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contact with the terminal binding posts through the commutator.
The Amphenol plug was attached just above the catheter adaptor.
After passing through the center of the commutator, the
ascending catheter column was anchored by a blind arm and the
open arm was connected to a Statham pressure transducer

Fig. I. Modified mercury commutator and fluid swivel.

@@@ @@@

13

Top view

1. Blind .....
2. B-D TIIOhJ tithetit'''''' fMo. )0981
3. ,,,,,,illli bindi", post
4. MtrcurytolllllUtoll.(IC..,tilic.~,

5. ~lmulti"""""".cenltlta.(221MrieI'
fl. 8-0 TWDhr CoI...IM ....... l... )0981
7. 8-DIIOttCOdc (No."SOli
8.~ .....ti...,...... s"iJ COlIIlKtor (IJl _rill)
9. S."...I"sstftl ..... I12 ......J

10. Sertwhlhold~."....
11. S."..... " s_I ."1,,, 15_ di..... l
12. Merw "'thtlM'(P[ 50)
1). StatbInI "'''lft transducerf....1 PlSDdl

-.t_-9

10

11

12

@

5

6--------1''1

7---=---,~

8

3

4

Preparation of Cannulas
Tbe preparation of cannulas is identical to that described by

Weinstein and Annau (1967). Briefly, it consists of joining two
pieces of polyethylene tubing (pE SO and PE 10). The
smaller-sized tubing is inserted into the larger, and the two are
heated until an airtight seal is formed. The tip of the PE-lO
tubing is cut at an angle to make a sharp tip for eventual insertion
into the blood vessel; until needed, it is kept in a solution of
zephrin chloride.

A technique is described for the chronic recording of
systematic arterial blood pressure, respiration, and heart rate in
the unrestrained rat. The surgical implantation and anchoring
procedures described are compatible with the delivery ofnoxious
electric shock and/or rewarding intracranial brain stimulation as
reinforcement. Data on catheter patency are analyzed in 65 rats
participating in a variety of experiments on the instrumental and
classical conditioning of blood pressure responses. The results
indicate that it is difficult to maintain satisfactory catheter
performance beyond 2 weeks.

METHOD

This report describes a technique for the determination of
systematic arterial blood pressure as well as heart rate and
respiration in the free-moving,unanesthetized rat. The system has
been used in different experiments to investigate the instrumental
and classical conditioning of blood pressure in freely moving rats
and enables the E to use as reinforcement either noxious electric
shock and/or rewarding intracranial brain stimulation. ·3,4

The system consists of two basic parts: a modified fluid swivel
mercury commutator, and a stainless steel spring that houses
insulated recording wires and the arterial catheter and is
permanently attached to the S's skull.

During an experimental session, the assembly housing the
catheter and recording wires is connected to the modified
commutator by a Luer lock and Amphenol plug that can be
disconnected at the end of the session so that a single
commutator can be used with severalSs.

Commutator, Transducer, and Experimental Chamber
An eight-channel mercury commutator (Scientific Prototype)

was modified, as shown in Fig. I, to record blood pressure and
respiration rate and to deliver electric shock unrestricted by S's
movements, Tbis required the construction of a low-friction fluid
swivel, the length of which lay within the hollowed center of the
commutator, as well as an Amphenol plug that made electrical

Hehav. Res. Meth. & Instru.,1969, Vol. 1 (6) 221



Fig. 2. Free-moving S in experimental chamber.

(P23Dd). Blood pressure and pulse were recorded on a Grass
polygraph (ModelS). The transducer was held in place by a
plastic mount and, with the commutator, anchored on a wall of
the experimental chamber. Figure 2 shows a S in the
experimental chamber.

The experimental chamber was constructed of Plexiglas and
rested over an activity platform (Lafayette Instrument Co., Model
A50t). Inside the chamber, Plexiglas end and side walls were
screw-suspended from the ceiling to form an inner enclosure. This
enclosure, which restricted S's movement to a 64 sq in. area,
could be removed for training a curarized S, this procedure
requiring laying the S diagonally across the entire floor. The
Plexiglas chamber was enclosed in a sound-attenuated, fan
ventilated, and electrically shielded wooden shell, the front door
of which was partially constructed of one-way glass to permit
observation of S. An infusion pump (Harvard, Model 600) was
placed on top of the outer box and a polyethylene tube (PE 50)
run through a small hole in the wall to the oblique arm of the
transducer, so that E could infuse S with heparinized saline.

Connection of S to the swivel fluid commutator was accomp
lished by attachment of the B-DTuohy catheter adaptor to a B-D
stopcock. The stopcock, in turn, was welded to a stainless steel,
22-gauge, hypodermic needle. The implanted arterial catheter
was attached to this needle. As can be seen in Fig. I, the mating
Amphenol plugs can be connected together.

In order to provide sufficient rigidity so that the catheter
assembly would revolve whenever S turned, and to prevent S
from destroying it, the assembly was enclosed in a stainless steel
spring that was attached to the S's skull at one end and to the
stopcock at the other.
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Respiration rate can be measured by means of a suitable
therm~stor .implanted in S's nostril (DiCara & Miller, 1969) or,
as Wemstem, Annau, and Senter (in press) have reported, by
properly placed diaphragmatic leads. The catheter-transducer
system described in the present paper is compatible with the use
of intracranial brain stimulation techniques.

The system was calibrated daily by means of a mercury
manometer.

PROCEDURE
Surgical

The catheter was implanted into the lower third of the
abdominal aorta by a procedure described in a previous report
(DiCara & Miller, 1968). After the abdominal wall was sutured,
the catheter was led out at the caudal end of the incision, curved
gently in a 18D-deg turn, sutured onto fascia, tunneled under the
skin, and externalized on top of the skull along with insulated
wires that were implanted subcutaneously at the base of the tail
to deliver electric shock. Leads to measure heart rate and/or
respiration could be implanted at the same time.

In the event that intracranial stimulation techniques were to be
used, each rat was implanted with the electrodes approximately I
week prior to catheterization, and a small Amphenol plug
attached to the skull by means of dental cement and jeweler's
screws. At the time of catheterization, permanent leads were
taken off the Amphenol plug and the plug was encased in dental
cement during the anchoring of the steel spring alongside it. Care
was taken during this procedure not to use a soldering iron on the
implanted intracranial electrode; we have found this results in a
relatively severe thermocoagulation of brain tissue.

When all the insulated wires and the catheter had been
externalized on the skull, they were guided through the steel
spring to their respective destinations. The proximal end of the
spring was then mounted on the skull and the distal end attached
to the base of the stopcock by means of a screw that enabled E to
adjust the length of the spring to the catheter and wires which
run within it. The catheter was filled with sterile saline and S
returned to its home cage. The cage was equipped with a swivel to
which the Luer lock was attached so that S could move freely.

The Ss were allowed 34 days to recover from the surgery, at
which time their body weight was usually within 10% of its
preoperative level.

Experimental
One-half hour before each experimental session and wlule still

in the home cage, S was injected, through the catheter, with
0.1 cc of sterile saline. This was followed first by a 3D-min
infusion of a 20% heparin-saline solution at the rate of 1 cc/h and
then by a final hand-administered injection of 0.1 cc saline.

After S was placed in the experimental chamber, saline
solution was dripped through the transducer and swivel into the
closed spring valve to form a fluid. connection. The spring was
threaded onto the swivel and the spring valve opened. Extreme
care was taken to detect and eliminate any air bubbles from the
tubing and transducer.

Throughout a training session, S was continuously infused at a
very slow rate (.005 cc/h) with a 10% heparin-saline solution, in
order to maintain a positive pressure against the blood column.
This infusion produced no measurable effect on blood pressure
but considerably enhanced the probability of maintaining
catheter patency.

RESULTS
A record of systemic blood pressure, respiration rate, and

activity obtained from an unrestrained rat trained to increase
blood pressure in order to avoid electric shock is presented in
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Fig. 3. Simultaneous recording of systemic blood pressure, respiration rate, and activity in a rat trained to increase blood pressure
in order to avoid electric shock.

Fig. 3. To date, over 65 animals have been prepared according to
the techniques described in the present paper. Approximately
35% of the Ss have been lost due to surgical fatalities or
immediate postoperative blocking of the catheter. However, since
the incidence of unsuccessful preparations is directly proportional
to the skill of the surgeon, it has changed from an initial value of
50% to approximately 20% at the present time.

We have found that it is quite easy to keep the catheter patent
up to 10 or 12 days. However, after this time it becomes
increasingly difficult and we have found it almost impossible to
maintain catheter patency for more than I month despite the use
of daily, timed injections of heparinized saline. Postmortem
examination reveals that in most cases the cause of blocking was
phlebitis. Popovic and Popovic (1959) report a slightly longer life
span with a technique for cannulation of the carotid. They report
that, with proper care, the lifetime of cannulas may reach 40
days. The difference between the results obtained by Popovic and
Popovic and those from this laboratory may be due in part to the
choice of blood vessel cannulated. More probably, however, it is
due to the type of criterion used to judge a catheter patent or
not. For example, despite considerable damping in the
transducer-catheter system (due to its length of approximately
50 em), we use only those Ss whose blood pressure recordings
reveal a clearly discernible pulse rate at a recording sensitivity of
less than 2S mmHg/cm. Consequently, whereas the catheter may
be considered blocked insofar as we are concerned, it will in all
probability be satisfactory with regard to the withdrawal of blood
or infusion of materials into the blood stream. We have observed
several instances in which it has been possible to withdraw blood
from the S more than I month after catheterization although it
was not possible to obtain a satisfactory recording of blood
pressure.

DISCUSSION
Several methods for inserting chronic intravenous and arterial

catheters have appeared in the literature. When installed in large
animals and given careful daily attention, they will remain patent
for 9 months or longer (Forsyth & Baireuther, 1967; Herd &
Barger, 1964). The life span of catheters implanted in small
animals is considerably less.

The technique of catheter implantation, anchoring, and
maintenance described in the present paper enables E to obtain
highly satisfactory recordings of blood pressure for as long as 2
weeks. Insofar as significant experiments can be completed within
this time period, the technique is a useful one. Since experiments
on the cardiovascular system usually require more time, it may be
more profitable to use a larger S, in which blocking is not a major
problem or where telemetry techniques can be used (Van Citters
& Franklin, 1966).
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