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Abstract

This study was carried out to determine heart rate (HR) values, including

diurnal, seasonal, and sex patterns, in the African giant rat (Cricetomys gam-

bianus, Waterhouse). HR was measured using stethoscope in grip-restrained

African giant rats of either sex (103 bucks and 98 does), live-trapped from a

tropical Savannah, and caged individually in the laboratory during the har-

mattan (cold-dry), hot-dry, and rainy seasons over a 3-year period. The HR

fluctuated between 90 and 210 beats per minute (bpm) throughout the study

period. Diurnal changes in HR (mean � SEM) during the hot-dry and rainy

seasons were nonsignificant (P > 0.05), but the morning and afternoon values

differed (P < 0.01) during the cold-dry season. The HR varied (P < 0.05)

among seasons, with peak, nadir, and moderate values recorded during the

cold-dry (165.8 � 0.51 bpm), hot-dry (153.1 � 0.74 bpm), and rainy

(163.4 � 0.70 bpm) seasons, respectively. Mean HR of bucks was lower than

that of does during the cold-dry (P < 0.0001) and hot-dry (P < 0.01) seasons,

but sex difference during the rainy season was insignificant (P > 0.05). Over-

all, mean HR was lower (P < 0.0001) in bucks (158.8 � 0.53 bpm) than in

does (164.8 � 0.53 bpm). In conclusion, values of HR in African giant rats

are shown for the first time. Season, sex, and daytime influenced the HR, and

should be considered during clinical evaluations of the rats.

Introduction

The relationship between the animal and its environment

is best studied based on the knowledge of the physiologi-

cal constants, maintained by self-regulating processes of

the animal, such as body temperature, respiratory rate,

and heart rate (HR) (Ayo et al. 2014). The HR, which is

an indicator of cardiovascular activity, is defined as the

rate of heart beat, expressed in beats per minute (bpm).

Although the paraventricular nucleus in the hypothalamus

is an established center of cardiovascular control in rats

(Feetham and Barrett-Jolley 2014), the HR may be altered

rapidly due to inputs from environmental cues (zeitge-

bers), such as ambient temperature and photoperiod, psy-

chosocial factors like housing, or due to intense activity,

including feeding, by the animal (van den Buuse 1999;

Swoap et al. 2004; Azar et al. 2011; Carnevali and Sgoifo

2014). A modest diurnal rhythm of resting HR was

described in some rodents, including rats (Sei et al. 1997)

and mice (Sei et al. 2008), which was independent of

locomotor activity (Sheward et al. 2010); and the rhythm

of activity itself was modulated mainly by photoperiod

and ambient temperature, and to a lesser degree by food

availability (Refinetti 2015). The ambient temperature

was, perhaps, a weaker zeitgeber than photoperiod (Re-

finetti 2010), but in the tropics the former was reported
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(Kowal and Knabe 1972) to fluctuate more widely than

the later. The HR of rats (Chambers et al. 2000; William

et al. 2002) and mice (Sun et al. 2002; Swoap et al. 2004)

was shown to be inversely related to ambient temperature.

Season was also reported to influence the HR in rabbits

(Abdelatif and Saeed 2009), and significant correlations

between HR and seasonal feed consumption patterns were

observed in the reindeer (Mesteig et al. 2000). Stupfel

and Costagliola (1979) demonstrated that HR in Sprague

Dawley rats during most part of their lives always had

higher values in females than males, with significant cor-

relations between HR and live weight.

The African giant rat, AGR (Cricetomys gambianus,

Waterhouse – 1840), is Africa’s largest muroid rodent spe-

cies, a popular and highly priced exotic pet in Europe

(Cooper 2008, 2014), also used for meat in Africa (Ajayi

1977) and odor detection for humanitarian (Verhagen

et al. 2003), diagnostic (Mahoney et al. 2014a), and immi-

gration (Mahoney et al. 2014b) purposes. The influences of

daytime, season, and/or sex on the body temperature, live

weight, feed and water consumptions, and respiratory rate

of the AGR were described previously (Dzenda et al. 2011a,

b, 2013, 2015). The present study examined some factors

that may affect the HR in AGRs with the aim of providing

baseline data, which are lacking in the available literature.

The data may be of value in domestication, clinical evalua-

tion, and improvement of knowledge of environmental

impact on the physiology and adaptation of the AGR. The

null hypothesis that daytime, season, and/or sex do not

influence the HR of AGRs was tested.

Materials and Methods

Study area

The study was conducted in Samaru – Zaria (11°100N,
07°380E), located in the Northern Guinea Savannah zone of

Nigeria, at an altitude of 686 m above maximum sea level,

with a monthly mean photoperiod ranging between 11.49 h

in December and 12.76 h in June (Kowal and Knabe 1972).

The zone is characterized by three major seasons: the

cold-dry or harmattan (November–February), hot-dry

(March–April), and rainy (May–October) seasons, with

peaks around late December/early January, late March/early

April, and late July/August, respectively (Kowal and Knabe

1972; Ayo et al. 2014; Dzenda et al. 2015).

Animals

Ethics

The trap, capture, handling, and management methods

utilized in the study conformed to the guidelines of the

American Society of Mammalogists (Gannon and Sikes

2007). The procuration of animals, the husbandry, and

the experiments also kowtowed to the “European Con-

vention for the Protection of Vertebrate Animals used for

Experimental and other Scientific Purposes” (Council of

Europe No 123, Strasbourg 1985). All the experimental

protocols described were approved by the Ethics Review

Committee for Animal Experimentation of Ahmadu Bello

University, Zaria.

Management

AGRs were live trapped in the Savannah, and managed as

described previously (Dzenda et al. 2011a). The sex of

each AGR was determined and the rat kept individually

in a marked steel cage (Cooper 2008, 2014). Pregnant

does were removed and not included in the study. The

AGRs were housed in a well-ventilated animal room and

preconditioned for at least 2 weeks before the commence-

ment of the experiment. They were fed dry feed pellets

(26.56% crude protein, 12.47% ether extract, 10.31%

crude fiber, and 8.78% ash). Fresh tap water was given

ad libitum using standard commercial rat drinkers.

Distribution

A fresh set of AGRs was live trapped and utilized during

each season of the 3-year study period. A total of 90 (45

bucks, 45 does), 54 (29 bucks, 25 does), and 57 (29

Table 1. Yearly distribution of trapped African giant rats (Cricetomys gambianus, Waterhouse) by sex and season during the study period.

Season

Number of African giant rats (n)

Year 1 Year 2 Year 3

TotalMale Female Male Female Male Female

Harmattan 15 15 15 15 15 15 90

Hot-dry 10 9 9 8 10 8 54

Rainy 10 10 10 9 9 9 57

Total 35 34 34 32 34 32 201
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bucks, 28 does) AGRs were captured and studied during

the harmattan, hot-dry, and rainy seasons, respectively.

Overall, AGRs of both sexes (103 bucks and 98 does),

weighing between 0.8 and 2.0 kg, were considered adult

(Ajayi 1977) and used for the study. The number of indi-

vidual AGRs analyzed per year was 69, 66, and 66 for the

1st, 2nd, and 3rd year, respectively. The yearly distribu-

tion of the AGRs by season and sex is shown in Table 1.

Heart rate

Each AGR was restrained using the “under the shoulders

grip” method (Machholz et al. 2012). The HR of each

restrained AGR was recorded as the number of heart

beats per minute (bpm) by auscultation with the aid of a

stethoscope (3MTM Littman� Classic II S.E.), placed on

the left ventro-lateral side of the thorax (Kodesh et al.

2011; Ayo et al. 2014). The HRs of the AGRs were mea-

sured in the morning (7–9 h), afternoon (12–14 h), and

evening (16–18 h) for 3 days during each season of the

3-year experimental period. Indicated times are West-

Central African time (GMT +1). The three experimental

days were spread across 3 weeks, that is, 1 day per week,

during each season.

Statistical analyses

Data were analyzed using GraphPad Prism, version 4.03

for Windows (GraphPad Software, San Diego, CA;

www.graphpad.com). The data obtained were expressed

as mean � standard error of the mean (mean � SEM).

Diurnal and seasonal variations of HR in the AGRs were

analyzed using repeated-measures and one-way analyses

of variance, respectively, followed by Tukey’s multiple

comparison post hoc tests. Two-tailed, paired Student’s t-

test was used to determine sex differences in the HR val-

ues. The relationships between HR and live weight of the

AGRs, and environmental thermal factors, recorded in the

experimental room (Dzenda et al. 2011a), including

ambient temperature, relative humidity, and temperature–
humidity/heat index were established using two-tailed

Pearson’s correlation analysis. Values of P < 0.05 were

considered significant.

Results

Maximum, minimum, and range values of HR in the AGRs

are shown in Tables 2 and 3. The HR fluctuated between

90 and 210 bpm throughout the study period in the AGR

bucks (90–207 bpm) and does (96–210 bpm) during the

cold-dry (111–210 bpm), hot-dry (90–192 bpm), and rainy

(96–198 bpm) seasons, in the morning (105–198 bpm),

afternoon (105–207 bpm), and evening (90–210 bpm).

Nadir and peak individual values were recorded during the

hot-dry and cold-dry seasons, respectively. The overall

maximum value of 210 bpm was acquired from a doe AGR

during the cold-dry season (Table 2) in the evening

(Table 3), while the overall minimum value of 90 bpm was

obtained from a buck AGR during the hot-dry season

(Table 2) in the evening (Table 3). The general range of

HR values was less in the morning (93 bpm) and during

the cold-dry season (99 bpm), but highest (120 bpm) in

the evening (Table 3).

The mean value of HR obtained from the AGRs dif-

fered (P < 0.05) among the three seasons with zenith

(165.8 � 0.51 bpm) and nadir (153.1 � 0.74 bpm) val-

ues recorded during the cold-dry and hot-dry seasons,

respectively (P < 0.001); the value for the rainy season

(163.4 � 0.70 bpm) being closer to that of the cold-dry

(P < 0.05) than the hot-dry (P < 0.001) seasons (Fig. 1).

The overall diurnal mean HR value of the AGRs

obtained in the afternoon (162.6 � 0.64 bpm) was higher

(P < 0.05) than in the morning (161.2 � 0.60 bpm) or

evening (161.4 � 0.73 bpm) (Fig. 2A). However, signifi-
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Figure 1. Seasonal variation in heart rate of African giant rats (Cricetomys gambianus, Waterhouse). Animal subject numbers (n) for each season

are reported in Table 1. Means (� SEM) with different superscript letters (a,b,c) are significantly different (a,b and b,c P < 0.001; a,c P < 0.05).
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cant diurnal differences were recorded only during the

cold-dry season, between the morning (164.6 � 0.85 bpm)

and afternoon (167.0 � 0.83 bpm) values (Fig. 2B).

The overall mean HR recorded in the AGRs was signifi-

cantly (P < 0.0001) lower in AGR bucks (158.8 � 0.53

bpm), compared to the value obtained in the AGR does

(164.8 � 0.53 bpm) (Fig. 3A). The sex difference was,

nonetheless, significant during the cold-dry (P < 0.0001)

and hot-dry (P < 0.01) seasons, but not during the rainy

season (P > 0.05) (Fig. 3B).

Correlation coefficients (Pearson r values) between the

HR and live weight in both sexes of the AGRs and the

thermal environmental parameters of the experimental

room are shown in Table 4, while the overall relation-

ships between the variables are illustrated in Figure 4.

The association between HR and live weight was negative

across the sexes (P < 0.0001) and amid doe AGRs (P <
0.01), but nonsignificant (P > 0.05) among the bucks.

Correlations of the HR with ambient temperature and

heat index were also negative and very highly significant

(P < 0.0001) in both sexes of the AGRs. The relationship

between HR and relative humidity was positive and sig-

nificant (P < 0.0001) in bucks, but insignificant

(P > 0.05) in does of the AGR.

Discussion

The results showed individual fluctuations in values of

the HR over a 3-year period in buck and doe AGRs, dur-

ing the cold-dry, hot-dry, and rainy seasons, in the morn-

ing, afternoon, and evening. The results demonstrated the

importance of generating data across seasons and during

the hours of the day in both sexes before concluding on

baseline/reference values. The minimum–maximum HR

values obtained in the AGRs (90–210 bpm) were lower

than those reported for laboratory rats (300–500 bpm)

(van Zutphen et al. 2001; Azar et al. 2011); apparently

due to the larger size of the former (Ajayi 1977; Dzenda

et al. 2011b), since HR and live weight are inversely

related across species (Detweiler 2010).

A modest diurnal rhythm of HR was observed in grip-

restrained AGRs in the present study, which agreed with
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numbers (n) are reported in Table 1. Mean (� SEM) values in the same series with different and/or not sharing superscript letters (a,b) are

significantly (P < 0.05) different.
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previous findings in smaller rodents, including laboratory

rats (Sei et al. 1997) and mice (Sei et al. 2008; Sheward

et al. 2010). The overall diurnal rhythm of the HR

observed in the current study was less robust than those

reported for the rectal temperature (Dzenda et al. 2011a)

and respiratory rate (Dzenda et al. 2015) in the AGR;

assenting with the appraisal by Mortola and Lanthier

(2004) of the amplitudes of circadian patterns in many

mammals, including rats and mice. It was also observed

in the present study that the diurnal variation in HR of

the AGRs was significant (P < 0.05) only during the cold-

dry season, in contrast with the nonsignificant rhythm

obtained during the hot-dry and rainy seasons. This find-

ing conceivably reflected the influence of the more robust

diurnal ambient temperature pattern prevailing during

the cold-dry season (Igono et al. 1982; Dzenda et al.

2011a; Ayo et al. 2014). Likewise, the photoperiodic shift

to shorter days during the cold-dry season (Kowal and

Knabe 1972) may contribute to the difference in diurnal

rhythm of HR observed in the AGR during the season;

concurring with the findings of van den Buuse (1999)

and Zhang et al. (2000), who reported shifts in circadian

rhythm of HR in Sprague Dawley and Wistar rats, respec-

tively, in response to experimental shortening of the light
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Figure 3. Overall (A) and across season (B) sex variations in heart rate of African giant rats (Cricetomys gambianus, Waterhouse). Subject

numbers (n) for each sex per season are reported in Table 1. Mean (� SEM) values with different superscript letters are significantly different

(a,b P < 0.0001; c,d P < 0.01).

Table 4. Correlation coefficients between heart rate and live weight of the African giant rats (Cricetomys gambianus, Waterhouse), and envi-

ronmental thermal parameters of the experimental room.

Correlated parameters

Correlation coefficient (Pearson r)

Male

(n = 103; XY pairs = 846)

Female

(n = 98; XY pairs = 808)

Overall

(n = 201; XY pairs = 1654)

Heart rate and live weight �0.0692ns �0.1804** �0.1999****

Heart rate and ambient temperature �0.2837**** �0.3332**** �0.3063****

Heart rate and relative humidity 0.1720**** �0.0553 ns 0.0610*

Heart rate and heat index �0.2041**** �0.3356**** �0.2681****

****P < 0.0001; **P < 0.01; *P < 0.05; nsP > 0.05.
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Figure 4. Relationships between heart rate and live weight (A) of the African giant rat (Cricetomys gambianus, Waterhouse), and ambient

temperature (B), relative humidity (C), and heat index (D) of the experimental room. Each dot in the graphs represents the variable observed in

an individual animal subject. For each relationship (A – D) the number of subjects (n) = 201, while that of XY pairs = 1,654.
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cycle. Thus, ambient temperature and photoperiod may

be major environment cues (Cable et al. 2007; Refinetti

2010, 2015) to which the currently observed modest diur-

nal rhythm of HR in AGRs was entrained.

The HR of the AGRs fluctuated seasonally, with apex

and nadir values recorded during the cold-dry and hot-

dry seasons, respectively, suggesting that the dry seasons

were more stressful to the AGRs compared to the rainy

season, during which moderate HR values were obtained.

The pattern of seasonal fluctuations in HR was the very

opposite of that reported for the ambient temperature

(Dzenda et al. 2011a). Hence, the sharp seasonal decline

in HR of AGRs during the hot-dry season in the present

study may be induced by high ambient temperature

(Swoap et al. 2004), resulting in decreased feed and water

consumptions (William et al. 2002; Dzenda et al. 2013).

Furthermore, the low HR may reflect changes in cardiac

output and/or the rate of flow of blood to the gastroin-

testinal tract, which are influenced by meal size (Barnes

et al. 1983; Mesteig et al. 2000). Conversely, the HR rose

(P < 0.001) during the rainy season, and was highest in

the cold-dry season in consonance with a previously

reported (Dzenda et al. 2013) increase in feed and water

consumptions in the AGR during the two seasons. This

proposition was supported by a very highly significant

and negative correlation of the HR in the AGRs with

changes in ambient temperature and heat index of the

experimental room (Table 4). The seasonal pattern of HR

observed in the present study was different from that of

the rectal temperature (Dzenda et al. 2011a) or respira-

tory rate (Dzenda et al. 2015), but closely resembled

those of feed and water consumptions (Dzenda et al.

2013), suggesting that the later elicited greater cardiovas-

cular response in the AGRs. The finding agreed with that

of Mesteig et al. (2000), who observed that the seasonal

pattern of HR in reindeer was different from that of body

temperature, being influenced by seasonal feeding pat-

terns rather than body temperature. The present finding

also agreed with that of Abdelatif and Saeed (2009), who

reported higher HR values during winter than summer in

the rabbit.

The present results showed that the overall HR of doe

AGRs was higher (P < 0.0001) than that of bucks, with a

very highly significant and negative relationship between

the HR and live weight across the sexes; in accord with

the finding of Stupfel and Costagliola (1979), who

reported that HR in Sprague Dawley rats during most

part of their lives was always higher in females than

males, with significant correlations between HR and live

weight. Thus, the smaller adult size of doe AGRs (Ajayi

1977; Dzenda et al. 2011b, 2013) may be at least partly

responsible for their higher HR values, compared to those

of their male counterparts.

It was observed that the sex difference in HR of the

AGRs was significant during the cold-dry (P < 0.0001)

and hot-dry (P < 0.01) seasons, indicating that either

extremes of thermal stress during the dry seasons elicited

sex differences in HR adaptive response (Yang et al.

2007), but not (P > 0.05) during the moderately stressful

rainy season. The present results agreed with an earlier

report (Dzenda et al. 2013) that sex differences in feed

and water consumptions of AGRs were significant during

the dry seasons, but not during the rainy season; suggest-

ing that feeding and drinking had dominant influences

over live weight on the HR of AGRs during the rainy sea-

son in the present study. Hence, the HR in the smaller

sized doe AGRs was not different from that of their larger

sized male counterparts once relative feed and water con-

sumptions approximated between the sexes during the

rainy season. The sex variation in HR of AGRs observed

in the present study was season dependent, like that of

their body temperature (Dzenda et al. 2011a) or respira-

tory rate (Dzenda et al. 2015), but the seasonal pattern of

the sex disparity differed in that the later exhibited the

nonsignificant sex difference during the hot-dry, instead

of the rainy, season.

Sex difference was also manifested in the relationship

between HR and relative humidity, which was signifi-

cantly positive in AGR bucks but nonsignificant in the

AGR does. The results indicate that the AGR bucks

adopted cardiovascular adaptive responses (Yang et al.

2007) to the seasonal moisture fluctuations (Ball and Ket-

terson 2008) prevailing in the tropical Northern Guinea

Savannah zone; whereas a previous report (Dzenda et al.

2015) implied that the later, on the other hand,

responded to the challenges with respiratory compensa-

tions. The sex differences in relationships between physio-

logical indices in the AGR, such as HR and live weight,

and thermal environmental parameters are suggestive of

sexual dimorphism in thermal adaptability of the AGR

(Mogil et al. 2000; Byanet et al. 2015).

A limitation of the current study was the lack of “rest-

ing” baseline data from free-moving, unrestrained AGRs;

hence, the influence of the grip-restraint method on abso-

lute values of the HR could not be assessed. However, in

an appraisal of previous studies, Balcombe et al. (2004)

showed that handling and restraint induced significant

increases in HR of male and female laboratory rats, indi-

cating that the present baseline values may differ from

those that might be obtained from unconstrained AGRs.

It was also not feasible with the methodology used in the

present study to obtain reasonable values for the time

between heart beats in order to deduce HR variability

(HRV) in the AGRs. The HRV parameter, which is often

used to complement HR as an indicator of autonomic

activity (Acharya et al. 2006), was shown in some rodents
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to be significantly increased/higher (lower sympathetic/

higher parasympathetic activity) during summer (Weil

et al. 2009), in females (Johnson et al. 2011), during the

“inactive period” of the day (Albarwani et al. 2013), and

with mild psychological stress (Feetham and Barrett-Jolley

2014). It is conceivable that the HRV in AGRs may be

elevated/higher during the rainy season, in does, during

the afternoon (since AGRs are nocturnal), and in free-

moving, unrestrained rats.

In conclusion, the present study provides baseline data

on diurnal, seasonal, and sex variations in the HR of

grip-restrained AGRs, which may be useful for clinical

evaluation of the rodent. The results suggest the influ-

ences of ambient thermal conditions and live weight on

the HR patterns in AGRs.
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