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RESUMO.- [Avaliação do eletrocardiograma em cutias 
(Dasyprocta primnolopha, Wagler 1831) não-aneste-
siadas clinicamente saudáveis.] A cutia é uma das espé-
cies mais intensamente caçados em toda a Amazônia e as 
regiões semi-áridas do nordeste do Brasil. Considerando-
-se a tendência atual no manejo de animais silvestres em 
cativeiro, o objetivo deste estudo foi determinar os valores 
de referência para o coração cutia criadas em cativeiro, com 
base em avaliações do eletrocardiograma (ECG). Foram se-
lecionadas cutias adultas e sem sinais clínicos de doença 
cardíaca (n=30). Os animais foram contidos fisicamente e, 
em seguida, o ECG foi realizado. Medições padronizadas 
foram tomadas para estabelecer a análise estatística dos 
dados. Análise do complexo QRS apresentou valores com-
patíveis com os relatórios pregressos em animais animais 
de companhia, assim como para os poucos dados disponí-
veis para outras espécies selvagens e exóticas, com exceção 
da onda T, que mostrou amplitude semelhante à onda R em 
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todos os animais estudados. Os dados obtidos permitiram 
a aquisição dos primeiros valores de referência para os 
traçados de ECG em cutias, contribuindo para uma melhor 
compreensão eletrofisiologia cardíaca, na identificação de 
miocardiopatia nesses animais.
TERMOS DE INDEXAÇÃO: Agouti, Dasyprocta primnolopha, mamí-
feros selvagens, eletrocardiografia, cardiologia, cutia.

INTRODUCTION
The agouti (Dasyprocta sp.) is a rodent mammal that occurs 
throughout Brazil and currently is an important species re-
ared in captivity (Hosken 2001). Together with other wild 
rodents it has suffered from destruction of its habitat and 
predatory hunting and consequent decrease in its popula-
tion (Bodmer, Eisenberg & Redford 1997, Nogueira-Filho & 
Nogueira 2000, Ribeiro et al. 2007). These are the reasons 
for the ever greater study of the species in an attempt to 
obtain greater knowledge on their physiology (Alimurung 
et al. 1980, Sampaio & Batista 2004, Leal et al. 2005).

Among these animals the agouti presents both zoote-
chnical and conservationist interest (Pinheiro et al. 1989, 
Lopes 2004). The establishment of conservation units and 
commercial rearing farms has stimulated studies regarding 
the acquisition of biological data of the species, especially 
the reproductive, health and food management characte-
ristics, to ensure their survival in captivity (Berllago & Cer-
queira 1994, Redford 1997, Ferraz et al. 2010).

Although already discussed, establishing clinical nor-
mality criteria for wild rodents still requires further stu-
dies on their physiology and organic responses (Osofsky et 
al. 2001, Crissey 2004, Fox et al. 2008).

Among the parameters to be assessed, access to the he-
art function is important data to define the homeostatic ba-
lance in wild species (Bodmer et al. 1997, Leal et al. 2005). 
Most of the information on the wild animal cardiovascu-
lar system is limited to the heart and some large vessels, 
available mostly for laboratory rodents, and there are few 
reports of this information for wild species (Heatley 2009, 
Diniz et al. 2013).

Investigations by complimentary examinations such as 
the ECG are widely used in cardiologic assessments in ve-
terinary medicine (Ware 2007). However, reference values 
have not yet been fully established for most wild species, 
and there is little information in the literature that would 
sustain the standardization of access techniques to the he-
art function and suggest alterations in this organ for these 
animals (Stepien 1999, Gardner et al. 2007, Estrada et al. 
2009, Onuma et al. 2009, Black et al. 2011).

The electrocardiogram is a cheap diagnostic test, non-
-invasive and capable of registering the electric activity 
of the myocardium, determining the heart rhythm and 
frequency supplied by the P-QRS-T deflections of the elec-
trocardiogram tracing (Hanton & Rabemampianina 2006, 
Scheer et al. 2010).

With advances in information technology, the compute-
rized electrocardiogram has been used in human medicine 
as an auxiliary diagnostic method and is currently used in-
creasingly in veterinary medicine (Tilley 1981, Andrade et 

al. 2004, Aptekmann et al. 2010, Neto et al. 2010, Gava et al. 
2011). According to Tilley (1992), in veterinary medicine, 
the computerized ECG improved the quality of emergency 
electrocardiogram services and other advantages including 
a decrease in the time needed to carry out the exam.

Reducing this time was fundamental when dealing with 
wild animals that require apparatus that presents an “elas-
ticity” of use, due to the great variety of species that poten-
tially can be assessed, and should have at least six basic de-
rivations. Several wild and exotic species have already been 
studied by assessing their ECG tracing but these values are 
still little dimensioned and the variations, normality stan-
dards and electric tracings associated to disease for most 
of these known species are not completely defined (Blacket 
al. 2001, Bartlett et al. 2004, Dudás-Györki et al. 2011).

Considering that information on wild animal physiology 
and cardiovascular anatomy is very important and scarce, 
the objective of the present study was to define cardiac ra-
diographic and electrocardiogram (ECG) normality para-
meters for healthy agouti without chemical restraint, kept 
in captivity, to contribute to the acquisition of data that can 
be used as normal parameters for the species and help in 
identifying possible alterations.

MATERIALS AND METHODS
Animals

Thirty agouti (Dasyprocta primnolopha) were used, 1-3 ye-
ars of age, weighing from 1.670 kg to 2.950kg divided into two 
groups of 15 males and 15 females separated in collective stalls. 
The animals came from the Wild Animal Study and Preservation 
Nucleus  - NEPAS (Registration Certificate IBAMA/PI Nº 02/08-
618) at the Agrarian Science Centre (CCA) of the Federal Univer-
sity of Piauí (UFPI). They were healthy at clinical examination and 
the hematological profile was normal (Ribeiro et al. 2008). The 
food management consisted of commercial feed (minimum crude 
protein 12%, ether extract 1.5%, fibrous material 12%, calcium 
1.3% and phosphorus 0.4%) in addition to corn, regional fruit 
and vegetables and water ad libitum. The experimental protocol 
was approved by the Committee of Ethics in Animal Experimenta-
tion (CEEA) of the Federal University of Piauí-UFPI (Protocol no. 
0117/2010) and authorized by the Authorization and Informa-
tion in Biodiversity System - SISBIO - ICMBio/IBAMA (Protocol 
26101-1).

The animals were restrained physically and kept in right late-
ral decubitus on a semiological examination table (M-351) with 
the thoracic limbs raised cranially, pelvic limbs lowered caudally. 
The heart and respiratory function was assessed using a stethos-
cope (Littmann Cardiology III®, São Paulo, Brazil) to observe the 
normal hyphonesis of the heart noises, respiratory frequency and 
sonority of the lung fields (current volume normality).

The electrocardiograms were performed by the computerized 
method, using the computerized electrocardiogram TEB® (TEB, 
São Paulo, Brazil), consisting of an electronic circuit coupled to a 
notebook, and software installed on the computer hard disk.

The animals were restrained physically on the insulated sur-
face in lateral decubitus and placed as previously described to 
acquire electrocardiogram tracing in mammals (Fig.1) (Tilley 
1992). The electrodes were distributed over the animal’s body in 
standardized combinations following methodology described by 
Gava et al. (2011). The electrodes on the right and left thoracic 
limbs were placed above the olecranum, in its caudal aspect and 
the electrodes on the right and left pelvic limbs above the patella 



Pesq. Vet. Bras. 33(Supl.1):8-14, dezembro 2013

10 Anaemilia das N. Diniz et al.

ligaments of each limb. The speed used was 25 mm per second, 
with voltage calibration of 1 cm for each millivolt (1mV=10mm).

The heart rhythm and frequency were assessed, durations 
(seconds - s) and amplitude (millivolts - mv) of the P wave, PR 
interval and QRS complex, R wave amplitude, leveling of the ST 
segment, QT interval and T wave polarity, all analyzed in the bi-
polar II derivation (DII). The electrocardiogram measurements 
were analyzed following description by Tilley (1992). The tracin-
gs were analyzed in the electronic program of the electrocardio-
gram.  The heart electric axle was determined by observing the 
derivations in the front plane by the sum of the positive and nega-
tive deviations in derivations I and III proposed by Tilley (1992).

Statistical analysis
The data were submitted to the normal error distribution test 

(Shapiro-Wilk and Kolmogorov-Smirnov test) and later in the me-
ans of the male and female groups were analyzed by the student 
t-test prepared for parameter interpretation, considering a confi-
dence interval of 5% (p<0.05).

RESULTS
The animals used in the experiment presented mean weight 
values of 2.32±0.30 kg and maximum and minimum limits 
from 1.67 to 2.95 kg.  The electrocardiogram tracings were 
obtained without artifacts for muscular tremors and the pa-
rameters assessed are shown in Table 1 (Heart frequency, P 
wave duration and amplitude, QRS complex duration, the 
QT interval duration and R wave amplitude), comparatively 
to adult wild and exotic species. The characteristic ECG tra-
cings for agouti males and females are shown in Figure 2b,c.

The heart frequency (HF) observed for the male pre-
sented mean values of 193.42±25.39 bpm. Although the fe-
males demonstrated lower mean HF values (181.56±30.70 
bpm), statistical differences were not observed among 
the means when the males and females were compared 
(p=0.18, p>0.05). The values measured for P wave duration 
and amplitude were, respectively, 0.036±0.0083(s) and 
0.115±0.04 (mV) for the males and 0.038±0.0099(s) and 
0.104±0.04 (mV) for the females. The paired study of these 
data did not show statistical differences for these values 
(duration: p=0.51; amplitude: p=0.065, p>0.05). The mean 
values for the PR interval duration, QRS complex duration,  
QT interval duration and R wave amplitude were, respec-
tively, 0.065±0.0087 (s), 0.050±0.0071 (s), 0.167±0.0193 
(s), 0.36±0.20 (mV) for the males and 0.075±0.0162 (s), 
0.056±0.0089 (s), 0.183±0.0229 (s), 0.34±0.20 (mV) for 

the females.  There was significant difference for the means 
of the PR interval, QRS complex and QT interval (PR inter-
val: p=0.01; QRS duration: p=0.0053; QT interval duration: 
p=0.027, p<0.05). The T wave polarity (DII) was positive in 
96.7% of the observations and negative in 32.22% of the 
occurrences. The heart rhythm observed was predomi-
nantly sinusal. The T wave amplitude was predominantly 
positive and there was polarity inversion in two animals 
of the experiment (DII) but no biphasic configuration was 
observed in the present study. For the males (0.36±0.159 
mV) the T wave was similar to that observed for the R 
wave amplitude (0.366±0.205 mV), but for the females 
(0.25±0.108 mV) the T wave amplitude was 70% greater 
than the R wave amplitude (0.343±0.207 mV), and there 
was significant difference between males and females (T 
wave amplitude: p=0.0078. p<0.05). The heart electric axis 

Fig.1. Agouti (Dasyprocta primnolopha) positioned to acquire the electro-
cardiogram tracing.

Tabela 1. Valores normais das mensurações cardíacas de 
cutias (Dasyprocta prymnolopha, Wagler 1831) em projeções 

radiográficas laterais e ventrodorsais

	 Variável	 Unidade	 Macho	 Fêmea

	 AB	 cm (cv)	 3,70±0,25 (4,41±0,30) A	 3,57±0,16 (4,25±0,19) A
	 CD		  2,80±0,20 (3,33±0,24) A	 2,83±0,18 (3,37±0,21) A
	 AIC	 (°)	 16,73±7,12 B	 22,80±8,50 A
	 AIT	 (°)	 9,93±3,23 A	 8,40±0,30 A
	 DPTd	 cm	 0,97±0,40 A	 1,12±0,47 A
	 DPTe		  0,70±0,30 B	 1,02±0,39 A
	 H		  5,77±1,64 A	 5,89±1,74 A
	 VHS	 cv	 7,75±0,48 A	 7,61±0,34 A
			   Variação	 Média±desvio 	 CV%
	 AB/CD	 cm (cv)	 1,14-1,45 (1,18-1,21)	 1,29±0,07 (1,08±0,06)	 5,52 (5,55)
	 AB/H		  0,56-0,86 (0,47-0,72)	 0,70±0,05 (0,56±0,042)	 7,14 (7,5)
	 CD/H		  0,48-0,70 (0,40-0,58)	 0,54±0,04 (0,45±0,03)	 7,40 (6,66)

AB= Comprimento apicobasilar do coração, CD = Largura máxima do cora-
ção perpendicular a AB, AIC= ângulo de inclinação cardíaca, AIT= ângu-
lo de inclinação da traquéia, DPTd= Distância da parede cardíaca direita, 
DPTe= Distância da parede cardíaca direita, H= Profundidade vertical 
do tórax, VHS= Vetebral heart scale.

* Médias seguidas de letras diferentes, na mesma linha, diferem estatis-
ticamente.

Fig.2. Example of a physiological electrocardiogram (ECG) of the 
agouti, analyzed in the bipolar II derivation (DII) (25mm/s, 10 
mm=1mV). (a) Shows the ECG pattern of the males. Note the 
presence of a great amplitude T-wave (arrow), reaching the 
peak of the R wave. (b) Shows the ECG tracing of the female. 
The T-wave also presents great amplitude compared to the R 
wave, but less intense than in the males.
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varied from -160° to +180°, with no significant difference 
between males and females (Fig.3).

DISCUSSION
Although most wild animals have certain requirements 
regarding handling, needing sedation or anesthesia (Bu-
blot et al. 2006), the agouti used in the present experiment 
were calm and easy to handle and there was no need for 
chemical restraint, as has also been reported in ECG of non-
-anesthetized ferrets (Martin 2002).

The heart frequency (HF) in agouti was similar to that 
observed in domestic mammals such as the dog and cat 
(Martin 2002, Tilley 2002). When the results were compa-
red to other wild mammals such as wolves (142±29 bpm), 
leopards (106.67±17.44 bpm) and cheetahs (126±15 
bpm), the results were higher than for these animals 
(Schumacher et al. 2003, Estrada et al. 2009, Oda et al. 
2009).

There was no significant difference when the HF was 
compared between male and female agouti. However, in a 
study carried out with physically constrained ferrets (Du-
dás-Györki et al. 2011) ECG tracings were shown with sig-
nificantly different HF values between the males (210-315 
bpm) and females (210 ±396 bpm), and the mean values 
of this variable were greater for both the genders compa-
red to the agouti. Similarly, in guinea pigs, the highest HF 
ranged from 240 to 310 bmp (Cieslar et al. 1986).  Under 
the same conditions, the rabbit HF was between 198 and 
330 bpm (Reusch 2005) .while in the skunk this variation 
was from 180 to 240 bpm (Szabuniewicz & Szabuniewicz 
1978). It is important to emphasize that even without se-
dation or anesthesia the HF in the agouti was lower or wi-
thin in the interval observed in the tracings of similar sized 
animals, this factor was probably associated to the level of 
adaptation of the agoutis to captivity management. To date, 
there are no references on the electrocardiogram tracing 
standards in agouti without chemical restraint.

The normal values of agouti ECG tracings showed simi-
larities to that of the dog, cat (Tilley 1992).and exotic and 
wild mammals such as ferrets (Bublot et al. 2006) rabbits 
(Reusch 2005, Lord et al. 2010) guinea pigs (Cieslar et al. 
1986) raccoons (Hamilin 1968) and skunk (Szabuniewicz 
& Szabuniewicz 1978).

P wave duration in the agouti was closer to that ob-
served in the cat (0.035-0.04s) than in the dog, that has 
a slightly larger interval (0.04-0.05s). When compared to 
anesthetized ferrets (Schoemaker and Zandvliet 2005) 
guinea pigs (Cieslar et al. 1986) and skunks (Szabuniewicz 
& Szabuniewicz 1978), our results showed P wave values 
similar to those found for these animals. Allied to this, in 
non-anesthetized ferrets the P wave values did not differ 
from the mean values detected in the present study (Du-
dás-Györki et al. 2011). The P wave duration seemed have 
similar results in the small sized species mentioned here. 
Some rabbit breeds can present pointed P wave, analyzed 
in derivation II without, however, it being related to a pa-
thological condition (Reusch 2005).

The PR interval and the QRS complex in the agouti sho-
wed similar duration to that observed in cats and dogs and 
close to the mean values seen in humans (Kossmann 1953, 
Sawazaki et al. 1976).  It is known that the patterns of both 
the PR and the QT intervals are inversely related to heart 
frequency. This rule was obeyed for agoutis without che-
mical restraint, and there were no variations in the PR in-
terval duration, as was observed in ferrets (Dudás-Györki 
et al. 2011). When compared to non-anesthetized rabbits 
(Lord, Boswood & Petrie 2010) the QRS complex values in 
the agouti were higher than those observed by these au-
thors. The small variability in the QRS complex is in con-
trast with observations reported in rabbits (Slapak & Her-
manek 1957, Saitanov 1960, Szabuniewicz & Szabuniewicz 
1978). Although high repeatability of the ECG tracing was 
obtained, in rabbits a spontaneous variability was attribu-
ted to the looseness of the skin of these animals, a factor 
not observed in agouti. On the other hand, studies have 
shown that changes in the diaphragm position can lead to 
alterations in the heart position and consequently of the 
QRS complex (Slapak & Hermanek 1957). It was observed 
in the maned sloth that the accumulation of gastric food 
content over 3 to 8 hours could displace the diaphragm, 
causing a change in the heart position and thus producing 
an effect on the QRS complex (Silva et al. 2005). The ECG 
tracings in the animals in the present study were always 
acquired early in the morning, a time when, for the experi-
mental region, the temperature range is most comfortable, 
preventing heat stress. Since the agouti used in the present 
study had unlimited access to food, especially in the early 
morning and late afternoon, the possibility cannot be ex-
cluded that the diaphragm position did not influence the 
composition of the QRS complex in the agouti studied.

The QT interval value is considered essential when de-
tecting abnormalities in heart polarization, such as the pro-
longation of this interval associated to the occurrence of 
arrhythmia (Eckardt et al. 1998).  In rabbits, females were 
more susceptible to drug induced arrhythmia than males 
(Lu et al. 2001). Significant difference was observed in the 

Fig.3. Heart electric axis obtained for agouti in frontal plane, by 
the sum of the positive and negative derivations in the I and 
III derivations.
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present study for the QT interval between males and fema-
les, where the females showed greater duration of this in-
terval characterizing a longer time for heart repolarization 
(Lord et al. 2010).

It is known that in domestic animals that the T wave 
amplitude should correspond to approximately 25% of the 
R wave (Martin 2002) and that in humans this ratio does 
not surpass a third of this proportion (Kossmann 1953). 
However, in the present study, the T-wave configuration in 
the agouti presented high repeatability and the R/T ratio 
was different from that routinely reported in the literature. 
In both the male and female agouti, the T-wave had high 
amplitude values, when compared to the R wave. In hu-
mans the presence of great amplitude T-wave is observed 
in sinusal bradycardia (frequently in athletes), and in va-
gotonic individuals (Kambara & Phillips 1976, Alimurung 
et al. 1980, Barbosa et al. 2004). In humans, the overlap-
ping of the S-T segments and high T-wave amplitudes can 
occur in 2.5% to 14% of adult individuals, without eviden-
ce of cardiovascular or extracardiac diseases (Lazzoli et al. 
2002). Further, Dixon and collaborators reported greater 
variability in the heart frequency under controlled venti-
lation in trained than in untrained individuals, translating 
as an increase in the vagal activity in rest in athletes (Dixon 
et al. 1992). Further on this aspect, the remodeling of the 
anatomic modulation of the heart, secondary to training, 
includes the reduction of sympathetic activity and increase 
in parasympathetic activity (Barbosa et al. 2004).  It is fur-
ther suggested that the number of cells that really polari-
zed in the epicardial-endocardial direction, due to the even 
earlier start of epicardium repolarization, could create T 
waves with great amplitude (Barbosa et al. 2004, Dixon et 
al. 1992). Regarding animals, it was observed in racehorses 
that the T-waves presented great amplitude, corresponding 
to 43% of the R wave (Diniz et al. 2011).

Compared to non-anesthetized rabbits (0.11mV) and 
ferrets (0.2mV), the agouti T-wave presented amplitude 
values fourfold greater than the rabbit and twice as large 
as the ferret (Lord et al. 2010, Dudás-Györki et al. 2011). 
Unlike observations in humans, the T-wave morphology in 
small animals is very variable and the diagnostic value of 
the T-wave alterations is limited and depends on the asses-
sment of previous ECG recordings of the same animal (Ha-
mlin et al. 1956). In non-anesthetized rabbits, the T-wave 
amplitude was representative of 50% of the R wave (Lord 
et al. 2010) while in another study it was observed that in 
rabbits the T-wave was representative of 43% of the R wave 
(Reusch 2005) and a 46% T/R ratio in raccoons (Ribeiro et 
al. 2008) without, however, relating these values to a pa-
thological condition in the animal studied.

The heart electric axis (EEC) represents the main direc-
tion of the electric current flow during the depolarization 
of the ventricles, and it is usually used to assess the ven-
tricular increase or intraventricular defects (Hamlin et al. 
1986). The EEC in agouti ranged from -160 to 180o. This 
variation differed consistently from the EEC pattern shown 
for most domestic species, such as the cat and the dog, and 
for other similar-sized rodents. Values have not been found 
in the literature for ECG determination in agouti to date.  

Many EEC variations have been reported in ferrets (Bublot 
et al. 2006, Dudás-Györki et al. 2011). In rabbits, variations 
in the electric axis between -43 and +80° were closer to 
those obtained in the present study (Reusch 2005, Lord et 
al 2010). In rabbits it is suggested that the deviation to the 
left of the EEC is influenced by the thoracic shape found in 
the various breeds (Lord et al. 2010) and was also descri-
bed for dogs (Tilley 1992). Although the present study used 
a significant number of animals (n=30) it can be stated that 
there were no differences among the existing agouti spe-
cies and further studies are needed on the morphological 
aspect of the thoracic cavity and the positioning of the he-
art in relation to the body in these animals.

CONCLUSIONS
This study established the first reference electrocardio-

gram values for the agouti.
Applying the ECG recording technique without chemi-

cal restraint was well tolerated, allowing the quick acqui-
sition of reliable ECG tracings and high repeatability, which 
produced sufficient results to determine the heart rhythm 
and suggest measures of duration and amplitude of the 
ECG complexes.

The presence of a consistent statistical model repre-
sents the acquisition of the initial input for greater un-
derstanding of agouti heart electrophysiology but further 
studies are needed to define these parameters, taking into 
consideration agouti with their own myocardial pathogens.
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