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Abstract  A simple method for the preparation and implantation of 
silicone cannulas into the rat  jugular vein is described. The implanted 
cannula can be used to administer drugs and collect blood samples at 
intervals of 51 min without causing stress to the animal. If necessary, 
the animals can be exanguinated within a few minutes using this cannula. 
With proper maintenance, the cannula is patent for weeks and could be 
used for repeated and crossover studies. 
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Pharmacokinetic studies of drugs require sequential 
blood sampling. It is preferable that the blood samples are 
drawn from the animals with minimum trauma and stress 
to avoid any changes in the body physiology, which might 
alter the disposition characteristics of the drug (1-4). A 
number of methods are available for serial blood sampling 
(5, 6); these can be broadly classified into surgical and 
nonsurgical methods. The nonsurgical methods include 
cardiac puncture (5, 7), bleeding of the orbital plexus 
(8-101, and bleeding of the tail (5,111. These methods are 
traumatic and may require anesthetizing the animals; the 
cardiac puncture method is not suitable for sequential 
blood sampling. Some methods do not involve surgery and 
are available for continuous intravenous drug infusion 
(12-141, but these methods cannot be used for serial blood 
sampling because the vein often collapses after a certain 
period of time. 

The surgical approaches for obtaining serial blood 
samples mainly include cannulation of the jugular vein 
(15-19) or cardiac ventricle (20, 21). Other methods of 
cannulation in the rat for the study of first-pass effect have 
been reviewed elsewhere (6). 

The cannulation of the external jugular vein is one of the 
most reliable methods for intravenous administration of 
drugs and rapid sequential blood sampling for prolonged 
periods of time. However, the complexity involved in the 
cannulation and maintenance of cannula patency for a 
sufficient length of time has limited the use of this tech- 
nique in pharmacokinetic studies. The purpose of this 
study is to devise a simple method for the preparation of 
the cannula, for the introduction of the cannula into the 
vein, and for the maintenance of cannula patency for 
long-term use. 

EXPERIMENTAL 

Preparation of Cannula-Approximately 12 cm of medical-grade 
silicone rubber tubing (0.051-cm i.d. X 0.094-cm 0.d.)' was gently wrapped 
around twice with silk thread2 -20 cm in length. A firm knot was tied in 
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Figure I-preparation of the needle. (See t e x t  for details.) 

the thread, taking precaution that the lumen of the silicone tube was not 
occluded. The knot was made -3 cm from one end of the silicone tubing, 
so that the other end was -9 cm long (Fig. la) .  

A coat of silicone adhesive? was applied to the thread around the tubing 
and cured for at least 24 hr. The coating was not >1 mm thick so as to 
keep the thread firmly held on the silicone tubing without making the 
joint too bulky. After curing, the silicone cannula was checked for oc- 
clusion by flushing with sterile normal saline. The cannulas were cleaned 
and disinfected by soaking them in benzalkonium chloride antirust so- 
lution for a t  least 30 min before use. The lumen of the cannula was 
cleaned by flushing with 2 ml of sterile normal saline. 

The short end of the cannula is inserted into the superior vena cava 
through the right external jugular vein, and the longer port.ion is passed 
subcutaneously to the back of the neck. The length of the short end can 
vary depending on the size of the rat: a 3-cm length is suitable for rats 
weighing between 300 and 450 g. 

Preparation of the Implantation Needle-The needle used for the 
introduction of the cannula into the jugular vein was prepared using the 
method of Harms and Ojeda (17). The plastic hubs were removed from 
two thin-walled beveled hypodermic needles4 (23-gauge X 2.54 cm and 
20-gauge X 3.81 cm). Approximately 1.2 cm of the beveled end of the 
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Figure 2-Cannulation of the rat. Key:  (a)  insertion of the needle, (b) 
securing of  the cannula, and (c) externalitation of  the cannula. 

23-gauge needle was forced into the opposite (nonbeveled) end of the 
20-gauge needle, which had been bent (Fig. lh) .  If the 23-gauge needle 
was too thick to be fitted snugly into the bore of the 20-gauge needle, the 
outer surface of the 23-gauge needle was rubbed on a rough surface (such 
as a sharpening stone) to make the outer diameter small enough to fit 
tightly into the lumen of the 20-gauge needle. The short end of the silicone 
cannula fit snugly over the protruding portion of the 23-gauge needle (Fig. 
I C ) .  

Surgical Implantation of the Cannula-All the instruments used 
for the animal surgery were cleaned and disinfected by immersing them 
into a benzalkonium chloride antirust solution for -1  hr. Strict asepsis 
was not necessary, but a clean environment and neat handling of the 
animal were important. 

The rat was anesthetized with ether in a desiccator. After removing 
the rat from the desiccator, the anesthesia was maintained throughout 
the implantation procedure by placing ether-impregnated cotton close 
to the nose of the rat. The hair on the back of the animal was clipped, and 
a point was marked a t  the center of the back of the neck to indicate the 
exteriorization point for the longer portion of the cannula. The rat was 
then placed on its back, and the hair on the area over the right external 
jugular vein was clipped. This area is recognized by observing the rapid 
pulsation of the jugular vein. The shaved area was cleaned by repeated 
wipings with sterile gauze saturated with 70%) isopropyl alcohol. 

A longitudinal incision, -2 cm long, was made on the skin over the 
jugular vein, and the vein was exposed by clearing the surrounding tissues. 
To avoid unnecessary blood loss, care was taken not to damage any sur- 
rounding veins. The short end of the cannula was passed into and out of 
the jugular vein using the implantation needle-cannula assembly (Fig. 
2a). This was done without loss of blood from the vein. 

At this point, while the shorter end of the cannula was out of the jugular 
vein, a sterile disposable syringe (3- to 10-ml capacity) containing 
heparinized (20 U/mJ) normal saline for injuection, was connected to the 
longer end of the silicone cannula by a blunt-ended 23-gauge sterile 4-0 Dexon. American Cyanarnid Co., Pearl River, N.Y. 
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sary. The mixing of blood between samples can be avoided by adopting 
the above procedure. 

Maintenance of the Cannula-Using the syringe and tubing ar- 
rangement, as described earlier for the collection of serial blood samples, 
the blood was first drawn into the tubing under negative pressure. If any 
clot had I’ormed, it was removed from the cannula and not pushed into 
the systemic circulation. The cannula was then filled completely with 
heparinized (20 U/ml) normal saline for injection. Flushing of the cannula 
was done at  least once, but preferably twice, a day. 

DISCUSSION 

The method described here for the chronic cannulation of the rat 
jugular vein is simple and reliable. More than 100 rats have been can- 
nulated in our laboratory for pharmacokinetic studies of drugs whose 
half-lives ranged from a few minutes to several hours or days. With proper 
maintenance, the cannula remains patent for months. This method for 
the preparation of the cannula is simpler than the one described previ- 
ously (17).  The cannula preparation eliminates the use of silicone sheeting 
which is difficult to fabricate, causes discomfort to the rats, has a bulky 
appearance after the skin incision is closed and healed, and prolongs the 
healing time. Other methods of cannula preparation (16,18) are even 
more complicated, needing many accessories and expertise to make and 
implant them. 

Upton (19) described a cannulation method where the “tubing is se- 
cured by tying firmly around the vein,” which blocks blood circulation 
through the jugular vein. The cannula can become blocked if tied too 
firmly, or dislodged from the vein if the knot is not firm enough. Insertion 
of the cannula through the jugular vein into the vena cava involves ma- 
nipulation of the vein which can cause it to collapse, thus complicating 
further the insertion procedure. Unless the tube is inserted promptly on 
incision in the jugular vein (19), significant loss of venous blood may 
occur. However, the method described here involves minimal manipu- 
lation of the vein with little loss of blood. 

The passage of the cannula into and out of the jugular vein should be 
accomplished in the first attempt. If the first, attempt fails, the vein may 
collapse, making it somewhat difficult (but not impossible) to insert the 
implantation needle into the vein. I t  is recommended that while learning 
this cannulation technique, one should anesthetize the first few rats with 
pentobarbital, since ether anesthesia requires attention to  maintain the 
optimum anesthesia of the rat, which may hamper the surgical proce- 
dure. 

Monofilament nylon cord is used as a stylet to close the open end of 
the cannula because it is nonreactive with normal saline and the silicone 
tubing and is lighter than stainless steel. Although the medical-grade 
silicone tubing used is nonreactive with body tissue (22), it neither resists 
blood clotting nor is impervious to moisture. Thus, loss of water from the 
saline-filled cannula allows the blood to enter the cannula and form a clot. 
Initially, this clot is soft and could be aspirated easily. But if the clot re- 
mains for a longer period (>24 hr), it becomes hardened and strongly 
affixed to the inside wall of the cannula. In these cases, heparinized 
normal saline should be forced in to clear the cannula. The presence of 
these clots in the vena cava often damages this blood vessel, rendering 
the cannula inoperative. I t  is preferable that the clots be removed by 
aspiration before flushing the cannula rather than be forced into the 
general circulation. T o  reduce the microbial contamination during the 

flushing of the cannula, the exposed end of the cannula, the stylet, the 
needle of the syringe, and the finger tips which come in contact with the 
cannula should be thoroughly wiped with sterile gauze saturated with 
70% isopropyl alcohol. 

For the first few days, some rats may show some restlessness making 
it difficult to connect or disconnect the syringe with cannula for drawing 
the blood. In these situations, some confinenlent such as that described 
by Davis and Coleman (23) or any simpler version, should be used to limit 
the movements of the animal. After time the animal becomes used to this 
manipulation and offers no problems. 

Unless the pharmacokinetic studies are complicated by the use of 
heparin (24), it is recommended that blood sample volumes should be 
replaced by heparinized (20-50 U/ml) normal saline. Also -0.2 ml of 
heparinized (20-50 U/ml) normal saline should be injected a few minutes 
before the withdrawal of blood. If heparin poses problems, another anti- 
coagulant may be used. 
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