial para o organismo. O emprego deste AA como suplemento nutricional tem sido
estudado ultimamente e sua administracdo parenteral pode ser empregada com a finalidade de
atenuar a reducdo na sua concentracdo plasmatica, promover a sintese de proteinas e melhorar
o0 sistema imunoldgico em doengas mais graves ou em estado catabdlico (MASSAMBANI e
BAZOTTE, 1998).

Ja o Glutamato (GLU) é um AA ndo essencial mais abundante intracelular, € um
componente natural encontrado em todos os alimentos que contem proteinas e pode ser
absorvido rapidamente no intestino, o qual 50% deste € metabolizado em CO, (CURI, 2000;
REEDS et al., 2000a, ROGERO et al., 2004).

Participam da sintese de GLN o mdsculo esquelético, os pulmdes, figado e cérebro,
enquanto que as células da mucosa intestinal, leucécitos e células do tabulo renal sdo os
principais consumidores deste AA (WALSH et al., 1998). Entre suas principais funcoes
podemos citar a manutengdo do sistema imunoldgico, equilibrio do balanco &cido-basico
durante estado de acidose, controle do volume celular, sintese de proteinas e construcao de
tecido muscular. O intestino delgado é considerado o principal sitio de metabolizacdo da
GLN, sendo este um substrato respiratdrio de grande importancia para os enterécitos. A GLN
adquirida pelas células intestinais pode ser da dieta ou do sangue arterial (CURI, 2000 e
FORTI et al., 2004).

Em caninos, a exposicao do trato gastrointestinal a infeccdes por diferentes patdgenos,
geralmente leva o paciente a um quadro de enterite e lesdo da mucosa intestinal, ocasionando
uma combinacéo de diarréia e ma absorcao de nutrientes, o quadro de enterite geralmente vem
acompanhado de ma absorcao e ma nutricdo dos animais enfermos, dificultando a recuperacéo
dos mesmos. E em diferentes espécies ja foi demostrado a importancia deste AA para a saude
dos enterdcitos, participando da reducdo do processo de atrofia da mucosa intestinal, elevagéo
da sua capacidade absortiva, favorecendo a proliferacdo de células do trato gastrointestinal
sendo também importante para a manutencdo da resposta imunoldgica, aléem de atenuar a
protedlise e melhorar o balanco nitrogenado (CURI, 2000; PADOVESE et al., 2000; TAMS,
2005; BORGES et al., 2009; SCHENCK, 2010).
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Objetivou-se avaliar o efeito da suplementacdo de uma mistura de Glutamina e
Glutamato sobre as concentraces plasmaticas de GLN e GLU, biomarcadores bioquimicos e

variaveis hematoldgicas de caninos com enterite.
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2. REVISAO DE LITERATURA

2.1 Metabolismo da Glutamina (GLN) e Glutamato (GLU)

Nove aminoacidos sdo considerados essenciais: treonina, valina, leucina, isoleucina,
metionina, fenilalanina, triptofano, lisina e histidina, estes devem ser ingeridos na
alimentacdo, uma vez que sua sintese no organismo é inadequada para satisfazer as
necessidades metabolicas do organismo. Enquanto que glutamina, glutamato, prolina,
aspartato, arginina, alanina, glicina, tirosina e cistéina sdo considerados aminoacidos nao
essenciais (CHIPPONI et al., 1982).

Entretanto muitos aminoacidos nao-essenciais devem ser ingeridos em certas
condicdes onde a demanda metabdlica excede a capacidade de sintese pelo organismo, esses
sdo considerados aminoacidos “condicionalmente essenciais” (PADOVESE et al., 2002). E 0
que acontece com a GLN, onde em situacbes como trauma, septicemia e cancer a

concentracdo intracelular e plasmatica desse aminoacido pode reduzir até 50% (CURI, 2000).

A GLN (CsH19N203) tem um peso molecular de aproximadamente 147,1 kda e pode
ser sintetizada por todos os tecidos do organismo, na sua composi¢do quimica tem-se o
carbono, hidrogénio, oxigénio e nitrogénio. E um aminoécido regularmente produzido no
organismo animal em condi¢des normais de salde, sendo este, 0 mais abundante no plasma e
nos tecidos. O musculo esquelético é o principal tecido de armazenamento e sintese deste
aminoéacido, sendo sua concentracdo 30 vezes maior que a concentracdo sanguinea (CURI,
2000; ALBERTINI e RUIS, 2001; CRUZAT et al., 2009).

Pode ser sintetizado pelo organismo para preencher adequadamente as necessidades
metabdlicas durante o estado higido, mas a demanda por esse aminoacido € maior em certas
condicdes catabdlicas como trauma, septicemia e cancer. Essas situacGes sdo caracterizadas
pelo balanco nitrogenado negativo com elevagéo das taxas de degradacdo proteica muscular, o
que provoca alteracdo no fluxo de GLN entre os tecidos com aumento do consumo deste
aminoacido causando reducdo na sua concentracdo intracelular e plasmatica. Sendo assim,
quando a demanda é maior que a producdo estabelece-se um quadro de deficiéncia de GLN,
por essa razao esse aminoacido foi recentemente reclassificado como ‘“condicionalmente
essencial” (CURI, 2000; REEDS e BURRIN, 2001).

Este aminoacido apresenta diversas fungdes importantes no organismo, entre elas, a

manutencdo do sistema imunoldgico, equilibrio do balango acido-basico durante estado de
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acidose, controle do volume celular, desintoxicagdo corporal do nitrogénio e da aménia,
controle entre o catabolismo e anabolismo e participa também da sintese de nucleotideos
fornecendo metade da exigéncia de nitrogénio para a sintese de purinas e pirimidinas (CURI,
2000; LOBLEY e HOSKIN, 2001). Atua também na sintese de proteinas e na construcdo de
tecido muscular (FORTI et al., 2004) e é o principal nutriente para os enterdcitos (TAMS,
2005 e SCHENCK, 2010). Participa diretamente do metabolismo energético, pois estimula a
sintese de glicogénio, ou seja, atua diretamente na gliconeogenese, importante fonte de
energia para 0s musculos (FORTI et al., 2003).

Dentre os principais 6rgdos envolvidos na sua sintese, inclui-se o masculo esquelético,
pulmdes, figado e cérebro, os quais contém atividade da enzima glutamina sintetase (GS). Por
outro lado células da mucosa intestina, leucdcitos e células do tabulo renal contém elevada
atividade da enzima glutaminase e sdo primariamente consumidores de GLN (WALSH et al.,
1998). A enzima glutamina sintetase participa da conversdo de GLU em GLN com a
utilizagdo de amonia como fonte de nitrogénio e consumo de ATP (CURI,2000).

Participam da regulacdo da glutamina sintetase, glicocorticoides, horménios
tiroidianos, hormonio do crescimento e insulina (CURI,2000; SANTOS et al., 2007). Em
resposta ao estresse a GLN pode ser mobilizada para o espago extracelular, a0 mesmo tempo
em que pode aumentar sua captacdo pelos rins, figado e intestino (NEWSHOLME, 1994;
PITHON-CURI et al., 2004).

Na mitocondria, a GLN pode ser desamidada a GLU, pela acdo de duas isoformas de
glutaminase, a glutaminase independente de fosfato e a glutaminase dependente de fosfato
(PDG). Destas duas, apenas a PDG é responsiva a alteragdes no equilibrio acido-basico
(CURI, 2000), em condi¢cBes em que a resposta imune € prejudicada como em caso de
envelhecimento ou desnutricdo ocorre uma mudanca na atividade de glutaminase dependente
de fosfato, uma enzima chave do metabolismo da GLN (CURI et al., 1999).

A GLN presente no sangue é proveniente de trés fontes: liberacdo da GLN presente
nos espacos intercelulares dos musculos, degradacdo de proteinas musculares, da qual a GLN
representa uma fracdo de 4% dos aminodcidos existentes e a transformacdo de outros
aminoacidos em GLN (EHRLICH e SHABERT, 1994). No estado pés-absortivo, a sua
sintese no musculo esquelético ocorre por meio da captacdo do GLU a partir da circulagdo
sanguinea, sendo este responsavel por 40% da sintese de GLN (NEWSHOLME et al., 2003).

A hidrolise da GLN é o primeiro passo para a sua utilizagdo, resultando em glutamato
e amodnia, o GLU resultante pode ser utilizado na sintese proteica ou convertido em a-

cetoglutarato, que é oxidado no ciclo de Krebs resultando na producdo de 30 mols de ATP
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(SOUBA et al., 1985; CURI, 2000). Essa hidrolise é responsavel por regular os niveis de
amonia nos tecidos, a qual pode ser toxica para as células corporais. A amdnia € utilizada para
produzir GLN, que entdo é transferida para outros tecidos a fim de ser utilizada como
combustivel, especialmente para os enterdcitos e para as células do sistema imune (PIVA et
al., 2001).

A producdo do GLU depende da acdo da enzima glutaminase, encontrada em altas
concentracdes e associada as mitocondrias nas células que utilizam glutamina. No figado e
musculo esquelético, o glutamato e a amonia podem ser combinados pela acdo da glutamina
sintetase para a producdo da glutamina. O GLU é o mais abundante aminoacido intracelular,
enquanto que a glutamina se apresenta em maior quantidade no sangue (CURI, 2000). E um
aminoacido ndo essencial, encontrado na natureza e € um componente natural encontrado em
todos os alimentos que contem proteinas, como carnes, peixes, leite e vegetais. E absorvido
rapidamente no intestino, o qual 50% deste é metabolizado em CO,, contribuindo para a
producdo de energia usada pelo intestino (REEDS et al., 2000a).

O GLU é o centro de carga proteica diaria e exerce um papel chave na transaminacéo e
desaminacdo de aminoacidos, o que inclui a formacdo de aspartato, alanina e GLN. Quando
derivado da dieta 0 GLU pode substituir a GLN em diversos dos seus papeis metabolicos
incluindo a geracgdo de energia e sintese de aminoacidos. Sendo também precursor da sintese
de ornitina em macréfagos e mondcitos, conectando-o ao ciclo da ureia resultando na
formacédo de arginina, que serve de substrato para a enzima oxido nitrico sintetase (REEDS et
al., 2000b; NEWSHOLME et al., 2003).

Quando derivada das proteinas da dieta, a GLN é usada pelos enterdcitos como
principal fonte de energia (BAYNES e DOMINICZAK, 2007). Toda ou quase toda GLN
consumida é absorvida pelos enterdcitos, que necessitam sintetizar constantemente compostos
estruturais, pois sdo células que se renovarem rapidamente. A sua absor¢do ocorre no limen
intestinal através das microvilosidades dos enterécitos e quanto maior a sua concentracdo no
[imen, maior serd o transporte atraves do sistema transportador de nitrogénio e sua liberacéo
no sangue via sistema porta (SOUBA et al., 1990; SOUBA, 1993)

A GLN é constantemente utilizada por células isoladas do sistema imune, como
linfocitos, macrofagos e neutrofilos, aléem de ser importante para a proliferacdo dos
macrofagos e morte bacteriana pelos neutrofilos (NEWSHOLME, 2001). Sua concentracéo
no sangue cai significativamente em doengas graves, levando a um estado de deplecédo
acentuada desse aminoécido (SOUBA et al., 1990). Em condi¢cBes como estresse, cancer,

sepse ou lesdes graves, 0s 0rgaos necessitam de uma demanda muito maior de GLN, o que
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pode ndo ser suprido apenas pela sintese corporal, podendo ser utilizada a suplementagdo com
este aminoécido (FORTI et al., 2004).

Em situacdes patologicas a GLN adicionada a dieta melhora as funcGes imunes
intestinais, a sua administracdo exogena favorece a proliferacdo de células do trato
gastrointestinal e é importante para a manutencdo da resposta imunoldgica, além de atenuar a
proteolise e melhorar o balanco nitrogenado. Efeitos positivos do fornecimento de GLN ou
seus precursores tém sido relatados em pacientes submetidos a cirurgia, tratamento de
radiacdo ou transplante de medula 6ssea, queimaduras ou sepse (CURI et al., 1999; CURI,
2000).

Nutricdo e funcionalidade intestinal sdo fatores que estdo sempre relacionados, sendo
assim, enfermidades gastrointestinais resultam em ma nutricdo. A adicdo de GLN na dieta
desses pacientes reduz o processo de atrofia da mucosa intestinal, além de elevar a sua taxa de
crescimento e a capacidade absortiva de nutrientes, atuando também como precursor na
sintese de N-acetil-glicosamina e N-acetil-galactosamina que possuem papel importante na
producdo de mucina e portanto na manutencdo da barreira de protecdo contra a invasdo de
agentes bacterianos (KHAN et al., 1999; PADOVESE, et al., 2000).

O intestino delgado € o principal sitio de metabolizacdo da GLN, sendo este um
substrato respiratério mais importante para os enterécitos do que a glicose. As células
intestinais adquirem a glutamina através do sangue arterial e da dieta (CURI, 2000).

2.2 Enterite: causas gerais

O trato gastrointestinal € um grande 6rgdo que fornece uma barreira de protecdo para o
organismo e promove a absorcdo de nutrientes. A mucosa do trato gastrointestinal protege o
corpo da invasdo de bactérias, toxinas e outros agentes prejudiciais (SCHENCK, 2010). Este
orgdo representa 0 maior tecido imune do organismo e é responsavel pela digestdo e absor¢édo
dos nutrientes, além disso é o principal tecido de captacdo e metabolizacdo da GLN que €
consumida primariamente pelas células da mucosa intestinal (BORGES et al., 2008).

O intestino delgado é o primeiro sitio de digestdo e absorcdo de nutrientes. E
caracterizado pela presenca de microvilosidades, que aumenta a area de superficie do intestino
delgado e promove uma maior area de absor¢do dos nutrientes. Os enterdcitos sdo as celulas
especializadas da mucosa, que contem enzimas necessarias para a absor¢do dos nutrientes
(SCHENCK, 2010).
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Cerca de 50% das necessidades energéticas dos enterocitos podem ser supridas pela
absorcédo de nutrientes que ocorre no limen intestinal, sendo o restante suprido pela corrente
circulatéria. A entrada de nutrientes no Iimen intestinal permite a nutricdo das proprias
células intestinais e a presenca desses nutrientes funciona como um estimulo trofico para a
mucosa intestinal, permitindo maiores taxas de replicagéo e diferenciagédo celular, melhorando
a mucosa intestina, maior capacidade de absorcdo e defesa contra a entrada de antigenos.
Desta forma, a nutricdo tem um papel significativo no TGI de animais saudaveis e doentes.
(BRUNETTO, 2009). Entretanto, os caninos encontram-se sujeito a infeccdes por muitos
patdgenos, dentre os quais podemos citar os fungos, virus, riquétsias, bactérias, protozoarios,
algas e parasitas, que podem levar a quadros gastroentéricos que variam de leve a grave,
dependendo do agente envolvido (BORGES et al., 2008).

O quadro de enterite € comum em cdes e gatos, caracterizada por um comeco
repentino de vomito e diarréia. Existe um nimero de causas potenciais para as enterites,
incluindo dieta inadequada, ingestdo de corpo estranho, infeccdo bacteriana, parasitas
intestinais, infeccdo viral ou ingestdo de toxinas. Agentes bacterianos incluem
Campylobacter, Clostridium, E. coli, Salmonela e Staphylococcus. As causas virais de
enterite em cées incluem parvovirose 1 e 2, virus da cinomose, coronavirus, astrovirus e
rotavirus, sendo as trés ultimas mais raras (TAMS, 2005 e SCHENCK, 2010).

A parvovirose em cdes é mais severa do que a doenca causada por coronavirus.
Enterites resultam em lesdo a mucosa intestinal que induz uma combinacdo de diarréia
secretoria e ma absorcdo (TAMS, 2005). As diarreias agudas sdo agrupadas por mecanismo
ou doenca, 0s mecanismos mais comuns incluem secrecdo anormal de fluidos, ma absorcdo e
motilidade intestinal anormal.

Existem dois tipos de parvovirus que infectam o céo, o parvovirus canino-1 (CPV-1),
relativamente ndo patogénico que causa, algumas vezes, gastroenterite, pneumonite e/ou
miocardite em caninos muito jovens, e o parvovirus canino-2 (CPV-2) que € responsavel pela
classica parvovirose canina, 0 virus causa aparecimento dos sintomas em aproximadamente 5
a 12 dias apos a infecgdo por via oral-fecal, invade e destroi células em répida divisdo como
células hematopoiética e epitélio da cripta intestinal (WILLARD, 2006).

O CPV-2 é altamente contagioso, e a infec¢do pode ocorrer como resultado do contato
ambiental com fezes contaminadas. No entanto constituem fomites pessoas, instrumentos e
equipamentos, assim como 0s insetos e roedores também podem representar vetores de
transmissdo (MCCAW e HOSKINS, 2006).
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Acomete principalmente os cées jovens, talvez pelo fato dos cdes adultos serem mais
resistentes pela imunidade naturalmente adquirida (SOUZA e ZAPPA, 2008). Os cées das
racas doberman, pinscher, rotwailler, pit bull e labrador retriever sdo mais suscetiveis do que
os de outras racas. O diagnostico é baseado na anamnese e nas alteracbes encontradas no
exame fisico, entretanto o teste ELISA para CPV-2 nas fezes é o melhor teste diagnostico
(WILLARD, 2006).

2.3 Alterac0es laboratoriais associadas a diarreia em cées

Em caso de parvovirose, as alteracdes hematoldgicas podem ajudar no diagndstico, se
revelar leucopenia com neutropenia e linfopenia (HALL e GERMAN, 2005). E possivel notar
aumento do hematdcrito, da concentracdo de hemoglobina e da contagem de eritrécitos, bem
como do teor plasmatico ou sérico de proteinas, no caso de diarréia aguda, alteracoes
provocadas pela perda de fluido no trato gastrointestinal e consequente desidratacdo
(LASSEN, 2006).

Em caso de diarréia aguda podem ocorrer alteracbes variaveis na contagem de
leucdcitos. Caso a diarréia seja causada por microorganismos infecciosos, o sequestro de
neutrofilos e a intensa demanda tecidual podem ocasionar leucopenia por neutropenia.
Demanda tecidual menos grave pode induzir a neutrofilia com desvio a esquerda (LASSEN,
2006). Linfécitos, macréfagos e neutrdfilos desempenham um papel importante na resposta
imune e inflamatdria, sendo estimulados durante, por exemplo, uma infec¢do bacteriana ou
viral. Os neutrofilos constituem 60% dos leucdcitos circulantes e atuam como primeira linha
de células de defesa no plasma executando a fagocitose (CURI et al., 1999).

Os dois principais tipos de proteinas do plasma sdo a albumina e a globulina, a
albumina é a menor delas e encontra-se em maior quantidade em relacdo a globulina. Quando
a absorcdo intestinal esta comprometida, pode ocorrer uma menor absor¢do de aminoacidos,
levando a uma menor producdo de albumina ja que o figado utiliza amino&cidos para a sua
sintese (LASSEN, 2006).

Sodio (Na), potéssio (K) e cloro (Cl) sdo os eletrolitos mais avaliados em medicina
veterinaria. Disturbios acido-basicos ou eletroliticos nesses pacientes podem ser observados,
entretanto sdo variaveis e imprevisiveis. A perda desses eletrolitos pode resultar em menor
concentracgdo serica dos mesmos (KERR, 2003; LASSEN, 2006; BUSH, 2004).
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3. OBJETIVOS

3.1 Geral

Avaliar o efeito da suplementacdo com Glutamina (GLN) e Glutamato (GLU) sobre os

biomacadores hematologicos e bioquimicos em caninos com quadro clinico de enterite.

3.2 Especificos

Avaliacdo hematoldgica e bioguimica de caninos apresentando quadro clinico de
enterite;

Estudo hematoldgico e bioquimico da influéncia da glutamina na suplementacéao
desses animais;

Comparar a resposta ao tratamento sintomatico juntamente com a suplementacdo
frente ao uso apenas do tratamento sintomatico;

Contribuir com o desenvolvimento de programas nutricionais para animais com outras

enfermidades gastrointestinais.
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Abstract

This study aimed to evaluate the effect of the Glutamine (GLN) and Glutamate (GLN)
supplementation on hematological and biochemical biomarkers in dogs with clinical enteritis.
Fifteen young dogs (3-10 months) with clinical enteritis were divided into two groups: group
01 (G-CON) - 5 animals subjected to medical treatment without supplementation and group
02 (G-GLN) - 10 animals subjected to medical treatment and orally supplemented with GLN
and GLU (Aminogut, Ajinomoto of Brazil) for 14 days. The following blood variables were
measured: blood count, GLN and GLU, total protein (TP), aloumin (ALB), globulin (GLOB),
urea (UR), creatinine (CREAT), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total cholesterol and triglycerides. Supplementation changed the concentrations of
GLN and GLU, PT, GLOB, ALB, UR and triglycerides (P <0.05). The count of erythrocytes,
hemoglobin concentration, percentage of hematocrit, RBC indices and platelets count did not
differ (P> 0.05). There was significant elevation in total white blood cells, neutrophils and
lymphocytes (P <0.05) after supplementation, but other variables were not significantly
different (P> 0.05). A mixture of GLN + GLU along with drug treatment is therefore capable
of producing elevations in immune cells (leukocytes and lymphocytes) and biomarkers
associated with markers of protein metabolism and health that favor recovery of the animals
without causing damage to renal and hepatic systems.

Keywords: amino acids, albumin, globulin, lymphocytes.
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Introduction

Enteritis is common in both young and adult dogs and can result in high morbidity and
mortality. It may present different etiologies, among which the most common are infections
(viral and bacterial), intestinal parasites and ingestion of toxins present in dog’s food
(SASAKI et al, 1999).

Clinical enteritis is regularly accompanied by malabsorption, and thus malnutrition,
that complicates recovery and may increase mortality. In part, this is due to the loss of the
enteric barrier, which not only reduces the uptake of nutrients, but also allows entry of
pathogens into the bloodstream. Thus two major cell types affected by enteritis are
enterocytes and cells of the immune system, such as lymphocytes and macrophages. These
cells show high rates of cell proliferation and are known to be major consumers of glutamine
(GLN) and glutamate (GLU).

Glutamine is the most abundant free alpha amino acid in dog and is a major form of
transport of nitrogen, carbon and energy in the body (SOUBA, 1990). Glutamine is produced
in muscle, liver and lung, and is considered a non-essential amino acid because, in healthy
conditions, it can be synthesized in sufficient amounts within the body. However, in catabolic
conditions such as septicemia, gastroenteritis and others showing high rates of protein
degradation the high demand for endogenous GIn may result in GIn deficiency. Thus under
these conditions Gln is recognized as being a conditionally essential amino acid (LOBLEY et
al., 2001; WERNERMAN, 2008).

A number of studies have demonstrated the importance of GLN to the health of the
intestine. In GLN supplemented pigs, Dell'Orto et al., (2002) observed an increase in villus
height and crypt depth in the ileum. Similarly, Wilmore et al., (1990) showed that diets
containing supplemental GLN reduce intestinal injury caused by chemotherapy in animals
with cancer. Similarly, supplemental glutamine has been shown to improve immune function.
Given these findings we tested the effect of supplementation with a mixture of Glutamine and
Glutamate in the treatment of enteritis. Such supplementation, in combination with standard
medical treatment, showed improvements in blood immune function and makers of general

health that could improve the recovery of dogs with enteritis.
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Materials and methods

Animals

The Committee of Ethics and Animal Welfare of UFRPE-CEUA authorized this
research by protocol #23082.006184/2010. Fifteen young dogs (3-10 months), of both sexes
were obtained from two veterinary centers in the City of Recife. The criterion for selection of
patients was the observation of enteritis in the clinical examination. After clinical examination
and confirmed diagnosis of enteritis, they were randomly divided into two groups. One group
received standard drug treatment (n = 5, weight 6.4+0.3 Kg) (G-CON) and the second group
received the standard drug treatment plus oral supplementation with a mixture of Glutamine
(GLN) and Glutamate (GLU) (n = 10, weight 8.0+0.5 Kg) (G-GLN).

Supplementation and Treatment

The animals in the G-GLN were supplemented with 0.5g/Kg/day of a mixture of L-
Glutamine and L-Glutamic Acid (Aminogut, Ajinomoto do Brazil), orally, mixed with a very
small amount of concentrate for a period of 14 days, shortly after the clinical care. All of the
animals from G-CON and G-GLN groups received the same standard medical treatment: fluid
therapy with ringer lactate or sodium chloride, ceftriaxone (25mg/Kg, BID, V), maropitant
(1.0mg/Kg, SID, SC), ondansetron (0.2mg/Kg, SID, IV) for seven days.

Sampling and laboratory analysis

Blood samples were obtained by venipuncture from the jugular vein on the first visit to
the veterinary clinic (pre-test), and seven and 14 days after initiation of treatments. The
samples were divided in three aliquots, one aliquot placed into tubes containing anticoagulant
(EDTA-K3) for determination of RBC variable, the second aliquot into a tube without
anticoagulant to obtain serum for biochemical analyzes, and the third aliquot into tubes
containing sodium heparin for GLN and GLU determination in plasma. Blood cell counts
were processed according to Weiss and Wardrop, (2005). Biochemical analyzes (UR,
CREAT, AST, ALT, TP, ALB, total cholesterol and triglycerides) were performed
commercial kits and a semi-automatic analyzer (Doles D-250, Doles, Brazil). Globulin was

obtained from the difference between total protein and albumin (Weiss and Wardrop, 2005).
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The GLN and GLU concentrations in plasma were determined enzymatically in deproteinized
and neutralized extracts (Manso Filho et al., 2008). All personnel involved in the analyzes

were unaware of the supplementation program or clinical condition of the animals.
Statistical analysis

The results were subjected to one-way ANOVA and if significant differences were
observed analysis using the Tukey test. In all cases, the stated value of P was 5%. The method
of Pearson was used to determine correlations between analyzed variables. The results were
analyzed using SigmaStat 13.0 software for Windows and the results are expressed as mean
+SEM.

Results

Differences were observed among groups in concentrations of Glutamine, Glutamate,
total protein, albumin, globulin, urea and triglycerides (P<0.05) (Table 1). The highest
[Glutamine] was observed in the supplemented group (G-GLN) at 14 days and the lowest in
the control group (G-CON) after seven days of treatment. The lowest [Glutamate] was
observed in the G-GLN group and highest in the G-CON 14 days (P<0.05). The highest
concentration of total protein, albumin and globulin were observed in the G-GLN group at 14
days, and the lowest values for total protein (~4.57 g/dL) and globulin (~3.11 g/dL)
concentrations which occurred at seven days, and for [albumin] at 14 days in the G-CON
group (P <0.05). The highest [Urea] was observed in the L-GLN group at seven days (~38.23
mg/dL) and the lowest in the pre-testing phase (~18.70 mg/dL). The concentration of
triglycerides rose significantly in the G-GLN group after 14 days of supplementation
(~127.01 mg/dL) compared with the G-CON group. Other biomarkers (creatinine, ALT, AST,
and total cholesterol) were not significantly different (P>0.05) for any treatment or sampling
times. Glutamine concentration was positively correlated with total protein (R*> = 0.43; P
<0.05), albumin (R? = 0.33; P <0.05), globulin (R? = 0.43; P <0, 05) and triglycerides (R? =
0.31; P <0.05). Urea also showed significant correlation with the total protein (R* = 0.35; P
<0.05), albumin (R* = 0.34; P <0.05) and globulin (R? = 0.33; P <0.05). As creatinine, which
also correlated with total protein (R? = 0.45; P <0.05), albumin (R? = 0.43; P <0.05) and
globulin (R? = 0.44; P <0.05).
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The concentration of the total leukocytes has been reduced in the pre-test but after
treatment occur elevation in this values in both groups. The highest value of the total
leukocytes was observed in the G-GLN groups at 14 days (P <0.05). The concentration of
segmented neutrophils was also higher in the G-GLN group at seven days when compared
with other groups (~6175.13 uL) (P <0, 05). Similarly it was observed that the absolute
concentration of lymphocytes was increased at 14 days in the G-GLN group (P <0.05). The
count of erythrocytes, hemoglobin concentration, percentage of hematocrit, MCV, MCHC,
[Eosinophils], [Monocytes] and platelets count were not significantly different among groups
(P> 0.05).

Discussion

In severe illnesses such as cancer, sepsis and burns, often occurs catabolic process that
Is associated with the increase in Glutamine degradation. Also, it is known that a rapid
decrease in [GLN] in patients with catabolic state increases the rate of mortality or recovery
time (HACKETT, 2011; WERNERMAN, 2008). It is often suggested supplementation with
GLN to patients in catabolic state in an attempt to prevent or reduce the functional impairment
of different tissues and promote recovery. Also, this type of supplementation with GLN is
associated with recovery of the enterocytes, but there is little clues about the effects of GLN
supplementation in sick dogs.

In this study it was demonstrated that [GLN] in G-GLN was ~40% higher than that
described in the G-CON after 14 days of supplementation with GLN+GLU and ~56% when
compared to the values observed in sick dogs in pretest phase. Also, it was also observed that
[GLN] in the pretest phase and the G-CON were lower than the values reported in literature
for healthy dogs (~0.80umol/mL) (ARCHIBALD 1944; IWASHITA, 2005), however the
values described for healthy dogs are similar to those of G-GLN 14 days (~0.83umol/mL). It
should be noted that [GLN] can be very low in dogs with cancer and pyometra (<0.3 mmol/L)
(SOUBA, 1993), values that was not observed in actual dogs with enteritis in any period.

The supplementation with GLN in sick and healthy animals is described (HUMBERT
et al., 2002; HACKETT, 2011). There are indications in the literature for the L-GLN
supplementation ranging from 0.24 - 0.50 g/Kg for dogs (CENTER, 2004; HACKETT, 2011),
and in the present experiment we used a supplement that it is a mixture of GLN+GLU and we
gave 0,5g/Kg/day orally. There are two studies that try to identify the effects of L-GLN in

dogs, and in one, dogs with hypercatabolic state were supplemented with L-GLN (intragastric
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plus parenterally) and found a large increase in the appearance rate of GLN in plasma,
changing from ~0.76 in control dogs to ~1.35umol/mL in supplemented dogs (HUMBERT
et., 2002). Another one, in dogs affected by parvovirus and supplemented with L-GLN
(0,509/Kg orally) were not observed beneficial effects, with similar mortality rate in the
control and supplemented group (COSTA et al., 2009), however in this study the authors did
not present blood [GLN] in both groups.

Different studies have demonstrated that dogs with gastroenteritis tend to have
hypoproteinemia since intestinal absorption is impaired, resulting in a lower uptake of
proteins and amino acids in the intestines and high nutrient loss (TESSARI, 2000; REEDS,
2001). In the dogs of G-GLN group was observed a rise in [total protein] and [albumin] of
~46% and ~32%, respectively, when compared to animals in the pre-test phase. The increase
in [total protein] was attributed to both the increase in albumin as the globulin fraction,
especially in the G-GLN. Moreover, it should be noted that there was an increase in the
concentration of urea in both groups (P <0.05), but showed no change in creatinine
experimental animals (P <0.05), and these values were not so different from those described
in the literature for healthy dogs (KANEKO, 2008). Finally, it should be noted that some of
these increases is due to the increase in the overall protein metabolism, which favored the
increase in the concentrations of total protein, albumin and globulin but no apparent
impairment of renal system.

It is known that GLN is used at high rates by lymphocytes, macrophages and
neutrophils, proving to be an important nutrient for their proliferation and function
(NEWSHOLME, 2001). The results of the present experiment demonstrated a higher
elevation in total white blood cell, segmented neutrophils and lymphocytes values in the G-
GLN compared to the pretest and G-CON animals, confirming the idea that GLN is important
for those cells in also sick dogs. In a study with pigs previously infected with E. coli , Yoo et
al. (1997), observed that GLN supplementation produced elevation in [leucocytes] and
[lymphocytes] after seven days of supplementation (40.0g GIn/Kg of concentrate). Similarly
to what was described in the present experiment for G-GLN supplementation on day 7, with
an increase in [leucocytes] and [lymphocytes], when compared with the pretest phase,
confirming the importance of the GIn supplementation to dogs with enteritis.

In addition, the triglycerides concentration increased in the G-GLN, at the end of
supplementation period, which can be explained by the higher amount of this amino acid and
stimulating the recovery of the enterocytes, favoring the absorption of nutrients. Recently it

was demonstrated that the higher amount of GLN, by oral supplementation promotes higher
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absorption of lipids, producing increase in the concentration of triglycerides in the blood of
rats (SCHWIMMER et al., 2002). Thus, supplementation with GLN promotes not only
protein synthesis for tissue recovery, but also energy for the enterocytes and for the overall
metabolism, with the increase in the concentration of triglycerides in the blood of dogs, as
observed in G-GLN. Meanwhile in the animals of the present study, no alteration in hepatic
function of the experimental groups, with the AST and ALT enzymes within the reference
range for the species ranging from 21.0 - 102.0 U/L and 23.0 - 66.0 U/L, respectively
(KANEKO, 2008).

Finally, the analysis of erythrocyte parameters showed no significant changes between
the groups, as shown as shown by Rodrigues et al.,, (2007) where they studied
supplementation with GLN on biochemical and hematological variables of malnourished rats,
not observing change in [red cells], [hemoglobin] and hematocrit. However due to the small
number of studies that relate the GLN and GLU supplementation on erythrocyte parameters in
dogs, should be analyzed these results with care since the possible effects are still not so

deeply studied.

Conclusions

Supplementation with a mixture of GLN + GLU was able to produce significant
increases in the concentration of Glutamine and Glutamate and have moved towards the
recovery of the animals when observing the other parameters analyzed in animals with
enteritis. Also the largest supply of amino acids produced increase in biomarkers related to
nutrition of animals with increased protein and its fractions, and cells involved in the immune
response. Finally, it should be emphasized that this supplementation caused no increase in

biomarkers associated with nephrotoxicity and hepatotoxicity in the sick animals.
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The effect of glutamine and glutamate supplementation on blood metabolites and proteins in

dogs with hemorrhagic enteritis

Biomarkers Group

Pretest Control Glutamine + Glutamate

(n=15) (n=5) (n=10)

+7days +14days +7days +14days

Glutamine, umol/mL 0.55+0.035¢  0.53+0.055¢  0.60+0.09 B¢ 0.61+0.05° 0.83+0.024
Glutamate, umol/mL 0.10 £0.01”¢  0.13+0.01”®  016+0.01% 0.10 £0.01 AB¢ 0.07 £0.01 ¢
Total plasma protein, g/dL 5.07 £0.32°P  457+0.78°°  5.10+0.74 *5¢ 7.09+0.45%8 7.45+0.634
Albumin, g/dL 1.58+0.09 8¢  1.45+027”8°P 130+0.17 P 2.06+0.14 48 2.09+0.15%
Globulin, g/dL 347+026°°  311+064°° 3.80+0.57 5 5.03+0.32 48 5.36+0.48 4
Urea, mg/dL 18.71+1.34 8¢ 2684 +6.25°% 26.48+12.89/C 38.23+545" 2557 +4.2475CP
Creatinine, mg/dL 0.68 £ 0.06 0.68£0.11 0.69 +0.11 0.87 +0.12 0.81+0.08
ALT, UI/L 30.13 £ 6.50 3230541 19.29 +2.74 23.57 + 2.40 2252+272
AST, Ul/L 35.38 £ 8.93 63.51 + 21.24 28.60 + 3.13 21.33+3.87 17.27 £3.05
Total Cholesterol, mmol/L ~ 175.75+12.26  148.98+11.18 171.58 +23.83 187.18 £13.03  208.28 + 20.77
Triglyceride, mg/dL 80.11+12.54 B¢ 3878 +4.39°° 2572+6.735° 10814 +2322"% 127.01+21.10%

Note: Different letters in the same line indicate statistically significant differences by Tukey

test (P <0.05); ALT - Alanine aminotransferase; AST - Aspartate aminotransferase.
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Table 2

Effect of glutamine and glutamate supplementation on blood cell numbers in dogs with

hemorrhagic enteritis

Hemogram Group

Pretest Control Glutamine + Glutamate

(n=15) (n=5) (n=10)

+7days +14days +7days +14days

Red Cells, x10%/pL 5.44 +0.21 5.04 +0.45 5.90 +0.31 5.85 + 0.34 5.95 +0.22
Hemoglobin, g/dL 11.92 +0.48 11.10 £1.05 12.82 +0.70 12.63 £0.75 12.88 +0.52
Hematocrit, % 35.80 + 1.41 33.20 +2.95 38.60 + 2.08 38.00 +2.25 38.66 + 1.58
MCV, fL 66.98 + 0.68 66.12 + 1.07 65.40 £ 0.14 65.50 +0.11 65.00 +0.29
MCHC, g/dL 31.25 +2.01 33.34 £0.19 33.24 £0.02 33.19 £0.02 33.28 +0.03
Total leukocytes, x10%uL  8.00+0.58°  10.92+2.13”B¢ 990 +1.38 A5¢ 13.78 +1.04 4 1251 +0.79 8
Rods, % 6.00 +1.14 5.40 +2.54 1.80 +0.58 3.30+1.30 416 +1.75
Rods, x10%/uL 0.45 +0.08 0.76 +0.52 0.19 +0.08 0.49 +0.20 0.46 +0.16
Segmented, % 76.20 +3.12 74.40 + 358 77.80 + 1.96 73.00+2.78 69.00 + 4.42
Segmented, x10*/uL 6.12+0.62°%  8.01+1.36"° 7.63£1.00 78 10.04£0.99 4 8.60 £0.73 A8
Eosinophils, % 1.26 +0.34 3.00 +1.37 1.80 +1.56 1.90 +0.50 433+2.24
Eosinophils, x10%/uL 0.11 +0.03 0.26 +0.11 0.10 +0.08 0.30 +0.09 0.55 +0.30
Lymphocytes, % 13.60 + 2.25 16.60 + 3.07 17.20 +2.57 20.00 + 2.87 23.80 +2.80
Lymphocytes, x10%/uL 1.04+0.19%  1.82+050"® 1.82+£0.40 "8 2.65+0.38 AP 3.16£043%
Monocytes, % 1.66 +0.36 1.00 +0.01 1.40+1.16 1.80 + 0.57 1.66 % 0.55
Monocytes, x10*/uL 0.13 £ 0.03 0.40 +0.03 0.15+0.12 0.24 +0.07 0.24 +0.07
Platelet, x10%/uL 257.32+2154 23502+26.00  155.66 + 33.02 291.39 +17.11 299.22 +20.76

Note: Different letters in the same line indicate statistically significant differences by Tukey

test (P <0.05).
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6. CONSIDERACOES FINAIS

Com a suplementacdo com GLN+GLU, foi possivel observar uma elevacdo
significativa na concentracdo da Glutamina sanguinea, o que pode favorecer a recuperagédo
dos animais, quando observados 0s demais parametros analisados nos animais com enterites.
Assim como também foi possivel produzir elevagdo nos biomarcadores associados & nutrigdo
dos animais, com aumento das proteinas e suas fragdes, e nas células envolvidas na resposta
imune, o que pode estar relacionado ao maior aporte de aminoacidos, ndo causando elevacéo

nos biomarcadores associados a nefrotoxidade e hepatoxidade nos animais enfermos.



