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Abstract

AIM To determine whether diabetic care can be
improved by combination of voglibose and
gymnemicacid (GA), we compared the combinative
and individual effects of voglibose and GA on
maltose absorption in small intestine.

METHODS The small intestine 30 cm long from 2
cm caudal ward Treitz’s ligament of Wistar rat was
used as an in situ loop, which was randomly
perfused in recircular mode with maltose (10
mmol/L) with or without different dosages of
voglibose and/or GA for an hour. To compare the
time course, perfusion of 10 mmol/L maltose was
repeated four times. Each time continued for 1 hour
and separated by 30 minutes rinse. In the first
time, lower dosages of GA (0.5g/L) and/or
voglibose (2 pmol/L) were contained except
control.

RESULTS Absorptive rate of maltose was the
lowest in combinative group (P<0.05, ANOVA), for
example, the inhibition rate was about 37% during
the first hour when0.5 g/L-GA and 2 pmol/L
voglibose with 10 mmol/L maltose were perfused
in the loop. The onset time was shortened to 30
minutes and the effective duration was prolonged
to 4 hours with the combination; therefore the total
amount of maltose absorption during the effective
duration was inhibited more significantly than that
in the individual administration (P<0.05, U test of
Mann Whitney). The effect of GA on absorptive
barriers of the intestine played an important role

Department of Physiology, Institute of Basic Medicine, Chinese
Academy of Medical Sciences/School of Basic Medicine, Peking Union
Medical College, Beijing 100005, China

?Departments of Physiology, Faculty of Medicine, Tottori University,
Yonago 683-0826, Japan

Supported by Japanese Government (Ministry of Education,
Science and Culture of Japan, MONBUSHO) scholarship No.
933241 (1994-1999).

Correspondence to: Dr. Hong Luo, Department of Physiology,
Institute of Basic Medicine, CAMS/PUMC, 5 Dongdansantiao Beijing
100005, China

Tel. 0086-10-65296463, Fax. 0086-10-65133604

Email. hongluol@263.net

Received 2000-09-21  Accepted 2000-09-29

in the combinative effects.

CONCLUSION There are augmented effects of
voglibose and GA. The management of diabetes
mellitus can be improved by employing the
combination.

INTRODUCTION

It has been well known that thereisan association
between hyperglycemiaand diabetic complication.
Patients who develop non-insulin-dependent
diabetes mellitus (NIDDM) even at age 65 years
may live long enough to develop micro-vascular
and neuropathic complication!. A cluster of risk
factors including hyperglycemia, hyper-
insulinaemia, hypertension, dyslipidemia and
obesity iscalled metabolic X-syndrome dueto the
correlationship of them!?. Similar to cardiac
syndrome X, metabolic syndrome X often induces
vascular dysfunction®®, Diet regimen and the
control of nutrient entry, with the aim of avoiding
glucose and anabolic hormone peaks and reducing
therise of devel oping long-term complications, are
broadly accepted as the basic treatment for
diabetes mellitus'®7.

Inthe ordinary diet, carbohydrates, which contain
far more starch than the other carbohydrates,
normally represent the quantitatively greatest part
of human diet and the main energies supply even
though in diabetes. Glucose represents more than
80 per cent of the final products of carbohydrate
digestion. Maltose is a rather important product
during starch hydrolysis. Therefore, the digestive
process in which various glycohydrolases work
successively to hydrolyze starch to thefinal product
glucose and the absorption of glucose in the small
intestine could be a target for the control of the
nutrient entry. Voglibose, an N-substituted derivative
of valiolamineisolated from the fermentation broth
of Streptomyces hygroscopicus subsp. limoneus, is
a potent and structurally novel inhibitor of the
intestinal disaccharidases, which not only can be
used for treatment of NIDDM but also for insulin-
dependent diabetes mellitus (IDDM)® 1, |t has a
potently inhibitory effect on maltase but with a
short inhibitory duration!*?3, On the other hand,
GA!, amixture of triterpene glucuronides, which
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wasfound in the leaves of the Indian plant, Gymnema
sylvestre™, inhibits glucose absorption of small
intesting™®, but it needsalonger timeand higher dosage
to achieveits maximum effect.

In this experiment, the combinative effect of
Voglibose with GA was examined on hydrolysis and
absorption of matoseinrat smal intestine.

MATERIALS AND METHODS

Animals

Male8-9-week-old Wistar ratsweighing 300g+ 259
(Shimizu, Kyoto), werehoused inanair-conditioned
roomat 22°C + 2°C with anaturelighting schedule
for 1 to 3 weeks before experiment. They were
fed with astandard pellet diet (Oriental Yeast Co.,
Kyoto) and tap water. Care and treatment of the
animals conformed to Tottori University
guidelinesfor the ethical treatment of laboratory
animals.

Perfusion of small intestine in vivo

A modified technique of Barry et al was used*".
Animals fasted overnight with free access to
water, were anesthetized by intraperitoneal
injection of sodium pentobarbital (50 mg/kg bw,
Dainabot). The abdominal cavity was opened by
amildlineincision. The small intestine 30 cm long
from 2 cm caudal ward Treitz's ligament was used
as an in situ loop, which was emptied of its
contentswith Ringer’ s solution. L-shape cannulae
were inserted into each end of the selected
intestine and connected with a peristaltic pump
(SJ-1211H, Atto, Tokyo). The abdominal cavity
was closed and the loop was rinsed with Ringer’s
solution (145.4 mmol/L NaCl, 5.4 mmol/L KCI, 1.
8 mmol/L CaCl, and 2.4 mmol/L NaHCO,) by
uncirculated perfusion for 1 hour. Then the
intestine was perfused in the recircular mode with
10mmol/L maltose (Sigma) or maltose plus
different dosages of voglibose (Takeda Chemical
Industries Ltd., Osaka) and/or GA for one hour to
determine ICs, (concentration of the drug
achieving 50% inhibition of maltose absorption or
hydrolysis) for each drug. To compare the
combinativeand individual effects, theanimalswere
randomly separated into four groupsin which each
loop was perfused for four times (T, R1, R2 and
R3). Inthefirst time(T), 10 mmol/L maltosewith or
without GA (0.5 g/L) and voglibose (2 umol/L) was
perfused. After rinsing for 30 minuteswith Ringer’s
solution, perfusion of maltose (10mmol/L) only was
repeated 3 times (R1, R2 and R3) to examine the
time course of recovery. The perfusates of 4 groups
inthefirst perfusion (T) were asfollows: (U control
group: 10 mmol/L maltose, @ voglibose group: 2
pmol/L voglibose+10mmol/L maltose, &) GA group:
0.5 g/L GA +10 mmol/L maltose and @

Combined group: 0.5g/L GA + 2 umol/L voglibose+10
mmol/L maltose. All perfusates were dissolved in
Ringer’s solution. All solutionswere kept at 37°C and
pH wasregulated at 7.5-7.8.

Measurement of maltose absorption and
hydrolysis
Two samples each containing twenty microlitter of
perfusion fluid weretaken at aninterval of 15 minutes
during the perfusion period to measure the amount of
glucose and maltose remained and kept at 0°C to
prevent further hydrolysisin the collected samples.
One was used to measure the amount of glucose
remaining at time t (Gt) after the beginning of
perfusion. Maltosein the other samplewascompletely
hydrolyzed by incubating it with enough alpha-
glucosidase (Funakoshi) to determine total glucose
remaining at timet (TGt). Theamount of glucosewas
determined by glucose determining kit (Glucose Test
B, Wako, Osaka). Thus, the extents of absorption and
hydrolysis of maltose at time t were obtained as
follows

Absorption (%) = (TGo-TGt)/TGo x 100

Hydrolysis (%) = (TGo-TGt+Gt)/TGo x 100
where subscript 0 and t represent the perfused time
when the sample was taken, and the Go almost
equals .

GA extraction

Dry-Gymnema sylvestre leaves were obtained from
Okinawa, from which GA was extracted with water,
ethanol and diethyl carbonate according to slightly
modulated K uriharal smethod and freeze-dried to obtain
GA powderl,

Statistical analyses

Statistical analyses were performed with the
U test of Mann-Whitney or ANOVA, which
was indicated in the result when ANOVA was
used. P<0.05 was considered as significant
difference.

RESULTS

Under the present conditions of experiment, about
63% of maltose in the perfusion fluid disappeared
during 60 min perfusionasaresult of being hydrolyzed
to glucose and successive absorption by theintestinal
loop. For simplicity we express hereafter this
phenomenon as' absorption of maltose’, aswasdefined
inMethods.
Whenvoglibosewaspresent inthe perfusionfluid,
the absorption of maltose was inhibited dose
dependently with apparent 1Cs, of about 6.06 x
10°mol/L. On the other hand, GA inhibited the
maltose absorption with 1Cs, of 0.85 g/L, whereas
the 1Cs, of voglibose on the hydrolysis of maltosein
the loop was 1.8 x 10 mol/L. In order to
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investigate the combined effect of thetwo inhibitors,
we chose rather low doses of the drugs such as
concentrations lower than ICs’s. In Figure 1, time
courses of the absorption of maltose are shown
during 60 min perfusion with or without voglibose (2
pumol/L) and/or GA (0.5 g/L). At such alow dose as
2 umol/L, voglibose showed slight inhibitory effect
on the absorption of maltose and the significant
inhibition was observed at 60 min after the beginning
of the perfusion. GA (0.5 g/L) exhibited asignificant
inhibitory effect at 45 min after the beginning of the
perfusion. When the two inhibitors co-existed in the
perfusion fluid, inhibitory effect was more
pronounced. The significant effect was attained at
30 min after the beginning of the perfusion. The
inhibition rate of about 37% was achieved at theend
of the perfusion and the percentage of maltose
absorption waslowest when GA and voglibose were
presented in the perfusate (P<0.05 vs control;
ANOVA).

=~ Control
—t—V
- GA

0 20 40 60 80
Perfusion time (min)

Figure 1 The inhibitory effects of GA (0.5 g/L), voglibose (V, 2

pmol/L) and the combination (GA+V) on 10 mmol/L maltose

absorption. The maltose contained in the fluid at perfusion starting

point was taken as 100%. Each bar is expressed as the Mean + SE.

(*P<0.05, "P<0.01)

Hydrolysis %

Figure 2 Alteration of maltose absorption following application
with GA and voglibose. Each point is shown as the maltose
absorption during 60 minutes perfusion of 10 mmol/L maltose
following treatment with GA and/or voglibose, except the points
of “CON” or “GA/V” which are shown as the absorption during
first 1 hour perfusion with or without GA and voglibose. Others
are the same as in Figure 1.

Time courses of the recovery from the inhibited
states were compared with each other, where
perfusion for 60 min with 10 mmol/L maltose only
was repeated threetimes (R1, R2 and R3) inserting
rinsing for 30 min between each perfusion, and the
extent of recovery was assessed by the absorption
of maltose at the end of each perfusion (Figure 2).
Asshown inthefigure, the effect of voglibose was
completely recovered during the first perfusion
(R1). The effect of GA was still significant after
R1 but completely recovered during R2. On the
contrary, the suppressed absorption was still
remai ned significant even after R2 and the compl ete
recovery was attained during R3 in the combination
group. The total inhibitory rates of maltose
absorption in the 3 times perfusion (T, R1 and R2)
were 5.39%, 22.21% and 35.55% in the 2 umol/L
voglibose, 0.5 g/L GA and combination groups
respectively.

—o—GA

100 71  —o—Contrtol
80 A=V

| Rinse time after GA/ V|
CON GA/V P30min P120min P210min

Figure 3 Hydrolytic rates of maltose in each group during R2 in
Figure 2. The conditions are the same as in Figure 2.
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Figure 4 Total maltose absorption in 3 times perfusion during 4
hours. The absolute amounts of maltose absorbed during three
perfusions (T, R1 and R2) are compared with each other.

To find the reason of the longer effective duration
for the combined group of GA and voglibose,
the hydrolytic rate of maltose during R2in each
group was measured (Figure 3). The hydrolysis
in the combined group was the lowest among
the four groups, although there was no
significant difference between the GA and control
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group.

Figure 4 shows the total amount of maltose
absorbed during three perfusions (T, R1, and R2) inthe
rather low dosesof voglibose (2 umol/L) and GA (0.5g/L).
It was easily expected from the result shown in Figure
4, that the smallest amount of maltose wasabsorbed in
case of mixing both inhibitors, reflecting the sustained
inhibitory effect on the maltose absorption.

DISCUSSION

Inthe present study, the combinative effect of voglibose
and gymnemic acid (GA) was investigated on the
digestion and absorption in rat small intestine using
maltose as a substrate. Voglibose is an inhibitor of the
alpha-dissaccaridases and expected to suppress the
absorption of maltose in small intestine as aresult of
inhibiting the hydrolysis of maltose. Apparent 1Cs,
determined in the present experiment of perfusion was
6.6 x 10°mol/L for the absorption of maltose, which
was about threetimeslarger than that for the hydrolysis
of maltose (1.8 x 10°mol/L). Thisdifference of I1Cs,
could be understood if therate of hydrolysisof maltose
in theintestinal loops was large enough compared to
that of absorption of glucose. In fact, when 10mmol/L
maltose only was perfused, free glucose appeared
progressively in the perfusion fluid. Matsuo et al*®
reported thel Cs, of vogliboseon mataseoriginated from
rat small intestine to be 6.4 x 10°mol/L invitro. The
difference could comefrom the methodsemployedin
thetwo experiments.

It has been believed that the anti-diabetic effect of
voglibose is due to the inhibition of the hydrolysis of
disaccharidases. Recently Hirsh et al™ reported that
voglibose showed the inhibitory activity on the free
glucose absorption in vivo with an 1Cs, near 3mg/L (1.
1x 10°mol/L). The concentration of vogliboseused in
thepresent combinativetreatment with GA andvoglibose
was0.2 x 10°mol/L that waslessthan 1/5 concentration
used in Hirshs' experiment. Therefore, the direct
inhibitory effect of voglibose on theglucoseabsorption,
if any, would be negligiblein the present experiment.

The depressing effect of GA on the sweet taste
sensation in human has been known for along time
[20-28] The inhibitory effects of GA, a mixture of
triterpene glucuronides, from the plant -Gymnema
sylvestre, on the glucose absorption in the small
intestine and the improvement of glucose tolerance
have been noticed since the 19809162728 Recently
we found that GA could inhibit the absorption of oleic
acid and gluocose simultaneously'®!. Although the
mechanism of the action of GA has not been fully
understood, GA isthought to suppresstheactivetransport
of glucose suggesting theinvolvement of theinteraction
with Na' glucose cotransporter and/or ATPase’®* on
the epithelial cells. The other mechanisms for GA’s
actions have been considered as participating in the
glucose receptor® and insulin release.

By combiningtwoinhibitors, faster, moreeffective
and long-lasting inhibition of maltose absorption was
achieved than those expected as the additive effect.
Namely, under the present conditions, significant
suppression of maltose absorption was attained at 30
min after the beginning of the perfusion and
interestingly, theinhibitory effect wasstill significant
even at 4 hr after the application, whereas almost
complete recovery was attained at same timein the
case of applying GA or voglibose aone. Therefore,
the more effective reduction of postprandial
hyperglycemia and hyperinsulinaemia could be
expected with the combination.

In the present stage of our knowledge, the
mechanism underlying this synergistic effect isnot
clear. However, as shown in Figure 3, GA
enhanced significantly the inhibitory action of
voglibose on maltose hydrolysiseven at 4 hr after
application, although no effect of GA alone on
the hydrolysis of maltose can be observed
simultaneously. It iswell known that most of the
disaccharidases produced by the enterocytes are
binding with the membrane (under the unstirred
layer) and asmall amount of salivaand pancreatic
amylase isin the glycocalyx®**!, The maltoseis
hydrolyzed during it passesthrough the glycocalyx
and enterocytes®]. Recently we have found that
GA increased the function of unstirred layer by
suppression of intestinal motility®®, Isit possible
that voglibose was kept longer time in/under the
unstirred layer by GA.

The most common adverse effect of vogliboseis
hepatotoxicity and gastrointestinal disturbance®*+
induced by fermentation of unabsorbed carbohydrate
inthebowel andincrementsof gastrointestina motility™!.
Unfortunately, thedisturbanceof digestivesystemalso
existsin diabeticd*>*, Voglibose hasonly rarely been
associated with systemic adverse effects, but in some
cases acute ileus, pneumatosis cystoides intestinalis
and acute dizziness have been reported* . These
adverse effectstend to increase with higher doses of
voglibose. GA may diminish the adverse effects not
only by decreasing dosage of voglibose, but also
suppressing theintestinal motility™®® andinhibiting the
growth of anaerobia®”, because bacterial overgrowth
plays arole in the development of gastrointestinal
symptoms/®Y,

Insummary, the combined effect of vogliboseand
GA isfirst reported here. With the combination, the
onset timeis shortened and the effective duration was
prolonged each other, as aresult the total amount of
maltose absorption is inhibited significantly.
Improvement in postprandial hyperglycemia,
hyperinsulinaemiaand insulin resistance, treatment of
anoverwe ght condition (syndrome’®?) and diminishing
of theadverse effectsof voglibosein diabetic control can
be achieved by thiscombination.
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