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ORIGINAL ARTICLE

EFFECT OF ACARBOSE ON IN VITRO INTESTINAL

ABSORPTION OF M ONOSACCHARIDES
IN DIABETIC RATS
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Department of Biochemistry, School of Medicine, Shiraz University.of Medical Sciences,

Shiraz, Iran

Background — Acarbose is known to lower blood glucose concentration by functioning as
an a-glucosidase inhibitor in the intestine. It is also suggested that acarbose may directly arrest
the intestinal absorption of hexoses. The purpose of the/present study was to further elucidate
the normal intestinal absorption of hexoses and the effect.of acarbose on the rate of intestinal
absorption of monosaccharides in normal and streptozocin-induced diabetic rats.

M ethods— Segments of small intestine, as everted sacs, from normal and diabetic rats were
incubated in solutions of various concentrations of monosaccharides, with and without
acarbose, at 37°C for 90 min and the sugar concentration was measured before and after
incubation. Student’s t-test with p < 0.05 was used to compare the mean + standard error of the
mean values for intestinal absorption rates of various sugars in different groups of rats.

Results — The optimum effective dose of most'sugars for intestinal absorption was 100
mg/dL and the best inhibitory dose of acarbose was 1 mg/mL. The rate of intestinal absorption
of glucose and galactose in the presence of acarbose was significantly reduced in both normal
and diabetic rats, while fructose and sucrose absorption was not affected significantly by
acarbose in diabetic rats. Mannose absorption was not affected significantly by acarbose.

Conclusion — Acarbose directly arrested the intestinal absorption of most hexoses at
different rates, probably due to different mechanisms involved in the intestinal absorption of

monosaccharides.
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Introduction

here are a number of reports on the

blood" glucose lowering effect of

acarbose.”* Acarbose is a microbial
pseudotetrasaccharide widely used in the treatment
of both insulin-dependent and non-insulin-
dependent diabetes mdllitus.>’ The therapeutic
action of this hypoglycemic drug is generdly
attributed to its & glucosidase inhibitory effects on
carbohydrate digestion in both man and rats.®™"*
This reduces the digestion of oligosaccharides in
the proxima half of the small intestine, delaying,
by prolonging the absorption of monosaccharides
after the mea. Thus, in patients with diabetes,
acarbose decreases postprandia hyperglycemia
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Acarbose is also reported to cause a reduction in
hexose absorption in animals.*

The mechanism and rate of intestinal absorption
are not the same for all monosaccharides. Glucose
and galactose are believed to be primarily absorbed
by an active transport system,® while facilitated
trangport is known to be involved in fructose
absorption.™ The present study was undertaken to
further elucidate the norma intestinal absorption of
hexoses and the effect of acarbose on the rate of
intestinal absorption of monosaccharides in normal
and streptozocin-induced diabetic rats. A range of
increasing concentrations of sugars and acarbose
was used to determine the best dose for sugar
absorption and acarbose inhibition.

Materials and Methods
Made Sprague-Dawley rats weighing 250 to 300
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g were selected and maintained on a stock pellet
diet. They were alowed free access to food and
water at room temperature with a light/dark phase
of 12/12 hours. The rats were housed in the animal
house of the Medica School, Shiraz University of
Medica Sciences, Shiraz, Iran. Animas were
entered in one of two groups, a norma (control)
group consisting of 40 rats and a norma or
streptozocin-induced diabetic group of 120 rats
receiving acarbose (Table). Rats were made
digbetic by injecting one dose of streptozocin
solution (40 mg/kg body weight) in the tail vein.*
After one week, animals with blood glucose of 300
mg/dL or more were considered diabetic.

Everted sactechnique

Rats were deprived of food, but not water, for
24 hours before being sacrificed by stunning and
decapitation between 9 and 10 AM. The procedure
described by Wilson and Wiseman'™ for everted
sac technique was followed. Pieces of intestine 15
to 20 cm long, were excised from the small
intestine distal to the duodenojejunal flexure. The
procedure was carried out on a piece of glass
placed on a 37°C water bath immediately after the
animals were sacrificed. One end of the intestine
was ligated to a glass rod end with a piece of
sewing thread and the rod was pushed in, to evert
the ntestine. Both ends of the everted intestine
were ligated with thread before they were placed in
an incubation flask. Incubation solution was 50 mL
of Kreb's bicarbonate containing-the sugar under
study. Acarbose concentration' was 'l mg/mL.
Incubation was performed for-90 min in a shaking
water bath at 37°C with carbagen (95% Q + 5%
CO,) gas flow through the incubation flasks. The
hexose concentration ‘was measured before and
after incubation:-After incubation, everted sacs
were dried in a Petri dish.at 80°C in an oven and
weighed.

Intestinal absor ption and sugar concentration

Sugar concentrations of 0.25, 0.50, 1.00, 1.50,
2.00 and 250 g/L were used in the incubation
mixture. Gray and Olefsky used sugar
concentrations of up to 02 g¢/L.* Glucose
concentrations were measured using an enzymatic
method with Zist Shimi kits (Zist Shimi Company,
Iran). Gadlactose, fructose and mannose
concentrations were measured using the method of
Somogyi.'’ Sucrose was acid hydrolyzed and
quantitated using the Somogyi method.

Best effective dose of acarbose

Acarbose concentrations of 0.5, 1.0, 1.5, 2.0,
25 and 3.0 mg/mL.in norma saline incubation
buffer, containing a sugar and the everted sac of
intestina segment, were used to determine the
acarbose’ concentration that caused the greatest
reduction inintestinal absorption of sugars during
the incubation period. An acarbose concentration
of 1 mg/mL was used by Hirsh et a.™® The sugar
concentration of the incubation mixture was
measured before and after 90 min of incubation.
The sugars used were glucose, galactose, fructose,
mannose and sucrose.

Student’s t-test with p < 0.05 was used to
compare the mean + standard error of the mean
(SEM) values for the rates of intestina absorption
of various sugars.

This research project carried out at Shiraz
University of Medical Sciences was approved by
the Ethics Committee.

Results

Figure 1 shows that in normal rats, the rate of
intestinal  absorption depended on the sugar
concentration. Glucose, gaactose and mannose
absorption increased with concentration up to 100
mg/dL, with dower increases a higher
concentrations, reaching a plateau at 150 mg/dL.
However, the rate of fructose absorption increased
up to 250 mg/dL. The effect of acarbose

Table. Rate of sugar absorption in the presence of acarbose (1 mg/mL) in normal and diabetic rats

compared with corresponding control group.

Sucrose Fructose Mannose Galactose Glucose

(n=8) (n=8) (n=8) (n=8) (n=8)
Control (normal) 10.6 + 0.9 12.0+1.3 16.8+ 2.1 326+09 37.1+0.7
"Normal + acarbose 9.0+05 108+ 1.1 153+14 24.0+0.78 242 + 2.2*
Control (diabetic) 21.1+0.8 176+ 35 125+14 18.1+23 20.0+05
*Diabetic + acarbose 14.1 + 1.4* 12.1 + 0.8* 111+ 1.0 10.9 + 1.5¢ 135+ 2.0*

*p < 0.05 using Student’s t-test. T = intestinal sac from control rats incubated with 50 mL of sugar (100 mg/dL) and acarbose (1 mg/dL) at 37°C
for 90 min. 1t = intestinal sac from diabetic rats incubated with 50 mL of sugar (100 mg/dL) at 37°C for 90 min. Vaues for intestinal absorption

for each group are mean + SEM.

Archives of Iranian Medicine, Vol 6, No 1, January 2003 41



Effect of Acarbose on In Vitro Intestinal Absorption of Monosaccharides in Diabetic Rats

5 35 q
—
= 2 30 A £4_——'——'—‘§
T 2 I - —
c ’ -
5 2 25 - -
'% T
- 2 20 -
= E
& 3 /
g & 15 4 I’ .
(o)) ! -
8 £ 109 x / - Glucose
N o — -@— - Galactose|
© 5 4 e L Fructose
= — % — - Mannose
=)
) (0]

0O 25 50 75 100 125 150 175 200 225 250
Sugar concentration (mg/dL)

Figure 1. Effect of concentration of

monosaccharides on in vitro intestinal absorption

in normal rats. Values are mean * SEM of five
experiments at each point.

concentration on monosaccharide absorption by
intestinal segments from normal rats after 90 min
incubation at 37C is illustrated in Figure 2.
Similar data are shown for diabetic ratsin Figure 3.
Although the patterns of reduction in intestina
absorption by acarbose for normal and diabetic rats
were not similar, an acarbose concentration of. 1
mg/mL caused the greatest reduction in the
intestinal absorption of all four sugars.

Effect of acarbose on intestinal absorption of
sugarsin normal and diabetic rats

Table 1 demonstrates the effect of acarbose on
the rate of intestina absorption of glucose,
gaactose, fructose, mannose and sucrose in the
intestina segments of normal and diabetic rats.
Each sugar was used a a concentration of 100
mg/dL and acarbose a. a concentration of 1
mg/mL. Acarbosecaused a significant reduction in
intestinal absorption of glucose and gaactose in
both normal and diabetic rats. However, intestina
absorption of fructose was only reduced in diabetic
rats in the presence of acarbose. Intestinal
absorption of mannose was not significantly
reduced by acarbose in either normal or diabetic
rats. Intestinal absorption of sucrose in the
presence of acarbose was significantly decreased in
the intestinal segments of diabetic rats but not of
norma rats.

Discussion

In the present study, intestinal absorption was
investigated with a wide range of hexose
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concentrations. A range of acarbose concentrations
was aso used and the dose that caused the
maximum inhibition in intestinal absorption of
monosaccharides was adopted. The difference in
the shapes of the curves for the intestina
absorption of hexoses (Figure 1) is probably
explained by the presence of different absorption
mechanisms for monosaccharides. The decrease in
intestinal absorption of glucose brought about by
acarbose in normal and diabetic rats, and of
fructose in diabetic rats, found in the present study
isin line with the finding of other workers™ In our
study, acarbose did not cause a reduction in the
intestina  absorption. of mannose in norma or
diabetic rats, which isagain probably related to the
different mechanisms of absorption. However, no
published data are available an mannose intestinal
absorption. A previous report shows that intestinal
absorption-of: sucrose is hampered in the presence
of acarbose*® but we only found this inhibition in
diabetic rats; and not in normal rats. This contrast
may be due to the different sucrose concentrations
used in the two studies.

Although acarboseis an intestina &-glucosidase
inhibitor and affects carbohydrate intestinal
absorption indirectly ™ our study and others have
shown that it can also have a direct effect on the
intestinal  absorption of hexoses> ' Acarbose
inhibits the entrance of glucose and galactose into
intestinal mucosal cells. This function of acarbose
resembles the effect of compounds such as
phloridzin,13 as acarbose inactivates sodium-
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Figure 2. Effect of acarbose concentration on the
rate  of in vitro intestinal absorption of
monosaccharides (100 mg/dL) after 90 min

incubation in normal rats. Values are mean + SEM
of five experiments at each point.
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Figure 3. Effect of acarbose concentration on the
rate  of in vitro intestinal absorption of
monosaccharides (100 mg/dL) after 90 min
incubation in diabetic rats. Values are mean + SEM
of five experiments at each point.

glucose cotransporter (SGLT-1), which transports
glucose and galactose into the intestinal mucosal
cells. Acarbose activates a secondary messenger in
the intestine (RS1), which inactivates SGLT-1 by
phosphorylation, leading to the inhibition of
absorption of hexoses such as glucose and
galactose.”®

Acarbose aso inhibits intestina absorption of
fructose. Intestina absorption of fructose is
dependent, to some extent, on atransport. protein
cdled GLUT-5. ® ** Acarbose inhibits GLUT-5
protein, but since fructose is‘aso transported into
intestina mucosal cells by the GLUT-2 system,"
which is resistant to the acarbose inhibitory effect,
the overall inhibitory effect of acarbose on
intestinal absorption:of fructose is not severe® The
hypoglycemic effect of acarbose aong with the
lowering effect on blood lipids has alowed
acarbose to be considered as an important oral drug
for diabetic patients.

References

1 Jenkins DJ, Taylor RH, Goff DV, et a. Scope and
specificity of acarbosein slowing carbohydrate absorption
in man. Diabetes. 1981; 30: 951 —4.

2 Madar Z. The effect of acarbose and miglitol (Bay-M -
1099) on postprandial glucose levels following ingestion
of various sources of starch by nondiabetic and
streptozocin-induced diabetic rats. J Nutr. 1989; 1109:
2023 -9.

10

11

12

13

14

15

16

17

18

19

Inove |, Takahashi K, Ngji S, et a. Acarbose controls
postprandia hyperproinsulinemia in noninsulin-dependent
diabetes mellitus. Diabetes Res Clin Pract. 1997; 36:
143 -51.

Lebovitz HE. Alpha-glucosidase inhibitors as agentsin the
treatment of diabetes. Diabetes Rev. 1998; 6: 132 —45.
Gerard J, Lukckx AS, Lefebvre PJ. Improvement of
metabolic control in insulin-dependent diabetics treated
with the apha-glucosidase inhibitor acarbose for two
months. Diabetologia. 1981; 21: 446 — 51.

Dowd MK, Cutinho PM, Reilly PJ. Effect of acarbose in
treatment of type 2 diabetes mellitus. Diabetes. 1982; 3:
249 —54.

Hoffmann J, Spengler M. Efficacy of a 24-week
monotherapy with acarbose, glibenclamide, or placebo in
NIDDM patients. The Essen Study. Diabetes Care. 1994,
17: 561 —6.

Madar Z, Omunsky Z. Inhibition of intestina &-
glucosidase inhibitors in fa/fa rats. Nutr Res. 1991; 11:
1035 —46.

Dimitriadis G, Tessari P, Go VL, et a. Glucosidase
inhibition  improves postprandial hyperglycemia and
decreases insulin-dependent diabetes mellitus.
Metabolism. 1985; 34: 261 —5.

Katovich MJ, Meldrum MJ, Vasselli JR. Beneficial effects
of dietary acarbose in the streptozocin-induced diabetic
rat. Metabolism. 1991; 40: 127 —82.

Sobgiima H, Mari M, Niwa T. Carbohydrate
malabsorption following acarbose administration. Diabet
Med. 1998; 15: 393 -7.

Karazik A, Hattoti M. Use of animal model in the study of
diabetes. In: Kahn CR, Weir AC, eds. Jodlin’'s Diabetes
Mellitus. 13th ed. Philadelphia: Lea and Febiger; 1994:
317 —50.

Lee SM, Bustamante SA, Koldovsky O. The effect of
alpha-glucosidase inhibition on intestina disaccharidase
activity in normal and diabetic mice. Metabolism. 1983;
32:793-9.

Negishi M, Shimizu H, Ohtani K, et a. Acarbose partialy
prevents the development of diabetes mellitus by multiple
low-dose streptozocin administration. Diabetes Res Clin
Pract. 1996; 33: 15-09.

Wilson TH, Wiseman G. The use of sacs of everted small
intestine for the study of the transference of substances
from the mucosal to the serosal surface. J Physiol. 1954,
193: 116 - 25.

Gray RS, Olefsky JM. Effect of a glucosidase inhibitor on
the metabolic response of diabetic rats to a high
carbohydrate diet, consisting of starch and sucrose, or
glucose. Metabolism. 1982; 31: 88 — 92.

Somogyi M. Measurement of total reducing sugars. In:
Butris CA, Ashwood ER, Tietz NW, eds. Tietz Textbook
of Clinical Chemistry. 2nd ed. London: Saunders; 1996:
967.

Hirsh AJ, Yao SY, Young JD, et d. Inhibition of glucose
absorption in the rat jejunum: a novel action of alpha-D-
glucosidase inhibitors. Gastroenterology. 1997; 113:
205-11.

Haugaard N, Hess ME, Locke CL. Metabolic effects of
acarbose administration in normal and diabetic rats.
Biochem Pharmacol. 1984; 33: 1503 — 8.

Archives of Iranian Medicine, Vol 6, No 1, January 2003 43



