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ABSTRACT

Objective: Familiarizing an animal to the procedure is necessary for accurate measurement of blood pressure (BP). However, this requirement 
considerably prolongs the procedure, which in some instances could add to spurious results. There is, therefore, a need to establish ways that will 
help reduce stress and minimize the duration required for BP measurements in conscious animals. This study therefore examined the effect of the 
presence of a littermate on the duration to achieve the first acceptable blood BP measurement using tail-cuff plethysmography in naïve conscious rats.

Methods: BP was measured in 12-weeks old, in-house naïve male Sprague-Dawley rats, either without prior familiarization and without a littermate 
or after familiarization for 15 minutes, but without a littermate or after familiarization and with a naïve male littermate or without familiarization but 
with a naïve male littermate or without familiarization but with a naïve female littermate. Time to the first accepted measurement was recorded. Data 
were analyzed using one-way ANOVA and post-hoc analysis.

Results: The duration to the first acceptable BP measurement in familiarized and naïve rats was significantly shorter in the presence of a male 
littermate (p<0.001), but not with a female littermate when compared with that in naïve rats without acclimatization or the presence of a littermate.

Conclusion: It appears that the presence of a male littermate when measuring BP in naïve male rats significantly decreases the duration required for 
the measurement of BP. This might improve the efficiency of the procedure and even produce better data.
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INTRODUCTION

Adequate familiarization or acclimatization is essential for reliable 
measurement of blood pressure (BP) in laboratory animals [1]. Studies 
which look at the efficacy of anti-hypertensive agents (herbal and 
non-herbal) require accurate monitoring of BP in experimentally-
induced hypertensive rats [2,3] require despite the advent of telemetric 
measurement of BP in conscious rodents, tail-cuff plethysmography 
still remains widely used for non-invasive measurement of BP in 
conscious rats. When measuring BP non-invasively in conscious rats, 
tail-cuff methods based on either photoelectric sensors or Doppler 
ultrasonic flow meters and volume-pressure recordings are commonly 
used [4,5]. However, these methods are affected by numerous 
experimental conditions, including prior exposure of the animal to the 
procedure, state of the animal and even ambient temperature [6-8]. Poor 
attention to these often contributes to labile or variable measurements. 
Accurate measurement of BP requires the animal to be adequately 
familiarized and as stress free as possible during the procedure.

Measurement of BP in the conscious rat often also requires the animal 
to be restrained over the duration of measurement, which could last 
between several minutes to an hour. An unnecessarily prolonged 
duration for the measurement of BP can be stressful to the animal, and 
is often the major cause of spurious BP recordings, as restraint has been 
shown to increase heart rate and BP in rats [9].

While factors affecting the measurement of BP in rats have been 
extensively examined, there is little data documenting the effect of the 
presence of a littermate, whether naïve or otherwise, on the duration 
of measurement of BP in rats. We hypothesized that the presence of a 
naive littermate alongside during the measurement of BP could help 
create a more familiar ambience and reduce stress, consequently 

reducing the time required for familiarization and measurement of BP, 
and at the same time providing a less variable and more accurate BP 
reading. This study therefore examined the effect of the presence of 
a naive male littermate on the time required to record BP by tail cuff 
plethysmography in unfamiliar or naive male Sprague-Dawley rats. In 
addition, it also examined the effect of the presence of a naive female 
littermate either in diestrus or proestrus on the measurement of BP in 
order to study the effect of gender of the littermate.

METHODS

36, 12-weeks old in-house naïve male Sprague-Dawley rats were 
housed in standard cages at room temperature with a 12/12 hrs light/
dark cycle and access ad libitum to water and food. They were divided 
into six groups with six rats per group. Each group of rats had its BP 
recorded as follows: (i) Without prior familiarization or presence 
of a littermate, (ii) with 15 minutes of familiarization but without a 
littermate, (iii) after familiarization for 15 minutes and in the presence 
of a naïve male littermate, and (iv) without prior familiarisation but 
in the presence of a naïve male littermate. The last two groups had 
their BP recorded after familiarization and in the presence of female 
littermates either in estrus or diestrus. During familiarization, animals 
were placed in appropriately sized cylindrical restrainers on a heated 
platform (Kent Scientific, USA) at 37°C with a deflated cuff fitted to the 
tail for 15 minutes prior to the measurement of BP as recommended 
by the manufacturers (CODA, Kent Scientific, USA). For the non-
familiarized rats, BP measurement was commenced immediately 
following the application of the cuff. All littermates were held in similar 
restrainers that were placed next to but about 3.5 cm apart, from the 
animal whose BP was being measured. A group of male and female 
rats from the various litters delivered at about the same time by sister 
dams and had no previous exposure to BP measurement acted as naive 
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littermates. Male littermates were housed along with the experimental 
animals for at least 24 hrs in the same cage prior to the measurement. 
Female littermates though derived from the same colony or litter were 
maintained in separate cages after weaning. All BP recordings were 
made at the same time of the day. The estrus status of female littermates 
was confirmed through a vaginal smear done about an hour before the 
measurement of BP.

The restrainers used during the measurement of BP were cylindrical in 
shape and made of transparent acrylic with fitted darkened nose cones. 
Two sizes were used depending on the weight of the animal. A medium 
sized restrainer (diameter and length of 6.5 and 21.5 cm respectively) 
was used for animals weighing 200-300 g and a large sized restrainer 
(diameter and length of 7.5 and 22.5 cm respectively) was used 
for animals weighing between 300 and 350 g. The ambient room 
temperature was maintained at 22°C and the body temperature of 
the rats was measured frequently during the procedure using an 
infra-red thermometer (Thermoworks, China) to ensure that the 
animals were kept sufficiently warm. BP was recorded using tail-cuff 
plethysmography where the occlusion cuff maximum pressure was set 
at 250 mmHg. According to the recommendations of the manufacturer, 
a set of 25 measurements of BP was considered as a single cycle. Cycles 
were repeated if necessary, up to a maximum of two cycles. As per the 
setting, all animals went through 10 trial measurements of BP before 
the data was collected for analysis by the instrument. A computer 
algorithm provided in the software of the instrument selected the data 
points based on the minimum tail blood volume, duration between 
systolic and diastolic BP measurements, and the overall shape of 
the pressure trace to determine the acceptable measurement. The 
time taken to reach the first acceptable measurement, the total time 
required for measurement of BP, number of acceptable measurements, 
systolic and diastolic pressures, mean arterial pressure, heart rate and 
tail blood volume were recorded. Data are presented as mean±standard 
error mean and were analyzed using one-way ANOVA with a post-hoc 
bonferroni test. This study was approved by the Animal Users and Care 
Committee of Faculty of Medicine, Universiti Teknologi MARA, Malaysia.

RESULTS

Data on the duration to the first acceptable measurement and the 
number of acceptable measurements are provided in Table 1.

Compared to naïve animals without the presence of a littermate, the 
duration required to reach the first acceptable BP measurement was 
significantly shorter in familiarized animals either with (p<0.01) or 
without a littermate (p<0.05). The duration was also significantly 
shorter in naïve rats whose BP was measured in the presence of a male 
littermate when compared with that in naïve rats without the presence 
of a littermate (p<0.05). No significant differences were evident in the 
duration required to reach the first acceptable measurement between 
naïve controls without a littermate and those naïve rats with a female 
littermate.

The presence of a male littermate during measurement, irrespective 
of whether the animal was familiarized or not, significantly increased 
the number of acceptable measurements recorded during a single cycle 
of 25 measurements compared with that in naïve animals without 

the presence of littermates (Table 1). No significant differences were 
evident in body weight, systolic, diastolic and mean arterial pressures 
between the six groups (Table 2). Similarly, heart rate, tail blood volume 
was also not different between the six groups (Table 2).

DISCUSSION
The main observations of note from this small study are: (i) Prior 
familiarization to the procedure significantly reduces the duration 
required to reach the first acceptable or stable measurement of BP 
(Table 1), (ii) the presence of a male littermate during measurement 
either in familiarized or naïve rats significantly reduces the duration 
required for measurement of BP (Table 1), (iii) this effect is less or 
absent in the presence of a female littermate (Table 1), (iv) the number of 
acceptable measurements in a single cycle increases with familiarization 
and in the presence of a male littermate (Table 1), and (v) the presence 
of a littermate does not affect the eventual BP reading, heart rate and 
tail blood volume (Table 2).

Although the final BP recording was not affected significantly, 
the presence of a male littermate during measurement reduced 
considerably the overall time required for the measurement of BP in 
naïve male rats. In addition, measurements recorded in the presence 
of a male littermate in familiarized rats also showed less variation 
(Table 1). The immediate implications of the findings is that they could 
reduce considerably the overall time required for measurement of BP 
in rats, as the number of measurements in a cycle could be reduced and 
hence the duration of each cycle. In addition, the duration of restraint 
required could also be significantly reduced. Overall it could improve 
the reliability and quality of the BP data.

The precise mechanism by which the presence of a littermate 
influences the BP measurement in the rat is unclear and was not 
determined in this study but it might be related to a decrease in stress 
in the animal whose BP is being measured. It might be due to “social 
buffering” where a companion helps reduce the stress responses [10]. 
Though in this study we had not measured any surrogate or markers 
of stress levels, restraint required during the measurement of BP 
itself has been shown to increase BP, heart rate, and changes in 
stress hormone production [11]. This has been attributed to increased 
activity in the sympatho-adrenal medullary system [12], which can be 
mitigated by prior familiarization [12,13]. In spite of efforts to reduce 
the effects of restraint, it is undeniable and widely accepted, as noted in 
the recommendation of American Heart Association regarding animal 
BP recording that experimental animals do become stressed and a 
rise in BP is inevitable [14]. It was however interesting to note in this 
study that while familiarization to the procedure and equipment itself 
reduced the time required to obtain the first acceptable BP reading, the 
presence of a littermate further reduced this time (Table 1). In addition, 
the variability in the duration to the first acceptable measurement 
was also less when measurements were made in the presence of 
an adult male littermate (Table 1). Whether this was due to “social 
buffering” reducing the stress levels during restraint is uncertain. Since 
all male animals were housed together for at least 24 hrs before the 
measurement of BP, it is possible that some degree of “social buffering” 
could result [10]. Housing durations from as short as 12 hrs have 
been found to be sufficient to cause buffering in groups of Wistar rats 

Table 1: The duration to first acceptable reading total duration and mean number of acceptable measurements

Group Duration (seconds) to first 
acceptable measurement

Total duration 
(seconds) per cycle

Mean number of 
acceptable measurements

Control 390.83±272.06 801.67±0.15 9.5±2.89
With familiarization for 15 minutes 85.67±87.53* 799.83±0.24 14.67±1.54*
With familiarization and littermate 31.83±11.86** 803.00±0.41 18.66±1.26**
Without familiarization but with a male littermate 45.83±25.99* 798.50±0.30 18±0.77**
Without familiarization but with a female littermate in dietrus 373.50±236.45 798.00±0.57 11.17±2.39
Without familiarization but with a female littermate in estrus 241.00±178.10 800.17±0.22 15±1.24*
*p<0.05, **p<0.01 compared to control
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subjected to a conditioned stimulus [15]. While visual signals may cause 
social buffering in certain species of animals [16], in adolescent rats, 
however, touch or direct contact is necessary to reduce stress [17]. In 
addition, it was recently been shown that olfactory signals might also be 
involved in the mitigation of the fear response to a conditioned stimulus 
in male Wistar rats [11]. Animals exposed to the scent of a donor animal 
also expressed a reduced fear response [11] compared to those without 
a donor. This has been attributed to olfactory signals passing from the 
olfactory bulb to the posteromedial region of the olfactory peduncle, 
which is believed to be responsible for “social buffering” [18]. In our 
study, animals were separated from each other by restrainers with nose 
cones that were kept about 3.5 cm apart during the measurement of 
BP, and it is possible that any impact of social buffering might have only 
occurred through some olfactory signals.

The beneficial effect of the presence of a littermate on the duration 
required to reach an acceptable BP measurement was absent in the 
presence of a female littermate (Table 1). The reason for this is not 
apparent. The animals were all sexually matured, and it seems that the 
presence of an unfamiliar sexually matured female, whether in diestrus 
or estrus, does not exert the type of calming influence that a male 
littermate might do. Incidentally, the females were housed separately 
from the males after weaning and were always kept separate. Whether 
this had hindered “social buffering” or social regulation to take place 
with female littermates is unclear. Clearly additional studies are needed 
to examine this.

In conclusion, the findings of this study seem to suggest that 
measurement of BP in familiarized or non-familiarized male rats in 
the presence of a naive male littermate significantly reduces the time 
required for measurement of BP and variability of the measurement 
without compromising the quality of experimental data. Since many 
recording devices are actually designed for high through-put research 
and record BP from more than one animal at a time, it appears that this 
practice may actually benefit the researcher by increasing efficiency of 
the experiment and quality of the emerging data.
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