Effects of Acarbose on Fecal Nutrients, Colonic pH, and Short-Chain Fatty Acids
and Rectal Proliferative Indices

Peter R. Holt, Evren Atillasoy, John Lindenbaum, Sam B. Ho, Joanne R. Lupton, Donald McMahon,
and Steven F. Moss

Acarbose, an a-glycosidase inhibitor, treats diabetes mellitus by delaying the digestion and intestinal absorption of dietary
carbohydrates. In effective doses, acarbose induces some passage of carbohydrates into the colon. The effect of such chronic
carbohydrate transfer on colonic structure and function is unknown. We studied the effects of 1 year of acarbose administration
in diabetes mellitus on fecal energy, protein, and fat, including short-chain fatty acids (SCFA) output, fecal pH, and several
metabolizing bacterial species. Changes in colonic histology and epithelial cell proliferation were investigated in rectal
biopsies. Fecal macronutrient output was unaffected by acarbose, but pH decreased and total SCFA, butyrate, and acetate
output were markedly greater. Breath hydrogen output increased after acarbose, but digoxin-metabolizing bacteria and
diacylglycerol (DAG) production were unaltered. Compared with the control, acarbose did not induce hyperplasia or change
rectal proliferation. However, total fecal SCFA and butyrate output correlated inversely with proliferation in the rectal upper
crypt—a biomarker of risk for colonic neoplasia. In conclusion, long-term acarbose administration does not adversely affect
colonic function or fecal nutrient output. If increased fecal SCFA and butyrate reduces upper-crypt proliferation, then acarbose

may reduce the risk of colonic neoplasia.
Copyright © 1996 by W.B. Saunders Company

ECENTLY, a novel group of therapeutic agents have
been added to the treatment of diabetes mellitus.
These are enzyme inhibitors that impede the hydrolysis of
polysaccharides and disaccharides to absorbable monosac-
charides in the intestinal lumen. They delay the absorption
of carbohydrates in the proximal small intestine and thereby
reduce postprandial blood glucose profiles. Acarbose, a
mostly nonabsorbable inhibitor of intestinal sucrase-
isomaltase and intraluminal amylase activity at physiologic
substrate concentrations,! has been used successfully in
Europe? and Canada’ to treat diabetes mellitus. The drug
recently has been approved for use in the United States by
the Food and Drug Administration. The tolerable dose of
a-glycosidase inhibitors is determined by abdominal symp-
toms* resulting from the passage of unabsorbed carbohy-
drate into the colon. Unabsorbed carbohydrate in the colon
is metabolized to osmotically more active carbohydrate
metabolites such as monosaccharides, which then can be
further broken down to short-chain fatty acids (SCFA) and
gases such as hydrogen and methane.> These metabolites
may themselves directly affect colonic structure and func-
tion.

Since the potential long-term consequences of such
carbohydrate malabsorption and metabolism are not known,
the present studies were designed to determine the effects
of acarbose on fecal output of energy and several fecal
components including pH, fat, nitrogen, and SCFA. In
addition, we analyzed the potential effects of acarbose
treatment on colonic bacteria by determining changes in
breath hydrogen output, digitalis-metabolizing bacteria
concentration, and diacylglycerol (DAG) production. Fur-
thermore, because of the putative antineoplastic effects of
SCFA, the consequences of long-term acarbose administra-
tion for several proliferative markers were also determined
in biopsies obtained at the start and end of 1 year of
treatment.

SUBJECTS AND METHODS

The patients (volunteers) that participated in this study were a
subgroup of individuals being studied nationally to evaluate the
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long-term safety and tolerance of acarbose in patients with diabe-
tes mellitus. This study was conducted at two centers, St. Luke’s-
Roosevelt Hospital Center in New York City and Minneapolis
Veterans Administration Hospital in Minneapolis, MN. These
diabetic patients were receiving diet therapy alone or oral antidia-
betic medications and/or insulin therapy. At these two centers,
consecutive subjects who did not have treatment contraindications
and who agreed to participate were entered. All subjects signed a
separate informed-consent form. Twenty-seven subjects were en-
tered from the St. Luke’s site and 18 from Minneapolis. The
patients did not have a personal or family history of colon
neoplasia, and were randomly assigned to treatments such that 15
of these 45 subjects received placebo pills formulated to be
identical to the study medication and 30 received acarbose at a
dose varying from 50 to 300 mg three times daily. At the onset of
the study, acarbose-treated subjects received 50 mg of the drug
three times daily taken with the first bite of each meal. After 2
weeks, the same dosing regimen of acarbose was increased by
titration to 100 mg three times daily, to 200 mg three times daily 2
weeks later, and, in some subjects, to 300 mg three times daily 2
weeks after that (Fig 1). Titration was based on tolerance. For the
remainder of the study, each subject received their maximum
tolerated dose. Placebo-treated subjects received an identical
dummy pill in this double-blind study.

The study was approved by the Institutional Review Board of St.
Luke’s-Roosevelt Institute of Health Sciences on December 19,
1990, and by the Human Studies Committee of the Minneapolis
Veterans Administration Medical Center on January 28, 1991.

From the Gastroenterology Division, Department of Medicine, St.
Luke’s-Roosevelt Hospital Center, Columbia University, New York,
NY; Texas A&M University, College Station, TX; Columbia Presbyte-
rian Medical Center, College of Physicians and Surgeons of Columbia
University, New York, NY; and Minneapolis Veterans Administration
Medical Center, Minneapolis, MN.

Submitted January 9, 1996; accepted March 27, 1996.

Supported by the National Institutes of Health (ROI CA 61750 to
JR.L.).

Address reprint requests to Peter R. Holt, MD, Division of Gastroen-
terology, Department of Medicine, St. Luke’s-Roosevelt Hospital
Center, S&R 12, 1111 Amsterdam Ave, New York, NY 10025.

Copyright © 1996 by W.B. Saunders Company

0026-0495/96/4509-0021303.00/0

1179



1180

Study Start Mid Point Study End
300 mg
soma ] 100mg 20% mg tid
Acarbose m9 tid f
tid
Placebo
L I l l l |
0 2 4 6 14 56
WEEKS

Fig 1. Diagram of overall design of the study.

Overall Methodology

The analyses were performed on all subjects at entry to the study
and at study completion after 56 weeks of treatment (Fig 1). In
addition, several fécal components were evaluated at an intermedi-
ate time point (midpoint) approximately 14 weeks after the start of
the study, at least 6 to 8 weeks after the acarbose-treated subjects
reached their maximum dose of medication. At study start and
study end, a 3-day stool sample was collected for quantitative
analysis of fecal-component concentrations and outputs, and a
rectal biopsy and bieath hydrogen testing were performed. At
midpoint, a single stool sample was collected for analysis of
concentrations of fecal components, and breath hydrogen level was
also measured to determine hydrogen output.

Detailed Methodology

Quantitative fecal output. A 3-day stool collection was per-
formed in the home as previously described® at study start and
study end. The patients were provided a disposable fecal collection
apparatus that is attachable to toilet seats. Feces were collected
directly into plastic bags attached to the toilet collection apparatus.
After ea_ch bowel movement, the stool was double-bagged and
immediately placed into a container with dry ice. The subjects were
sent dry ice containers on the afternoon before beginning the 3-day
stool collection, with sufficient ice to last for more than 3 days.
Each stool sample was separately placed into the container, which
was returned to the laboratory as soon as the 3-day collection was
completed. The stools were then kept at —80°C until analysis. The
sirigle stool sample at the study midpoint was brought to the
laboratory within 1 hour of collection.

Breath hydrogen determination. End-expiratory breath hydro-
gen concentrations were determined twice during fasting and then
hourly for 8 hours, as previously described from this laboratory,57
after ingestion of 2 tablets of acarbose (100 mg) and a standard
breakfast The standard breakfast consisted of 4 oz of orange juice,
2 lices of whole wheat bread, 2 teaspoons of margarine, 1 oz of
odtmeal, and 1 slice of American cheese, and contained 371 kcal
with 55.4% as carbohydrate, 10.3% as protein, and 34.3% as fat.
On the évening before breath hydrogen analysis, subjects were
instructed to take small amounts of carbohydrates, in the form of
complex carbohydrate only, in the evening meal. To avoid hypogly-
cemia, the patient’s normal dose of antidiabetic medication was
reduced by one third and taken 15 minutes before the standard
breakfast. In addition, subjects were permitted to eat a small
standard Iunch consisting of 1 cup of creamed cottage cheese, 4 oz
of water, and packed peaches (250 kcal energy: 21%. as carbohy-
drate, 44% as protein, and 35% as fat) approximately 5 hours after
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initiation of the breath hydrogen test. Breath hydrogen level was
measured by gas chromatography, and both peak concentration
and integrated output over the 8-hour period were determined.®

Rectal biopsy procedures. Flexible sigmoidoscopy was per-
formed between 8 and 10 AM, and the fasting subjects were
prepared for the procedure with a tap water enema (60 mL). A
total of four to six biopsies were obtained in four quadrants of the
rectum 10 to 15 cm from the anal verge. Biopsies were immediately
placed into gassed Eagle’s minimal essential transport medium,
and within 10 minutes were cut into 2 X 3-mm sections, orientéd,
and incubated for 90 minutes in Eagle’s minimal essential culture
medium with 10% fetal calf serum containing 5 pCi *H-TdR/mL as
previously described.?

Details of Chemical Methods

Quantitative outpuit of fecal components. The fecal collection
was weighed, and aliquots of the frozen stool were taken to
determine water content, pH, digoxin-metabolizing bacteria, DAG,
and SCFA composition. Initial analyses showed that there were no
significant differences in these determinations in samples taken
from different parts of the stool. However, in general, two or three
portions of the stool were taken and analyzed together. The
remainder of the stool was defrosted, diluted with an equal
quantity of water, and homogenized by standard methods in a paint
shaker. Aliquots of the homogenized stool were dried again to
constant weight to determine water content. Total fat was deter-
minéd by gravimetric analysis,? total nitrogen by a micro-Kjeldahl
technique (total protein content estimated by multiplying by a
factor of 6.25),1 and total energy by bomb cadlorimetry.l!

Total daily output of energy, fat, and protein was calculated by
multiplying the calorie, protein, or fat content of the weighed
aliquot by the mean fecal excretion per day. The output of other
components—presumably principally carbohydrate from fiber and
cell wall components—was determined by subtracting the calorie
content of fecal fat and protein from total fecal calorie output.

pH was determined in duplicate or triplicate using a micro-type
probe; digoxin-metabolizing bacteria as previously described!?13;
DAG by lipid extraction, thin-layer chromatography, and densitom-
etry as previously described from this laboratory'®; and total and
individual SCFA by gas chromatography.'S Briefly, samples were
placed in liquid nitrogen and ground to a fine powder with a chilled
mortar and pestle. Approximately 0.3 g powdered sample was
weighed accurately into a 1.5-mL microcentrifuge tube, to which
500 pL 3-mmol/L 2-ethyl butyric acid in 70% ethanol was added as
internal standard. Each tube was vortexed and stored at 4°C
overnight. Afterward, the tubes were shaken for 20 minutes.
Samples were then centrifuged for 20 minutes at 11,500 X g at 4°C.
After centrifugation, the resulting supernatant was combined with
a second internal standard (heptanoic acid). Immediately before
injection, 20 wL 10% H3PO4 was added to each vial, and 1 uL was
injected onto the gas chromatograph. Fatty acids were separated
using a Hewlett Packard 589 Series IT Gas Chromatograph (Corval-
lis, OR) with a flame ionization detector equipped with a 30-m,
0.53-mm ID, HPFFAP-TPA capillary column and a 1-m, 0.53-mm
ID deactivated glass capillary precolumn. Chromatography condi-
tions were as previously described.’®> SCFA standards containing
2-ethyl butyric acid, heptanoic acid, and H;PO4 were chromato-
graphed at the beginning and end of daily sample analyses. Blanks
contdining only internal-standard solutions in 70% ethanol were
also chromatographed daily. Response factors and retention times
for individual fatty acids were determined from results of the daily
standard analyses. Concentrations of SCFA were calculated by
comparing peaks with known standards and correcting for recovery.
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Rectal Biopsy Proliferative Kinetics

Specimens were incubated in a moistened atmosphere of 95%
O, and 5% CO; at 2x atmospheric pressure at 37°C in the
3H-thymidine-containing medium in a rocking platform chamber.
They were then washed, oriented, dehydrated, and fixed in 10%
Formalin (three to four specimens) and/or 95% ethanol (two
specimens). The specimens were then handled by routine histo-
pathological methods, cut at 4-um thickness, and processed for
autoradiography.® Twelve to 28 crypts were counted per biopsy
specimen. The positions of 3H-labeled cells within colonic crypt
columns were standardized in each subject, and the height of
labeled epithelial cells was measured and expressed in a uniform
manner.!® For measuring the distribution of labeled cells, each
labeled cell was assigned a crypt coordinate value between 0 and 1
and equal to the fraction of the location of the cell above the base
of its crypt column.!® Labeling of the upper crypt, which is one
index of neoplastic risk, was evaluated by determination of labeling
of nuclei within compartment 4 (crypt coordinate value, 0.61 to
0.80) and ® h.1® @ h is a measure of the percent of proliferating
cells in the upper 40% of the crypt.

Statistical Methods

All tests were two-tailed and performed at the 5% significance
level. Analyses were performed with SAS (Cary, NC) version 6.04
PROC ¢ test, with experimental group (acarbose or control) as the
CLASS variable. The ¢ tests were performed on all available
measures at each visit for all three of the raw concentration, total
output, and chromjum-adjusted values. To test the difference
between experimental groups or the change between two time
points, a difference score was calculated with the earlier time point
value subtracted from the later time point value: thus, the study
end propionic acid concentration minus the study start propionic
acid concentration became the study end to beginning propionic
acid concentration difference score. Again, experimental group
formed the SAS CLASS variable for the comparison of difference
score means for the two groups. All P values are reported after
undergoing evaluation for equality of variances according to the
SAS method of calculating a two-tailed folded F test. For variances
with this F test yiclding a P value for the equality of variances
greater than 5%, the P value associated with the ¢ test assuming
equal variance is reported. For variances with this F test producing
P values less than 5%, the P value associated with the test
comparing means uses a test adjusted for unequal variances by
reducing the degrees of freedom for the critical ¢ value according to
methods attributed by the SAS manuals to Satterthwaite.!” Within-
group changes were evaluated with ¢ tests and repeated-measures
ANOVA.

RESULTS
Patients

All 15 placebo-treated subjects and 24 of 30 subjects
receiving acarbose completed the 12-month study. Three
acarbose-treated subjects withdrew from the study between
the start and the midpoint collection, and the other three
patients withdrew between the midpoint and end-point
collection. The reasons for withdrawing from the study for
five subjects were medication side effects, principally exces-
sive flatus and/or abdominal cramps, and, for one, a
coincidental illness. Symptom complaints were greater with
increasing doses of acarbose.
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Fecal Weight, Water Content, and pH

In placebo subjects, neither fecal wet weight (Fig 2) nor
dry weight differed significantly in the 1-year study period.
In acarbose-treated subjects, wet weight increased by 43%
(155v 221 g, P < .01; Fig 2) and dry weight by 37% (56.7 v
413 g, P < .01; data not shown). In acarbose-treated
subjects, there was a significant increase in mean fecal
water output, from 114 =+ 10.5 to 166 + 20.6 mL/d
(P < .05). At study start, fecal pH was identical in the two
groups (pH 6.9; Fig 3). At the midpoint, the mean fecal pH
in acarbose-treated subjects was less than in placebo
subjects, but this did not reach significance (P < .08). At
the end point, fecal pH in acarbose subjects was 6.3 + 0.1
and in controls 7.0 = 0.1 (P < .001). Analysis of differ-
ences in pH also showed a significant difference only
between the midpoint and final end-point collection.

Fecal Excretion of Macronutrients

Macronutrient excretion was calculated as calorie, fat,
and nitrogen content and output and as “other” deter-
mined by subtracting the calculated fecal energy from fat
and nitrogen output from total fecal calorie output. There
were no significant differences in the concentration of fecal
components per gram fecal dry weight.

Daily fecal output of energy, nitrogen, fat, or “other
components” did not differ at study start between placebo-
and acarbose-treated subjects (Fig 4). At study end, output
of total energy and nitrogen was slightly higher in acarbose-
treated subjects than in those receiving placebo, but these
differences did not reach significance (Fig 4). Furthermore,
calculated differences in individual subjects across the
study also did not differ significantly between placebo- and
acarbose-treated subjects.

Fecal SCFA Output

There were no significant differences in fecal total SCFA
concentrations between placebo- and acarbose-treated sub-
jects at any time (Table 1). There also were no differences
in total daily SCFA output between placebo- and acarbose-
treated subjects at study start, but total outputs in acarbose-
treated subjects at study end increased by 212% and were
significantly different (P < .01; Fig 5).

Analysis of individual SCFA showed no differences in
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Fig2. Fecal wet weight in placebo- and acarbose-treated subjects.
Data are presented as mean fecal weight with bars designating SE in
all subjects at the time points shown. *P < .05,
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Fig3. Fecal pH in placebo- and acarbose-treated subjects. Data are
presented as the mean pH with bars designating SE in all subjects at
the time points shown. ***P < ,001. Differences between start and
midpoint were also significant (P < .05) when calculated for the
change in each subject individually.

fecal concentration per gram dry weight at any of the study
periods (Table 1). However, total outputs of butyric acid
(Fig 5) and acetic and propionic acids (data not shown)
were significantly greater in acarbose-treated subjects than
in the placebo group at study end.

Analysis of the distribution of SCFA in the feces calcu-
lated as a percent of total SCFA is shown in Table 2. The
percent of SCFA present as butyrate in acarbose-treated
subjects was significantly greater than in controls at study
end.

Fecal Digoxin-Metabolizing Bacteria and DAG Content

Digoxin-metabolizing bacteria were cultured from the
feces of the majority of subjects in the placebo- and
acarbose-treated groups throughout the study. The number

Total Caloric Nitrogen
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Fig 4. . Fecal output of energy, fat, and nitrogen in placebo- (CJ) and
acarbose-treated {f) subjects. Data are presented as the mean output
with bars designating SE in all subjects at the time points shown.
There were no significant differences {P > .05) between the 2 groups
at any time point or when calculated for the change in each subject
individually. Other energy, energy not accounted for by fecal output of
fat and nitrogen.
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Table 1. Effect of Acarbose on Fecal SCFA Concentrations

Parameter Placebo*t Acarbose*
Total SCFA

Start 319 £ 41 310 = 32t

Midpoint 504 = 93 457 + 48§

End 452 + 190 435 * 35|
Acetic acid

Start 198 + 28 227 + 40t

Midpoint 267 = 52 274 = 27%

End 253 + 103 263 = 21|
Butyric acid

Start 5329 57.4 = 8%

Midpoint 126.0 = 42 114.0 = 188

End 75.9 £ 38 75.6 = 10
Propionic acid

Start 425 7 58.6 = 10%

Midpoint 62.4 = 12 65.5 = 11§

End 66.9 = 32 64.2 = 8|

NOTE. Data are the mean = SE for the number of subjects in whom
complete data were available. No significant differences between total
or individual SCFA were found when comparing placebo- and acarbose-
treated patients.

*mmol/g dry weight.

tn=15.
¥n = 30.
&n = 27.
n=24.

of digoxin-reducing bacteria was generally stable in both
groups. A change in the concentration of these bacteria that
was considered significant (a concentration increase or
decrease >3 log/g feces) was only detected in approxi-
mately 10% of subjects in either group. There was a slight
reduction in the concentration of organisms at the midpoint
in acarbose-treated subjects {Table 3) that may have been
in part due to increased fecal water content.

Fecal DAG production did not change significantly
throughout the study in either subject group (Table 4).

Breath Hydrogen Analysis

Breath hydrogen output calculated as total output or as
total minus baseline output did not differ at the start of the
study between placebo- and acarbose-treated subjects (Fig
6). However, breath hydrogen output was significantly
greater in acarbose-treated subjects versus placebo-treated

Total SCFA Butyrate
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Fig 5. Fecal output of total SCFA and butyric acid in placebo {{(7)
and acarbose-treated (%) subjects. Data are presented as the mean
output with bars designating SE in all subjects at the time points
shown. **P < .01.
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Table 2. SCFA Distribution in Placebo- and Acarbose-Treated

Subjects
Placebo Acarbose
Start Midpoint Start Midpoint

SCFA No. (%) (%) End (%) No. (%) {%) End (%)
Acetic 15 594 54.8 59.9 23 54.6 61.1f 63.28
Propionic 15 128 123 149 24 171 126% 136
Butyric 15 150 19.9 126 23 17.7 211% 17.9%
Isobutyric 15 3.3 3.0 33 24 28 1.4% 1.7%8
Isovaleric 15 3.7 3.4 40 23 44 1.9% @ 2.2%
Valeric 15 26 24 25 23 28 21% 1.88
Other 15 3.2 4.2 28 23 06 O 0

NOTE. Results are the mean percent in the number of subjects for
whom complete data were available.

*P < .05, acarbose v placebo.

1P < .01, acarbose v piacebo.

1P < .05, acarbose start v midpoint.

8P < .05, acarbose startv end.

[P < .001, acarbose start v midpoint.

subjects at both the midpoint and end point. No differences
in breath hydrogen output were found between the mid-
point and end point in acarbose-treated subjects (Fig 6).

Changes in Rectal Crypt Proliferative Kinetics

The results of studies of rectal crypt proliferative indices
are shown in Table 5. Crypt cell number did not differ in the
two groups of subjects at study start or study end, indicating
that there was no evidence of crypt cell hyperplasia.
Furthermore, the number of labeled cells per crypt did not
differ significantly at the two study periods, but there was a
modest reduction in placebo-treated subjects from 4.5
labeled cells per crypt at study start to 3.46 at study end
(P = .09). The labeling index in the whole crypt decreased
significantly in placebo-treated subjects from a mean of
9.3 +0.8t06.9 = 0.6 (P < .04). There was no difference in
acarbose-treated subjects.

To further explore the effect of changes in colonic
luminal contents on proliferative kinetics, correlations were
determined between changes in fecal composition and the
whole crypt cell labeling index, the ® h labeling index, and
the compartment 4 labeling index (Table 6). No significant
correlations were detected between proliferative indices
and breath hydrogen output, fecal DAG concentration,
fecal pH, or fecal propionic acid concentration or output.
However, combining the data from both placebo- and
acarbose-treated subjects, multiple negative correlations
between total fecal SCFA and rectal crypt labeling indices
were found. Total SCFA concentrations and output showed

Table 3. Fecal Digoxin-Metabolizing Bacteria in Placebo- and
Acarbose-Treated Subjects (log organisms/g)

Time Placebo Acarbose P
Start 3.3+0.7(n=15) 2.8 £ 0.5 (n = 30) .55
Midpoint 3.7 £ 0.6 {(n=15) 21+04(nh=27) .04
End 3.7 £ 0.5 (n = 15) 2.3 05 (n=24) .07

NOTE. Results are the mean =+ SE log of the number of organisms per
gram wet feces in the number of subjects fromwhom specimens were
available. Total fecal output of organisms did not differ in the 2 groups.
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Table 4. Fecal DAG in Placebo- and Acarbose-Treated Subjects

DAG Placebo Acarbose

Concentration {(mmol/fecal

g dry weight)
Start 1.05 = 0.14 {n = 15) 1.14 = 0.14 (n = 29)
End 098 +0.2(n=15) 1.31+0.22(n = 24)
Total output {mmol/d}
Start 35153 (n=15) 453 +£7.6(n=29)
End 40.6 = 13.1 (n = 15) 65.5 = 11.1 (n = 24)

NOTE. Data are the mean + SE in the number of subjects for whom
complete data were avilable. No significant differences in concentration
and total output were found.

a negative correlation with labeling of the upper crypt
(compartment 4 and & h). Furthermore, fecal butyrate
content and concentration also were negatively correlated
with labeling indices in these regions of the upper rectal
crypt (Table 6). There were no correlations between fecal
output of other SCFA and the proliferative indices mea-
sured.

DISCUSSION

Acarbose is one of a group of inhibitors of intestinal
a-glycosidase enzymes that recently have been introduced
to treat patients with type I and type II diabetes mellitus.?
These agents extend the dietary control of the disease. Our
study demonstrates that acarbose, at doses between 50 and
300 mg three times daily with each meal, increases fecal wet
weight but does not lead to excessive fecal excretion of
energy, fat, protein, or carbohydrate (the last determined as
“other components” in the stool). These data indicate that
acarbose administration does not lead to fecal loss of the
major macronutrients. This is supported by the results of a
previous short-term study of another glycosidase inhibitor,
nojirimycin,” and by the clinical observation that neither
our study patients nor large numbers of diabetic patients
treated with acarbose lost weight.18.19

The treatment was well tolerated by most subjects, and
only six of 45 individuals withdrew from this 1-year study.
Five withdrew because of unacceptable side effects, princi-
pally excessive flatus and/or abdominal cramps, resulting
from acarbose administration. An evaluation of subjects
who withdrew and their symptoms indicated that these
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Fig 6. Breath hydrogen output in placebo- and acarbose-treated
subjects. Data are presented as the mean output of hydrogen with

bars designating SE in all subjects at the time points shown. *P < .05.
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Table 5. Proliferative Kinetics in Placebo- and Acarbose-Treated Subjects
Columns Cells per Labeled Celis Total Crypt Cell Compartment P h

Group Counted (no.) Crypt (no.) per Crypt (%) Labeling index (%) 4 Labeling Index {x10-2)
Placebo

Start 391 49.0 = 1.6 450 + 0.4 9.3x08 0.183 0.039

End 244 49.6 + 3.0 3.46 + 0.4 6.9 x 0.6* 0.225 0.057
Acarbose

Start 697 49.1 = 1.2 3.96+0.2 8.3x05 0.213 0.050

End 357 51119 39105 7.6 +0.8 0.313 0.068

NOTE. Data are the mean + SE in the number of crypt columns counted in subjects for whom satisfactory specimens were obtained.
*Significantly different (P < .05) from study start. Other data show no differences between start and end of study.

were dose-related, the majority occurring at the highest
acarbose doses administered (200 to 300 mg three times
daily). This resulted in part because the study was designed
as a rapid forced-titration to a dose that produced side
effects. In clinical use, acarbose is well tolerated when
introduced at low doses and is gradually increased as
abdominal symptoms decrease.

The abdominal symptoms result from bacterial break-
down of carbohydrates that pass into the colon because of
acarbose-induced small intestine digestive impairment. Bac-
terial enzymes produce osmotically active metabolites and
gases from carbohydrate substrates. In our study, excess
postprandial breath hydrogen output indicates such in-
creased bacterial metabolism. Furthermore, there was a
modest but significant increase in fecal water content in
acarbose-treated subjects.

A further consequence of increased bacterial metabolism
of carbohydrate with acarbose in our study was a decrease
in pH from approximately 7.0 at study start to 6.3 at study
end. This was accompanied and presumably produced
mainly by a twofold increase in fecal output of SCFA. A
decrease in pH may greatly alter the absorption of cal-
cium,? precipitate intraluminal unconjugated bile acids,?!
and reduce the absorption of fatty acids by reducing
ionization.?2 Soluble bile acids and fatty acids have been

Table 6. Correlations between Fecal SCFA and Rectal Crypt
Labeling Indices

Total Crypt Cell Compartment4 & h Labeling

Labeling Index  Labeling Index Index

Parameter No. r P r P r P
Total SCFA

Start + end

Concentration 60 —.151 NS -.211 | —.240 .07
Output 60 -—.167 NS -—-.241 .06 -—.257 .05
Start

Qutput 3 —-.094 NS -339 .05 -.361 .03
Butyric acid

Start + end

Concentration 60 -—.193 NS —.243 .05 ~-.267 .04

Output 60 -—.231 .08 —-.265 .02 -.293 .02
Start

Output 38 -.179 NS -300 .06 -.326 .05

NOTE. Only correlations of P < .1 between SCFA and labeling indices
are presented. Slopes of correlations {r) are shown for the number of
subjects for whom data were available.

Abbreviation: NS, relationship not significantatP > .1.

incriminated as damaging the colon mucosa,?>?* perhaps
resulting in pathologic changes and proliferation. Thus, a
reduced pH via decreasing the absorption of these com-
pounds may be beneficial to the colon. However, reducing
the colonic pH from 6.6 to 6.3 by administration of sodium
sulfite did not affect proliferation kinetics in a short-term
study in the rat.?

Acarbose administration increased fecal excretion of
total SCFA twofold specifically due to acetic, butyric, and
propionic acids. Increased concentrations of colonic SCFA
are believed to be beneficial to colonic health,2627 and
butyrate is a primary metabolic fuel for colonocytes.?
SCFA are trophic to the colonic epithelium if the rat bowel
is deprived of digestible substrate,”® stimulating prolifera-
tion in the basal portion of the crypt. In cell culture systems,
sodium butyrate reduces proliferation in neoplastic or
transformed colon cancer cell lines,?® as well as inducing
differentiation.?® Thus, SCFA may increase cell production
in the absence of other metabolic substrates, but reduces
abnormal proliferation in more neoplastic tissue.

Changes in colonic epithelial cell proliferation have been
used extensively in the past two decades to identify individu-
als at risk for developing colon neoplasia®! and to identify
putative chemopreventive agents.3? Several lines of evi-
dence support this concept. Increased proliferation results
in a longer exposure of cellular DNA to environmental
carcinogenic agents,* ie, mitogenesis leading to mutagen-
esis.* Furthermore, progression of the normal flat “mu-
cosa” to adenomatous polyps and then to colon cancer is
accompanied by a progressive increase in the number of
proliferating cells near or in the surface epithelium.
Agents that alter colonic proliferation toward normality are
thought to have chemopreventive properties for colon
neoplasia.’?

The present study evaluated the effect of acarbose or
placebo on cell proliferation in rectal crypts. Acarbose
administration was not associated with significant changes
in crypt cell number, labeling index in the whole crypt, or
distribution of labeled cells into the upper crypt. Placebo-
treated subjects showed a significant decrease in the whole
crypt labeling index from 9.3% to 6.9% between the
beginning and end of the study. However, there were no
differences between acarbose and placebo subjects at study
end, nor was there a change in the number of labeled cells
in the upper crypt in subjects who received placebo. These
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data indicate that acarbose did not have a harmful effect on
proliferation kinetics.

We also analyzed correlations between cell proliferation
and total and individual SCFA fecal concentration and
output. This was possible because we had a large number of
observations for the output of total SCFA and individual
SCFA with widely differing concentrations between con-
trols and acarbose-treated subjects. There was an inverse
correlation between the output of both total SCFA and
butyric acid and the rectal total crypt labeling index and the
labeling indices of the upper crypt. Thus, the higher the
fecal SCFA or butyric acid output, the lower the rectal crypt
labeling indices. Fiber ingestion generally is believed to
reduce the risk of colon cancer through formation of SCFA.
In animal studies, the effects of fiber administration and
butyrate on colonic proliferation have been controversi-
al.3637 The present human studies support a putative
protective effect of SCFA on these biomarkers of colorectal
neoplasia.

Colonic carbohydrate metabolism resulting from acar-
bose could alter colonic bacterial flora and have deleterious
consequences. To explore this, we studied changes that
involve three bacterial parameters. Hydrogen production
and breath hydrogen excretion results from carbohydrate
metabolism by anaerobic bacteria.® Hydrogen output in-
creased in acarbose-fed subjects during the study even
when identical test meals plus acarbose were administered.
These results suggest that colonic bacterial flora had
adjusted to acarbose-induced chronic carbohydrate malab-
sorption to increase carbohydrate metabolism. This in-
crease in breath hydrogen was observed by the midpoint of
the study and did not change thereafter. The increase
occurred despite a decrease in pH, which has been shown to
decrease colonic hydrogen production.’® Colonic symptoms
including meteorism and abdominal distension were amelio-
rated or better tolerated with time on acarbose feeding in
this and previous studies.® In analogous studies of colonic
adaptation to feeding lactose*! or lactulose,* evidence for
reduced stool frequency and breath hydrogen was obtained
after initiation of carbohydrate feeding. This was accompa-
nied by an increase in fecal B-glycosidase activity and a
decrease in bowel fluid pH. These metabolic changes can
salvage energy from carbohydrate and may ameliorate
colonic symptoms. The feeding of lactulose also decreases
the concentration of bile acids® and may even reduce
cholesterol lithogenicity in bile.* By analogy, such benefi-
cial effects also might accompany acarbose feeding, but no
studies were performed to evaluate this possibility.

Next, we studied fecal concentrations of digoxin-
metabolizing bacteria as a model of how changes in the

1185

colonic luminal environment can affect drug metabolism.
Only a proportion of individuals harbor such bacteria,®
which can chronically metabolize digoxin into inactive
compounds.* These individuals require larger doses of oral
digoxin to achieve and maintain therapeutic digitalis levels
in the blood.*” When digoxin-metabolizing bacteria are
abruptly eliminated by the use of antibiotics, serum digoxin
can increase to potentially toxic levels.* Since a similar
number of individuals gained and lost digoxin-metabolizing
bacteria and since the fecal output of these organisms did
not differ in the two groups of subjects, acarbose is unlikely
to affect this important bacterial species.

Specific colonic organisms are able to form DAG from
phosphatidyl choline,*® and the concentration of fecal DAG
differs widely between individuals. DAG can be absorbed
by the colonic mucosa* and may stimulate protein kinase
and colonic proliferation.’® Since high rates of proliferation
are seen in populations at risk for colon neoplasia and since
fecal DAG species can be modified by the diet,’! we studied
fecal excretion of DAG throughout the study. No differ-
ences in either DAG concentration or output during
administration of acarbose was observed, again suggesting
little effect on another species of colonic metabolizing
bacteria.

In conclusion, this study demonstrates that ingestion of
acarbose, a potent a-glycosidase inhibitor used for the
treatment of diabetes mellitus, results in passage of some
dietary carbohydrate into the colon, but no significant loss
of excess energy into the feces. Utilization of carbohydrate
by colonic bacteria induces the production of hydrogen and
SCFA—mainly acetate and butyrate. Long-term administra-
tion of acarbose is accompanied by an increase in colonic
bacterial hydrogen production but no change in two other
bacterial species, digoxin-metabolizing bacteria, or bacte-
rial production of DAG. Acarbose feeding did not result in
changes in rectal epithelial cell proliferation in subjects for
whom complete data were available. However, evidence for
a correlation of reduced labeling of upper-crypt epithelial
cells with changing fecal SCFA and butyrate levels was
obtained. This suggests that the increased colonic SCFA
resulting from acarbose may induce beneficial and putative
antineoplastic effects in the colon. Despite frequent colonic
symptoms such as excessive flatus in many patients taking
acarbose in full doses, this study provides evidence for the
absence of deleterious consequences of the drug.
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