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Invasive Blood Pressure — Rat Model

Introduction

Blood pressure (BP) measurement is a fundamental procedure in biomedical research. In rats, the three most
commonly used methods are tail-cuff plethysmography (noninvasive), intra-arterial catheters (invasive), and
radiotelemetry. Among these, invasive blood pressure (IBP) measurement is considered the gold standard. IBP
involves placing a catheter directly into an artery such as the femoral, radial, or brachial artery, and it provides
the most precise values. This method requires surgical preparation. Much of our physiological and
pharmacological understanding of BP regulation has come from studies performed in acutely prepared,
anesthetized, or immobilized animals. Noninvasive blood pressure (NIBP) measurement is generally preferred
for obtaining baseline BP values when screening compounds for antihypertensive activity. Invasive techniques
are more suitable for evaluating vascular responses to various agonists and antagonists. Although invasive
measurements provide accurate basal BP, anesthesia can introduce fluctuations that interfere with normal
cardiovascular function. For invasive BP studies in rats, urethane or pentobarbitone are the preferred anesthetic
agents because they cause minimal disturbance to BP regulation.

Equipment

IX-RA-834 Recorder with USB and Power Supply Cable
4 BP-100 Blood Pressure Transducers

C-DIN-EXT DIN8 Extension Cable

PE-50 tubing, fits 22ga 0.023x0.038in

A-BNL-22 Blunt Needle 22ga

BP-CalKit Calibration Kit for the BP-100

C-USB Cable

C-USG-B Grounding Cable

12 VDC Power Supply Cable

LS-BP Blood Pressure Analysis Module

Optional

iWire-BlO4: ECG measurement
SA-TCS: Complete Small Animal Heater Controller with a heated bed
IA-400D: Four channel amplifier for additional channels of blood pressure


https://iworx.com/products/iwire-devices/iwire-bio4-4-channel-biopotential-iwire-recording-module/?v=0b3b97fa6688
https://iworx.com/products/animal-physiology/ia-400d-4-channel-amplifier/?v=0b3b97fa6688
https://iworx.com/products/controller/small-animal-heater-controller-with-a-heated-bed/?v=0b3b97fa6688
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BP-100 Blood Pressure Transducer

Figure 1: BP-100 Blood Pressure Transducer with C-DIN-EXT DIN8 Extension Cable.

Specifications

Operating Pressure
Over Pressure

Sensitivity

Excitation Voltage

Temperature Effect

Impedance

BP-100 Specifications
+0.50 to +300 mmHg

-500 to +100 mmHg

5 uV/V/mmHg at X1 Gain
+5

+0.25 mmHg/oC

<900 W
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Care Instructions

Warning: During testing or use, do not apply too much pressure to the sensor. Pressures of 500 mmHg or more

can fracture the plastic enclosure and cause leaks.

After using the BP-100 transducer, flush out the element using a syringe that is attached to the transducer with a
3-way stopcock and filled with distilled water. Open the 3-way stopcock on the transducer to the air and allow all

the parts of the element to dry. The BP-102 includes an integrated 3cc flush device and stopcock. Open the

pinch valve at the far end while flushing water through the transducer. The BP-100/BP-102 pressure transducers

are reusable, typically up to 3-6 months. It depends how well the sensor is flushed and cleaned after use.

Recorder Setup

1. Plug the RA-834 recorder into the wall outlet using the power supply cord.
2. Plug the RA-834 into the USB port on the computer using the USB cord.

3. Turn on the RA-834 using the power switch on the rear of the recorder.

Power Switch

Digital Digital
Outputs Inputs c €
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Model : IX-RA-834 Caution
Serial Number : Y2013B01N0OO6 Limited by United States law
for investigational use only Made in U.S.A.

Power Input USB Input

Figure 2: Rear of the RA-834 recorder, showing power supply and USB connections.

4. Connect the BP-100 to the extension cable and plug it into the DIN8 port (A5) on the front of the RA-834.
Repeat for additional transducers.

iWoRX RA 834

RESEARCH ASSISTANT

Figure 3: Front view of the RA-834 showing the A5 port, used to connect to the BP-100.
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Calibration Setup

Tutorial Video: https://youtu.be/6kIBLKmijwE

1. Open the BP-CalKit. The kit comes with a female luer connector, and a male luer connector.

Female

Male

2. Locate the female luer connector and connect it to the black BP-CalKit tubing, as shown below.
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3. Remove the white connector from the BP-100. Keep the opposing end capped (blue luer cap).

4. Plug the Female luer connector into the opposing side, as shown below.


https://youtu.be/6kIBLKmijwE
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— White Cap (removed)

Blue Cap —

LabScribe Software Calibration

Calibration
1. Start LabScribe. A find hardware dialog will open up recognizing the recording device.

2. From the Main window, select the Settings tab and then click on “Load Group...”.

Locate the Research Settings folder (default location is: C:Program
Files:iWorx:Labscribe:Research Settings...), Open the RA834-Settings folder which contains the
settings group ResearchRA.iwxgrp. Select this group and click Open.

Select the Settings tab. Below “Default Setting” is a list of settings, select the Blood Pressure menu
and then the Invasive-BP-Rats-FluidFilled settings file from the list.

LabScribe will be configured by the Invasive-BP-Rats-FluidFilled settings file, and a pdf setup
document will open.

Note: if you do not see the Research Settings folder in the LabScribe folder, Reinstall LabScribe, making
sure that the Research settings are installed. Alternatively, enable the A5 DIN8 channel in Edit —
Preferences. Set the sampling speed to 1000 s/sec.
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Increase the pressure, using the bulb to 60 mmHg. Hold the pressure steady for a few seconds.

Press the red REC button to start the recording.

Note: If the pressure does not hold steady, tighten the Touhy-Borst adapter.
5. Type “60” into the Mark box at the top of the toolbar and press enter.
6. Increase the pressure, using the bulb, to 100 mmHg. Hold the pressure steady for a few seconds.
7. Type “100” into the Mark box at the top of the toolbar and press enter.

8. Stop the recording by pressing the black STOP button.
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Unit Conversion

1. Right click on the pressure channel and choose Units — Advanced.
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72. Place the left 2 cursors over the region that corresponds to 60 mmHg.

3. Place the right 2 cursors over the region that corresponds to 100 mmHg.
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Check the Apply units to the next recorded block.

Check the Apply units to all blocks. This will apply the units to channel on all the previously recorded

blocks.

value between right 2 cursors).
Set the units to mmHg.
Click OK.
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The channel is now calibrated to read in mmHg. Use the single cursor mode to check the values to ensure the
calibration is accurate.
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Animal Preparation and Methods for Recording

An overnight fasted (minimum period of 8—10 h) rat is used in the experiment. The animal is anesthetized with
urethane (1200 mg/kg)/ketamine (80 mg/kg, i.p.) and xylazine (16 mg/ kg, i.p.) or pentobarbital sodium (60
mg/kg, i.p.). The reflexes of the animal are checked, and it is placed on a suitable rodent surgical table or a
flat movable surface. The surface must not be electrically conductive, and it is helpful to record the
electrocardiogram of the animal. The skin on the ventral side of the neck, right hind leg, and chest is carefully
shaved and disinfected.

Procedure for cannulation of the femoral vein
1. The femoral vein is cannulated for administration of saline as well as the drug to be tested.

2. Make a small incision(1-2 cm) in the epidermis (outer layer of the skin) of the right thigh, and carefully
clean the matrix of collagen fibers interlaced with elastic fibers of the dermis. Deep in the dermis layer,
the blood vessel (right femoral vein), and the nerve fiber are visible.

3. Differentiate the femoral vein from the nerve fiber, and the rodent femoral vein catheter or rat femoral
vein cannula (PE catheter fabricated with 26 G x 1/2" needle) is introduced for drug administration.

4. After cannulation, flush the cannulation line with normal or heparinized saline (0.1 ml) to prevent
thrombosis.

NOTE: There are disadvantages to cannulating the femoral vein since there is a likelihood of clots and often the
catheter comes out of the vein if it is not immobilized using adhesive tape.
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1. After making a small incision in the neck, locate the thick veins bilaterally in the incised region.
These are visible just below the dermis, which can be separated from the underlying tissues using
artery forceps or curved, blunt forceps.

Procedure for cannulation of the jugular vein

Once a vein is isolated, tie the upper part (the part closer to the brain) with thread.

Make a small cut on the vein to insert a catheter up to 1" towards the heart and tie the vein with
thread along with the catheter.

Although cannulation of the jugular vein can be cumbersome, it is the best way of administering drugs.

NOTE: Jugular vein cannulation is not preferred for drug administration because tracheostomy and carotid
cannulation are sometimes inconvenient to perform. After cannulation, avoid moving the leg. The cannula may
be fastened to the surgical surface to avoid frequent movement. A small amount of any adhesive substance may
be applied at the cannulation site to avoid removal of the cannula from the leg when injecting any investigational
substance.

Helpful Hints

* Theright leg is preferred for femoral vein cannulation because the left leg is used to as a
reference electrode if recording an electrocardiogram.

* Ashorter femoral cannula (10-15 cm) may be used for drug administration.

Procedure for the tracheostomy

1. Make a small incision (1.5-2 cm) in the neck of the rat for tracheostomy and carotid artery
cannulation.

2. Carefully cut open the skin in the neck region and make a slit incision in the rat platysma muscles.

3. Avoid removal of any organs such as: the larynx, hyoid bone, thyroid cartilage, thyroid gland, and
cricoid cartilage or muscles located in the neck region.

4. Once the trachea is identified, make a small incision on the cartilage tissue, and perform a
tracheostomy using a small piece of pediatric Ryle's tube or rodent tracheal intubation tube.

NOTE: The pediatric Ryle's tube may be cut into small pieces (length 3—4 cm) and used for the tracheostomy.
The tubing should be thick ex: an empty ball pen refill. After the tracheostomy, inject 0.1 ml of (0.5 1U/ml)
heparinized saline intravenously through the femoral vein.

Continuous monitoring is essential to control the bronchial secretions. The secretions may be discharged slowly
using a small PE tube without touching the wall of the trachea.

Procedure for cannulation of the carotid artery

1. Identify the carotid artery (red in color) along with the vagus nerve (white in color) on either side of the
trachea.

2. Separate one side of the carotid artery, along with the vagus nerve, from the adjacent connective
tissue.

3. Carefully clean the area without stimulating the vagus nerve.

4. Separate the blood vessel from the vagus nerve using a small needle, tie the cephalic end of the
blood vessel and clamp the cardiac end with a bulldog clamp for cannulation.

5. Cannulate the blood vessel using a cannula pre-filled with heparinized normal saline (0.5 [U/ml).



@
RS-IBP4 iwhrx

6. Connect the other end of the cannula to a three-way stopcock/saline filled tuberculin syringe.

7. Tie the carotid artery cannulation site with a thread without obstructing the blood flow in the carotid
cannula.

8. After cannulation, slowly release the bulldog clamp at the cardiac end of the blood vessel, ensuring
that there is no bleeding at the cannulation site.

9. If there is no bleeding, remove the bulldog clamp. If there is any bleeding at the cannulation site,
clamp the carotid end again to stop the bleeding.

10. An adhesive substance may be used at the cannulation site to avoid damaging the blood vessel and
avoid expulsion of the cannula due and to ensure the free transmission of pressure in the carotid
artery.

NOTE: Stimulation of the vagus nerve decreases the heart rate and increases the risk of various respiratory
abnormalities, including respiratory arrest and may affect the subsequent part of the experimental procedure. If
the cephalic end is not tied, the pressure is divided between the brain and carotid cannula, so that the actual BP
is not transmitted to the pressure transducer. The three-way stopcock is connected to the pressure transducer
and a syringe filled with heparinized saline. The heparinized saline helps apply a positive pressure and maintain
it at the baseline value. Usually, the three-way stopcock works as a bridge connecting the carotid cannula and
the pressure transducer. During the experiment, the positive pressure is to be blocked to avoid transmission of
BP to the syringe.

Data Analysis

The LabScribe Blood Pressure Analysis Module is included with the RS-IBP4SC1 system. It automatically
detects key waveform features, measures common indices of cardiovascular function, and supports both real-
time and post-recording analysis. All calculated parameters can be easily exported for further processing in
external programs.

Online Calculations

Calculate the online parameters for up to 8 pressure channels, such as: Heart Rate (HR), Systolic Duration,
Diastolic Duration, Cycle Duration, Fill Time, Time:ESP-EDP, Max Pressure, Min Pressure, Max dP/dt, Min dP/dt,
Mean Pressure, MAP, Contractility Index, Relaxation Index, Pulse Height

Offline Calculations

Heart Rate (HR), Maximum Pressure (Pmax), Minimum Pressure (Pmin), Mean Arterial Pressure (MAP), Systolic
and diastolic pressure, Maximum dP/dt (dP/dtmax), Minimum dP/dt (dP/dtmin), Pulse Height, Notch Pressure,
Systolic Duration, Diastolic Duration, Cycle Duration, Time To Peak, Election Time, Percent Recovery, Mean
Pressure (Pmean), End-systolic Pressure (Pes), End-diastolic Pressure (Ped), Maximum dP/dt (dP/dtmax),
Minimum dP/dt (dP/dtmin), Developed Pressure, dP/dt@ User Set Pressure, Contractility Index, Relaxation
Index, Systolic Duration, Diastolic Duration, Cycle Duration, Tension Time Index, Relaxation Time, Isovolumetric
Time, Tau (Weiss, Logistic, Glantz, Mirsky)

Note: The Complete LabScribe manual can be found by navigating to the LabScribe toolbar and selecting
“Help” > “Help (Manual)”

iWorx Systems, Inc. 62 Littleworth Road, Dover, New Hampshire 03820
(T) 603-742-2492

WWW.iworx.com — email: support@iworx.com


http://www.iworx.com/
https://iworx.com/products/software/blood-pressure-analysis-module/
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