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Novel Single-Pass Exchange of Circulating Uridine in Rat Liver 

Abstract. Evidence is presented that the liver effects an essentially complete 
degradation of plasma uridine in a single pass and replaces it largely from hepatic 
pools of  acid-soluble uridine nucleotides. The concentration of  uridine in the hepatic 
vein of the rat was essentially the same as that in the arterial circulation and portal 
vein. However, the isolated perfused rat liver degraded more than 90 percent of  
infused [5-3H]uridine in a single passage. Similar results were found in vivo when 
tracer amounts of  [-'Huridine and [I4c]uridine were infused into the portal vein of an 
intact rat. Furthermore, less than 2 percent o f  the infused uridine entered the acid- 
soluble nucleotide pools of  the liver after 30 minutes of  infusion. Intraperitoneal 
injection of  [3H]orotate allowed selective labeling of liver (and kidney) pyrimidines. 
After 3 hours, the specijic activity of  uridine in the hepatic vein was more than three 
times that in the arterial circulation. This unusual exchange, which is not saturated 
even at uridine concentrations as high as 50 p M ,  contributes to  the rapid turnover of  
plasma uridine and explains its ineficient utilization in peripheral tissues. 

The rapid turnover of plasma uridine 
suggests that this circulating nucleoside 
may have a role in the metabolism of 
pyrimidines by various tissues (1, 2). 
Defining the location and quantitative 
significance of this process has recently 
become possible by the use of new tech- 
niques in high-performance liquid chro- 
matography. Studies with phosphonace- 
tyl aspartic acid (PALA) and pyrazo- 
furin, potent inhibitors of the synthesis 
de novo of pyrimidines, indicate that 
selective depletion of ribonucleotide 
pools occurs in some tumors, but that 
the pools are essentially unaffected in 
normal tissues and insensitive tumors (3, 
4). These observations suggest that cir- 
culating pools of pyrimidines could res- 
cue depleted tissues. The source of these 
pools has not yet been clearly estab- 
lished, but preliminary clinical studies 
showed that they are relatively unaffect- 
ed by high doses of PALA (5) .  The liver 
provides preformed purines to other tis- 
sues through the vascular system (6), 
and a similar process has been suggested 
for pyrimidines (7). We therefore under- 
took a quantitative analysis of the uptake 

and metabolism of uridine by the liver. 
A very rapid turnover [half-time ( t l i2)  

- 3 minutes] of plasma uridine (1 to 2 
p1M) has been observed in rats (2) and 
dogs (8). In rat plasma, cytidine concen- 
trations are somewhat higher (3 to 5 
p m ,  and the turnover is less rapid ( t i i2  
- 25 minutes). Since the liver is the 
primary location of enzymes responsible 
for uridine catabolism, the fate of [5-  
3Hluridine perfused through an isolated 
rat liver was examined. During a 30- 
minute period, the radioactivity associat- 
ed with uridine in the circulating medium 
decreased with an apparent t1,2 of 4.8 
minutes; total clearance in a single pass 
in this apparatus would give a tl,2 of 4.9 
minutes (Table 1). Thus the liver is ex- 
tremely efficient at extracting and de- 
grading uridine. Yet in fed, intact rats the 
concentration of uridine in plasma leav- 
ing the liver in the hepatic vein (mean k 

standard deviation = 1.32 + 0.45 p M ,  
N = 24) was, if anything, slightly higher 
than the concentration in portal (1 .03 2 
0.3 p M ,  N = 11) or arterial (1.06 + 
0.2 p M ,  N = 21) blood. 

To obtain data on the turnover of 
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Table 1. Clearance of uridine by the liver in 
vitro and in vivo. Isolated rat livers were 
perfused at 20 mllmin from a bath containing 
144 ml of Fisher's medium supplemented with 
5 percent albumin and adjusted to a 25 percent 
hematocrit with rat erythrocytes. Earlier 
studies have shown that uridine equilibrates 
between plasma and erythrocytes, but that it 
is not metabolized in these cells during this 
period, nor do the cells contribute significant 
amounts of uridine (4). Samples from the bath 
were centrifuged to remove cells, and after 
perchloric acid precipitation of proteins, [5- 
3Hluridine was determined bv ~reliminarv 
separation on a borate affinity c b l h n  ( ~ f f i ~ d l  
601) (12) and chromatography on a HAX-4 
anion-exchange column (13). First.order 
clearance was observed when the perfusing 
solution contained 1 to 10 pM [5-3~]uridine. 
Infusions were made in vivo with a 26-gauge 
needle into the portal vein at 1.5 pCi of [5- 
3H]uridine (26 Cilmmole) or 0.6 pCi of [2- 
'4C]uridine (53 mCi/mmole) per minute. 
Clearance is based on an estimated portal 
blood flow of 15 mllmin in the 250-g rats. 
Ljvers were perfused in situ with different 
concentrations of [5-3H]uridine at 10 mllmin, 
with the medium that was used for isolated 
perfusions, for up to 45 minutes with a single- 
pass technique. Clearance was determined as 
above. 

Clearance 
Substance per pass 

(%I 

Isolated perfused liver 
[5-3H]Uridine, 1 pM 95 
[ 5 - 3 ~ ] ~ r i d i n e ,  10 pM 95 

Infusion in vivo 
[5-'HIUridine, 1 pM 90 
[2-'4C]Uridine, 1 pM 85 

Single-pass perfusion in situ 
[5-3H]Uridine, 1 pM 90 
[5-3H]Uridine, 10 pM 90 
[S3H]Uridine, 50 pM 73 

uridine under physiological conditions, 
we infused [5-3H]uridine in tracer 
amounts into the portal vein without 
inhibiting flow. In this system, more than 
90 percent clearance was observed (Ta- 
ble 1). This was not a 3H-exchange pro- 
cess since [2-14C]uridine gave similar re- 
sults. Under these conditions less than 2 
percent of the [3~]uridine entered the 
pool of acid-soluble pyrimidine nucleo- 
tides in the liver. These results suggest 
that almost none of the uridine in plasma 
entering the liver leaves through the he- 
patic vein and that uridine in the hepatic 
vein is probably derived from de novo 
synthesis. 

In the rat, orotate, the penultimate 
precursor of uridine nucleotides on the 
de novo pathway, is selectively concen- 
trated by the liver and kidney (9, 10). 
Thus it was possible to label the acid- 
soluble pyrimidine ribonucleotide pool 
of the liver with [5-3H]orotate and to 
observe the contribution of this pool to 
uridine leaving the liver (Table 2). The 
specific activity of plasma from the he- 
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patic vein was more than three times that 
in the arterial circulation and approaches 
the specific activity of the acid-soluble 
pools in the liver. The difference might 
reflect heterogeneity of specific activity 
within the acid-soluble pools or a sub- 
stantial contribution of uridine from 
turnover of RNA of lower specific activi- 
ty through 2',3'-uridylate to uridine. 

To determine the limits of the chemo- 
static capacity of the liver, a single-pass 
perfusion system in situ was established. 
The portal vein and the bile duct were 
cannulated; the hepatic artery and the 
inferior vena cava were ligated in the 
abdominal cavity. The perfusion medium 
was collected from the vena cava in the 
thoracic cavity. The flow rate was 10 mll 
min, and bile flow was monitored 
throughout the experiment to assure sus- 
tained hepatic function. When the con- 
centration of [3H]uridine (5 pCiiprnole) 
was 1 pM, the radioactivity associated 
with uridine in the exiting perfusate was 
again less than 10 percent of that which 
had entered (Table 1). Similar results 
were obtained at uridine concentrations 
of 5 and 10 pM. Even at concentrations 
as high as 50 pM, only 27 percent of 
the infused radioactivity exited as un- 
changed uridine. The contribution of uri- 
dine derived from the degradation of 
nucleic acids in rat food to portal blood 
would approximate 20 pM if there were 
no degradation of the uridine in the intes- 
tinal lumen or utilization by the visceral 
organs before passage through the liver. 
However, in mice fed [l4C]pyrimidine- 
labeled RNA, less than 3 percent of the 
total ingested pyrimidines was utilized 
for nucleotide synthesis (11). Apparently 
degradative reactions compensate for 
the contribution of the diet to portal 
plasma uridine in the rat, since the con- 
centration of uridine in portal blood is 
approximately equal to that in arterial 
blood. Thus the capability of the liver to 
degrade uridine is not saturated at con- 
centrations many times greater than 
physiological levels in fed rats. 

These data suggest a unique and sim- 
ple (though not very economical) mecha- 
nism for regulation of uridine concentra- 
tions in the circulation in which no sen- 
sor-effector communication is neces- 
sary. The liver appears to degrade 
essentially all incoming uridine con- 
tained in the portal drainage derived 
from intestinal absorption and peritoneal 
organs. Hepatic pools of acid-soluble 
nucleotides, formed almost completely 
by de novo synthesis, are responsible for 
the uridine concentrations in plasma 
leaving the liver through the hepatic 
vein. The controls on this process and 
changes in the flux under conditions of 

Table 2. Specific activity of acid-soluble uri- 
dine nucleotides, RNA, and plasma uridine 
after injection of [3~]orota te .  [5-3H]Orotate 
(19 Ci/mmole, 500 pCi1kg) was injected intra- 
peritoneally into male Sprague-Dawley rats 
(250 to 350 g). After 3 hours, the animals were 
anesthetized with pentobarbital (50 mgikg), 
and blood and organ samples were taken. For 
the determination of the specific activity of 
acid-soluble uridine nucleotides, organs were 
frozen quickly in liquid nitrogen and homoge- 
nized in 5 volumes of 1M perchloric acid. The 
acid-soluble supernatant was hydrolyzed at 
1OO"C for 14 minutes, neutralized with KOH, 
and then chromatographed on a SAX-10 an- 
ion-exchange column (4). Radioactivity in the 
RNA was determined after extraction of the 
acid-soluble fraction with 1M NaOH. Blood 
samples were processed as described in Table 
1 to determine the specific activity of plasma 
uridine. 

Specific activity 
(pCilpmole) 

Acid- 
Source soluble Plas- 

uridine RNA ma 
nucleo- uri- 

tides dine 

Liver 
Kidney 
Spleen 
Intestine 
Lung 
Hepatic vein 
Portal vein 
Aorta 

increased peripheral requirements and 
antimetabolite inhibition remain to be 
established. 
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