
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 145, 249-254 ( 1974) 

Techniques for the in Vivo Catheterization of the Portal Vein in the Rat 
(37787) 

HUGO E. GALLO-TORRES AND JACQUELINE LUDORF 
With the technical assistance of Mr. Urs Matter1 

(Introduced by 0. N. Miller) 
Department of Biochemical Nutrition, Hofmann-La Roche Znc., Nutley, N e w  Jersey 07110 

Most studies on the absorption of water- 
soluble compounds in the rat are carried ou 
using in vitro techniques (1). The identifica- 
tion of a compound (or its derivatives) in thg 
portal blood is of paramount importance to 
understand the mechanism of intestinal ab- 
sorption. The methods reported for the can- 
nulation in larger animals such as dogs (2), 
miniature pigs ( 3 ) ,  rabbits (4) or baby pig$ 
( 5 )  cannot be applied to the small and frag4 
ile portal vein of the rat. Reported here are 
three methods for obtaining samples of the 
portal venous blood with a minimum of trau 
ma in the urnnesthetized rat. 

Materials. Female albino rats (CD strain, 
Charles River Breeding Labs.) weighing be- 
tween 180 and 3100 g were maintained on a 
diet of laboratory Purina chow and water ad 
libitum. Fasting previous to operation was 
not necessary. Used as an anesthetic, 2 ml of 
Penthrane (methoxyflurane, Abbott Labs.) 
were poured into a 100 ml beakier containing 
a small gauze. Polyethylene tubing (Intrame 
dic, Medical formulation PHF, Clay Adams) 
was coated with a 5% Siliclad solution (Clay; 
Adams) . Catheters of varying sizes were used 
as follows: PE 10 (i.d. 0.3 mm, 30 crnj 
long) ; a T cannula made of PE 10 (30 c@ 
long) glued to FE 160 ( id .  1.2 mm, 0.8 cml 
long) ; PE 50 (i.d. 0.6 mm, 26 cm long), bent 
in such a way that it forms a 90" angle 1 cm 
from one end. The small end is cut with a 
bevel so that it is actually used for the can- 
nulation. The catheters are filled with hepar; 

1 Rrom the Depar'tment of Vitamin and Nutrition- 
al Resealrah, P.  Holifmann-La Roche & Company, 
Ltd., Bade, Switzerland. 
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in solution 1000 units/ml and the distal end 
was occluded with a needle or a thin p h .  

Uniformly labeled 14C-ChZorelZa protein 
(sp act 100 pCi/ml) was a product of the 
Radiochemical Centre, Amersham. As a carri- 
er, the bulk protein of the strain of the 
unicellular alga ChZoreZZa vulgaris2 was iso- 
lated (6 ) .  ( Glycyl-l-14C) glycine hydrochlor- 
ide (sp act 12.4 mCi/mmole) was purchased 
from Amersham/Searle. Glycylglycine carri- 
er was a product from Schwarz/Mann. Radi- 
oactivi,ty was measured by the method de- 
scribed recently ( 7 ) .  A Packard Tri-Carh 
liquid scintillation spctromleter Model 3380 
with absolute activity analyxr No. 544 was 
used. 

Methods and Results. Procedure A .  The 
abdomen is opened by a midline incision. 
The mesentery between the spleen and the 
stomach is gently moved aside and the spleen 
is withdrawn to the right side of the abdomi- 
nal cavity. Blood vessels (vein and artery 
together) related to the spleen are ligated in 
individual pairs, with silk No. 5-0. The lienal 
vein is carefully dissected ; blunt-tipped, 
curved, nontraumatic forceps are essential for 
this maneuver. A loose ligature is placed 
around the splenic vein 3 mm from its entry 
into the portal vein. Another loose ligature is 
placed 5 mm above the (entry of the gastric 
Vein into the lienal vein; a third ligature is 
tied tightly 10 mm from the previous one 
(see Fig. 1 ) .  To prevent blood loss, a non- 
traumatic clamp ( Mafield aneurysm clip) is 
placed in position. By means of a Castro- 

2We are indebted to the Radiochemical Centre 
for this gift. 
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1 w LIGATURES 
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FIG. 1. Catheterization of the portal vein in the rat, Procedure A. The vessels connected to the 
spleen are cardully dissected and ligated (L1). Splenectomy follows. Loose ligatures (L and L3) 
are placed around the lienal win.  T o  stop blood flow, a nontraumtic arterial clamp is used. The 
splenic vein is catheterized just below ligature L,, the clamp is removed and the cannula is in- 
serted in such a way that its tip rests at  the opening of the splenic vein into the portal vein. The 
catheter is secwred in position with ligatu,res L, and L3 and brought out the abdominal wall. The 
abdomen is closed and the animal is placed in a restraining cage. During the absorption experi- 
ments, continuous sampling Olf portal blood can be carried out for a period of 60 min. 

viejo iris scissors (Miltex E. Miltenberg 
Inc.), a small opening is made in the splenic 
vein 2 mm below the distal ligature. The 
cannula (PE 10) is introduced, the clamp is 
rapidly removed and the catheter is fastened 
into the vessel so that its tip rests at  the 
opening of the lienal vein into the portal vein 
wall (Fig. 1 ) .  After splenectomy, the 
catheter is drawn out the abdominal cavity by 
procedures described previously (8).  Subse- 
quent to closure of the abdomen, animals are 
put in restraining cages (8) .  Procedure A was 
successfully performed 2 to 3 times weekly 
for a period of 2 yr. 

The experiments are carried out 24 hr fol- 
lowing surgery. Rats, prepared as described 
above, received by stomach intubation 3 ml 
of a saline suspension containing 10 pC of 
l*C-Chlorella protein and 250 mg Chlorella 
protein carrier. Samples of blood were taken, 
continuously, for 60 min in 50 pl heparinized 
capillary tubes. Kinetics of appearance of 
radioactivity in the portal vein (Fig. 2 )  
shows a sharp increase within the first 20 
min, a slower increase from 20 to 60 min and 
minor variations thereafter. Most of this ma- 

terial was identified as free amino acids. 
Procedure B .  Following the opening of the 

abdomen, the vessels connected to the spleen 
are individually tied. After splenectomy all 
viscera are gently drawn to the left side of 
the abdominal cavity to expose the portal 
vein. The pyloric and splenic veins are tied, 
separately, 1-2 mm from their opening into 
the portal vein. Loose ligatures are then 
placed around the portal vein; one 3 mm 
above the pyloric vein opening and the other 
5 mm below the splenic vein opening. The 
next steps require speed and precision and 
should not take more than 2 min. A nontrau- 
matic clamp is placed around the portal vein 
above the ligature proximal to the liver; an- 
other clamp is placed below the distal liga- 
ture. With a Castroviejo iris scissor, an open- 
ing is made, transversely, into the portal 
vein, midway between the two clamps. One 
end of the PE 160 polyethylene tubing is 
inserted, the ligature is tied and the portal 
clamp is immediately removed; some blood 
appears in the PE 160 catheter. The other 
end of this catheter is introduced into the 
distal part of the portal vein and secured by 
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FIG. 2 .  Appearance of radioactivity in the portal vein of unamsthetized ralts administiered I4C- 
ChZoreUa protein. Femlale albino rats were lasted for 15 hr and prepared, surgically, by Procedure 
A. On the day following the operatilon, the animals were administered, (by sltomach intubation, 3 
ml of a saline suspension containing 10 FC of lT-ChZoreZZa protein and 250 mg ChZoreZZa protein 
carrier. Slamples of portal blood were collected, continuously, for 60 min in heparinized tulbes of 
50 ~ . 1  mpacity. Radiloactivity was measured as reparted previously ( 7 ) .  Every point is the mean 
(k SE) firom 3 experiments. 

the ligature (see Fig. 3 ) .  The second clamp is the animal through the abdominal wall. The 
then rapidly released; mesenteric blood postoperative care of the animals is the same 
flows immediately. The PE 10 portion of the as descri,bed above. Although we have had 
T-cannula is brought out to the right side of only limited experience with this procedure, 

SUPERIOR ---fp\ \ MESENTERIC 
VEIN 

FIG. 3. Cannulation of the portal vein in thte rat, Procedure B (final position). Previous splenec- 
tomy, tied ligatures are placed (around the pylo'ric and splenic veins to stop their blood flow into 
the portal vein. Loose ligatures are placed around the portal vein. To block the passage of mes- 
enteric blood, arterial clamps are placed around the portal vein, above the two previous Ligatures. 
A transversal opening is made on the anterior wall of the vein. One end of a special T-cannula k 
inserted, secured, and the clamp proximal to the liver is removed. The other end of the catheter 
is introduced, secured, and the distal clamp is removed. The thin portion (PE 10) of the T-cannula 
is then iblrought out the abdominal cavity. The treatment thereafter is as in Procedure A. 
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it has been successful when performed. 
When animals prepared by Procedure B 

were administered by stomach intubation, the 
same 14C-containing ChZoreZZa protein sus- 
pension as described above, the kinetics of 
appearance of radioactivity in the portal 
blood did not differ significantly from that 
shown in Fig. 2. 

Procedure C. This technique implies direct 
puncture of the portal vein. In the biological 
preparation here employed, in order to ex- 
clude variable gastric emptying-rate, duoden- 
al catheterization preceded that of the portal 
vein. PE 50 is introduced 6 mm into the 
duodenum at  a point 2 mm distal to the 
pyloric junction and secured by silk No. 5-0, 
and a small piece of polyvinyl plastic is glued 
with Eastman 910 adhesive. This cannula is 
brought out the abdominal wall. The portal 
vein is now carefully exposed. With the bev- 
eled end of the heparin-filled cannula (PE 
50) an opening is made into the anterior wall 
of the portal vein and the catheter is intro- 
duced so that its tip rests about 5 mm below 
the entry of the splenic into the portal. The 
tubing is then fixed in position with Eastman 
910 adhesive and a round piece of polyvinyl 
$astic (from disposable gloves), 2.5 mm in 
diameter, placed around the portal opening 

(Fig. 4 ) .  Care must be exercised not to apply 
too much glue to avoid coalescence of the 
abdominal organs. The cannula is then drawn 
out the abdominal cavity; traction on the 
catheter must be minimum to avoid rupture 
of the portal vein. The postoperative care is 
also as described above. We have had success 
with this procedure for over 1 yr; the num- 
ber of animals used each week varied from 3 
to 6. Occasionally, the use of this technique 
has enabled us to experiment on 10 to 12 
animals at  one time. 

Rats, in which the portal vein had been 
catheterized by Procedure C were infused, 
intraduodenally, with 0.5 ml of a solution 
containing 7.14 pC of 14C-glycylglycine HlCl 
and 50 mg of glycylglycine carrier. Figure 5 
shows the kinetics of appearance of radioac- 
tivity into the portal vein plasma, with a 
“peak absorption” at  about 10 min and rela- 
tively small changes thereafter .3 

Discussion. The methods reported here 
permit the monitoring of changes in the ap- 
pearance of a compound, in its original or 
derivative form, in the portal vein of the 
conscious rat. If, in addition, portal blood 

3 Preliminary results indicate that 8 to 20% of 
this radioactivi’ty is in the form of dipeptide. 

FIG. 4. Direct catheterization of the portal vein in the (rat, Plrocedure C. The !beveled end of a 
heparin-filled cannula ( P E  SO) is used to perforate the anterior wall of the portal vein. The catheter 
is inltroduced so that its tip rests 5 mm beloiw the entry of thie splenic vein iato the portal. The bulb- 
ing lk then fixed in position with a round piece of polyvinyl plastic placed around the portal open- 
ing and secured with EQstrnan 910 adhesive. The steps that come after are the  same as in Proce- 
dure A. ( 1 )  liver and its lobes; ( 2 )  portal vein; ( 3 )  PE 50 ‘polyethylene cannula, in position; (4) 
pylonc vein; (5)  splenic vein; ( 6 )  common lbile duct; ( 7 )  coronary vein; (8) abdominal retrac- 
tors; ( 9 )  diaphragm; (10) gauze. 
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FIG. 5. The appearance of radioactivity in the portal plasma of rats administered 14c-glycyl- 
glycine*HCl. Rats underwent catheterization of the duodenum and of the portal vein, by Proce- 
dure C. On the day following operation, they were administered 0.5 ml of a saline soluition con- 
taining 7.114 & 14C-gly~ylglycine*HC1 in addition to 50 mg of glycylglycine camier. Bliood samples 
were collected in heparinized tubes a t  the specified times and $10 ,pl of plasma counted, in duplicate. 
The figure is representative from a group of 4 experiments. 

flow is measured by relatively simple meth- 
ods (9) ,  then it is possible to study the rate 
of appearance (kinetics of absorption) of a 
substance in the portal vein blood. The oper- 
ative techniques are difficult to carry out and 
offer both aldvantages and disadvantages. 
The catheterization of the portal vein 
through the splenic vein (Procedure A) is the 
most difficult, delicate and laborious; i t  
takes approximately 30 min and involves 
splenectomy. The tip of the catheter must be 
placed exactly at  the opening of the splenic 
vein; when left a few millimeters distal to the 
portal vein, then this portion of the lienal 
vein could collapse and stop blood flow. If, 
on the other hand, the catheter is inserted 
inside the lumen of the portal vein, then the 
portal flow is disturbed. On the other hand, 
this method allows the continuous withdrawal 
of portal blood for 60 min and with the 
infusion of heparin solution, this preparation 
remains functional on the average for 1 wk. 
This technique has permitted a comparison 
of the portal absorption of 14C-Chlorella pro- 
tein in fed and fasted rats (10). Procedure B 
requires speed, precision, and adequate as+ 
sistance. The most common complicatioq! 
when the operation is prolonged is the pro4 
nouncd engorgement and congestion of the 

mesenteric circulation, with the subsequent 
liver hypoxia and the clotting of blood within 
the portal vein. Other disadvantages of this 
technique are splenectomy and the closure of 
the pyloric and splenic veins. However, this 
preparation remains functional for several 
months4 and, during experiments, i t  also per- 
mits the continuous withdrawal of portal 
blood. The similarity of the kinetics of ah- 
sorpiion curves using this and the previous 
procedure indicates that these techniques 
give a rpljable picture of the absorption pro- 
cess. The most advantageous technique here 
described is the direct catheterization of the 
portal vein (Procedure C) .  It is the easiest, 
takes only a few minutes and the experimen- 
tal conditions closely approximate normal 
physiology. Using this method, there is no 
blood loss, the veins related to the portal vein 
are undisturbed and no splenectomy is 
necessary. The major disadvantage of this 
procedure is securing the cannula over the 

4 Six months after the operation, rats which un- 
rlerwent catheterization of the portal vein by this 
procedure are in apparent good health. Opening of 
me abdomen demonstrated pronounced peritoneal 
reaction, characteristic of the rat, but no mesenteric 
congestiron olr gross signs of portal hypertension. 
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wall of the portal vein but this is obviated by 
the use of adhesive. This preparation re- 
mains functional for 3 4  days. This method 
has been used by us to evaluate the appear- 
ance of radioactivity after administration of 
4C-glycylglycine to overnight fasted and fed 

rats (10). This technique, in association 
with the catheterization of the aorta, has 
been used to study“ simultaneous changes in 
glucose, insulin and free fatty acids associ- 
ated with the initiation of lipogenesis and of 
gluconeogenesis elicited by an acute glucose 
load. Other possible complications with any 
of the 3 procedures described are rupture of 
the vein (s), formation of abundant fibrous 
tissue in the vicinity of the catheter, and, in 
the case of Procedure C, compression of the 
tip of the catheter against the wall of the 
portal vein and minor phlebitis. In  these 
series, no pyemia, liver necrosis or pulmon- 
ary embolism have been observed. 

The reported procedures can be used in 
conjunction with the ‘catheterization of the 
stomach ( 11 ), the common bile duct (8), the 
duodenum or the small intestine to evaluate 
the absorption of water-soluble compounds 
under several conditions. When the chemical 
composition of a compound is such that dur- 
ing its absorption there is a partition between 
the portal vein and the lymph, then these 
techniques could be associated with the 
catheterization of the thoracic duct (8) in 
the same animal. An example of such a study 
has been reported (12) .  Procedures A and B 
could also be used for the infusion of fluids, 
a t  a constant rate, into the portal bloold 

5 Wittman, J. S., 111, and Gallo-Torres, H. E., 
unpublished data. 

stream. Procedure C is not recommended for 
the infusion of fluids into the portal vein. 

Summary. Techniques are reported for the 
catheterization of the rat portal vein. These 
methods permit drawing of blood samples 
without pain in unanesthetized animals under 
near physiological conditions. These proce- 
dures can be used for the assessment of the 
rate of intestinal absorption via the portal 
vein and/or the infusion of materials into the 
portal bloodstream. 
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