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Biliary Excretion of lopanoic Acid in Gunn Rats' (41414) 
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Abstract. Patients with the Crigler- Najar syndrome lack hepatic microsomal UDP- 
glucuronyl transferase activity which is necessary for conjugating bilirubin with glucuronic 
acid. The gallbladder of these patients opacify normally on oral cholecystography with 
iopanoic acid (IOP), a contrast agent which like bilirubin, is conjugated with glucuronic acid 
prior to transport into bile. Experiments were performed with normal (Sprague-Dawley) 
and Gunn rats (a strain which lacks UDP-glucuronyl transferase activity) to determine the 
effect of this enzyme deficiency on the hepatic disposition of IOP. Bilirubin excretion in 
Gunn rats was less than 1% of the Sprague-Dawley animals, while IOPexcretion in bile was 
not statistically different between the two strains whether the contrast agent was infused as 
IOP or as IOP-glucuronide. HPLC analysis showed that IOP distribution in Gunn rat bile 
was 92% IOP-G and 8% IOP. The hepatic intracellular distribution of IOP was the same in 
the two strains. The results indicate that there is no difference in the hepatic disposition of 
IOP in the Gunn rat compared to the normal, despite the inability of the former to conjugate 
bilirubin. 

Patients with the Crigler-Najar syn- 
drome fail to transport bilirubin from the 
liver into bile, because they lack hepatic 
microsomal UDP-glucuronyl transferase 
(EC 2.4.1.17) activity to convert bilirubin to 
its glucuronide conjugate (1, 2). Since the 
formation of bilirubin glucuronide is re- 
quired for the excretion of bilirubin, these 
patients have jaundice due to nonhemolytic 
unconjugated hyperbilirubinemia. 

Despite the fact that the oral cholecys- 
tographic contrast agents used in diagnostic 
radiology for radiographic opacification of 
the gallbladder are metabolized by the liver 
to their glucuronide conjugates ( 3 - 9 ,  pa- 
tients with this syndrome have adequate 
excretion of these compounds by the liver, 
and radiographic visualization of the 
gallbladder occurs normally (6-8). It is not 
known whether the successful cholecysto- 
gram is because Crigler-Najar patients re- 
tain the capacity to conjugate the contrast 
materials despite the absence of glucuronyl 
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transferase activity, if different forms of the 
enzyme are present, or if sufficient amounts 
of the parent compound are transported 
into bile. 

Like patients with the Crigler-Najar 
syndrome, Gunn rats lack UDP-glucuronyl 
transferase activity (9, 10) and have chronic, 
nonhemolytic unconjugated hyperbilirubi- 
nemia (2). We used this strain of rats to 
perform experiments designed to study what 
effect the absence of this enzyme activity 
has on the hepatic elimination of iopanoic 
acid (IOP), a radiographic contrast material 
which is almost completely conjugated to 
glucuronide prior to transport into bile. 

Methods. Chemicals. Bilirubin (Sigma 
Chemical Co., St. Louis, Mo.) was pre- 
pared for injection by dissolving in 0.1 N 
NaOH-0.9% NaCl solution under subdued 
light and diluting with 0.9% NaCl to obtain 
a dose volume near 1 ml. IOP was used as 
obtained from Winthrop Laboratories, New 
York. The glucuronide conjugate of IOP 
(IOP-G) was isolated from dog bile accord- 
ing to a procedure published previously (5). 
IOP-G was greater than 92% pure as deter- 
mined by chemical iodine determinations 
(1 l ) ,  elemental analysis (S), thin-layer 
chromatography, and high-performance 
liquid chromatography (HPLC). IOP and 
IOP-G were dissolved in an alkaline solu- 
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tion, diluted to the required concentration 
with 0.9% NaCl to keep the dose volume 
near 1 ml, and pH adjusted to 7.5-7.8. 
Samples for injection were prepared on the 
day administered. 

Experimental procedures. Male Sprague - 
Dawley rats (Hilltop Lab Animals, Chats- 
worth, Calif.) weighing 250-350 g and male 
homozygous Gunn rats (Blue Spruce Farms, 
Altamont, N.Y.) weighing 200-500 g were 
allowed free access to water and laboratory 
rat chow. Rats were anesthetized with pen- 
tobarbital (30 mg/kg) and fitted with a bile 
duct cannula (PE 10 polyethylene tubing) 
through a midline abdominal incision. PE 50 
tubing was placed in a jugular vein. Body 
temperature was maintained by means of a 
heating pad placed under the animal. Bile 
was collected in pretared vials at 10-min 
time intervals before and after the admin- 
istration of bilirubin (43 pmole/kg), IOP 
(300 pmole/kg), and IOP-G (300 pmole/kg). 
After collecting the third 10-min bile sample, 
one of the compounds was injected through 
the jugular cannula over a 3- to 5-min time 
period. When bilirubin was administered, 
the studies were carried out in subdued light- 
ing. Bile was collected for an additional 60 
min. At the end of the experiment, a sample 
of blood was taken from the vena cava, al- 
lowed to clot, and serum was obtained by 
centrifugation. The liver was perfused with 
20 ml of ice-cold buffer 1 (50 p M  Tris - HC1, 
pH 7.5; 25 mM KC1, 250 mM sucrose; 5 
mM MgC12) through the portal vein, re- 
moved, blotted dry, and weighed. 

Analytical procedures. Bile volume was 
determined gravimetrically assuming a den- 
sity of 1.0 g/ml. Bile salt concentration in 
bile was determined enzymatically using a 3 
a-hydroxysteroid dehydrogenase (Wor- 
thington Biochemical Corp., Freehold, 
N.J.) procedure by a method described 
previously (12). Concentrations of IOP and 
IOP-G in serum, bile, and liver fractions 
were determined by measuring the iodine 
concentrations by fluorescent excitation 
analysis (FEA) (13). FEA detection was 
linearly related to  iodine concentration 
between the range of 1 to 300 p g  iodine/ml. 
The technique does not differentiate be- 
tween IOP and IOP-G. Total bilirubin was 

determined by diazotization according to 
Malloy and Evelyn (14). HPLC analyses of 
standards and bile were made using a re- 
verse phase column (pBondapak C-18, 
Waters Associates, Inc.) and a mobile 
phase of acetonitrile/phosphate buffer, 0.01 
M, pH 3.0 (50/50, v/v). Bile was prepared 
for injection by mixing 1 part bile with 5 
parts mobile phase. A 20-4  sample of this 
mixture was administered to the column. 
Molar absorptives of IOP and IOP-G at 230 
nm are equal. 

Liver homogenate was obtained by the 
method of Strange et al. (15). The liver (5 g) 
was homogenized in ice-cold buffer 1 (12 
ml). The homogenate was centrifuged at 
18,OOOg for 15 min; the pellet was discard- 
ed and the supernatant was centrifuged 
100,OOOg for 120 min. The supernatant was 
designated the cytosolic fraction. The pellet 
was washed by resuspending in 3 ml of 
sucrose-free buffer 1 and centrifuged at 
100,OOOg for 50 min. The washed pellet was 
designated the microsomal fraction. To 
obtain the mitochondrial fraction, the ho- 
mogenate was spun at 800g for 10 min. The 
supernatant was spun at 7000g for 10 min 
with the pellet resuspended in 3 ml of 0.25 
M sucrose-1 mM MgClz and spun at 
24,OOOg for 10 min. The suspended pellet 
was designated the mitochondrial fraction. 
Strange et al. (15) assessed by electron mi- 
croscopy the purity and integrity of the 
subcellular preparation in this method. The 
mitochondrial fraction was slightly con- 
taminated with lysosomes, while the micro- 
somal preparation was comprised of typical 
vesicles which were free from nuclei and 
mitochondria. IOP concentrations in each 
fraction were determined by FEA, and 
protein concentrations were determined by 
Lowry protein assay. (16). 

Results and Discussion. Biliary excre- 
tion of bilirubin. Because the Gunn rats 
were obtained from a new commercial 
source (Blue Spruce Farms), it was essen- 
tial to confirm that the animals were unable 
to transport bilirubin into bile as expected. 
Consequently, the biliary excretion of 
bilirubin was compared in normal (Sprague- 
Dawley) and Gunn rats. Maximum bilirubin 
transport was normal in Sprague - Dawley 
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rats (1.10 2 0.31 SD pmole/min/kg), but 
not in Gunn rats (0.01 2 0.01 pmole/min/kg). 
These rates of excretion are similar to those 
reported by Robinson et ul. and others for 
Sprague-Dawley and Gunn rats (1.03 and 
0.005 pmole/min/kg, respectively) (10, 17, 
18). It is apparent that the Gunn rats used 
in the present experiments were unable to 
excrete bilirubin into bile. 

Biliary excretion of iopanoate. The rate 
of iopanoate3 excretion in bile after IOP 
administration was slightly less in Gunn 
rats (0.93 pmolelminlkg) than in Sprague- 
Dawley rats (1.29 pmole/min/kg) (Table I, 
Fig. 1). However, the difference was not 
statistically significant. The rates of bile 
flow and bile salt excretion both before and 
after IOP injection in the two strains of rats 
varied, but no consistent differences were 
apparent. When IOP-G was administered, 
biliary excretion of iopanoate was signifi- 
cantly greater in both species than after IOP 
injection (Table I, Fig. 2). Furthermore, 
biliary excretion in the Sprague -Dawley 
strain was higher, but the difference was 
not significant statistically. Finally, there 
was no significant difference in the rates of 
bile flow and bile salt excretion before or 
after injection of IOP-G (Table I). 

Bile from Gunn rats was analyzed for 
metabolites using HPLC. Under the condi- 
tions of the chromatographic study, the re- 
tention times of IOP-G and IOP were 3.4 
and 12.7 min, respectively (Figs. 3A, B, C). 
When IOP was injected intravenously, 92% 
of iopanoate in bile was IOP-G and 8% was 
the parent compound (Fig. 3E). A similar 
distribution was found after IOP-G injec- 
tion (Fig. 3F). A double peak for the IOP-G 
peak was found (Fig. 3F). The second of the 
two IOP-G peaks had a retention time of 3.4 
min which is the same as the IOP-G stan- 
dard. This extra peak was not found in the 
IOP-G infusate prior to injection or in bile 
from rats injected with IOP-G, and it was 
not found after IOP administration in either 
Sprague-Dawley or Gunn rat bile. FEA 
analysis indicated that both of the peaks 

The term “iopanoate” is used to designate the total 
concentration of contrast material including both IOP 
and IOP-G. 
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FIG. 1 .  Biliary excretion of iopanoate in rats ad- 
ministered a 300 pmole/kg dose of IOP after a 30-min 
control period. Closed circles and closed triangles rep- 
resent data from Sprague-Dawley and Gunn rats, re- 
spectively. Data at each time period are presented as 
mean 2 SD of four studies. 

were due to iodine-containing compounds 
so they may represent epimers of IOP-G. 
The chromatographic data indicate that the 
iopanoate in bile of Gunn rats is predomi- 
nately (92%) in the form of IOP-G. Both 
peaks of IOP-G were included in the calcu- 
lations. 

Since a fraction of the contrast material 
appeared in bile of Gunn rats as IOP after it 
had been administered as IOP-G, it is ap- 
parent that deconjugation of IOP-G occurs 
to a limited degree. This deconjugation was 
not found in Sprague-Dawley rats. 

The molecular basis for the genetic defi- 
ciency of UDP-glucuronyl transferase in 
Gunn rats is not completely understood. 
Although there is no detectable glucuronyl 
transferase activity toward bilirubin in the 
Gunn rat, the rates of glucuronidation of 
o-aminophenol and o-aminobenzoic acid 
are approximately 20% of normal (2, 19, 
20), and p-nitrophenol glucuronidation is 
almost the same as in normal rats (20, 21). 
Evidence from study of the development 
(22) and the differential inducibility of sev- 
eral substrates of UDP-glucuronyl transfer- 
ase by phenobarbital and 3-methylcholan- 
threne (23) and glucocorticoids (24-26) 
suggests that at least two functional heter- 
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TABLE I. BILIARY EXCRETION OF IOPANOATE IN SPRAGUE-DAWLEY AND GUNN RATS 

Sprague- Dawley Gunn 

Compound Pre- Post- Pre- Post- 
injected injection injection 

Bile flow 
(pl/min/kg) 

Bile salt 
excretion 

(pmole/min/kg) 

Biliary 
excretion 

(vmole/min/kg) 

IOP 71 .O 
6.1 

IOP-G 65.3 
14.9 

IOP 1.76 
0.24 

IOP-G 1.71 
0.23 

IOP 

IOP-G 

74.6 
13.4 
65.7 
15.7 

1.67 
0.43 

1.98 
0.61 

1.29 
0.30 

2.47 
0.65 

69.3 
10.2 
76.9 
11.3 

1.47 
0.60 

1.95 
0.38 

50.3 
25.4 
61.3 
15.7 

1.07 
0.40 

1.91 
0.51 

0.92 
0.37 

1.85 
0.46 

~~~ ~ ~~ 

Note. Four rats in each group; individual samples averaged. Results are means f SD. 

ogeneous forms of the enzyme exist. Fur- 
thermore, UDP-glucuronyl transferase ac- 
tivity has been separated into two fractions; 
one showing activity toward estrone, and 
the other toward p-nitrophenol (27). A 
third form, which is inducible with preg- 
nenolone-16, a-carbonitrile, has also been 
recently proposed (28). However, Ode11 et 
al. (29) report minimal conversion of di- 
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FIG. 2. Biliary excretion of iopanoate in rats ad- 
ministered a 300 pmole/kg dose of IOP-G after a 30-min 
control period. Closed circles and closed triangles rep- 
resent data fkom Sprague-Dawley and Gunn rats, re- 
spectively. Data at each time period are presented as 
mean 2 SD of four studies. 
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FIG. 3. HPLC chromatograms of bile from Gunn 
rats administered IOP and IOP-G. Chromatograms in 
plates A, B, and C represent standards of IOP-G, IOP, 
and a mixture of both compounds, respectively. Plate 
D represents a chromatogram of bile sampled prior to 
injection of any contrast material; plate E is a chro- 
matogram of bile sampled from a Gunn rat adminis- 
tered IOP; plate F is a chromatogram of bile sampled 
from a Gunn rat administered IOP-G. 
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TABLE 11. HEPATIC CONCENTRATION AND DISTRIBUTION OF IOPANOATE 60 MIN AFTER INJECTION OF 
IOP OR IOP-G IN SPRAGUE-DAWLEY AND GUNN RATS 

Iopanoate (nmole/mg protein) 

Compound Cytosolic Microsomal Mitochondrial Liver 
injected Rat strain Homogenate fraction fraction fraction (pmolelg wet wt) 

IOP Sprague- 
Dawley 102 1 6 2 1  31 2 10 13 * 1 1.40 2 0.16 

IOP Gunn 102 1 6 + 1  23 2 5 14 + 2 1.62 + 0.12 
IOP-G Sprague - 

Dawley 14 + 3 5 2 1  38 2 17 19 2 2 2.04 2 0.11 
IOP-G Gunn 16 + 6 6 + 1  39 + 16 21 + 4 1.71 2 0.13 

Note. Data represent mean 2 SD (n = 4). 

methyl diester of bilirubin to bilirubin glu- 
curonide in Gunn rats and in the micro- 
somes of Crigler-Najjar patients. These 
authors propose that a defective micro- 
soma1 matrix structure may exist at the site 
where the enzyme is located which inter- 
feres with glucuronidation of certain sub- 
strates. In addition, glucuronyl transfer- 
ase-active proteins, isolated from Gunn and 
Wistar rat liver microsomes, reveal an im- 
munologically identical enzyme which mi- 
grates electrophoretically as a single pro- 
tein (30, 31). However, only the Wistar rat 
liver preparation conjugates bilirubin. 

The results of the present experiments 
demonstrate the ability of Gunn rats to form 
glucuronide conjugates with IOP, despite 
their inability to conjugate bilirubin. 
Therefore, successful opacification of the 
gallbladder on cholecystography performed 
with IOP in patients with Crigler-Naiar 
syndrome (3-5) would be expected. How- 
ever, the data do not allow a distinction 
between the two hypotheses proposed to 
explain the deficiency in transferase activ- 
ity for bilirubin, but not for IOP. For IOP 
either the enzyme form which accepts IOP 
as a substrate is sufficiently active to ac- 
count for normal or near normal rates of 
biliary excretion of IOP, or IOP is accessi- 
ble to the active site of the enzyme despite 
the altered microsomal microenvironment. 

Hepatic iopanoate distribution. There is 
no statistical difference in the hepatic con- 
centration and subcellular distribution of 
iopanoate in liver from Sprague - Dawley 
and Gunn rats 60 min after the administra- 

tion of either IOP or IOP-G (Table 11). 
However, biliary excretion of iopanoate 
during the 10-min period just prior to re- 
moval of the liver (60 min after injection of 
contrast material) was higher after IOP-G 
injection (2.44 t SD 0.72 and 1.79 t 0.21 
pmole/min/kg for Sprague-Dawley and 
Gunn rats, respectively) than after IOP in- 
jection (1.27 t SD 0.17 and 0.92 t 0.36 
pmole/min/kg for Sprague - Dawley and 
Gunn rats, respectively). Thus, the rate of 
iopanoate biliary transport after IOP-G was 
higher than would be predicted from the 
liver concentration alone. This suggests 
two possibilities for the augmented biliary 
excretion: (i) insufficient amount of IOP-G 
are available intracellularly after IOP injec- 
tion to establish maximum canalicular 
transport, and a step prior to canalicular 
transport is the limiting process in the over- 
all transport; (ii) the presence of IOP in 
liver inhibits canalicular transfer of IOP-G 
in a manner similar to that proposed for 
BSP and its conjugates (32). 
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