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Minipigs play an essential role in biomedical and pharmaceu-
tical research.8 General toxicology studies can be performed in 
minipigs by using the oral, cutaneous, parenteral, and inhalant 
routes of administration.1 These animals are advantageous for 
safety pharmacology studies, particularly for studies involv-
ing the cardiovascular system, because their morphology and 
functional, hemodynamic, and metabolic values are similar to 
those of humans.8,9,11

Although more than 20 minipig breeds exist, only a few have 
been bred for use as standard laboratory animals.7 Among 
laboratory minipigs, Göttingen minipigs have been widely used 
in regulatory toxicity studies in Europe, North America, and 
Japan.1,6,7 However, in China, Bama minipigs are used more 
frequently than are Göttingen minipigs. The Bama minipigs 
are native to the Guangxi province of China, has been bred as 
a laboratory animal, and is widely used in Chinese medical and 
pharmaceutical research.10

During pharmaceutical research, particularly during safety 
pharmacology studies, serial ECG recordings are necessary 
components of the cardiovascular system monitoring process.5,16 
In addition, ECG recordings are well-established tools for 
evaluating animals with cardiac diseases.15 The reported ECG 
values and patterns of pigs vary somewhat,3,4 possibly due to 
differences in breed, age, and body weight of the experimental 
animals. To our knowledge, standard ECG values have not 
been published for Bama minipigs, making the evaluation of 
study-derived ECG changes difficult. Therefore, the current 
study describes the normal ECG patterns and values of Bama 
minipigs under conventional, controlled conditions.

Materials and Methods
This study involved 120 Bama minipigs (58 male, 62 female; 

weight, 7.9 to 14.4 kg [mean ± 1 SD, 11.5 ± 2.3 kg]; age, 2 to 4 

mo) procured from the Department of Laboratory Animal Sci-
ence, College of Basic Medical Sciences, Third Military Medical 
University, Chongqing, China (Experimental Animal Manufac-
ture license no., SCXK [Chongqing] 2013-0001; Experimental 
Animal Use license no., SYXK [Chongqing] 2013-0001). The 
minipigs were housed in pens and fed a commercial diet (Hope, 
Chongqing, China), with unlimited access to fresh water. The 
air-conditioned animal rooms were maintained at 18 to 26 °C, 
with a relative humidity of 50% to 60%. The experiments were 
approved and supervised by the Ethics Committee of the Third 
Military Medical University.

ECG were recorded by using a 6-channel ECG processor 
( model EP-2B, Softron, Beijing, China); neither sedation or 
anesthesia was used during recording. Before ECG recording, 
physical examination, routine pathology screening, and clini-
cal observations were performed to confirm the health of the 
animals. Each pig was suspended, in a fixed hammock, in a 
standing position. The lower thirds of the front and back legs, 
where the electrodes were attached, were shaved, and the skin 
was cleaned with alcohol. Alligator-clip electrodes were at-
tached to the skin by using disposable electrode patches. After 
optimal immobilization and sufficient contact were obtained 
and while the pig remained calm, standard bipolar (I, II, and 
III) and augmented unipolar (aVR, aVL, and aVF) limb-lead 
recordings began simultaneously. According to the heart rate 
and wave amplitude, the electrocardiographic recorders were 
calibrated to 50 to 100 mm/s and 10 to 20 mm/mV. All pro-
cedures were performed in an isolated room to minimize the 
stress to the animals.

ECG recordings were analyzed by using a computerized 
waveform-analysis program (SP 2006, Softron, Beijing, China). 
In each tracing, 9 beats were selected for high quality; the wave 
values and the P–QRS–T deflection intervals were determined 
by using a magnifying glass. Lead II waveforms were analyzed 
to determine the amplitudes and durations of the waves and 
intervals. The rate-corrected QT interval was calculated by us-
ing the Bazzett formula:
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Discussion
Only a few English language publications have described the 

normal ECG of minipig breeds. One study of conventional and 
miniature pigs obtained varied ECG values and patterns, pos-
sibly related to differences in the breeds, ages, and body weight 
of the experimental animals.3 Such breed-associated variations 
support the need for obtaining normal ECG patterns for each 
breed of minipigs to have meaningful reference values.

Routinely, limb lead II is used for the clinical evaluation of 
ECG parameters. A study similar to the present one except for 
using adult Göttingen minipigs (mean weight, 12.4 kg) reported 
a similar mean PR interval (88 ms), a lower mean heart rate (111 
bpm) and QRS complex duration (36 ms), and higher means for 
the QRS total amplitudes (0.9 mV) and QT intervals (252 ms).4

In the present Bama minipig study, the P waves were mainly 
positive in leads I, II, III, aVL, and aVF but negative in the aVR 
lead. These findings are generally consistent with other results 
from conventional and miniature pigs.3,4 T waves show great 
variability in their shape and polarity from subject to subject. In 
addition, the positions of the thoracic limbs are important factors 
in determining the T-wave configuration,2 and another study 
that involved placing the electrodes on the thorax demonstrated 
that the thoracic limb effect can be reduced but not eliminated.3 
In comparison, ECG recordings in Göttingen minipigs that in-
volved use of the triangular leads led the authors to conclude 
that the electrode position has no effect on the amplitude of 
the T wave, due to the lability of the T wave and pronounced 
interindividual variations.13 Another author suggested that the 
transmural and apicobasal heterogeneities of final repolariza-

where QT interval is expressed in milliseconds and the RR in-
terval in seconds. The QRS complex amplitude was calculated 
by using the following formula:

		

where R is the R-wave amplitude, and Q is the Q-wave ampli-
tude. The mean electrical axis of the ventricular depolarization 
in the frontal plane was calculated by using the vector method 
and lead II.15 The morphologic patterns of the P–QRS–T deflec-
tions were evaluated for each lead.

Statistical analyses were performed by using SPSS 14.0 for 
Windows (SPSS, Chicago, IL). All measurements are expressed 
as mean ± 1 SD, and a P value less than 0.05 was considered 
statistically significant.

Results
Examples of the standard, augmented limb lead tracings, 

taken sequentially and simultaneously, are shown in Figure 
1. All of the minipigs presented normal sinus rhythms; sinus 
arrhythmia was evident in 5.8% of the tracings (that is, 7 of 
the 120 minipigs evaluated). The mean durations and ranges 
of the P, PR, QRS, and QT intervals, calculated from lead II, 
are presented in Table 1. None of these measures differed 
between sexes.

The morphologic patterns of the P and T deflections are 
presented in Table 2. The P wave was completely positive in 
leads I, II, and aVF but negative in the aVR lead. In leads III 
and aVL, most of the P waves were positive. Compared with 
the P wave, the T-wave deflection in leads I, II, III, and aVR 
was more irregular, with positives, negatives, and diphasics 
observed. Lead I had almost equal numbers of negative and 
positive T waves, with only a few diphasic (positive–nega-
tive) waves evident. In leads II, III, and aVF, positive waves 
predominated; in the aVR and aVL leads, negative waves were 
predominant. In all leads, the T wave was discordant with the 
major QRS deflection.

Table 3 reflects the frequency of each type of QRS complex 
pattern recorded. All leads showed a wide range of QRS 
morphologies, with decreased pattern uniformity. The most 
frequent morphology in leads I, II, and III was qr, qRs, and RS, 
respectively. In the aVR lead, the most frequent morphologies 
were qr and qR; rs and rS were most frequent in the aVL lead. 
There was no predominant pattern in the aVF lead.

Figure 1. The ECG of an apparently healthy and unanesthetized Bama miniature pig (Sus scrofa) in the standard bipolar and augmented unipolar limbs.

Table 1. Lead II ECG values in Bama miniature pigs (n = 120)

Mean ± 1 SD Range

Heart rate (bpm) 125.56 ± 18.80 82 to 172

P amplitude (mV) 0.11 ± 0.03 0.04 to 0.18

R (mV) 0.63 ± 0.31 0.11 to 1.51

P duration (ms) 43.99 ± 5.98 22 to 58

QRS duration (ms) 55.27 ± 7.02 34 to 76

RR interval (ms) 487.55 ± 77.32 323 to 788

PR interval (ms) 90.72 ± 11.94 34 to 117

QT interval (ms) 244.72 ± 25.27 126 to 319

QT corrected (ms) 349.90 ± 38.77 176 to 447

QRS amplitude (mV) 75.48 ± 34.00 18 to 173

Mean electrical axis (°) 22.2 ± 80.3 −160 to 170

QRS R Q amplitude =  + ,
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tion of the action potential within ventricular myocardium are 
responsible for inscription of the T wave.17 Our current study 
similarly demonstrated that the T waves of Bama minipigs are 
discordant with the QRS complex duration in all limb leads, a 
finding that is characteristic of ruminants and chickens also.12,14

In the present study, considerable variation in voltages, espe-
cially for the QRS complexes, was present between minipigs, as 
was reported previously.3 Such variability might reflect factors 
such as differences in the topographic anatomy of the heart 
within the thorax, the heart position relative to the limbs, and 
the mechanism of ventricle activation.12

From the current study, we have established the standard val-
ues and patterns for ECG parameters in normal, healthy Bama 
minipigs. These results will facilitate a better understanding of 
the ECG changes associated with unhealthy or experimentally 
treated Bama animals during toxicology and safety pharmacol-
ogy studies.
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Table 2. Polarity of P and T waves in Bama miniature pigs (%)

Lead

P wave T wave

Positive Negative Positive Negative Biphasic

I 100.0 58.3 40.8 0.8
II 100.0 92.5 5.0 2.5
III 69.2 30.8 85.8 11.7 2.5
aVR 100.0 16.7 81.7 1.7
aVL 73.3 26.7 23.3 76.7
aVF 100.0 90.8 9.2

Table 3. Electrocardiographic patterns of QRS complexes in Bama miniature pigs (%)

Lead q qr qR Qr QR qrs qrS qRs qRS Qrs QRs r R rs rS Rs RS

I 47.5 22.5 5.0 2.5 1.7 6.7 1.7 0.8 7.5 1.7 1.7 0.8
II 6.7 5.8 0.8 0.8 12.5 6.7 32.5 7.5 1.7 0.8 9.2 4.2 5.0 5.8
III 1.7 0.8 2.5 0.8 0.8 5.0 14.2 0.8 2.5 13.3 10.0 11.7 35.8
aVR 0.8 23.3 28.3 13.3 14.2 4.2 1.7 0.8 1.7 5.0 2.5 1.7 2.5
aVL 3.3 3.3 0.8 5.0 0.8 0.8 1.7 55.8 28.3
aVF 1.7 3.3 0.8 0.8 10.0 2.5 20.8 10.0 16.7 5.8 10.0 17.5
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