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n=31 males (Langendorff);
n=5 males (Telemetry)

LANGENDORFF TELEMETRY

Parameters Mean SEM Mean SEM

HR  (BPM) 172.7 2.0 267.9 2.1

PR (ms) 62.9 0.5 66.1 0.6

QRS (ms) 26.3 0.3 29.3 0.3

QT (ms) 196.4 1.7 133.1 1.5

QTcB (ms) 250 1.6 200.4 1.4

JT Peak (ms) 152.1 2.5 n/a n/a

Flow (mmHg/s) 16.7 0.3 n/a n/a

Developed Pressure (mmHg) 81.6 1.6 71.3 0.3

dP/dt+ (mmHg) 1495 30.1 4215.6 62.6

dP/dt- (mmHg) -1165.1 25.2 -3689.3 38.9

Diastolic Pressure (mmHg) n/a n/a 53.9 0.3

Systolic Pressure (mmHg) n/a n/a 76.6 0.4

Mean Arterial Pressure (mmHg) n/a n/a 64.7 0.3

End Diastolic Pressure (mmHg) n/a n/a 9.6 0.3

Body Temperature (C) n/a n/a 39.1 0.02

SERUM CHEMISTRY
n=3/sex Males Females
Parameter Mean SEM Mean SEM
Creatinine (mg/dL) 0.26 0.02 0.3 0.05

Glucose (mg/dL) 128.8 4.4 139 -

Total Bilirubin (mg/dL) 0.06 0.01 0.08 0.01

Aspartate Aminotransferase (U/L) 28.6 2.1 28.2 3.1

Alanine Aminotransferase (U/L) 32.6 1 34.8 3.4

Alkaline Phosphatase (U/L) 123.8 12.4 148.6 9.1

Cholesterol(mg/dL) 41 1 - -

Triglycerides (mg/dL) 28 - - -

Total Protein (g/dL) 5 0.2 4.7 0.09

Albumin (g/dL) 3.1 0.05 3.1 0.04

A/G Ratio 1.75 0.05 1.9 0

Globulin (g/dL) 1.8 0.1 1.7 0.03

Urea Nitrogen (mg/dL) 18 1.6 13 1.8

Traditionally, rats have been utilized as the standard cardiovascular model for small animal
telemetry; however, they do not possess the hERG gene and thus are not an appropriate
model for assessment of IKr mediated ventricular repolarization. Guinea pigs possess cardiac
ion channels similar to that of man (IKr) with high sensitivity in detecting QT prolongation and
good predictive value in identifying arrhythmia potential including Torsades de Pointes. This
species is considered a superior surrogate for assessing cardiac physiology during preclinical
drug development compared to rats. Unfortunately guinea pigs can be challenging to work
with in the laboratory setting; typical dosing routes and procedures such as blood collection
can be very difficult requiring advanced skills or surgical modifications (vascular ports). As a
result historical control data, both cardiovascular and traditional toxicology endpoint, are
limited. In general, the most appropriate and important comparison of an experimental group
is with its concurrent control group; however, historical control data are important in validating
an animal model for use in safety and efficacy studies. The data from Hartley guinea pigs
presented are for cardiovascular parameters common for safety pharmacology and toxicology
endpoints. Cardiovascular endpoints were collected and interpreted from several study types;
Langendorff isolated perfused heart assay and whole animal conscious echocardiography
and telemetry assessments. Additionally, integrative endpoints from clinical pathology and
heart histology were included.

Langendorff: male guinea pig hearts (n=31) were cannulated via the aorta and perfused at a
constant pressure of 60 mmHg with oxygenated Modified Krebs-Henseleit (MKH) solution or
MKH w/ 0.1% DMSO at physiologic temperature (37°C) by retrograde perfusion in the
Langendorff. Two flexible unipolar electrodes were placed on the heart, one over the
epicardium of the left ventricle and the other over the epicardium of the right atrium. A fluid-
filled cannulated balloon filled with deionized water, connected to a pressure transducer, was
inserted into the left ventricle to achieve a starting end diastolic pressure of between 1 and 10
mmHg. Perfusion pressure, flow rates, left ventricular pressure (LVP), and ECG waveforms
were collected continuously using the IOX Data Acquisition System from Emka Technologies
(Paris, France) and were averaged every ten seconds, and ECG waveforms were assessed
using ECGAuto (Emka Technologies, Paris, France).

In-vivo studies:  male guinea pigs (n=5) were surgically implanted with telemetry devices. 
Telemetry was collected via a system (DSI, St. Paul, MN) consisting of small animal 
radiotelemetry transmitters (HD-S21), receivers (RPC-1 or RMC-1), and one or more data 
exchange matrices (DEM) that relay information to the computer from the receivers.  An 
ambient pressure reference monitor (APR-1) coupled to the DEM was used to measure the 
barometric pressure and provide a digital signal to the DSI PONEMAH system. The hardware 
connected to the Dataquest™ OpenART™ Acquisition Interface provides direct digital signals 
to the DSI PONEMAH software. Arterial blood pressure, left ventricular pressure, 
electrocardiographic (ECG) waveforms, and temperature were collected for at least 24 hours 
following the vehicle administration. Trans-thoracic echocardiographic evaluation was 
performed on male guinea pigs (n=6) utilizing a General Electric Logiq e-series vetpro
portable ultrasound with an 8-18MHz transducer. 2-D Images were obtained from the right 
paraternal long axis view with optimization of the left ventricular outflow tract. 

Mean and SEM values for cardiovascular parameters collected in the Langendorff and
Telemetered guinea pigs can be found in Table 1. Electrocardiogram, left ventricular pressure
and arterial blood pressure tracings can be seen in Figure 2. Mean and SEM values for
echocardiographic parameters can be found in Table 2. An image from the echocardiographic
collection can be seen in Figure 1.

Serum chemistry hematology and coagulation parameters can be found in Tables 3 and 4.

A histology image of the guinea pig heart can be seen in Figures 3 and 4. Left: Guinea pig
heart. At a low magnification, multiple pale foci (arrows) can be observed in both ventricular free
walls, interventricular septum, and papillary muscle. Right: at a higher magnification, myofibers
are vacuolated and contain a fine fibrillar to granular eosinophilic cytoplasm. Unaffected
myofibers are adjacent in the upper left.

Guinea pigs can be utilized as a small animal model for the assessment of cardiovascular
function in both the safety pharmacology and toxicology environment. As the rat is the
traditional small animal model within toxicology, building a historical control data base around
the guinea pig is crucial for both establishing baseline and for comparison when changes occur.
The data presented provides the beginning stages of buidingof reference values for our lab for
common cardiovascular and toxicology endpoints as well as adding to cardiac background
findings associated with this species.
Multifocal vacuolation of myofibers, consistent with rhabdomyomatosis (nodular glycogen
infiltration), was observed histologically in some of the guinea pig hearts. Rhabdomyomatosis is
thought to be a congenital disorder of glycogen metabolism which results in accumulation of
glycogen in cardiomyocytes. This lesion does not appear to affect cardiac function and is
considered an incidental finding in guinea pigs. Establishing historical control data is vital to
normal variation and to provide reference ranges to compare when conducting studies with test
articles that have the potential to alter these parameters.

HEMATOLOGY AND COAGULATION
n=3/sex Males Females
Parameter Mean SEM Mean SEM
White Blood Cell Count (103/uL) 5.3 0.3 5.5 0.4

Red Blood Cell Count (106/uL) 5.6 0.02 5.3 0.1

Hemoglobin (g/uL) 14.8 0.1 14 0.2

Hematocrit (%) 45.1 0.4 43.5 0.6

MCV (fL) 80.8 0.6 81.9 1.2

MCH (pg) 26.4 0.09 26.3 0.3

MCHC (g/dL) 32.7 0.2 32.1 0.1

Red Blood Cell Width (%) 12.8 0.2 13.3 0.8

Platelet (103/uL) 417.2 75.3 351.2 17.9

Neutrophil Abs (103/uL) 2.5 0.2 2.1 0.3

Lymphocyte Abs (103/uL) 2.4 0.2 2.8 0.3

Monocyte Abs (103/uL) 0.1 0.04 0.23 0.04

Eosinophil Abs (103/uL) 0.1 0.03 0.22 0.08

Basophil Abs (103/uL) 0.04 0.005 0.06 0.004

Leukocyte Abs (103/uL) 0.03 0.007 0.14 0.02

Reticulocyte Abs (109/L) 113.7 16.2 140.6 50.4

Prothrombin Time (seconds) 40.76 0.9 44.3 0.5

APTT (seconds) 20.4 1.2 24.2 2.8

Table 1.

Table 3. Table 4.

Figure 3. Figure 4.

Table 2. Figure 2.
Echocardiography

M-mode Assessment 2D Left Ventricular  Assessment 2D Left Atrial Assessment CO, SV, and Diastolic Assessment
Parameter Mean Parameter Mean Parameter Mean Parameter Mean

IVSd (M) 0.22 IVSd - 2d 0.23 LAX cm 0.60 LVOT VMAX m/sec 0.44
LVIDd (M) 0.88 LVIDd-2d 0.94 La SAX cm 0.56 LVOT VTI   CM 3.49
LVPWd (M) 0.25 LVPWD - 2d 0.28 AO-2d 0.49 LV stroke volume ml 0.34
IVSs (M) 0.27 IVSs-2d 0.29 La:Ao 1.14 LV cardiac output L/min 0.07
LVIDs (M) 0.62 LVIDs-2d 0.73 LA (M-mode) 0.59 E Velocity  m/sec 0.36
LVPWs (M) 0.32 LVPWs-2d 0.31 Ao (M-mode) 0.47 A Velocity  m/sec 0.22
FS % 29.54 LVOT diameter 0.35 LA:Ao (M-mode) 1.27 E:A 1.73
EF  % 61.21 IVSd - 2d 0.23 IVRT ms 62.14

Figure 1.

METHODS CONTINUED2
Right parasternal short axis images were taken at the level of the papillary muscles immediately 
apical to the mitral valve and at the cardiac base with optimization of the aortic root and left 
atrial size. Left parasternal images were acquired with optimization of mitral inflow and left 
ventricular outflow tract velocities. 2-dimensional guided M-mode echocardiography was 
performed on the right parasternal short axis at the level of the papillary muscles and cardiac 
base. Pulsed wave Doppler was performed on the left apical images to obtain mitral inflow, 
IVRT, and left ventricular outflow tract velocities. All measurements were repeated three times 
and the average obtained. Color flow Doppler was performed for assessment of interventricular 
or outflow tract obstructions and significant valvular insufficiencies.

Blood samples from male (n=3) and female (n=3) guinea pigs for were collected via dual-ported 
vascular access buttons for clinical pathology. 

Microscopic examination of routinely prepared hematoxylin-eosin stained paraffin sections of 
the heart was performed on an additional n=10 male and n=9 female control hearts collected at 
necropsy.


