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RESUMO 

Os primatas do gênero Saimiri têm sido especialmente utilizados em estudos farmacológicos, 
cardiovasculares e neurológicos, fazendo-se cada vez mais necessária a manutenção dessa 
espécie em cativeiro. Porém, a utilização contínua de primatas nas pesquisas experimentais e 
biomédicas pode levar ao desenvolvimento de doenças renais. Além da avaliação bioquímica 
sérica ou urinária, pode-se realizar a ultrassonografia renal, mesmo na presença de função 
renal prejudicada. Assim, objetivou-se promover a avaliação ultrassonográfica dos rins e 
estabelecer o perfil bioquímico sérico renal da espécie Saimiri collinsi criados em cativeiro, 
associando os dados morfométricos ultrassonográficos. Foram examinados 30 animais da 
colônia do Centro Nacional de Primatas - CENP, sendo 16 machos e 14 fêmeas, distribuídos 
em duas faixas etárias: FE1 [jovens, 3-7 anos, (n=15, 8 machos e 7 fêmeas)] e FE2 [idosos 
14 - 17 anos (n=15, 8 machos e 7 fêmeas)]. Realizaram-se dosagens de uréia, creatinina e 
Cistatina C, bem como ultrassonografia renal de todos os animais. Não houve diferença 
significativa entre faixas etárias para as avaliações da bioquímica sérica, entretanto, a 
dosagem de creatinina apresentou diferença significativa quando comparada entre os sexos. A 

avaliação ultrassonográfica dos rins demonstrou que os rins são volumetricamente simétricos 
quando comparados entre os lados e entre as faixas etárias. Na comparação entre os sexos, 
apenas o rim direito apresentou diferença. Os resultados obtidos para Cistatina C podem ser 
utilizados como referência para esse novo marcador. 

Palavras-chave: Primatas - rins - avaliação. Cistatina C. Biomarcadores renais. Diagnóstico 

Por Imagem 



13 

1. CONTEXTUALIZAÇÃO 

Tem havido crescente interesse da comunidade científica nas pesquisas com primatas 

não humanos, isso se deve, principalmente, a similaridade filogenética com humanos em 

relação aos demais animais utilizados em biotérios (Ward & Vallender 2012). Os Primatas do 

Novo Mundo (PNM) possuem algumas características que justificam o aumento da sua 

utilização em pesquisas biomédicas, em detrimento do uso de Primatas do Velho mundo 

(PVM). Por exemplo, os PNM possuem um ciclo reprodutivo mais curto, algumas espécies 

produzem partos duplos (Calitriquídeos) e a criação e o manejo são mais simples, envolvendo 

menor custo financeiro (Ward & Vallender 2012). 

Várias espécies neotropicais vêm sendo constantemente ameaçadas, principalmente 

pelo desmatamento e pela caça. Assim, a criação em cativeiro tornou-se cada vez mais 

necessária (Mittermeier et al. 1994), tanto para atender à comunidade científica, quanto para a 

própria manutenção das espécies (Mittermeier et al. 1994, Chiarello et al. 2008). Além disso, 

ambientes cativos propiciam dados sobre os históricos clínicos e parentesco dos animais 

avaliados, colaborando significativamente com as pesquisas (Zimbler-Delorenzo & Stone 

2011). 

A utilização contínua de primatas em pesquisas científicas podem levar ao 

desenvolvimento de doenças renais, sendo pielonefrite, nefrocalcinose, glomerulonefrite, 

hidronefrose e doenças funcionais as mais diagnosticas em primatas do gênero Saimiri (Borda 

et al. 2000a). Com isso, há uma necessidade crescente de métodos diagnósticos precoces de 

alteração da função renal, haja vista que o prognóstico ruim da doença renal em suas fases 

avançadas, principalmente com o avanço da idade (Cobrin et al. 2013). 

1.1. REVISÃO DE LITERATURA 

a. Gênero Saimiri 

Os primatas do gênero Saimiri se mantém em grandes grupos na natureza (Brady 

2000). São distribuídos em toda a Floresta Amazônica, estendendo-se até a região costeira da 

América Central (Alfaro et at. 2015). Preferem florestas sazonalmente alagadas e áreas de 

várzeas, ocupando, principalmente, os dosséis e sub-bosques (Boubli et al. 2013). 

As principais espécies de macacos-de-cheiro estudadas são Saimiri sciureus e Saimiri 

boliviensis (Brady 2000), havendo relatos de estudos farmacológicos (Liu et al. 2011), 
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cardiovasculares (Abee 2000, Brady 2000) e neurológicos (Macri et ai. 2013). A taxonomia 

dos Saimiri baseada na morfologia tem sido muito contestada, devido à natureza 

extremamente sutil das diferenças morfológicas entre os táxons (Alfaro et al. 2015). Outras 

técnicas para determinação das espécies dos Saimiri incluem a citogenética e análise de DNA 

(Brady 2000). A característica fenotípica mais utilizada para identificação é a forma da área 

de pelo não-pigmentado acima dos olhos, além diferenças de coloração do pelo na cabeça e 

no corpo, que pode variar de sutil a óbvia (Abee 2000). 

Em geral, os estudos com Saimiri podem ser realizados apenas com contenção manual. 

Contudo, nos casos em que há necessidade de sedação ou anestesia, deve-se levar em 

consideração que a técnica de contenção pode ter efeitos importantes. Os Saimiri têm baixa 

tolerância a procedimentos prolongados, ou que exijam jejum, em virtude da possibilidade de 

hipoglicemia (Brady 2000). 

Os primatas do gênero Saimiri têm sido especialmente utilizados em estudos 

farmacológicos (Liu et al. 2011), cardiovasculares (Abee 2000, Brady 2000) e neurológicos 

(Macri et al. 2013), fazendo-se cada vez mais necessária a manutenção dessa espécie em 

cativeiro (Mittermeier et al. 1994, Brady 2000). Alguns fatores podem estar relacionados à 

utilização deste gênero na pesquisa biomédica. Por exemplo, baixo potencial zoonótico, 

quando comparados aos primatas do Velho Mundo; serem animais de pequeno porte, isso 

facilita o manejo e diminui os custos com alimentação (Abee 2000). 

Nos estudos em que haja necessidade de avaliação de parâmetros hematológicos, 

como hemograma e bioquímica sangüínea, bem como para realização de medicações e 

sedação ou anestesia, o acesso venoso pode ser realizado a partir da veia femoral no triângulo 

femoral. Em primatas de uma forma geral, a coleta de um volume de sangue que corresponda 

a até 10% do peso do animal em gramas é considerada segura (Almosny e Monteiro, 2006). 

Os macacos-de-cheiro criados em cativeiro podem ser acometidos por lesões renais, 

dentre elas litíase renal, pielonefrite e glomerulonefrite são freqüentes em Saimiri boliviensis 

(Borda et al. 2000b). Contudo, para que o diagnóstico seja preciso e precoce, é necessária a 

avaliação clínica desses animais, além de exames laboratoriais (hemograma, bioquímica 

sérica e urinálise, por exemplo) e ultrassonografia. 

b. Avaliação Renal 

A avaliação renal pode ser realizada através da dosagem de biomarcadores. Um 

marcador de função renal ideal seria uma substância inerte filtrada livremente, sem 
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metabolização, secreção ou reabsorção pelos rins (Puzantian & Townsend 2013). O 

biomarcador deve ser capaz de diagnosticar com precisão tanto as alterações agudas quanto as 

crônicas (Cobrin et al. 2013), bem como determinar o prognóstico da doença e avaliar a 

resposta ao um tratamento (Tesch 2010). Além disso, as amostras devem ser obtidas, 

preferencialmente, por procedimentos não-invasivos ou minimamente invasivos (Tesch 

2010). 

Dentre os exames bioquímicos séricos, a uréia e a creatinina são os mais utilizados na 

rotina clinica veterinária (Bush 2004, Endre et al. 2011, Cobrin et al. 2013). Mais recente 

novos biomarcadores de função renal têm sido testados, a exemplo da Cistatina C (Iwona 

2012, Puzantian & Townsend 2013, Ghys et al. 2014). 

A uréia é um produto final do catabolismo de proteínas, é sintetizada no fígado, 

principalmente, a partir de proteína da dieta (Puzantian & Townsend 2013). Ela se acumula 

no plasma sangüíneo quando a filtração glomerular está prejudicada (Bush 2004). Fatores de 

origem extra-renal influenciam seus níveis séricos, são eles: dietas ricas em proteínas, 

medicamentos (corticosteroides e tetraciclinas), trauma, hemorragia gastrointestinal, infecções 

e insuficiência cardíaca (Tesch 2010, Puzantian & Townsend 2013). 

A creatinina é um subproduto do metabolismo muscular endógeno. É o marcador de 

função renal mais amplamente utilizado, tanto na medicina quanto na veterinária. Ela é 

completamente excretada pela filtração glomerular quando a função renal é normal (Endre et 

al. 2011, Cobrin et al. 2013, Puzantian & Townsend 2013). Sofre influencia de alguns fatores, 

são exemplos: a idade, o sexo, função hepática, amputações e variações na ingestão alimentar, 

tais como dieta vegetariana (Tesch 2010, Puzantian & Townsend 2013). 

Tanto a uréia quanto a creatinina não são sensíveis para detecção de doença renal 

precoce, ou em condições de doença rapidamente progressivas, pois só se alteram quando a 

função renal está muito comprometida, em torno de 75% de perda funcional dos néfrons 

(Dharnidharka et al. 2002, Laterza et al. 2002, Endre et al. 2011, Cobrin et al. 2013, Puzantian 

& Townsend 2013, Arthur et al. 2014, Brott et al. 2014). Desta forma, é cada vez mais 

emergente a determinação de novos marcadores de função renal que podem auxiliar no 

diagnóstico precoce de alterações renais. 

Um desses marcadores é a Cistatina C, uma proteína produzida por todas as células 

nucleadas, sem influência de fatores extra-renais (Laterza et al. 2002). A Cistatina C é 

excretada exclusivamente por filtração glomerular (Antognoni et al. 2005, Cobrin et al. 2013, 

Puzantian & Townsend 2013), permitindo a detecção precoce de redução da taxa de filtração 

glomerular (Laterza et al. 2002, Cobrin et al. 2013, Puzantian & Townsend 2013). Alguns 
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estudos indicam que a Cistatina C pode sofrer influencia da idade (Monti et al. 2012, 

Puzantian & Townsend 2013), podendo estar relacionado à redução da função renal 

fisiológica com o avanço da idade, além disso fatores como sexo e tamanho também podem 

influenciá-la (Rule et al. 2006). 

Dentre outros biomarcadores para avaliação de lesão renal em estudo, a albumina 

urinária é considerada um significativo marcador prognóstico (Tesch 2010, Puzantian & 

Townsend 2013). N-acetil 6-D-glucosaminidase (NAG), y-Glutamil Transferase (GGT), 

Molécula de Injúria Renal-1 (KIM-1), Lipocalina Associada à Gelatinase Neutrofílica 

(NGAL) têm sido utilizadas na avaliação de lesão tubular, principalmente em doença renal 

aguda (Cobrin et al. 2013). Enquanto a Proteína de Ligação ao Retinol (RBP) tem sido mais 

utilizada nas avaliações de doença renal crônica (Jungbauer et al. 2011, Cobrin et al. 2013). 

Além das provas de bioquímica sérica e urinária, a ultrassonografia pode ser realizada 

para complementar a avaliação renal em colônias de primatas. Esse exame é útil para 

determinação, em tempo real, das dimensões, forma, contornos, localização e avaliação da 

arquitetura interna pela presença de alterações focais (sólidas ou císticas) (Nyland & Matton 

2002). A ultrassonografia do trato urinário tem sido largamente utilizada em medicina 

veterinária em diversas situações clínicas, complementando informações obtidas pelos 

exames clínico e laboratorial, sendo de fundamental importância para avaliação de afecções 

renais (Gaschen et al. 2000, Sampaio & Araújo 2002). 

Alterações na forma e tamanho dos rins, sejam uni ou bilaterais, podem representar 

distúrbios renais. A redução do tamanho renal freqüentemente está associada à nefrite 

intersticial crônica e a estenose da artéria renal, enquanto pielonefrite aguda, a doença 

policística e a hidronefrose podem levar ao aumento do tamanho dos rins (Sampaio & Araújo 

2002). 

Assim, objetivou-se determinar os níveis séricos fisiológicos de biomarcadores renais 

(uréia, creatinina e Cistatina C) e promover a avaliação ultrassonográfica dos rins da espécie 

Saimiri collinsi criados em cativeiro. 
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20 Abstract 

21 Background The objective was to determine renal parameters (urea, serum creatinine - SCr, 

22 uric acid - UA, and Cystatin C - CysC) and promote ultrasonography of the kidneys in 

23 relation to body length/mass, gender, and age group of Saimiri collinsi raised in captivity. 

24 Methods Thirty monkeys were divided into two age groups: AGI (young adult) and AG2 

25 (senile). Urea, SCr, and UA tests were performed with kits Abbott in a System C4000 and 

26 by immunonephelometry with kit N Látex (CysC). A multiple frequency linear array probe 

27 (5-12 MHz) was used to performing ultrasound exams. 

28 Results and conclusions Gender and age did not influence the results of the Urea, UA, and 

29 CysC. However, the body length/mass, and SCr concentration are influenced by the gender. 

30 In addition, this study provides ultrasonographic measurement reference values for the 

31 morphology the kidneys. Ali data obtained can be used as reference intervals in healthy S. 

32 collinsi. 

33 Key words: Saimiri; renal biomarkers; ultrasound 

34 Introduction 

35 The constant use of primates in biomedical research can lead to the development of 

36 renal, hepatic, cardiovascular diseases, among others. For instance, in squirrel monkeys 

37 raised in captivity, more renal diseases described were urolithiasis, pyelonephritis, and 

38 glomerulonephritis [3]. In humans, the frequency of nephrolithiasis by uric acid stones 

39 varied with age, gender, geographic location, and local environmental factors [23]. 
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Consequently, when a renal diseases diagnosis is considered, a serum blood analysis of 

urea, creatinine (SCr), and uric acid (UA) should be determined. 

An ideal renal function marker would be an inert substance, freely filtered without 

metabolism, secretion or reabsorption by the kidneys [27], and able to accurately diagnose 

acute and chronic changes [6]. Serum biochemical tests for assessment of renal function, 

such as the urea [5, 6], SCr [6, 9], are widely used in both medicine and in veterinary. 

However, the possibility of new biomarkers of renal function has been reported in the 

literature, in particular Cystatin C (CysC) [12, 15, 27]. It is a protein produced by nucleated 

cells without influence of extrarenal factors [18] and excreted exclusively by glomerular 

filtration [2, 6, 27]. This allows for early detection of loss of kidney function [6, 18, 27]. 

In addition, interpretation of imaging diagnostic technologies, such as 

ultrasonography, are necessary to describe the renal morphophysiology. This exam is useful 

to determine, in real time, the size, shape, contour, location and evaluation of the internai 

architecture of the presence of focai changes (solid or cystic) [24]. 

The possibility of combining laboratory and image diagnostic methods contributes 

to a better understanding of the physiology and aids in diagnosing kidney diseases. The 

objective was to determine physiological serum concentration of urea, SCr, UA and CysC 

and promote ultrasonography of the kidneys of Saimiri collinsi raised in captivity. The 

hypothesis was that under standard conditions of housing, the organisnTs age and sex 

might influence these parameters. 

Material and Methods 

Study site and subjects 
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This study was conducted between March 2013 and February 2015. Ali procedures 

followed the guidelines for the care and use of laboratory animais and was approved by the 

Ethics in Research with Animais Committee of the Evandro Chagas Institute (CEPAN/IEC 

0030/2013) and System for Authorization and Information on Biodiversity/Chico Mendes 

Institute for Biodiversity (SISBIO/ICMBIO 38529-1). Ali subjects belonged to the 

breeding colony of the National Primate Center (CENP) in Brazil and were identified using 

a three-letter code tattooed on the internai face of the right thigh and a microchip placed in 

the interscapular arca. 

There were evaluated 30 adults squirrel monkeys (Saimiri collinsi, 16 males and 14 

females). They were divided into two age groups [AGI young adult, 3-7 years, (n=15; 8 

males and 7 females)] e AG2 [senile 14 - 17 year (n=15; 8 males and 7 females)]. Subjects 

were housed in groups (1 male: 6 females) of up to 12 individuais. They were kept in 

enclosures constructed of brick and covered with tiles and wire netting, which were 

positioned in a north-south orientation to receive 12 hours of natural light, thereby 

providing a regular access to the sun throughout the year. The cages measured 3 m in 

length, 3 m in width, and 3 m in height. The grounds had a double lateral communication- 

controlled sliding door, which was used for management of the group. 

The animais were fed according to the standard husbandry practices of the CENP. 

The animais' diet contained different kinds of fruits and vegetables, eggs, milk, and 

commercial primate food with 18% crude protein (Cebidae PI8 Megazoo, Rações 

Megazoo, Betim, Minas Gerais, Brazil). It was also provided a daily supplementation of 

amino acids, vitamins, macro and micro minerais, and 0.5 g of Aminomix Pet ® (Vetnil Ind. 

and Company, Produtos Veterinários Ltda, Louveira, São Paulo, Brazil) per kg of body 
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mass. Water was offered "ad libitum". Only manual restraint was used to collect blood 

samples and performing the ultrasound examinations. 

Serum Chemistry Profile 

Blood samples (3 ml) were collected from the femoral vein with sterile syringe 

needles. Urea, SCr, and UA tests were performed with kits (Abbott Laboratories. 

Wiesbaden, Germany) in a System C4000 Architect® (Tecnigen S/A. Av. Zanartu, Nunoa, 

Santiago, Chile). CysC tests were performed by immunonephelometry with kit N Látex 

CysC Siemens® (Siemens Ltda, Av. Mutinga, São Paulo, SP, Brazil) according to Cordeiro 

et al. [7]. A sample aliquot was stored at -20oC, and it was subsequently analyzed by 

particle-enhanced nephelometric immuno-assay (PENIA). Hemolysis, icteric, or lipemic 

serum were not analyzed. 

Ultrasonography 

Each kidney was examined according to Lins et al. [19], i.e. in the sagittal and 

transverse planes in order to evaluate their shape, echogenicity, echotexture, and size. Renal 

length (L) and height (H) were measured (cm) from sagittal scans (right and left kidney, 

Fig.lA and 1C, respectively) and the width (W) at the hilus was measured (cm) from 

transverse scans (right and left kidney, Fig. 1B and 1D, respectively). Renal volume (V) 

was calculated (cm3) with the onboard computer by approximating the spheroidal 

geometric model from the three linear measurements (L x H x W x ti / 6). 
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105 Fig. 1 Measurements of the right kidney from sagittal (A) and transversal scans (B). Length 

106 and height were measured in the sagittal scan (A and C) and width in the transversal scan 

107 (B and D). The calculated renal volume was an approximation based on a spheroidal 

108 geometric model that incorporated the length, height, and width measurements. 

109 Statistical method 

110 Descriptive statistics (mean, variance, standard deviation) was calculated for ali the 

111 variables. Parameters of urea, SCr, UA, CysC, and renal measurements by ultrasonography 

112 were tested for normal distribution (Gaussian) using the Kolmogorov-Smirnov test. It was 
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used the Tukey test post hoc multiple comparison tests to compare the difference in the 

effect of gender and age on the variables. In addition, it was performed Pearson correlation 

to compare body length/mass and the results of the urea, SCr, UA, and CysC. A levei of 

significance of 0.05 was adopted for ali tests, which was calculated with the aid of the 

BioEstat software (version 5.0; Sociedade Civil de Mamirauá, Belém, Pará, Brazil). 

Results 

Mean body mass was lower in AGI than in AG2, but did not differ between two age 

groups (p>0.05). However, when the analysis was performed independently of age, male 

was significant heavier than female. Biochemical tests showed Gaussian distribution, and 

reference ranges have been established with of 95% of confidence (Table 1). Urea, UA, and 

CysC concentrations did not differ between gender or age groups and no relationship was 

observed with body length and mass (p>0.05). However, males present SCr concentrations 

higher than female (0.71 ± 0.08; 0.65 ± 0.08 mg/dl, respectively). In addition, SCr 

demonstrate positive correlation with body length and mass (r = 0:39; p<0.05; r = 0.67, 

p<0.05, respectively). 
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Table 1 Mean ± Stand derivation of body length/mass, urea, serum creatinine (SCr), 

uric acid, and cystatin C (CysC) of 30 Saimiri collinsi individuais, categorized by gender, 

age group (AG) and reference ranges (minimum - maximum). 

Variables Gender 
AGI (n=15) AG2 (n=15) AGI & AG2 Reference 95% 
(3-7 years) (14 -17 years) (N=30) (Min. - Max.) 

Body legbt 
(cm) 

(5 28.00 ± 3.70 29.50+ 1.51 28.75a+ 2.84 23.07 - 34.43 

? 26.14+1.35 26.57 + 0.99 26.36b+ 1.15 24.06 - 28.66 

(5? 27.13 + 2.92 28.13 + 1.96 - - 

Body mass 

(Kg) 

(5 0.87 + 0.28 1.03 + 0.20 0.95a+ 0.25 0.45-1.45 

? 0.60 + 0.03 0.64 + 0.07 0.62b + 0.05 0.52-0.72 

(5? 0.75 + 0.25 0.85 + 0.25 - - 

Urea 
(mg dl"1) 

(5 82.88 + 9.70 72.25 + 10.25 77.56+ 10.06 

? 70.86 + 9.53 80.14 + 8.14 75.50+ 10.74 55.90-97.30 

(5? 77.27 + 11.46 75.93 + 9.41 - 

SCr 
(mg dl"1) 

(5 0.71+0.10 0.70 + 0.05 0.71a+ 0.08 0.56-0.85 

? 0.64 + 0.05 0.65 + 0.07 0.65b + 0.08 0.54-0.76 

(5? 0.68 + 0.08 0.68 + 0.06 - - 

Uric acid 
(mg dl"1) 

(5 0.31+0.16 0.22 + 0.13 0.27 + 0.15 

? 0.31 +0.11 0.23 + 0.19 0.27 + 0.15 0.00-0.58 

(5? 0.31 +0.14 0.22 + 0.16 - 

CysC 
(mg dl"1) 

(5 0.59 + 0.10 0.61+0.05 0.62 + 0.10 

? 0.57 + 0.08 0.67 + 0.12 0.60 + 0.10 0.42 - 0.79 

(5? 0.58 + 0.08 0.64 + 0.10 - 

Male, , Female, ? , Male and Female; mg dl'1 - miligram per dccililrc. Mcans wilh 

different letters represem comparison between lines p <0.05 by Tukey test. 

In ali subjects the sonographic evaluation demonstrated that the kidneys were 

located in an anatomical position, with the right kidney slightly more cranial than the left. 

Right kidney was in contact with the right lobe of the li ver (Fig. 2 A e Fig. 2B) and left 

kidney was located between the abdominal aorta and spleen (Fig. 2C e Fig.2D). Both 

kidneys showed regular contours, elliptical shape and homogeneous echotexture. 

Furthermore, the cortical area was more echogenic medullary, with a clear demarcation in 

echogenicity in the corticomedullary junction (Fig. 2). The central region, formed by the 
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141 breast and renal pelvis, has performed more echogenic due to the vessel wall and the 

142 entrance to the renal hilum. It was also observed that the right and left renal cortices were 

143 more echogenic compared to the liver and spleen, respectively. 
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Fig. 2 (A) Sagittal section of right kidney compared to the liver. The right kidney showed 

up hyperechoic in relation to the liver when the liver and the kidney were cranial pole 

contact. (B) Transversal section of right kidney. (C) Sagittal section of the left kidney, the 

spleen was hyperechoic compared to left kidney. (D) Transversal section of the left kidney. 

Arrows show the kidney capsule, and arrowheads show the renal pelvis. 
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150 The renal morphometric parameters shown Gaussian distribution with reference ranges 

151 established with 95% confidence. Sonographic measurements of the kidneys showed that 

152 only the width of the right kidney was different between the age groups. However, this 

153 difference was not enough to cause difference in renal volume compared between age 

154 groups (Fig. 3). In comparison between the sides, there was a significant difference in the 

155 length, but this was not enough to cause difference in renal volume compared between the 

156 sides (Table 2). 
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157 

158 Fig. 3 Comparison of the mean ± stand derivation of the volumes in right and left kidneys 

159 of in males and females of Saimiri collinsi (1.50 ± 0.27; 1.41 ± 0.32 cm3, respectively). 
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160 Table 2 Renal ultrasonography variables of Saimiri collinsi expressed as mean ± standard deviation according to gender and age 

161 groups (young adult - AGI and senile - AG2). 

Rigbt kidney Left kidney 

Variables Gender AGI (n=15) AG2 (n=15) AGI & AG2 AGI (n=15) AG2 (n=15) AGI & AG2 
(3-7 years) (14 -17 years) (N=30) (3-7 years) (14 -17 years) (N=30) 

(5 2.25+0.18 2.23 + 0.10 2.24a+0.13 2.18 + 0.13 2.16 + 0.15 2.17a+ 0.13 

Length (cm) ? 2.08 + 0.11 2.17 + 0.08 2.13b + 0.14 2.03 + 0.12 2.03 + 0.07 2.03b + 0.13 

(5? 2.17 + 0.17 2.20 + 0.09 2.19A* + 0.13 2.11+0.14 2.10 + 0.13 2.11b* + 0.14 

(5 1.11 +0.11 1.10 + 0.11 1.10 + 0.09 2.18 + 0.11 2.16 + 0.13 1.06 + 0.13 

Height (cm) ? 1.03 + 0.06 1.07 + 0.06 1.05+0.08 2.03 + 0.09 2.03 + 0.15 1.09 + 0.12 

(5? 1.07 + 0.10 1.09 + 0.08 1.08 + 0.09 1.06 + 0.10 1.10 + 0.14 1.08 + 0.12 

(5 1.20 + 0.10 1.27 + 0.11 1.24a+0.09 1.16 + 0.10 1.25+0.11 1.21 +0.12 

Width (cm) ? 1.12 + 0.10 1.20 + 0.04 1.16b + 0.09 1.13 + 0.13 1.12 + 0.10 1.12 + 0.11 

(5? 1.16a+ 0.11 1.24b + 0.09 1.20 + 0.10 1.15 + 0.11 1.19 + 0.13 1.17 + 0.12 

(5 1.58 + 0.32 1.64 + 0.26 1.61a+ 0.28 1.42 + 0.32 1.54 + 0.35 1.48 + 0.33 

Volume (cm ) ? 1.27 + 0.21 1.46 + 0.13 1.37b + 0.19 1.28 + 0.28 1.36 + 0.32 1.32 + 0.29 

(5? 1.43 + 0.31 1.56 + 0.22 1.50 + 0.27 1.36 + 0.30 1.46 + 0.34 1.41 +0.32 

162 A, Male, Ç, Female, , Male and Female. Lowercase letters indicate a comparison between gender in the same kidney and age 

163 group. Capital letters with asterisk indicate a comparison between kidney independently of gender and age groups. Capital letters 

164 without asterisk indicate a comparison between age groups of the same kidney independently of gender. Means with different 

165 letters represent significant Tukey's test results with P < 0.05. 
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Discussion 

Renal assessment using ultrasonography associated with serum leveis of urea and 

creatinine have been reported in the literature for Aotus azar ai infulatus [19]. The serum 

leveis of UA in primates were performed on species from the New and Old World [8]. 

Studies using new biomarkers of renal function, especially CysC, have been described in 

humans [22, 26, 29], dogs [6], and cats [12]. However, for NHP there is only a verification 

of CysC assay in serum of cynomolgus monkey [25]. Thus, studies to determine the 

reference range of this biomarker in primates show up pioneers and can be useful in 

veterinary practice in the early detection of kidney disease in the species S. collinsi. 

The lack of variation in serum urea between gender and age groups observed in this 

study was also described in A a. infulatus [20]. The authors attributed the result to the 

absence of changes in extra-renal factors (food and concomitant diseases) able to influence 

them. In humans, it has been observed that excessive protein intake increased rates urea 

[32] and UA [23]. In Cebus [17] and M. radiata [28] males showed higher urea 

concentrations than in females. 

In the present study we observed effect of gender in SCr concentrations. The same 

change was observed in A a. influtatus [19, 33] and in human [16]. The elevation of SCr 

may be related to lenght and body mass difference between genders observed in this and 

other studies with squirrel monkey [31], capuchin monkey [30], and macaques [28]. It was 

observed increase in SCr concentrations with increasing age in Pan troglodytes [34] and A 

a. infulatus [19]. These authors reported that occurs physiological reduction in renal 

function in aged animais, however this was not observed in this study. 
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Serum determination of UA should be taken into account during renal evaluation, 

because, in humans, uric acid calculi account for a significant percentage of urinary stones, 

second only to calcareous stones [23]. In this study the serum mean concentration of UA 

was (0.27 ± 0.15mg/dl), similar to S. sciureus (0.5mg/dl), genus Macaca and Papio (0.3 - 

0.5mg/dl). However, this data were very different to other New World Primates, such as 

Cebus albifrons (3.3mg/dl), C. apella (2.8mg/dl), Lagothrix lagotricha (3.1mg/dl), 

Saguinus oedipus (2.1 mg/dl) [8]. These authors related that the low concentrations of UA 

in serum and urine of Saimiri are in marked contrast with the values found in ali other 

South American species examined. 

In this study, it was not observed influence of age, length and body mass on the 

values obtained for CysC. These results differ from those found for canine species, which 

demonstrated significantly lower CysC concentrations in young animais and weighing less 

than 15 kg [4]. In human, serum concentration CysC may be higher in infants due to 

immaturity of the nephron to perform glomerular filtration and was progressively decreased 

reaching adult values in the first year of life [10]. In dogs [4, 21] and cats [13] gender did 

not influence the serum CysC. Low biological variation of CysC is an important advantage 

over the SCr and demonstrates that it is not necessary to establish specific reference ranges 

for males and females [13]. These findings are similar to results of this study. However 

further studies are needed to evaluate the efficiency of CysC as renal biomarker for the 

species S. collinsi. 

The sonographic appearance of the kidneys was similar to that described for other 

primates A a. infulatus [19], M. fascicularis [11], C. apella [1], and Callithrix jacchus [35]. 

Increased echogenicity of the cortical region compared to medullar can be explained by the 



30 

glomeruli in the renal cortex, while the medullar layer is composed of the most tubules 

collecting system, having larger amount of liquid component [1, 19]. The kidneys of A a. 

infulatus [19], C. apella [1], and M. mulatta [14] showed symmetry and no influence of 

gender, similar to our results. A study with C. jacchus, the authors report differences in 

craniocaudal diameter of males and females rights kidneys [35], while renal 

ultrasonography of M. fascicularis showed differences in the shapes of right and left 

kidneys [11]. These variations may be related to the applied methodology, because unlike 

our experiments were not conducted three measurement plans to determine kidney volume 

more accurately. 

The results showed that ultrasonography is useful in renal evaluation and can be 

coupled to the biochemical tests, in order to providing more accurate data for making 

clinicai decisions. In addition, the gender and age do not influence urea, UA, and CysC. 

However, the body length/mass, and SCr concentration are influenced by the gender in S. 

collinsi raised in captivity. 
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