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Abstract—4-(2-[5-Chloro-2-methoxy-benzamido]-ethyl)-benzoic acid (HB 699) belongs to the group of
hypoglycemic benzoic acid derivatives. Although lacking the sulfonylurea group, the structure of HB
699 partly resembles that of glibenclamide which is known to impair small-intestinal glucose absorption
in vitro at high concentrations. Whereas this intestinal effect of glibenclamide is unlikely to contribute
to its blood-glucose lowering properties, extrapancreatic and particularly intestinal effects may be
important for the antidiabetic action of HB 699. Thus, HB 699 was compared with glibenclamide for
the effect on the small-intestinal absorption of sugars and amino acids in vitro (everted-sac and tissue-
accumulation technique) and in vivo (single-pass perfusion of the jejunum). In vitro both drugs inhibited
the active transport of sugars and amino acids in a dose dependent manner. At equieffective doses (HB
699, 4.5 mmol/l and glibenclamide, 1 mmol/l) the mode of inhibition by the two drugs was similar. A
30-min incubation period reduced the uptake of methyl a-D-glucoside by about 75%. The degree of
inhibition depended on the time of exposure of the tissue to the drugs. In vitro kinetic studies revealed
a mixed type of inhibition. The ir vivo effect of the drugs was in accordance with the i vitro findings.
Inhibition, as in vitro, was not reversible and even increased further after reinfusion of a drug-free
perfusate. In vivo, the drugs inhibited the absorption of methyl a-D-glucoside and leucine only at
low (<20 mmol/l) but not at high (>30mmol/l) solute concentrations. These results indicate that
hypoglycemic benzoic acid derivatives may exert their blood-glucose lowering properties in part by
impairing the small-intestinal active transport of glucose.
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Hypoglycemic drugs used for the oral treatmeat of
diabetes mellitus (type II) are almost exclusively
represented by the class of sulfonylurea derivatives
[1,2]. These compounds generally stimulate the
release of insulin from the B-cells of the pancreas
[3, 4]. However, extrapancreatic effects of the sul-
fonylurea drugs may also contribute or even enhance
their blood-glucose lowering properties {5, 6).

Recently, a new class of hypoglycemic agents was
detected [7, 8]. Structurally they are derived from
glibenclamide in which the sulfonylurea group is
replaced by a carboxyl or an alkylcarboxyl group.
These compounds also stimulate the release of insu-
lin from the pancreas in vitro [7-9] and in vivo
[8, 10]. Compared to the oral dose of glibenclamide
that of HB 699 has to be larger (~100-fold), however,
for a similar effect on the blood glucose levels after
an oral glucose load since its potency resembles that
of tolbutamide [8, 11, 12].
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With regard to another class of antidiabetic drugs,
the biguanides, and their inhibitory effect on the
small intestinal absorption of glucose [13],
previously, tolbutamide and glibenclamide were
tested in vitro for their effect on rat small intestinal
absorption of sugars [14, 15). Both sulfonylureas
inhibited glucose absorption, but, as concluded from
these studies, the concentrations needed to produce
a substantial effect were probably too high to be
reached in the intestinal lumen after the oral appli-
cation of a therapeutic dose of these drugs. For
HB 699, however, luminal concentrations may be
reached which might influence the absorption of
glucose, thus contributing to extrapancreatic blood-
glucose lowering mechanisms which were supposed
recently. |

We therefore studied the effect of HB 699 as a
representative compound of the new class of hypo-
glycemic drugs on the small intestinal absorption of
sugars and amino acids in vitro and in vivo. A
comparison of the effect of HB 699 with that of
glibenclamide was thought to provide an appropriate
basis for the evaluation of the pharmacological
properties of HB 699. We were also interested in
establishing the extent to which the in vitro effects
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may reflect the situation in an in vivo perfusion
experiment. A preliminary report was given at the
spring meeting of the Deutsche Pharmakologische
Gesellschaft, Mainz, F.R.G., 1985 [16].

MATERIALS AND METHODS

All studies were carried out using the small intes-
tine from non-fasted female Wistar rats (Zen-
tralinstitut fir Versuchstiere, Hannover, F.R.G.)
weighing 150-220 g. For the in vitro preparations,
the animals were sacrificed by stunning and decapi-
tation, and the proximal end of the mid-jejunum
was identified 10-15 cm beyond the duodenojejunal
flexure. A 30-cm segment was quickly exised, everted
over a plastic rod, and chilled in oxygenated Krebs—
Henseleit phosphate (KH) buffer (pH 7.4-7.6). The
in-vivo perfusion of the jejunum was performed on
animals anesthetized intraperitoneally with 70 mg
sodium pentobarbital per kg body weight. The
abdominal cavity was opened and a mid-jejunal seg-
ment was cannulated distally and proximally to pro-
vide a perfusion segment of approx. 20 cm in length.

Tissue accumulation method (everted rings). These
in-vitro experiments were performed by incubating
rings of everted rat jejunum according to previously
described [17] and well established methods [18, 19].
The incubations were carried out in oxygenated
(100% O,) KH buffer at 37°. D-[*H]mannitol
together with unlabeled mannitol (1 mmol/l) was
used to correct for the extracellular space. Tissue
accurnulation or uptake of the solute was expressed
as a distribution ratio:

, St
Tissue uptake = =—
Sm

Solute concentrationintheintracellular fluid volume

Solute concentration in the incubation medium

assuming an intracellular fluid volume of 80% of the
tissue net weight [19]. The tissue uptake rates for the
evaluation of the transport kinetics are expressed as
the change in the intracellular solute concentration
per minute. For the kinetic uptake experiments, the
incubations were carried out for 8 min since within
a 10-min period the tissue uptake was fairly linear
both in the controls and solutions containing inhibi-
tor. This short time period also minimizes the
influence of intracellular solute accumulation on the
results, thus reflecting mainly initial uptake rates
which are required for the kinetic studies.

Everted sac technique. Everted sacs were prepared
by a previously published method [20]. The experi-

ments were performed as described recently [17]:

one sac, 6—7 cm in length, was prepared from each
animal and placed in chilled and oxygenated KH
buffer. Five sacs were used for a single absorption
measurement e.ch prepared from a small intestinal
segment approx. 20cm distal from the duo-
denojejunal flexure. Sacs were filled with oxygenated
KH buffer (0.75 ml) and incubated for 35 min at 37°
in 25-ml Erlenmeyer flasks containing 10 ml KH
buffer. The drugs were administered either at the
mucosal or the serosal side of the preparation and
the transport substrates only at the mucosal side.

B. ELSENHANS ef al

After incubation, the everted sacs were removed,
blotted, opened and the sac fluid collected for analy-
sis. The final serosal substrate concentration is given
to characterize the mucosal-to-serosal transport in
this preparation.

Single-pass perfusion. According to the methods
employed in a recently performed perfusion study
[21], the effect of the drugs on smallintestinal absorp-
tion was also studied using a single-pass perfusion
technique. The perfusion medium was KH buffer.
The transport substrate, either methy! a-D-glucoside
(a-Me-Glc) or leucine, was added at the expense of
sodium chloride if its concentration exceeded
1 mmol/l. Since '4C-labeled transport substrates
were used, *H-PEG 4000 was employed as the imper-
meable volume marker. In all experiments the per-
fusion rate was 0.7 ml/min. In general, a pre-equi-
libration period of 30 min (in order to reach a steady
state for water and solute absorption) was followed
by a 30-min control period (perfusing the KH buffer
without the drugs) during which three or four 10-
min collections of the outflowing perfusate were
obtained for analysis of radioactivity. The control
period was followed by a second equilibration period
of 30min and subsequently by the test period
employing in both these periods the drug to be
tested. Again, three or four 10-min collections were
made during the test period. When not otherwise
expressed, absorption was calculated from these
three or four samples to give a single value for each
animal. For the reversibility experiments, the control
conditions were re-established by reperfusing the
drug-free KH buffer after the test period.

Materials. '*C-labeled transport substrates, 3H-
mannitol and SH-PEG 4000 were purchased from
NEN Chemicals GmbH (Dreieich, F.R.G.). Gli-
benclamide and HB 699 were provided by Hoechst
AG (Frankfurt/M, F.R.G.). Other materials were
obtained from standard commercial sources.

RESULTS

Both drugs, glibenclamide and HB 699, inhibited
the uptake of a-Me-Glc into jejunal rings. The inhi-
bition was strongly dose dependent, as depicted in
Fig. 1. With a 10-min incubation period, 50% inhi-
bition was achieved employing a HB 699 con-
centration of about 6 mmol/l. Longer incubation
periods shifted the dose-dependency curve towards
lower inhibitor concentrations so that a 30-min incu-
bation period resulted in 50% inhibition with a
HB 699 concentration of about 1.5 mmol/1. A similar
pattern was observed for the inhibition of the methyl
a-D-glucoside uptake by glibenclamide. This drug,
however, was only soluble up to a concentration
of about 0.7 mg/ml. Due to these findings, almost
equieffective doses of glibenclamide (1 mmol/l or
0.5 mg/ml) and of HB 699 (4.5 mmol}l or 1.5mg/
ml) were used for the further experiments.

Experiments with everted rings were performed
to study the effect of glibenclamide and HB 699 on
the kinetics of the active transport of a-Me-Glc and
leucine. Both drugs caused a mixed type of inhibition
for both transport substrates, the sugar and the
amino acid, as shown by the Lineweaver-Burk plots
in Fig. 2.
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Fig. 1. Concentration-dependent inhibition of the small intestinal uptake of methyl a-D-glucoside

(1 mmol/1) by glibenclamide (A) and HB 699 (B) in 10-min and 30-min incubations in vitro. The

incubations were carried out in oxygenated Krebs-Henseleit buffer at 37° and 120 cycles/min using
everted mid-jejunal rings. The values are means of six separate determinations (M * SD).

Not only a~-Me-Glc, a non-metabolizable glucose
analog, and leucine uptake were inhibited by both
drugs, but also other transport substrates tested in
the present study (Table 1). Of the substrates trans-
portea by Na*-dependent carriers, the amino acids
were slightly more affected by the two drugs than
the monosaccharides. The uptake of fructose,
assumed to be Na*-independent, was preferentially
inhibited by glibenclamide to a slight extent. In gen-
eral, HB 699 did cause slightly lower inhibition than
glibenclamide. This, however, was probably due to
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the estimation of the equieffective doses according
to the experiment shown in Fig. 1.

Additionally the effect of the drugs on the
mucosal-to-serosal transport of a-Me-Glc was inves-
tigated using the everted sac technique (Table 2).
Active transport was again inhibited when the drugs
were administered at the mucosal side of the prep-
aration. A slight increase in the passive permeability,
as measured by an increased concentration of man-
nitol in the serosal sac fluid was observed for both
drugs, but was not found to be statistically significant.

v Leu

{min-t/mmot|

1S {l/mmol)
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Fig. 2. Kinetic analysis of the in-vitro effect of glibenclamide and HB 699 on the intestinal uptake of

methyl a-D-glucoside (a-Me-Glc) and leucine (Leu). The 8-min incubations were carried out in oxy-

genated Krebs—Henseleit buffer at 37° and 120 cycles/min using everted mid-jejunal rings. The results

are means of four separate experiments and are plotted according to Lineweaver-Burk. Additional

note: The V., values from the four individual test experiments (HB 699, a-Me-Glc; 1.74 = 0.39

mmol -1~ - min™') are significantly different (P < 0.05, paired ¢-test) from the corresponding V., values
from the control experiments (a-Me-Glc; 2.03 = 0.53 mmol - 17! -min™1).
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Table 1. Effect of the two hypoglycemic agents on the in vitro uptake of various solutes in rat
jejunum

Tissue uptake (S1/Sy)

Solute Glibenclamide % of HB 699 % of
(1 mmol/1) Control (1 mmol/1) control (4.5 mmol/1) control
a-Me-Glc 5.05+1.46 3.03 x0.91* 60 3.74 £ 1.01 74
Gal 2.27+0.57 1.61 = 0.41* 71 1.82 +0.54 80
Fru 0.40 = 0.07 0.12 = 0.08% 30 0.26 £ 0.12* 65
Leu 4.66 £ 1.26 2,28 = 0.61% 49 2.52 £ 0.61% 54
ACPC 2.66 = 0.51 1.46 = 0.16% 55 1.89 + 0.48* 71

Tissue uptake was determined in 10-min incubations which were carried out in oxygenated
Krebs-Henseleit phosphate buffer at 37° using everted rings of rat jejunum (tissue accumulation
technique). Mean = SD (N = 6) *P < 0.05; P < 0.005; significance is related to the control
incubation where no drug was added (unpaired Student’s t-test). a-Me-Glc, methyl a-D-glucoside;
Gal, galactose; Fru. fructose; Leu, leucine; ACPC, l-amino-cyclopentane-1-carboxylic acid

(cycloleucine).

Application of the inhibitors at the serosal side of
the everted sac did not cause significant differences
in the serosal substrate concentration compared to
that of the controls. Furthermore, it should be
pointed out that the serosal substrate concentration
in the control was higher than the mucosal con-
centration, demonstrating the active transport of a-
Me-Glc against its concentration gradient across the
epithelium.

The in vitro inhibition was found to be irreversible
as washing of the tissue with a drug-free buffer did
not restore a-Me-Glc-uptake rates after pretreat-
ment, (10-min incubation) of everted rings in the
incubation medium containing the test drug (unpub-
lished results).

Employing the single-pass perfusion technique
with inhibitor concentrations of 1 and 4.5 mmol/1 for
glibenclamide and HB 699, respectively, the in vivo
absorption of a-Me-Glc was impaired equally by

both drugs. At a solute concentration of 1 mmol/!
not only the extent but also the time course of
inhibition by the two drugs were quite comparable
(Fig. 3). As already suggested by the results of the
in vitro experiments, inhibition in vivo was not
reversible. In the present perfusion system the inhi-
bition of the absorption of &Me-Glc by gli-
benclamide and HB 699 persisted or even increased
with time despite reperfusion of the drug-free control
medium.

Although a steady state of the inhibition by the
two drugs was not achieved after a 1-hr perfusion
period with perfusate containing the test drug, this
period was considered to be sufficient to evaluate
the inhibitory effect of glibenclamide and HB 699
on the concentration-dependent absorption of some
actively transported solutes. Therefore, the 40-, 50-,
and 60-min sample of the test period (see Fig. 3),
corresponding to a total perfusion period of 100, 110,

Table 2. Effect of glibenciamide and HB 699 on the mucosal-to-serosal
transport of methyl a-D-glucoside and mannitol

Incubation medium
mucosal concentration (mmol/1)

a-Me-Glc 1.00
Mannitol 1.00

Sac content
serosal concentration (mmol/1)
Control

Mucosal glibenclamide

a-Me-Glc 1.81 + 0.48
Mannitol 0.13 + 0.05
a-Me-Glc 0.41 % 0.09*

(1 mmol/l) Mannitol 0.17 = 0.03
Mucosal HB 699 a-Me-Glc 0.41 = 0.14*

(4.5 mmol/i) Mannitol 0.17 + 0.02
Serosal glibenclamide a-Me-Glc 1.74 *+ 0.55

(1 mmol/1) Mannitol 0.13 = 0.03

Serosal HB 699
(4.5 mmol/1)

a-Me-Glc 1.43 = 0.49
Mannitol 0.16 = 0.03

Incubations were carried out in oxygenated Krebs—-Henseleit buffer
at 37° for 35 min using everted sacs of rat jejunum. The mucosal
concentration of methyl a-p-glucoside and mannitol is given for the
beginning of the experiment; serosal concentrations are those
measured at the end of the incubations. Mean + SD (N = 5) *P < 0.01
(related to the control); others are not significantly different from the

control (unpaired Student’s r-test).
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Fig. 3. Small-intestinal perfusion of glibenclamide and
HB 699. The influence of the drugs on the absorption of
methy! a-D-glucoside (1 mmol/1) was studied in vivo by a
single-pass perfusion technique using the mid-jejunum of
pentobarbital-anesthetized rats. The perfusion medium
(Krebs-Henseleit buffer) contained the drug only in the
1-hr test period. During control periods a drug-free
buffer was perfused. Perfusion rate: 0.7 ml/min; M % SD
(N=9).

and 120 min, respectively, were chosen to determine
the effect of the two drugs on the absorption of a-
Me-Glc (Fig. 4). The absorption pattern of the solute
was similarly changed in the presence of the two
inhibitors. Despite a superimposed linear diffusion
component—a typical feature of these in vivo per-
fusion experiments [21]—the control conditions
revealed a saturation characteristic of the con-
centration-dependent absorption of a-Me-Glc.
Addition of glibenclamide or HB 699 to the perfusate
changed this pattern into a more linear relationship
between solute concentration and rate of absorption.
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o
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This indicates inhibition of the active, i.e. the satu-
rable, transport system. At solute concentrations
below 20 mmol/1, absorption rates were significantly
lower in the presence of the drugs compared to those
obtained under control conditions. Above solute
concentrations of ~30mmol/l absorption rates
although statistically not significant were increased
in the presence of glibenclamide or HB 699.
Obviously the absorption of leucine was influenced
by the two drugs in a similat manner (Table 3).
Finally it should be mentioned that the water net
absorption was not significantly altered by the pres-
ence of the drugs as judged by monitoring the con-
centration of the volume marker PEG 4000 during
perfusion.

DISCUSSION

In the present investigation HB 699 and gli-
benclamide inhibited rat intestinal active transport
of sugars and amino acids in vitro and in vivo.
Employing equieffective doses, the mode and speci-
ficity of the inhibition by the two drugs was similar
even under the various experimental conditions. This
is remarkable since these doses were chosen only
from the results of in vitro experiments using everted
small-intestinal rings and a~-Me-Glc as transport sub-
strate. This behaviour of the drugs certainly suggests
common mechanisms for their inhibitory effect.

The results of the present in vitro experiments with
glibenclamide do not differ greatly from previous
in vitro findings [14, 15]. In those studies, glucose
uptake into the mucosal tissue of everted sacs was
inhibited by about 40% by the drug (0.4 mmol/1)
during a 1-hr incubation period. This value is com-
parable to that we obtained with everted rings after
30 min. In addition, previously reported [15] values
on the inhibition of the mucosal-to-serosal transport
of glucose in everted sacs of about 50% (gli-
benclamide concentration 0.15 mmol/l) after a 30-
min incubation period are broadly similar to values

B

HB 699

{4.5mmol/l) T'-

—_
40
x-Methyl-D-glucoside concentration {mmol /()

U T T
20 40

0

Fig. 4. Effect of small-intestinal perfusion of glibenclamide (A) and HB 699 (B) on the concentration-
dependent absorption of methyl a-D-glucoside in vivo. A single-pass perfusion technique was used in
the mid-jejunum. After perfusion of the drug-free control medium and determination of the control
value for one a-Me-Glc concentration, the effect of the drug was determined at this concentration in a

subsequent test period in the same animal. Perfusion rate: 0.7 ml/min; control (drug free): O

test (drug added): @——@; M = SD (N = 7) *P < 0.05 (unpaired Student’s t-test).
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Table 3. In vivo effect of glibenclamide and HB 699 on the absorption of leucine

Absorption (nmol-cm™' - min™!)

Perfusion medium Control + Drug
(A) Glibenclamide (1 mmol/1)

Leu 1 mmol/l 6.08 = 1.02 4.02 = 0.70*

Leu 40 mmol/l 173.6 = 38.1 192.0 + 30.5
(B) HB 699 (4.5 mmol/)

Leu 1 mmol/l 5.52+0.99 4.12 +0.82*

Leu 40 mmol/1 185.9 +26.4 200.6 = 20.4

A single-pass perfusion technique was used in the mid-jejunum. After perfusion
of the drug-free control medium and determining of the control value, the effect
of the drug was determined in a subsequent test period in the same animal (for
further details see Methods). M = SD (N = 7); *P < 0.05 (unpaired Student’s -

test).

of about 80% inhibition of the transport of a-Me-
Glc under the present conditions. A recent study
employing the sulfonylurea glipentide [22]—a drug
structurally resembling glibenclamide [23]—also
showed comparable inhibition of galactose transport
in rat small intestine in vitro. Differences between
the results including the corresponding interpret-
ations of the present and previous studies [14, 15, 22]
are certainly due to the use of different experimental
methods and procedures. In this connection it may
be of some significance that we used mannitol as
an extracellular space marker for our in vitro and
PEG 4000 as an impermeable volume marker for our
in vivo experiments.

As shown by our experiments, the longer the
exposure of the tissue to the drugs the lower is the
drug concentration required to produce the same
degree of inhibition. Therefore it is plausible that
the previous investigations [14, 15, 22] demonstrated
inhibition of small intestinal sugar transport at lower
drug concentrations than those required for the
short-term experiments in the present study.

The inhibition of the sugar or amino acid transport
or uptake was not able to be reversed either in vitro
or in vivo under the conditions employed. These
findings are in contrast to a certain extent with a
previous interpretation of the results of everted-sac
experiments [14] which suggested a slow restoration
of the glucose transport after omitting glibenclamide
from the incubation medium. However, in these
studies no distinction was made between active and
passive transport routes. Our results indicate rather
that a certain drug accumulation might be required
for the inhibition of active transport processes and
for a simultaneous increase of the passive diffusion.

The short-term incubations with everted rings per-
formed in our study were thought to provide some
information on the effect of the drugs on the active,
Na*-dependent uptake step. The mixed type of inhi-
bition caused by the two drugs means that the affinity
of the transport substrates for the carrier (K, effect)
as well as the activity of the carrier itself (V,,,, effect)
are affected. An altered intracellular metabolism of
the transport substrate, as suggested previously
[14, 15], may not be the reason because the present
kinetic experiments were performed with methyl a-
L-glucoside, a non-metabolisable D-glucose analog.

Since a direct effect of the drugs on the sugar-binding
moiety of the carrier, as seen for the inhibition of
sugar uptake by phlorizin [24], appears unlikely due
to the structural dissimilarity between sugar and
drug, an interference with the sodium-binding site
might be proposed. Recently, it was discussed
whether the Na* concentration available for active,
Na*-dependent transport processes in the intestine
in general may affect both transport parameters (K,
and V,,,,) making mixed-type kinetics unavoidable
[25-27]. The interference proposed may not be
merely a displacement of sodium ions which is
thought to produce only a K, effect, e.g. seen with
harmaline [28, 29], or polycations [17], but could be
of a more unspecific nature, e.g. alteration of the
carrier or the membrane, or both, as suggested for
the effect of certain arylalkylamines [29]. An
unspecific interaction with membrane transport sys-
tems may also be indicated by the inhibition of
fructose uptake, a mechanism of facilitated diffusion
not mediated by a Na*-dependent -carrier
mechanism.

Not only in vitro, but also in vivo transport of
methyl a-D-glucoside was inhibited by both drugs.
A tentative analysis of the perfusion experiments
revealed an inhibition of the active transport com-
ponent whereas passive diffusion was enhanced
so that above a solute concentration of about 30
mmol/l a slight increase in the absorption of a-Me-
Glc and leucine was observed. These findings are
not necessarily in contrast to a previous study [22]
which demonstrated inhibition of small-intestinal
sugar transport at a galactose concentration of
80 mmol/l by glipentide. The conditions, i.e. 10-
min multiple-pass perfusion experiments, were not
comparable to the ones employed in our study; due
to the short-term perfusion, the results may reflect
the inhibition of sugar uptake into the tissue rather
than the effect on the entire transport process.

In conclusion, HB 699, a non-sulfonylurea drug,
inhibited the small-intestinal absorption of sugars
and amino acids in the same way as the sulfonylurea
glibenclamide. The effect was predominantly an inhi-
bition of carrier-mediated and active transport; in
addition, as seen particularly in vivo, passive dif-
fusion was enhanced in the presence of the two drugs.
These properties may not be of great significance for
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glibenclamide, as pointed out previously [14], since
the average single oral dose of 2-5 mg is unlikely to
cause luminal concentrations high enough to produce
effects as seen in our study. However, a single oral
dose of HB 699 may be as high as 500 mg resulting
in luminal concentrations sufficient to impair active
transport of sugars, thereby contributing to the
blood-glucose lowering properties of this drug.

In this connection it is worth mentioning recent
findings about the action of HB 699 in humans.*
In these studies it was shown that, in contrast to
glibenclamide, HB 699 counteracted hyperglycemia
induced by an oral glucose load without stimulating
insulin release. Active transport in the small intestine
may play an important role in triggering and regu-
lating gastrointestinal hormone responses to ingested
food. Thus, it was shown that the secretion of gastric
inhibitory polypeptide (GIP), a hormone which
potentiates the release of insulin, was inhibited by
blocking the small-intestinal, active transport of glu-
cose [30] by phlorizin or prenylamin. HB 699 might
act in a similar fashion, at least partly explaining the
findings mentioned above. Finally it is conceivable
that the hypoglycemic mechanisms of oral anti-
diabetic drugs—particularly those of the class of
benzoic acid derivatives such as HB 699—have smalli-
intestinal components which might be as important
as their effects on the pancreas.
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