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A new enteric-coated formulation of sodium ursodeoxycholate was
prepared and administered to man. The barrier film disintegrates
and releases the drug only at pH =5.5. The sodium salt of glycour-
sodeoxycholate was also prepared and encapsulated like ursode-
oxycholate. Serum levels of ursodeoxycholate and glycoursodeox-
ycholate were measured by specific enzyme immunoassay after oral
administration of their sodium salts in an enteric-coated formulation
at equimolar doses of 475 and 540 mg. The same subjects also re-
ceived in separate experiments ursodeoxycholic acid, sodium ur-
sodeoxycholate, and glycoursodeoxycholic acid in gelatin cap-
sules. The mean area under the curve (pmol/L - hr) following ad-
ministration of enteric-coated sodium ursodeoxycholate (45 = 8)
was significantly higher than that of either ursodeoxycholic acid (26
+ 5; P < 0.01) or sodium ursodeoxycholate (25 = 6; P < 0.001)
administered in a conventional gelatin capsule. No differences were
found when glycoursodeoxycholic acid was administered as an en-
teric-coated sodium salt or in acid form in gelatin capsules. Ursode-
oxycholic was administered at a dose of 10 mol/min/kg over 1 hr to
bile fistula rats both intraduodenally (i.d.) and intravenously (i.v.).
The experiment included administration of the sodium salt in solu-
tion and the acid as a suspension. A similar experiment was per-
formed with glycoursodeoxycholic acid. The ratio of the amount
recovered from bile in the i.d. to that in the i.v. experiment is almost
1 for the sodium salt of ursodeoxycholate in solution, while it drops
to 0.55 for ursodeoxycholic acid. No differences were found be-
tween i.v. and i.d. administration when glycoursodeoxycholic acid
was administered in acid form and as a soluble sodium salt. The
results in rats point out that the limiting factor for ursodeoxycholic
acid intestinal absorption is its poor solubility and the high pH (8.4)
it requires for micellar solubilization. On the other hand, glycour-
sodeoxycholic acid is well absorbed either in acid form or as a
sodium salt because of its higher solubility at lower pH (6.4). The
new enteric-coated sodium ursodeoxycholate formulation resulted
in complete solubilization and increased absorption.

KEY WORDS: ursodeoxycholic acid; glycoursodeoxycholic acid;
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INTRODUCTION

The chronic administration of ursodeoxycholic acid
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(UDCA) has proven to be effective in the dissolution of cho-
lesterol gallstones (1-3), and the therapeutic effectiveness of
UDCA in patients with cholestatic liver diseases has re-
cently been reported (4-7). However, UDCA is often poorly
absorbed in the small intestine, and after a single oral dose of
300 mg, more than 50% is lost in the stool (8,9). On the other
hand, its 7a epimer, chenodeoxycholic acid, is almost com-
pletely absorbed (10,11).

The poor intestinal absorption of UDCA is probably due
to its critical micellar pH (CMpH), which accounts for the
difference in critical micellar concentration (CMC) (12-14).
Only at a pH of 8.4 can UDCA be solubilized and passively
absorbed along the intestinal tract. This high pH is usually
reached only postprandially with sustained duodenal and
pancreatic secretion.

An improvement in UDCA bioavailability is thus re-
quired to obtain a higher concentration in bile for a given
dose. This is even more important in those patients with a
gastric hypersecretion or a decreased duodenal bicarbonate
secretion as a consequence of pancreatic disease or chole-
static syndrome (15). The objective of the present study is,
therefore, to evaluate the role of UDCA solubility on its
intestinal absorption and bioavailability and to design a new
formulation that is more effectively absorbed. The sodium
salt of ursodeoxycholic acid (NaUDC) was prepared and
encapsulated into an enteric-coated formulation which dis-
integrates only at pH =5.5.

Two independent studies, carried out in bile fistula rat
and man, were performed. To test the working hypothesis,
we administered UDCA and glycoursodeoxycholic acid
(GUDCA). GUDCA was included in the present study since
it is the main chemical form accumulating in bile after
chronic feeding of UDCA (1,2). Moreover, it is extremely
water-insoluble in acid form, like UDCA (12), but requires a
lower pH to be solubilized (6.4 vs 8.4), due to its lower CMC
and pK,, (16). The experimental protocol included the admin-
istration of UDCA and GUDCA intraduodenally to bile fis-
tula rat both in acid form (suspension) and as a sodium salt
(in solution). UDCA and GUDCA were also administered at
the same dose intravenously. The amount recovered in bile
was then evaluated by HPLC.

In the human study, each subject received UDCA,
GUDCA and NaUDC in gelatin capsules as well as NaUDC
and enteric-coated sodium glycoursodeoxycholate
(NaGUDC). The intestinal absorption of UDCA, GUDCA,
and their sodium salts was evaluated by their serum levels vs
time, measured by enzyme immunoassay.

MATERIALS AND METHODS

Chemicals

UDCA was kindly supplied by ALFA Wasserman SpA,
Bologna, Italy, and was more than 99.5% pure, as assessed
by thin-layer chromatography (TLC) and HPLC. GUDCA
was supplied by Sigma (St. Louis, MO) and was found to be
more than 99% pure. The sodium salts of the two bile acids
were prepared by adding an equimolar amount of sodium
bicarbonate in water and mixing under ultrasound agitation
until the solutions were clear. The solutions were then

642



Intestinal Absorption of Sodium Ursodeoxycholate

freeze-dried and the percentage of bile salt in the powder
was determined by HPLC. The sodium salts were more than
99% pure.

Enteric-Coated Capsules

The enteric-coated formulation was a two-barrier coat-
ing depot form. The first polimeric film was constituted by
hydroxypropylmethylcellulose and polyethylene glycol
(PEG) 6000; the second was formed by hydroxypropylmeth-
ylcellulose phthalate and acetylated monoglycerides. The
capsule was prepared as reported elsewhere (European Pat-
ent publication EP0510404, 28.10.92). The film coat had a
pH-dependent solubility: it was stable for more than 2 hr at
pH =3.5, dissolved in 15 min at pH 5.5, and dissolved in 5
min at pH 6.5. Once disintegrated, NaUDC or NaGUDC
was ready to solubilize and diffuse in the intestine.

Animal Study

Sprague Dawley male rats 250-300 g in body weight
were used. The animals were given free access to water and
food 12 hr before the start of the study. The rats were anes-
thetized with pentobarbital at a dose of 50 mg/kg and the bile
duct was cannulated with PE-10 tubing (Clay-Adams, NJ).
Baseline bile collections were performed at 30-min intervals
for 2 hr. UDCA or GUDCA was then infused.

UDCA and GUDCA were i.d. and i.v. infused at a dose
of 10 pmol/min/kg over 1 hr to the bile fistula rat (n = 6 for
each study). Bile was collected at 30-min intervals for 6 hr,
and the amount of UDCA plus its metabolites determined. In
the i.d. study the acid forms of UDCA and GUDCA were
administered as a fine suspension obtained by 5 min of son-
ication of the saline solution. Their sodium salts were dis-
solved in saline solution. In the i.v. study the bile acids (BA)
were administered in saline solution containing 3% of bovine
serum albumin. In the i.d. study the intestinal perfusate vol-
ume and flow were chosen in the physiological range to en-
sure an optimal, if present, active transport.

Human Study

Experimental Design

The study group consisted of six healthy, nonobese sub-
jects with normal liver function tests. All had given informed
consent and our work had ethical committee approval (Uni-
versity of Bologna, S. Orsola Hospital, Italy). UDCA and
GUDCA and their sodium salts were administered orally to
each subject in five separate experiments performed at 10-
day intervals and in randomized order. Specifically, the pa-
tients received the following formulations:

@ 450 mg of UDCA in a gelatin capsule,

® 475 mg of NaUDC in a gelatin capsule,

® 475 mg of enteric-coated NaUDC,

@ 515 mg of GUDCA in a gelatin capsule, and

@ 540 mg of enteric-coated NaGUDC.

The excipients used in each formulation were the same. The
drug was administered at 12 AM, after a standard meal which
consisted of 40 g of boiled rice, seasoned with butter and
cheese, 120 g of chicken, 1 slice of bread, 1 stewed apple,

643

and 1 glass of water. Blood samples were taken at 30-min
intervals for 8 hr.

Analytical Methods

Bile Acid Analysis in Serum

The serum concentrations of the drugs were evaluated
by quantitative solid-phase competitive enzyme immunoas-
say (17). Policlonal antibodies for UDCA and its amidates
GUDCA and tauroursodeoxycholic acid (TUDCA) were
raised in rabbit using a C-24-UDCA-bovine serum albumin
conjugate (18). The antibodies were evaluated for their spec-
ificity, titer, and affinity, purified, and immobilized on poly-
styrene microtiter plates. A suitable UDCA horseradish per-
oxidase (HRP) derivative was synthesized from UDCA using
a mixed anhydride method, purified, and used as enzymatic
tracer. The developed method is of a competitive type which
allows direct analysis of total UDCA on less than 10 pL of
serum (17).

Since the method is specific for both UDCA and
GUDCA, the assay was preceded by a bile acid class sepa-
ration since we needed to measure in serum the administered
molecule and not the hepatic metabolites which could be
formed during each enterohepatic cycling. The free and the
glycoconjugated fractions were separated by solid-phase ex-
traction on C-18 and BE-SAX cartridges (Analytichem Int.,
Harbor City, CA) as reported previously (19).

The free and/or glycine BA fractions obtained by solid-
phase separation were dried under vacuum and reconstituted
with an appropriate amount of 0.1 M phosphate buffer, pH
7.2, for the enzyme immunoassay. To 100 pL of the diluted
serum, 100 pL. of the UDCA-HRP enzymatic tracer was
added. A standard curve ranging from 0.001 to 0.100 pM was
prepared. The microtiter plates were left to incubate at 37°C
for 1 hr and washed three times with 0.1 M phosphate buffer,
pH 7.4. Two hundred microliters of chromogenic substrate
(H,0,/0-phenilendiamine) in 0.1 citrate/borate buffer, pH 6,
was added, and after 30 min the enzymatic reaction was
stopped with 100 pL of 4 N H,SO,. The absorbance was
measured with a microtiter reader at 490 nm. The concen-
tration of the sample was calculated by the calibration curve
and is expressed as micromolar.

The precision of the assay was assessed using serum
pools at high (40 pM), medium (5 pM), and low (0.5 pM)
concentrations for UDCA and GUDCA. The inter- and in-
traassay variance was calculated by performing the assay in
10 consecutive assays and results are expressed as mean
values + SD.

Bile Acid Analysis in Bile

Bile acid composition in rat bile was performed by
HPLC (Water 600E multisolvent delivery system) with an
evaporative light-scattering mass detector (ELSD II, Varex
Corporation, Burtonsville, MA) according to a previously
described method (20). Total bile acid concentration was
evaluated enzymatically by using 3a-hydroxysteroid dehy-
drogenase as described previously (21).

Data Presentation

From the serum concentration vs time after administra-
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tion of the bile acids (uM), we calculated the area under the
8-h serum bile acid concentration—time curve (AUC), the
maximum concentration (C,,,,), and the time at which it
occurred (7,,,,). Mean values were compared and a two-way
analysis of variance (ANOVA) was used. In the animal study
data are expressed as biliary secretion rate (wmol/min/kg)
and the mean maximum secretion rate (S,,,,) was calculated
from the three highest mean secretion rate values. The cu-
mulative recovery over 6 hr of the studied formulation and
their major metabolites (evaluated by HPLC) was also cal-
culated.

RESULTS

Animal Study

When UDCA was infused intraduodenally in the bile
fistula rat in acid form at a dose of 10 wmol/min/kg over 1 hr
(Fig. 1), its biliary secretion rate slowly increased vs time,
and after 6 hr of bile collection, an appreciable amount of
UDCA was still secreted. On the contrary, intraduodenal
infusion of a solution of NaUDC caused a rapid increase in
UDCA secretion, which reached a maximum value after 2
hr, then fell quickly, and after 4 hr, a small amount was still
recovered in bile (Fig. 1). The S, (+SD) following i.d.
NaUDC administration (3.44 + 0.87 pmol/min/kg) was sig-
nificantly higher than when UDCA was administered in acid
form (2.12 = 0.40 pmol/min/kg; P < 0.001). In both cases
UDCA was secreted as TUDCA and, to a lesser extent, as
GUDCA as evaluated by HPLC analysis of bile samples.

When the same experiment was performed with
GUDCA and NaGUDC (Fig. 2), no significant differences
between the two studies were observed. The maximum BA
secretion was reached after 2 hr in both the GUDCA and the
NaGUDC i.d. studies; the S, values are, respectively, 3.85
+0.64 and 3.92 + 0.72 wmol/min/kg. The §,,,, reached in the
GUDCA study is similar to that obtained in the NaUDC
study and much higher than that during UDCA administra-
tion in acid form.

In Figs. 1 and 2 biliary BA secretion after i.v. infusion of
NaUDC and NaGUDC is also reported. The S, values are,
respectively, 3.81 + 0.34 and 4.45 = 0.86 pmol/min/kg.

BA OQUTPUT pmol/min/Kg

® ‘NaUDC LV.
UDC LD. in solution

Time (hours)

Fig. 1. The effect of UDCA infusion at a dose of 10 pmol/min/kg
over 1 hr on total bile acid output. Black area represents the control
rat study (n = 6 rats for each study).
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Fig. 2. The effect of GUDCA infusion at a dose of 10 pmol/min/kg
over 1 hr on total bile acid output. Black area represents the control
rats study (n = 6 rats for each study).

When the i.d. and i.v. data were compared, the cumulative
biliary recovery after i.d. infusion of the NaUDC was similar
to the i.v. recovery; a significantly lower (P < 0.001) recov-
ery is observed for the UDCA i.d. study (Table 1). As shown
in Fig. 2 and Table I, in the GUDCA study, no significant
difference was found between the percentage of the admin-
istered dose recovered in bile during the i.d. infusion of
NaGUDC and that during infusion of GUDCA.

Human Study

UDCA Study

After administration of a conventional single dose of
UDCA in a gelatin capsule, the mean serum UDCA showed
a first peak after 1 hr and a higher peak after 4 hr (Fig. 3),
reaching low levels only after 6-8 hr. The intersubject vari-
ability was very high for C,,,, (Table II), which varied from
4.2 to 12.2 pM, while the AUC values were less variable
(range, 18.9-30.2 pM - hr).

When NaUDC was administered in a conventional gel-
atin capsule, no significant difference in mean C,,,, Toaxs
and AUC was found compared to those for the acid form
(Table II). On the contrary, the pharmacokinetics of the
NaUDC when administered with an enteric coating was
completely different. The serum UDCA level remained 0 for
almost 2 hr, then rapidly increased, reaching a maximum

Table I. Percentage of Administered Dose Recovered in Bile After
i.v. and i.d. Infusion (10 pmol/min/kg over 1 hr) of UDCA, GUDCA
(as Protonated Insoluble Acids), and Their Sodium Salts

% dose recovered

Route Bile acid i.v. i.d.
Suspension UDCA® — 55 + 4
Solution NaUDC 95 =5 80 = 4
Suspension GUDCA® — 88 +6
Solution NaGUDC 95 7 89 =7

“ Mean values = SD of six experiments.
®* UDCA and GUDCA were administered only i.d. as protonated
acid in suspension.
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Fig. 3. Time profile of mean serum ursodeoxycholic acid concen-
trations after a single-dose administration of UDCA and enteric-
coated sodium ursodeoxycholate. Each point is the mean value *
SD of six experiments.

value after 3—4 hr (Fig. 3). The C,,,, Was significantly higher
(P < 0.05) than that obtained during administration of both
UDCA and NaUDC in conventional gelatin capsules (Table
II). The mean AUC (uM - hr), following administration of
enteric-coated NaUDC (44.8 + 8.2), was significantly higher
than those for both UDCA (25.6 = 4.8; P < 0.01) and
NaUDC (25.2 £ 6.2; P < 0.01) when administered in a con-
ventional gelatin capsule. Variability between subjects is
present (Fig. 4) for two representative subjects. The variabil-
ity is, in this case, mainly for T,,,; similar AUC and C
values were found.

max

GUDCA Study

Mean serum levels after administration of GUDCA in
gelatin capsules and as its enteric-coated sodium salt are
reported in Fig. 5. After administration of the acid form,
GUDCA is present in serum from the first 30 min, reaching
a peak after 2.5 hr, while in the enteric-coated NaGUDC
formulation, serum GUDCA levels begin to be present after
1.5-2 hr, reaching significantly higher levels between 4 and
S hr (P < 0.05). No significant differences were found in the
AUC obtained in the two studies despite the significantly (P
< 0.01) higher C,,,, observed after administration of the
enteric-coated NaGUDC. After 8 hr appreciable amounts of
serum GUDCA are present (5-7 wM) in both studies as a
result of the recycled GUDCA.

DISCUSSION

Animal Study

The amount of UDCA recovered in rat bile is highest
when UDCA is infused in the intestine in solution as
NaUDC. This is not surprising since, in solution, the drug is
ready for passive absorption in the small intestine. The
poorer absorption of UDCA infused in acid form is due
mainly to the high pH required for its intestinal solubilization
and, consequently, to the amount of UDCA remaining un-
dissolved. A pH of 8.4, required for its solubilization, is
difficult to obtain under physiological conditions, and possi-
ble only with an elevated pancreatic secretion. The ratio of
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the dose recovered in bile after i.d. and that after i.v. admin-
istration is 0.84 for NaUDC and 0.57 for UDCA, further
confirming the efficient absorption of the NaUDC salt.

The working hypothesis was further demonstrated by
the results obtained in the GUDCA study. In this case, no
significant differences were found between the two sets of
experiments, i.e., GUDCA infused i.d. in acid form and as
NaGUDC in solution. In this case, the ratios of the dose
recovered after i.d. to that after i.v. administration are 0.92
and 0.93, respectively.

The results obtained fit very well with the CMpH of
GUDCA, which, due to its lower pK,, is 6.3, two unities
lower than that of UDCA, and show that, even administered
in acid form, GUDCA can be readily dissolved and ab-
sorbed.

Human Study

Biological and Analytical Variability

The use of serum levels for evaluating bile acid intestinal
absorption is rather imprecise as shown by the variability
observed between subjects. Many factors contribute to the
variability of the data, which are related to gallbladder emp-
tying, intestinal motility, gastric emptying, and portal vein
flow. These factors affect the maximum concentration
(Crnax)s the time at which it occurs (7,,,,,), and, to a lesser
extent, the area under the curve (AUC).

Because the serum levels of bile acids are derived from
the amount of bile acid not taken up by the liver in a single
pass, this parameter must be considered the same for all
subjects studied to obtain quantitative information on BA
absorption. However, to minimize biological variability, the
study was performed on the same subject taking all the dif-
ferent studied formulations. From these data, only the AUC
is considered an accurate parameter to be used for compar-
ative studies.

The developed quantitative enzyme immunoassay for
UDCA showed adequate analytical performance in terms of
sensitivity, and the imprecision of the assay, in both the in-
tra- and the interassay studies, was not higher than 8%.

Serum Levels of UDCA and GUDCA

UDCA Study. The mean AUC after the administration
of enteric-coated NaUDC was significantly higher than all
the studied UDCA formulations (P < 0.01). These results
agree with those obtained in the animal study and, further,
show complete solubilization of NaUDC salt released as
such once bypassing the stomach. The profile of the serum
UDCA levels is also in agreement since UDCA in serum is
almost absent for 2—3 hr and then quickly increases as a
result of capsule disintegration. The relatively high C,,,,
found, could be of benefit for the hepatocyte in light of the
results found in an animal model on the protective effect of
UDCA for hepatic toxicity induced by detergent bile acids,
such as taurochenodeoxycholic acid (22).

The main variability found with this formulation is in the
T .. Tequired for its release in the intestine. The main de-
terminant for this variability is gastric emptying; the capsule
designed as enteric barrier depot forms follows the fate of the
solid in the release from the gastric content, which is de-
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Table II. Peak Serum UDCA Concentration (C,,,,; pM), Time to Peak Serum Concentration

(T nax; min), and Area Under the Curve to 8 hr (uM - hr) in the Same Subject Receiving

(UDCA g) 450 mg of UDCA in a Gelatin Capsule, (NaUDC g) 475 mg of NaUDC in a
Gelatine Capsule, and (NaUDC ec) 475 mg of Enteric-Coated NaUDC

Roda et al.

Formulation 1 2 3 4 S 6 Mean = SD
UDCA g
Conax 7.5 8.4 4.2 12.2 6.5 7.9 6.6 + 3.9
Tonax 4.0 3.2 2.8 4.1 2.8 3.0 3.8+ 0.6
AUC 30.2 27.6 20.5 18.9 26.6 30.2 25.6 = 4.8
NaUDC g
Croax 8.7 12.5 7.2 6.5 10.6 6.8 8724
Trnax 2.6 2.4 2.4 2.8 1.7 2.5 2404
AUC 31.4 29.5 20.8 17.6 20.7 31.6 25.2 + 6.2
NaUDC ec
Cax 30.5 28.9 24.4 18.7 24.7 26.8 25.5 + 9.1
Trnax 3.0 2.5 4.1 4.1 2.9 38 3.4 07
AUC 53.2 46.6 36.7 32.7 48.2 51.6 44.8 + 8.2

layed, and the data of 2—4 hr found account for this hypoth-
esis. To minimize the gastric emptying variability, a defini-
tive choice of the ideal formulation, i.e., barrier coating or
microencapsulation, requires further detailed extensive
studies.

The designed formulation was effective in all patients
studied and, particularly, in subjects who showed a very low
AUC after the administration of conventional UDCA (sub-
jects 3, 4, and 5) but a normal AUC after enteric-coated
NaUDC. This result is important since it has been reported
that some patients could be affected by impaired pancreatic
secretion or by gastric hypersecretion with the result of a
persistent low intestinal pH (23,24). In this case, the sodium
salt will dissolve, while UDCA will remain completely insol-
uble and, consequently, partially malabsorbed.

We have recently reported that in patients with cystic
fibrosis and evidence of liver disease (24) receiving UDCA
for 2 months at a dose of 15 mg/kg body wt/day, biliary
UDCA accounts only for 25% of the total BA and a large
amount of UDCA (12 to 67%) is excreted as such in the
stool.

GUDCA Study. After oral administration of GUDCA at
a single dose of 475 mg (equimolar with UDCA), GUDCA
serum levels rapidly increase as the result of efficient ab-
sorption of GUDCA, probably with both a passive and an

umol/L
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active mechanism, which has been demonstrated previously
in animal models (25).

Since GUDCA is not metabolized by the liver, its serum
levels during the day are the result of the intestinal output
coming from the first administration and that coming from
the subsequent GUDCA input, which undergoes enterohe-
patic cycling. This accounts for steady-state levels at the end
of the study as a result of the complete accumulation of
GUDCA in the enterohepatic circulation.

When enteric-coated NaGUDC was administered to the
same subject, the serum pharmacokinetics was different.
GUDCA remains practically 0 for 2 hr, then suddenly in-
creases as a result of the disintegration of the enteric-coated
capsule. The C_,, was higher, while the AUC was practi-
cally the same. These results show that in the case of
GUDCA, thanks to its low CMpH, a pH of 6-7 is enough to
ensure complete dissolution of the acid form, and this ac-
counts for the similar results obtained with GUDCA and
NaGUDC.

An intercomparison between serum UDCA and
GUDCA levels is not theoretically possible since the deter-
minant of each serum concentration is different. The first-
pass hepatic uptake of GUDCA is much faster and efficient
than that of UDCA; for example, in rat we have found that
the first-pass hepatic uptake of UDCA is 48—50%, while that

umol/L
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Fig. 4. Intersubject variability of the time-serum ursodeoxycholic acid concentration profile in two subjects taking UDCA and
NaUDC, enteric coated.
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Fig. 5. Time profile of mean serum glycoursodeoxycholic acid con-
centrations after a single-dose administration of GUDCA and
NaGUDC, enteric coated. Each point is the mean value + SD of six
experiments.

of GUDCA is 60-80% (26). As a result, for the same amount
of the two BA reaching the liver, a greater spillover, with
consequent higher serum levels, occurs for UDCA. As a
consequence, higher UDCA serum levels do not mean
higher intestinal absorption with respect to GUDCA.
Bioequivalence studies between different BA, even with the
same BA in free and amidated form, are not correct. A quan-
titative evaluation of the overall pharmacokinetics must be
carried out to quantify hepatic uptake, metabolism, resi-
dence time, and biliary secretion properly. We report these
two studies only to show that between the two BA, with
different physicochemical properties, the sodium salt offers
an improvement only for UDCA.

In conclusion, the results obtained confirm the previous
ones (8,9) on partial intestinal absorption of UDCA. When
enteric-coated NaUDC is administered, intestinal absorption
increases significantly. The passive intestinal absorption of
UDCA is also determined by lipophilicity, which is slightly
lower than those of other dihydroxy BA (27); this explains
the incomplete UDCA absorption even if it is well formu-
lated. As far as GUDCA is concerned, both animal and hu-
man studies show complete intestinal absorption of either
the acid form or the enteric-coated sodium salt, results
which further support solubilization as one of the critical
steps for UDCA intestinal absorption.

REFERENCES

1. J. Makino, K. Shinizaki, K. Nakagawa, and K. Yoshino. Dis-
solution of cholesterol gallstones by long-term administration of
ursodeoxycholic acid. Jpn. J. Gastroenterol. 72:690-702 (1975).

2. E. Roda, F. Bazzoli, A. M. Morselli Labate, G. Mazzella, A.
Roda, C. Sama, D. Festi, R. Aldini, and L. Barbara. Ursode-
oxycholic acid versus chenodeoxycholic acid as cholesterol
gallstone dissolving agents: A comparative randomized study.
Hepatology 2:804-810 (1982).

3. W. H. Bacharach and A. F. Hofmann. Ursodeoxycholic acid in
the treatment of cholesterol cholelithiasis. Digest. Dis. Sci.
27:737-761, 833-856 (1982).

4. U. Leuschner and W. Kurtz. Treatment of primary biliary cir-
rhosis and cholestatic disorders with ursodeoxycholic acid.
Lancet 2:508 (1987).

5. R. Poupon, Y. Chretiem, R. E. Poupon, F. Ballet, Y. Calmus,
and FE Darnis. Is ursodeoxycholic acid an effective treatment for
primary biliary cirrhosis? Lancet 1:834-846 (1987).

=)

13.

14.

15.

16.

19.

20.

21.

22.

23.

25.

26.

27.

647

A. Stiehl, R. Raedsch, and B. Mommerell. The effect of ursode-
oxycholic acid in primary biliary cirrhosis. Gastroenterology
94:595 (1988) (abstr.).

. A. F. Hofmann and H. Popper. Ursodeoxycholic acid for pri-

mary biliary cirrhosis. Lancet 2:398 (1987).

. M. Parquet, E. H. Metman, A. Raizman, J. C. Rambaud, N.

Berthaux, and R. Infante. Bioavailability, gastrointestinal tran-
sit, solubilization and faecal excretion of ursodeoxycholic acid
in man. Eur. J. Clin. Invest. 15:171-178 (1985).

. A. Stiehl, R. Raedsch and G. Rudolph. Acute effects of ursode-

oxycholic and chenodeoxycholic acid on small intestinal ab-
sorption of bile acids. Gastroenterology 98:424—428 (1990).

. G. P. Van Berge Henegouwen and A. F. Hofmann. Pharmacol-

ogy of chenodeoxycholic acid. II. Absorption and metabolism.
Gastroenterology 73:300-309 (1977).

. M. Ponz de Leon, P. Loria, M. Carulli, G. M. Murphy, and

R. H. Dowling. Intestinal solubilization absorption, pharma-
cokinetics, and bioavailability of chenodeoxycholic acid. Eur.
J. Clin. Invest. 10:261-271 (1980).

. A.Roda and A. Fini. Effect of nuclear hydroxy substituents on

aqueous solubility and acidic strength of bile acids. Hepatology
4:72-76 (1984).

H. Igimi and M. C. Carey. pH solubility relations of chenode-
oxycholic acid and ursodeoxycholic acid: Physical chemical ba-
sis for dissimilar solution and membrane phenomena. J. Lipid
Res. 21:72-90 (1980).

A. Roda, A. F. Hofmann, and K. J. Mysels. The influence of
bile salts structure on self-association in aqueous solution. J.
Biol. Chem. 258:6362—-6370 (1983).

C. Colombo, A. Roda, E. Roda, L. Sereni, D. Maspero, A.
Giunta, and L. Barbara. Evaluation of an oral ursodeoxycholic
acid load in the assessment of bile acid malabsorption in cystic
fibrosis. Digest. Dis. Sci. 28:306-311 (1983).

A. E Hofmann and A. Roda. Physicochemical properties of bile
acids and their relationship to biological properties: An over-
view of the problem. J. Lipid Res. 25:1477-1489 (1984).

. A. Roda, S. Girotti, S. Lodi, and S. Preti. Development of a

sensitive enzyme immunoassay for plasma and salivary ste-
roids. Talanta 31:895-900 (1984).

. A. Roda and G. F. Bolelli. Production of a high-titer antibody to

bile acids. J. Steroid Biochem. 13:449-454 (1980).

S. Scalia. Group separation of free and conjugated bile acids by
prepacked ion-exchange cartridges. J. Pharm. Biomed. Anal.
3:235-241 (1990).

A. Roda, C. Cerre, P. Simoni, C. Polimeni, C. Vaccari, and A.
Pistillo. Determination of free and amidated bile acids by high-
performance liquid chromatography with evaporative light scat-
tering mass detection. J. Lipid Res. 33:1393-1402 (1992).

O. Fausa and B. A. Skalhegg. Quantitative determination of bile
acids and their conjugates using thin layer chromatography and
purified 3 alpha-hydroxysteroid-dehydrogenase. Scand. J. Gas-
troenterol. 9:249-254 (1974).

D. L. Schmucker, M. Ohta, S. Kanai, Y. Sato, and K. Kitani.
Hepatic injury induced by bile salts: Correlations between bio-
chemical and morphological events. Hepatology 12(5):1216—
1221 (1990).

S. Walker, G. Rudolph, R. Raedsch, and A. Stiehl. Intestinal
absorption of ursodeoxycholic acid in patients with extrahepatic
biliary obstruction and bile drainage. Gastroenterology 102:
810-815 (1992).

. C. Colombo, K. D. R. Setchell, M. Podda, A. Crosignani, A.

Roda, L. Curcio, M. Ronchi, and A. Giunta. Effects of ursode-
oxycholic acid therapy for liver disease associated with cystic
fibrosis. J. Pediat. 117(3):482-489 (1990).

M. Ota, Y. Minami, and T. Hoshita. Intestinal absorption for
ursodeoxycholic, glycoursodeoxycholic and tauroursodeoxy-
cholic acids in rats. J. Pharmacobio-Dyn. 8:114-118 (1985).
R. Aldini, A. Roda, P. Simoni, P. Lenzi, and E. Roda. Uptake of
bile acids by perfused rat liver: Evidence of a structure-activity
relationship. Hepatology 10(5):840-845 (1989).

A. Roda, A. Minutello, M. A. Angellotti, and A. Fini. Bile acid
structure-activity relationship: Evaluation of bile acid li-
pophilicity using 1-octanol/water partition coefficient and re-
verse phase HPLC. J. Lipid Res. 31:1433-1443 (1990).



