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1 Introduction
The European Directive dedicated to the protection of animals used for scientific purposes, 2010/63/EU clearly indicates 
that animals, except those which are naturally solitary, should be socially housed in stable groups of compatible 
individuals. It is also well known that the recording of high quality cardiovascular data depends on housing conditions that 
do not lead to abnormal behavior, such as anxiety or stress-related behavior (1, 2). In a social species such as the non-
human primate, group housing practices are known to reduce the frequency of abnormal behavior and to improve the 
psychological and typical behaviors indicative of well-being, such as allogrooming, which ensure harmony and cohesion 
in the group. 

In the current investigation, we compared single, paired and group housing conditions in four well-acclimated naïve male 
telemeter-implanted cynomolgus monkeys. Body temperature and cardiovascular parameters were continuously 
recorded by telemetry over a period of 19 hours. The animals were housed in ETS-123 compliant cages and data were 
recorded first under group housing and then under single and paired housing conditions, using a cross-over design. 

The present preliminary findings suggest a benefit of group housing conditions over single or paired housing in 
cynomolgus monkeys. Under our experimental conditions, paired housing conditions had no benefit over single housing. 
These preliminary findings support the use of group housing in cardiovascular safety assessment studies, not only for 
stand-alone studies, but also for integrated safety pharmacology investigations in regulatory toxicology studies.

3 Results Graphs

3 Results
Cardiovascular parameters were similar under single and paired housing conditions, but the group housing configuration 
led to statistically significant decreases in HR from 19:30 to 6:00 [maximum effect (Emax) at 21:00: 106 ±9 vs. 139 ±4 
beats/min, p<0.001, Figure 1], DAP from 18:00 to 3:00 (Emax at 21:00: 64 ± 3 vs. 87 ± 6 mmHg, p<0.001, Figure 2), 
MAP from 19:00 to 1:00 (Emax at 21:00: 83 ± 3 vs. 106 ± 7 mmHg, p<0.001, Figure 3) and increases in QT interval 
(Emax at 00:00: 297 ± 15 vs. 247 ± 3 ms, p<0.01, Figure 4). There were no statistically significant changes between 
single and group housed animals in SAP or QT corrected for changes in HR according to the Bazett formula (QTb, Figure 
5) or the individual QT correction method (QTca, Figure 6). In group housed animals, there was a statistically significant 
increase in body temperature from 16:00 to 17:30 and from 7:00 to 8:00, reaching an Emax at 16:30 (38.8±0 vs. 38.2 
±0 °C, p<0.01, Figure 7).
Limitations
These results should be taken with care as single and pair-housed animals only were simultaneously equipped with jacketed 
external telemetry during the implanted telemetry recording, although no statistically significant changes were observed between
ECG parameters recorded under both conditions (data not shown). In addition, one additional animal was housed within the 
group housed animals but was not recorded during the telemetry recording session. 

Figure 3: Mean arterial blood pressure under several housing conditions

Figure 4: QT interval duration under several housing conditions

Figure 5: QTb interval duration under several housing conditions

Figure 6: QTca interval duration under several housing conditions

Figure 7: Body temperature under several housing conditions

Conclusion
The present preliminary findings suggest a benefit of group housing conditions over single or paired housing in 
cynomolgus monkeys. Under our experimental conditions, paired housing conditions had no benefit over the single 
housing environment. These preliminary findings support the use of group housing in studies of cardiovascular safety 
assessment.
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2 Method

One group of 4 male cynomolgus monkeys were implanted with telemetry transmitters (L11, Physiotel Digital, Data 
Science International) for continuous measurement of body temperature, cardiovascular parameters and ECG 
parameters (lead II).

Prior to inclusion in the study, hematology, coagulation and blood biochemistry analyses were performed (more than 33 
parameters in total), the animals were clinically examined by a veterinarian, and baseline cardiovascular parameters 
were evaluated (ECG and arterial blood pressure parameters). 

Before the telemetry recording, all animals were group housed in a controlled environment (temperature 19-24°C and 
light/dark cycle 12h/12h) and well-acclimated to the telemetry recording environment. The animals were housed in ETS-
123 compliant cages and each cage contained at least two objects for environmental enrichment.

Data were recorded first under group and then under single and paired housing conditions. Animal were not fasted and 
had free access to drinking water. No treatments were performed before the beginning of the telemetry recordings.
Body temperature (BT) and cardiovascular parameters, including heart rate (HR), arterial blood pressure [systolic 
(SAP), diastolic (DAP) and mean arterial pressure (MAP)] and ECG parameters (PQ interval, QRS complex and QT 
interval) were continuously recorded by telemetry over a period of 19 hours (from approximately 16:00 to 11:00). QT 
interval was corrected for changes in heart rate using the Bazett formula (QTb, QTb = QT/RR1/2) and according to the 
individual corrected method of Myazaki and Tagawa {QTca, Log (QT)ca = Log (QT) – β x [Log (RR) – Log (RRm)], RRm 
is the reference RR interval and β is the slope}.

Blood pressure and ECG parameters collected continuously over 10-minute periods (6 time-points per hour) up to 
6 hours and over 15-minute periods (4 time-points per hour) up to the end of the recording were analyzed using 
APR30a (Notocord®) and ECG51a (Notocord®), respectively.

Statistical analysis was performed on cardiovascular parameters using SAS software (SAS Institute Inc.).
All parameters were presented as means ± standard deviation (absolute values). Data were averaged over 
consecutive 30-minute periods up to 6 hours and over consecutive 60-minute periods up to the end of the recording.
Tables contain the mean and the respective individual values for all parameters. Graphs are presented as mean values.

Figure 1: Heart rate (HR) under several housing conditions

Figure 2: Diastolic arterial blood pressure under several housing conditions
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