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Background: Voglibose, an a-glucosidase inhibitor, inhibits breakdown of complex carbohydrates into simple sugar units in in-
testine. Studies showed that voglibose metabolism in the liver might be negligible due to its poor intestinal absorption. Numerous
microorganisms live in intestine and have several roles in metabolism and detoxification of various xenobiotics. Due to the limit-
ed information, the possible metabolism of voglibose by intestinal microbiota was investigated in vitro and in vivo.

Methods: For the in vitro study, different concentrations of voglibose were incubated with intestinal contents, prepared from both
vehicle- and antibiotics-treated mice, to determine the decreased amount of voglibose over time by using liquid chromatography-
mass spectrometry. Similarly, in vivo pharmacodynamic effect of voglibose was determined following the administration of vogli-
bose and starch in vehicle- and antibiotic-pretreated non-diabetic and diabetic mice, by measuring the modulatory effects of vo-
glibose on blood glucose levels.

Results: The in vitro results indicated that the remaining voglibose could be significantly decreased when incubated with the in-
testinal contents from normal mice compared to those from antibiotic-treated mice, which had less enzyme activities. The in vivo
results showed that the antibiotic pretreatment resulted in reduced metabolism of voglibose. This significantly lowered blood glu-
cose levels in antibiotic-pretreated mice compared to the control animals.

Conclusion: The present results indicate that voglibose would be metabolized by the intestinal microbiota, and that this metabo-

lism might be pharmacodynamically critical in lowering blood glucose levels in mice.
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INTRODUCTION

Gut microbiota has been known as a hidden organ of the hu-
man body for a long time [1]. It is estimated that approximate-
ly 99% of the intestinal microbial population is of anaerobic
type and covers more than 1,000 species of bacteria in human
and animals [2,3]. In addition, the composition of intestinal
bacteria is affected by age, sex, diet, exercise, and environmen-
tal conditions [4]. Over the past few decades, researchers have
extensively focused on determining the possible roles of intes-
tinal microbiota in human health and disease, and they found,
at least in part, that numerous biological functions including
emotion, immunity, and drug metabolism were closely con-

nected with gut microbiota [5]. Among all, drug metabolism
by intestinal microbiota might be considered as an important
aspect that modulates pharmacodynamic actions [6]. The in-
testinal microbiota plays a significant role in the metabolism of
certain drugs administered orally through a variety of reac-
tions including hydrolysis; thereby, toxicity and efficacy of
drugs can be largely modulated [4].

Orally administered drugs are directly absorbed from the
gastrointestinal tract into the liver, where extensive metabo-
lism occurs, and the drugs would interact with numerous bac-
teria present in the gut, leading to further metabolism [7,8]. In
addition, the enterohepatic recycling of xenobiotics occurs via
certain enzymes such as -glucuronidase and sulfatase that are
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produced by intestinal bacteria [9,10]. Through interaction
with intestinal microbiota, properties and fate of certain xeno-
biotics can be largely altered. Most importantly, the formation
of new metabolite(s) can lead to changes in pharmacological
or toxicological properties of xenobiotics [11,12]. In fact, the
impact of gut microbiota on xenobiotic metabolism in several
animal models were investigated in previous studies [10,13,
14]. Likewise, metabolism of certain drugs by gut microbiota
was clinically relevant to their pharmacological effects through
the production of pharmacologically active, inactive, or toxic
metabolites [6]. Therefore, the study on the possible role of
drug metabolism by intestinal microbiota in drug action
would be required to reduce possible drug-drug interactions
clinically [6].

Voglibose is an a-glucosidase inhibitor developed in 1994 in
Japan for lowering post-prandial blood glucose level in people
with type 2 diabetes mellitus [15,16]. It was observed that vo-
glibose had minor systemic absorption and negligible metabo-
lism in the liver [15]. In our preliminary experiments with sev-
eral anti-diabetic drugs, voglibose was significantly metabo-
lized when incubated with intestinal content preparations
from mice. Therefore, we studied, for the first time, the metab-
olism of voglibose by intestinal microbiota in vitro and in vivo.
For in vitro study, voglibose was incubated with intestinal con-
tents prepared from vehicle- and antibiotics-treated mice for
its metabolism. In addition, for the in vivo study, the pharma-
codynamic effects of voglibose on blood glucose levels were
determined by orally administering voglibose followed by
starch in antibiotics-treated and -untreated diabetic and non-
diabetic mice, because the absorption of voglibose in the intes-
tine is reportedly limited [15].

METHODS

Materials

Voglibose (>98.0%) was purchased from Tokyo Chemical In-
dustries (Tokyo, Japan). Erythromycin, oxytetracycline hydro-
chloride, cefadroxil, 4-nitrophenyl 3-D-glucopyranoside, 4-ni-
trophenyl B-D-glucuronide, 4-nitrophenyl sulfate, soluble
starch, ammonium acetate, streptozotocin, and telmisartan,
the internal standard (IS), were purchased from Sigma-Al-
drich (St. Louis, MO, USA). High-performance liquid chro-
matography (HPLC)-grade acetonitrile was purchased from J.
T. Bakers (Central Valley, PA, USA). An anaerobe gas generat-
ing system was purchased from Becton, Dickinson and Com-
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pany (Sparks, MD, USA). A blood glucose monitoring system
was purchased from Bayer Contour TS (Mishawaka, IN, USA).
Potassium phosphate monobasic and potassium phosphate di-
basic were purchased from Duksan (Seoul, Korea). All other
chemicals were of analytical grades and used as received.

Animals

Male Institute of Cancer Research (ICR) mice at 7 weeks of age
were purchased from Orient Bio (Seoul, Korea). Animals upon
received were randomly placed five in a cage. Animals were ac-
climatized for at least 1 week under controlled temperature of
22°C+2°C, relative humidity of 50%+10%, and air change of
10 to 20 cycles per hour with a light and dark cycle of 12-hour.
The study was performed following procedures of the Institu-
tional Animal Care and Use Commiittee of Yeungnam Univer-
sity (approved No., 2014-008). Unless specified, all animals
were allowed to access food and water ad libitum.

Preparation and extraction of intestinal contents for in vitro
study

For in vitro studies, mice were grouped as antibiotics-treated
or vehicle-treated groups (n=5). In antibiotics-treated group,
mice were orally administered with a mixture of three antibiot-
ics in saline, such as erythromycin (300 mg/kg), oxytetracy-
cline HCI (300 mg/kg), and cefadroxil (100 mg/kg), for 3 suc-
cessive days. Saline was administered in the vehicle-treated
group for 3 days. Twenty-four hours after the final dose of ei-
ther antibiotics or vehicle, intestinal contents were harvested.
Collected intestinal contents were mixed with two volumes of
potassium phosphate buffer, pH 7.4, vortexed, and homoge-
nized at 11,000 rpm for 2 minutes. Then, the sample was cen-
trifuged at 500 g for 10 minutes at 4°C, and the supernatant
was collected for in vitro tests. Aliquots were prepared and
stored at —70°C until their use.

Determination of intestinal microbial enzyme activity

The enzyme assays were carried out according to a previously
published report with some modifications [17]. Briefly, 0.4 mL
of either 2.5 mM 4-nitrophenyl B-D-glucopyranoside, 4-nitro-
phenyl B-D-glucuronide, or 4-nitrophenyl sulfate in potassium
phosphate buffer, pH 7.4, was mixed with 0.4 mL of potassium
phosphate buffer, pH 7.4, and 0.2 mL of intestinal contents ob-
tained from both antibiotics- and vehicle-treated mice, fol-
lowed by the incubation at 37°C for 30 minutes with shaking.
The reaction was terminated by adding 0.25 mL of 1 N NaOH.
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Following the centrifugation at 3,000xg for 10 minutes, the
absorbance of supernatant was measured at 405 nm by using a
UV spectrophotometer (Eppendorf, Hamburg, Germany).
Standard calibration curves of 4-nitrophenol were prepared for
the calculation of individual enzyme activities.

Analytical conditions

An HPLC connected to a mass spectrometer (API-4000; SCI-
EX, Framingham, MA, USA) was used. The mobile phase con-
sisted of 10 mM ammonium acetate buffer (mobile phase A)
and acetonitrile (mobile phase B). A gradient condition was
used for the quantitative analysis of voglibose in which the mo-
bile phase B started at 0.5% was held for 1.0 minute, and in-
creased to 10% during the following 2.0 minutes. Then, mobile
phase B was increased to 90% during the following 1.0 minute,
held at 90% for 1.5 minutes, and returned to 1% during the fol-
lowing 1.5 minutes. Column equilibration time was 7.0 min-
utes and the total run time was 14.0 minutes. Analyte peaks
were identified with an Agilent Eclipse plus Cs column (2.1 x
150 mm, 3.5 pm). The column temperature was maintained at
30°C with a flow rate of 0.25 mL/min and injection volume of
5.0 pL. Multiple reaction monitoring mode was used for the
quantitative detection of voglibose using the ratio of areas of
analyte to IS peaks. Voglibose and telmisartan (IS) was detect-
ed in positive ion modes. Mass transitions for voglibose and
telmisartan were m/z 268592 and m/z 5155276, respectively.
The declustering potential, collision energy and collision cell
exit potential values were 70, 30, and 18 for voglibose and 156,
65, and 20 for telmisartan, respectively.

Analytical validation

Inter-day and intra-day validations were performed according
to the Food and Drug Adminstration guideline [18]. Accuracy
and coefficient of variation (CV %) was calculated based on
the analysis of spiked quality control (QC) samples of different
concentrations. QC samples of 4, 100, and 400 ng/mL voglib-
ose were analyzed. For intra-day validation, five freshly pre-
pared samples of each concentration were analyzed in a single
day. For inter-day validation, QC samples were freshly pre-
pared in each day and analyzed for 5 consecutive days. Accu-
racy and precision of analyzed QC samples were determined.

Stability studies
To investigate the possible metabolism of voglibose by the in-
testinal microbiota, the remaining level of voglibose was mea-
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sured following the incubation of voglibose with intestinal
contents compared with the initial level of voglibose. Prior to
this, the stability of voglibose was tested with a target CV (%)
of 15. Voglibose in potassium phosphate buffer, pH 7.4, at 5, 10
and 20 pg/mL was incubated in various conditions for long-
term and short-term stability studies. For the short-term sta-
bility test, voglibose was incubated in both 25°C and 37°C for
24 hours. Similarly, voglibose was tested for long-term stability
after storage in a freezer for 30 days at —20°C and 5 days at 4°C.
The stability of voglibose was also tested following three
freeze-thaw cycles from —20°C to room temperature.

Intestinal microbiota-mediated metabolism of voglibose
in vitro

For time- and concentration-dependent metabolism of voglib-
ose, 10 pL of either 0.25, 0.5, or 1 mg/mL voglibose was incu-
bated with 490 pL of intestinal contents to prepare the final
concentrations of 5, 10, and 20 pg/mL of voglibose. The mix-
tures were incubated in an anaerobe gas generating system at
37°C for 3, 6, 12, and 24 hours. Following incubation, 10 pL of
each incubation mixture was transferred to another tube con-
taining 490 pL of methanol containing 10 ng/mL of telmisar-
tan (IS). Thus, the final concentrations for liquid chromatogra-
phy-mass spectrometry (LC-MS/MS) analyses were 100, 200,
and 400 ng/mL. The mixture was vortexed and centrifuged at
12,000 x g for 10 minutes. Then, 200 uL of supernatant was pi-
petted into vials and analyzed using LC-MS/MS. Calibration
curves were prepared accordingly and concentrations of vogli-
bose in incubated samples from antibiotics- and vehicle-treat-
ed mice were determined.

Pharmacodynamics of voglibose in non-diabetic mice

To investigate the role of intestinal microbiota in the pharma-
codynamics of voglibose in non-diabetic conditions, mice
were divided into antibiotics-treated and vehicle-treated
groups. In the antibiotic-treated group, a mixture of three anti-
biotics was administered orally for 3 successive days. Saline
was administered to vehicle-treated animals for 3 days. Twen-
ty-four hours after the final treatment, both antibiotics- and
vehicle-treated mice were subdivided into two subgroups, i.e.,
starch+voglibose and starch only, followed by a fasting period
of 6 hours. For the main experiment, voglibose at 10 mg/kg
was administered orally to the starch+voglibose group and sa-
line to the starch only group. Thirty minutes later, 50 mg/kg of
soluble starch was orally administered to all animals and the
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blood glucose levels were determined at 0, 30, 60, 90, 120, 180,
and 240 minutes after starch administration.

Pharmacodynamics of voglibose in diabetic mice

To prepare the diabetic model, mice fasted for 6 hours were in-
traperitoneally injected with 40 mg/kg streptozotocin for 5 suc-
cessive days. Body weight and blood glucose levels of individu-
al animals were measured daily before each streptozotocin in-
jection. Once blood glucose level reached >250 mg/dL, mice
were considered diabetic and were divided into two groups for
antibiotics treatment. Mice in the antibiotic-treated group re-
ceived the mixture of three antibiotics by oral administration
for 3 consecutive days. In the vehicle-treated group, mice re-
ceived saline for 3 days. Twenty-four hours after the last dose of
antibiotics, mice were further divided into two groups, starch+
voglibose group and starch only group, followed by a fasting
period of 6 hours. For the main experiment, voglibose at 10
mg/kg was administered to the starch+voglibose group and
saline was administered to the starch only group to 6-hour
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fasted animals. After 30 minutes, 50 mg/kg of soluble starch
was orally administered to all mice and blood glucose levels
were measured at 0, 30, 60, 90, 120, 180, and 240 minutes after
starch administration.

Statistics

All data were presented as mean +standard deviation. Student’s
t-test was used to determine the statistical significance of the
data. The results of P<0.05 were represented with alphabets.

RESULTS

Development and optimization of analytical method

For the accurate quantification of voglibose, an LC-MS/MS
method was developed. The separation of voglibose was more
effective with Cs column than with Cis or Cis columns (data
not shown). In addition, for better resolution, a gradient elut-
ing system was established. As depicted in Fig. 1A, voglibose
was ionized in positive ion mode [M+H]" to form a protonated
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Fig. 1. Mass spectra of (A) voglibose with its structure and (B) telmisartan, an internal standard. cps, counts per second; m/z,

mass to charge.
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ion [M+H]" at m/z 268.0 with a daughter ion at m/z 92.0.
Telmisartan, the IS, was detected at m/z 515.2 and further frag-
mented to the ion at m/z 276.2 (Fig. 1B). There was no interfer-
ing peak at the retention time of voglibose at 1.4 minutes and
telmisartan at 7.93 minutes (Fig. 2). The inter- and intra-day
accuracy and precision of voglibose are summarized in Sup-
plementary Table 1. A good linearity was observed with the
calibration curves constructed with the ratio of areas of analyte
to IS peaks. Acceptable linearity (R*=0.9938) was observed be-
tween the constructed calibration standards with 4 to 400 ng/
mL voglibose. The accuracy (%) and CV (%) of inter-day and
intra-day were within 15% for the lowest concentration and
10% for other concentrations tested.

A stability test was conducted for three different concentra-
tions of voglibose. Following exposure of voglibose to various
ambient conditions, LC-MS/MS analysis was conducted to
measure the remaining voglibose from the initial level. As
shown in Table 1, voglibose was stable for 24 hours at both
room temperature and 37°C. Similarly, voglibose was stable at
freezing and refrigerating conditions. However, voglibose was
less stable in samples with more than three freeze-thaw cycles.

Nevertheless, it was within the limit of 15%. Taken together,
the current analytical method was appropriate to study the in
vitro metabolism of voglibose by intestinal microbiota.

In vitro metabolism of voglibose
Prior to the characterization of voglibose metabolism by intes-

Table 1. Stability of voglibose under ambient conditions

Voglibose remained, %

Ambient condition

0.1 ug/mL 0.2 pg/mL 0.4 pg/mL
Short-term at 25°C 96.3+11 975457 944146
Short-term at 37°C 87.8+4.0 959+£12 99.2+3.8
Long-term at 4°C 95.1+8.8 96.6+£0.8 96.6+2.4
Long-term at -20°C 99.0+£8.8 98.2+5.6 96.9+7.0
Freeze-thaw cycle (-20°C to 25°C) 89.5+2.1 91.4+11.1 94.6+1.9

Values are presented as mean +standard deviation (n=>5). Short-term
stability tests were conducted at 25°C and 37°C for 24 hours. Long-
term stability tests were conducted after storing voglibose in freezer
and refrigerator (4°C) for 30 and 5 days, respectively. Three freeze-
thaw cycles were tested for freeze-thaw stability tests from —20°C to
room temperature.
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Fig. 2. Representative liquid chromatography-mass spectrometry (LC-MS/MS) chromatograms of (A, B, C) voglibose and (D, E,
F) telmisartan. (A, D) blank samples; (B, E) blank samples spiked with analyte at lower limit of quatitation; and (C, F) real samples
from in vitro incubation with intestinal contents for 3 hours. cps, counts per second.
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tinal microbiota, three enzyme activities, i.e., B-D-glucosidase,
f3-D-glucuronidase and sulfatase, in the intestinal contents iso-
lated from both vehicle- and antibiotics-treated mice were de-
termined. As shown in Fig. 3, the enzyme activities in antibiot-
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Fig. 3. Enzyme activities of intestinal contents: 0.4 mL of either
2.5 mM 4-nitrophenyl p-D-glucopyranoside, 4-nitrophenyl
B-D-glucuronide, or 4-nitrophenyl-sulfate in potassium phos-
phate buffer, pH 7.4, was mixed with 0.4 mL of potassium phos-
phate buffer, and 0.2 mL of intestinal contents prepared from
both antibiotics- and vehicle-treated mice and incubated at
37°C for 30 minutes. The enzyme activities were calculated fol-
lowing measuring the sample’s absorbance at 405 nm. Each bar
represents the mean activity of respective enzymes+standard
deviation of triplicate determinations. “The value significantly
different from corresponding vehicle-treated controls at P<0.05.
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ics-treated mice were significantly lower than in vehicle-treat-
ed mice, indicating that the present antibiotic pretreatment
model would be effective to study the role of intestinal micro-
biota in voglibose metabolism and their effects on the pharma-
codynamics of voglibose.

Thereafter, several concentrations of voglibose were incubat-
ed with intestinal contents from vehicle- and antibiotics-treat-
ed mice at several time points. Then, the remaining voglibose
was measured. Following incubation, almost 40% of voglibose
in the control was metabolized within 3 hours of incubation
compared to the level of voglibose in the antibiotics-treated
group. Moreover, the level of voglibose in the antibiotics-treat-
ed group was always higher than the level of voglibose in the
control up to the period of sample testing (Fig. 4). The results
indicated that the intestinal microbiota plays a critical role in
the metabolism of voglibose. However, other effects of antibi-
otics, such as changing the gut epithelial enzyme activity and
modulating the blood glucose level in animals, are yet to be
studied. In addition, a small but gradual increase in metabo-
lism of voglibose over time in the antibiotics-treated group in-
dicated a reduced number of bacteria in intestinal contents fol-
lowing antibiotic treatment. The results indicated that the
pharmacodynamic action of voglibose would be significantly
modulated by the condition of intestinal microbiota.

To support this hypothesis, the in vivo pharmacodynamic
action of voglibose was investigated in conditionally modulat-
ed intestinal microbiota by antibiotic treatment.

[J Vehicle-treated
M Antibiotics-treated

Fig. 4. Time- and concentration-dependent metabolism of voglibose by intestinal microbiota in vitro. Various concentrations of vo-
glibose was incubated with 0.5 g/mL intestinal contents prepared from both antibiotics- and vehicle-treated mice and incubated at
37°C for various time points. The remained voglibose over time was measured by liquid chromatography-mass spectrometry (LC-
MS/MS). Each bar represents the mean concentration of voglibose in the incubated sample+standard deviation of triplicate deter-
minations. “The value significantly different from corresponding vehicle-treated controls at P<0.05.
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Pharmacodynamics of voglibose in normal and diabetic mice
Because antibiotic pretreatment would cause the reduction of
the intestinal microbial population, the enzymes available for
voglibose metabolism would be reduced and, thereby, the me-
tabolism of voglibose by the intestinal microbiota would be al-
tered. Due to the low intestinal absorption of voglibose, the
pharmacodynamic effects of voglibose in starch-supplemented
animals were investigated in the present study. To illustrate the
effect of the intestinal microbiota on the metabolism of voglib-
ose in vivo, the blood glucose-lowering effect of voglibose was
measured in vehicle- and antibiotic-treated non-diabetic and
diabetic mice models (Fig. 5). The blood glucose levels rapidly

250

200

Blood glucose level (mg/dL)

increased following starch administration to 6-hour fasted ani-
mals. The changes in blood glucose levels were also clear when
the area under the curve (AUC) for 6 hours was calculated
from Fig. 5. In addition, the baseline level of blood glucose was
much higher in diabetic mice than in non-diabetic mice
(AUC=97,457 vs. AUC=38,745). Following voglibose admin-
istration in both antibiotics- and vehicle-treated mice of both
non-diabetic and diabetic models, the blood glucose levels,
even after starch administration, were precisely controlled and
similar to the levels at 0 from 2 hours. Particularly, a significant
difference in blood glucose level was observed between the vo-
glibose administered antibiotics- and vehicle-treated groups of
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Fig. 5. Blood glucose level in vehicle-treated and antibiotics-treated non-diabetic normal mice (A) and diabetic mice (B). Six-hr
fasted vehicle- and antibiotics-treated non-diabetic and diabetic mice were administered with voglibose followed by an oral ad-
ministration with starch. And then, the change in the blood glucose level was measured at various time points. Each point repre-
sents mean blood glucose level +standard deviation of five animals. “The value indicates significant difference between antibiotics-
treated starch only and antibiotics-treated starch+voglibose groups, "The value indicates significant difference between vehicle-
treated starch+voglibose and antibiotics-treated starch+voglibose groups.
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non-diabetic model (AUC=27,486 vs. AUC=35,262) (Fig.
5A). The blood glucose levels in the antibiotics-treated group
were attenuated by voglibose in diabetic mice (AUC=91,837
vs. AUC=81,513), although the results were not statistically
significant (Fig. 5B). The results suggested that voglibose could
control the blood glucose level by inhibiting o.-glucosidase en-
zyme present in the intestine, particularly in the antibiotics-
treated animals, possibly due to the limited availability of mi-
crobial enzymes to metabolize voglibose by antibiotics admin-
istration. Therefore, more voglibose available showed its effect
as a blood glucose-controlling agent via the inhibition of
a-glucosidase enzymes.

DISCUSSION

The study of drug metabolism is a broad subject that covers
liver enzyme- and gut microbiota-mediated metabolism [12].
From studies, it is now generally accepted that metabolism by
the intestinal microbiota is important for the formation of new
metabolites, which cannot be produced in the liver, and altera-
tion of the pharmacokinetics and pharmacodynamics of many
drugs, including amiodarone, amlodipine, aspirin, and lovas-
tatin [8,10,19].

Voglibose has negligible intestinal absorption properties and
no liver metabolites are identified yet [15]. In the intestinal lu-
men, by inhibiting o-glucosidase, complex carbohydrates are
not broken down effectively by voglibose. Therefore, glucose
absorption is delayed. In our preliminary study, voglibose was
metabolized by the intestinal microbiota, although the exact
metabolites were not identified yet (Fig. 4). The level of voglib-
ose was dramatically reduced by incubation with intestinal
contents prepared from control mice that contain normal mi-
croflora than those from antibiotic-treated mice. Therefore, to
further explore the action of intestinal microbiota on voglibose
action in vivo, pseudo-germ free animals were prepared by an-
tibiotic pretreatment.

For the accurate preparation of pseudo-germ free animals,
several in vivo antibiotics-treated models have been used
[13,20,21]. Because gut microflora consists of both Gram-pos-
itive and Gram-negative bacteria, researchers must use mix-
tures of broad-spectrum antibiotics to prepare pseudo-germ
free mice. In our previous study, an antibiotic treatment model
using the mixture of oxytetracycline, erythromycin, and ce-
fadroxil was employed to test the ability of the mixture to re-
duce the number of bacteria in separated intestinal contents

https://e-dmj.org  Diabetes Metab J 2020;44:908-918
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from small intestine, cecum, and large intestine [21]. The re-
sults showed that the number of bacteria in intestinal contents
collected from all three parts was significantly lowered by anti-
biotic treatment. Therefore, the same schedule for antibiotic
treatment was employed in this study. Following antibiotic ad-
ministration, the eflicacy of the antibiotic treatment was tested
by determining various enzyme activities normally produced
by the intestinal microbiota in the present study (Fig. 3). Sig-
nificant decreases in all three enzyme activities tested in the in-
testinal contents were achieved by antibiotic treatment. These
results indicated that the current antibiotics treatment model
is effective for studying the possible role of intestinal microbio-
ta in voglibose metabolism.

Thereafter, the in vitro metabolism of voglibose was charac-
terized by incubating various concentrations of voglibose at
various time points with the intestinal contents prepared from
antibiotics- and vehicle-treated mice. As shown in Fig. 4, the
amount of voglibose was significantly reduced within 3 hours
of incubation in the control group compared to that in the an-
tibiotic-treated group, and this significant difference remained
for up to 24 hours. To show whether the decrease in the level of
voglibose in the 24-hour incubated samples was due to the en-
zymatic action of intestinal microbiota or because of the un-
stable condition of voglibose at 37°C, a stability test for voglib-
ose was also conducted. The stability results in Table 1 demon-
strated that the decreased voglibose was due to the action of
intestinal microbiota and not due to the stability related issues
of voglibose at 37°C for 24 hours. A gradual disappearance of
voglibose from the intestinal contents prepared from antibiot-
ic-treated mice also indicated that the mice pretreated with
oral antibiotics did not completely suppress the enzymes from
the intestinal microbiota [21].

Voglibose is neither adequately absorbed nor metabolized
by liver enzymes [15]. Therefore, it was impractical to perform
the pharmacokinetic study of voglibose in animals. Because
voglibose acts as a blood glucose-lowering agent by inhibiting
the breakdown of complex carbohydrates in the intestinal lu-
men, it was reasonable to observe the pharmacological effects
of voglibose following antibiotic pretreatment in the starch-
supplemented model. Therefore, the alteration of blood glu-
cose levels by voglibose was studied in antibiotic-pretreated
non-diabetic and diabetic mice with their respective control
groups.

Because voglibose is originally developed as a blood sugar
lowering agent, it is normally prescribed to diabetic patients.
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Therefore, it would be more substantial to perform the voglib-
ose pharmacodynamic study in the diabetic model. For the
reason, the role of the intestinal microbiota in the metabolism
of voglibose was also tested in diabetic mice in this study. Sev-
eral methods are available to prepare a diabetic mouse model
[22-25]. Preparation of type I diabetic mice using streptozoto-
cin is one of the simplest and widely accepted methods [23].
From a preliminary study, we found that a single streptozoto-
cin dose higher than 200 mg/kg could destroy pancreatic
B-cells rapidly, within 1 or 2 days, but that it was very difficult
to control blood glucose levels and the mice died within 10
days of streptozotocin injection (data not shown). Although
the result was consistent with a report in which the adminis-
tration of animals with high doses of streptozotocin yielded
the complete death of B-cells and the complete absence of in-
sulin was achieved [26], this was not appropriate for our study.
Meanwhile, literatures indicated that multiple low doses of
streptozotocin cause delayed onset of hyperglycemia because
of the partial damages to the pancreatic islet cells and, thereby,
the blood glucose levels are adequately controlled [27,28].
Therefore, we used multiple treatment with streptozotocin at
low doses and observed that, with the intraperitoneal injection
of mice with 40 mg/kg streptozotocin for consecutive 5 days,
blood glucose levels were elevated to >250 mg/dL, which was
considered as the diabetic condition in this study [27].
Subsequently, the in vivo pharmacodynamic study of voglib-
ose was performed in antibiotics- and vehicle-treated non-dia-
betic and diabetic mice. It was hypothesized that, due to the di-
minished metabolism of voglibose by antibiotic treatment, the
blood glucose-controlling activity of voglibose would be sig-
nificantly elevated and more pronounced in antibiotic-treated
animals. Following voglibose and starch administration in the
non-diabetic model, the elevation in blood glucose levels was
precisely controlled and was similar to the 0-hour values (Fig.
5A). Conversely, the blood glucose levels were highly elevated
in starch-supplemented groups in the absence of voglibose. A
significant difference was observed between the blood glucose
levels in voglibose administered antibiotics- and vehicle-treat-
ed non-diabetic mice. These results indicated that the metabo-
lism of voglibose was dependent on the condition of intestinal
microbiota, which was largely altered by antibiotic treatment.
The same study was also conducted in diabetic mice and the
results were similar. Although the patterns of blood glucose
levels in mice were similar in both non-diabetic and diabetic
mice models, no statistically differences were observed be-
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tween the groups, probably because of the large blood glucose
level variation in diabetic models. The difference in blood glu-
cose levels between antibiotics-treated and -untreated groups
showed that the antibiotics pretreatment decreased the intesti-
nal microbial population, and, thereby, resulted in decreased
microbial enzyme levels to reduce the metabolism of voglib-
ose. Lesser metabolism of voglibose refers to the availability of
more voglibose to show its effect as a blood glucose-control-
ling agent. Hence, the lowest blood glucose level was observed
in antibiotics-pretreated mice administered with voglibose in
both diabetic and non-diabetic models.

Following antibiotic treatment, the basal level of blood glu-
cose was slightly lower than in the vehicle-treated group. This
was also observed even after starch administration in the anti-
biotic-treated group at each time point. Therefore, the possible
effects of antibiotics employed in the present study on the
blood glucose levels could not be completely ruled out. In fact,
some reports have suggested that antibiotics treatment could
reduce blood glucose levels in exposed individuals with re-
duced numbers of intestinal microbiota [29-31]. In addition,
some reports suggested that multiple host factors, as well as the
environmental factors, would have direct impacts in host gut
microbiome and blood glucose level [32]. Meanwhile, many of
the studies employed long-term treatment of animals with an-
tibiotics, which were somewhat different from the present
study [30,32]. Therefore, it would be necessary to study the ef-
fects of short-term treatment with antibiotics on blood glucose
level, which is yet to be determined. Although we could not
completely disregard the possibility of decrease in blood glu-
cose level by antibiotics, the role of voglibose metabolism by
intestinal microbiota in modulating blood glucose levels might
be important at least in part, because of the significantly de-
creased metabolism of voglibose in vitro in antibiotic-treated
intestinal contents (Fig. 4).

Taken together, it was concluded that the metabolism of vo-
glibose was significantly mediated by intestinal microbiota;
hence, the pharmacodynamic effects of voglibose were modu-
lated, at least in part, when mice were pretreated with antibiot-
ics. To our knowledge, the role of gut microbiota in voglibose
metabolism and the subsequent changes in pharmacodynamic
effects was demonstrated for the first time. Because the present
results indicated pharmacodynamic interactions of voglibose
with antibiotics, a clinical study should be instigated to deter-
mine whether the concurrent administration of voglibose and
certain antibiotics to patients disturbs the metabolism of vogli-
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bose, resulting in the modulation of blood glucose levels in hu-
mans similar to the animal models. In addition, it is required
to study whether the antibiotics employed in the present study
are affecting the blood glucose level or not in the near future,
with further studies to identify the possible metabolites pro-
duced by the intestinal microbiota.
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Supplementary Table 1. Method validation
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Inter-day (n=5)
Voglibose, ng/mL

Intra-day (n=5)

Accuracy, % Coeflicient of variation, %

Accuracy, % Coeflicient of variation, %

4 108.0+£9.3 8.6
100 104.1+6.7 6.5
400 107.8+9.5 8.8

85.7+5.9 6.9
99.0+6.8 6.9
99.4+8.1 8.2

Values are presented as mean + standard deviation.
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