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In this study, we compared the absorption and excretion of DNJ in mulberry leaf extract against that of

the purified compound (DNJ) using GC-TOF-MS, a newly developed analytical method, when

administered orally to rats. Moreover, we also compared absorption levels in small intestinal cells

using the Caco-2 cell line. In the cell study, DNJ absorption from the mulberry extract seemed to be

inhibited when compared to that of the purified DNJ compound. The concentration of DNJ in rat

plasma was also significantly (p < 0.05) lower when the mulberry extract was administered versus the

purified DNJ compound. The metabolic pattern of DNJ from the mulberry leaf extract indicated that

most was excreted in the feces, whereas a lower amount was detected in the urine, which was similar

to the purified DNJ compound. These findings indicate that the bioavailability of DNJ in mulberry leaf

extract might be lower than that of highly purified DNJ.
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INTRODUCTION

Imino sugars have been considered the most promising active
compounds for R-glucosidase inhibition over the past three
decades. In particular, 1-deoxynojirimycin (DNJ), which is
abundant in mulberry leaf (Morus alba L.), is believed to be a
typical naturally occurring imino sugar with potent biological
activity (1, 2). DNJ is a D-glucose analogue with an NH group
substituting the oxygen atom of the pyranose ring (Figure 1).
Despite its excellent ability to inhibit R-glucosidase, DNJ has
been deemed an improbable drug due to its moderate postpran-
dial hypoglycemic activity (3,4). Instead ofDNJ, derivatives with
altered inhibitory specificities, such as miglitol and emiglitate,
have been developed (5). However, because the chronic use of
purifiedR-glucosidase inhibitors can have undesirable side effects
such as flatulence, diarrhea, and abdominal cramping, their use
may be limited. Therefore, attention has focused on alternative
hypoglycemic agents from natural products with effective and
safe R-glucosidase inhibition activities and fewer side effects (6).
However, because DNJ is isolated from natural products, it has
been suggested that the intake of these natural dietary products,
including mulberries or other sericulture products, might be
beneficial in suppressing blood glucose levels (4). Recently,
several animal and human studies have reported that mulberry
or sericulture products containing DNJ suppressed postprandial
increases of glucose (7, 8).

At the present time, 130 cultivars of mulberry are cultivated in
Korea where they are grown for sericulture and used for medic-
inal purposes. Mulberries contain various functional ingredients
besides 1-deoxynojirimycin, such as soluble dietary fibers, resver-

atrol, quercetin, rutin, astragalin, andγ-aminobutyric acid (9,10).
Thus, mulberry leaf may be a promising functional ingredient for
hyperglycemic agents.

In spite of its numerous beneficial effects, there are few reports
on the absorption and metabolism of DNJ. Faber et al. (11)
investigated the pharmacokinetics of 1-deoxymannojirimycin
(DMJ), which is structurally related to DNJ, after intravenous
administration in rats. They reported that 120 min after i.v.
administration, 52% of the DMJ dose was detected in the
unchanged form in urine. Nakagawa et al. (12) also studied
plasma levels of DNJ after oral consumption. They found that
orally administered mulberry DNJ was absorbed in the intact
form from the alimentary tract and thenquickly excreted from the
body. However, because Nakagawa’s study (12) used purified
DNJ compounds, the bioavailability of DNJ in mulberry leaf
extract, which contains a similar DNJ form and is also abundant
in fiber and other phytochemicals such as quercetin, was not
determined.

Therefore, in this study, we compared the absorption and
excretion of DNJ from the mulberry leaf extract against that of
the purified compound when administered orally to rats. More-
over, we also compared absorption levels in small intestinal cells
using the Caco-2 cell line. Caco-2 cells are well-differentiated
human intestinal cells, which have been extensively characte-
rized (13, 14). As an in vitro model of the principal barrier of
intestinal absorption, Caco-2 cells were mounted in Ussing type

Figure 1. Chemical structures of DNJ (A) and glucose (B).

*Corresponding author. Tel: þ82 2 3277 6860. Fax: þ82 2 3277
6860. E-mail: orank@ewha.ac.kr.



Article J. Agric. Food Chem., Vol. 58, No. 11, 2010 6667

chambers. To detect trace levels of DNJ in plasma, urine, and
feces, we developed a simple method using gas chromato-
graphy coupled with time-of-flight mass spectrometric detection
(GC-TOF-MS).

MATERIALS AND METHODS

Reagents.The purified 1-deoxynojirimycin (DNJ,> 98.0%) was pur-
chased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).

Adonitol and pyridine were obtained from Sigma Aldrich (St Louis,

MO, USA), and N,O-bis(trimethylsilyl)-trifluoroacetamide (BSTFA)

containing trimethylchlorosilane (TMCS) was purchased from Supelco
(Bellefonte, PA, USA). High performance liquid chromatography

(HPLC) grade methanol, acetonitrile, and acetic acid were purchased

from J. T. Baker (Phillipsburg, NJ, USA). Nine-fluorenylmethyl chloro-
formate (FMOC-Cl) was purchased from Fluka (Buchs, Switzerland).

Dulbecco’smodifiedEagle’smedium (DMEM), fetal bovine serum (FBS),

Dulbecco’s phosphate buffered saline (DPBS), MEM nonessential amino
acids (MEMNEAA), penicillin/streptomycin, and 0.25%Trypsin-EDTA

were purchased from GIBCO (Grand Island, NY, U.S.A.).
Preparation ofHotWater Extract ofMulberry Leaves.Hot water

mulberry leaf extract (MLE) was obtained from Jeonnam Biotechnology
Center. The mulberry leaves (Morus alba L.) used in this study were
cultivated in Naju by Donguinara. Co., Ltd. (Naju, Jeonnam, Korea).
Briefly, dry mulberry leaves (81.09 g) were extracted with water (4 L) by
sonication and heating at 60 �C for 1 h and then centrifuged at 12,000g for
15 min to remove insoluble substances. The supernatant was freeze-dried
for 37 h. The residue was freeze-dried after repeating the extraction step.
The extracts were concentrated to give the MLE (28.23 g). DNJ was
analyzed using a reversed-phase high-performance liquid chromatography
system (RP-HPLC, Shiseido Co. Ltd., Tokyo, Japan) equipped with a
fluorescence detector after derivatization with 9-fluorenylmethyl chloro-
formate (FMOC-Cl) according to the procedure ofKim et al. (15). Briefly,
10 μL of standard or sample solution were mixed with 10 μL of 0.4 M
potassium borate buffer (pH 8.5) in a 1.5 mL microtube. Twenty
microliters of 5 mM FMOC-Cl in CH3CN was added with immediate
mixing and allowed to react at 20 �C for 20 min. Ten microliters of 0.1 M
glycine was added to terminate the reaction by quenching the remaining
FMOC-Cl. The mixture was diluted with 0.1% aqueous acetic acid to
stabilize the DNJ-FMOC and then filtered. The filtrate was injected into
theRP-HPLCusing aUnisonUS-C18 column (250� 4.60mmI.D., 5 μm,
Imtakt, Kyoto, Japan) with a flow rate of 1.0 mL/min and detection by a
fluorescence detector (excitation 254 nm, emission 322 nm). The analyte
was eluted with a mobile phase of acetonitrile-0.1% aqueous acetic acid
(1:1, v/v).

In Vitro Absorption of DNJ by Human Intestinal Cell Mono-

layers. The human colon adenocarcinoma cell line Caco-2 was obtained
from Korean Cell Line Bank (KCLB, Seoul, Korea). The cells were
cultured in a humidified incubator in an atmosphere of 5%CO2-95% air
at 37 �C. The cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine serum,
1% NEM nonessential amino acids, and 1% penicillin-streptomycin
mixture. For the in vitro absorption studies on semipermeable membranes
(Polyester Transwell inserts, Costar 3460, pore size 0.4 μm, Corning
Incorporate Life Sciences, Lowell, MA, USA), the cells were seeded at a
density of 1� 104 cells/cm2 onto membranes. The inserts were placed into
six-well plates, and the cells were allowed to grow and differentiate to
confluent monolayers for 11-14 days. The culture medium was changed
every 3 days at the luminal side and every 7 days at the serosal side.
To ensure that the monolayers exhibited properties of a tight biological
barrier, transepithelial electrical resistance (TEER) was monitored using a
Millicell-ERS voltometer (Millipore, Billerica, MA, United States).
Monolayers with TEER above 400 Ω were exclusively utilized in these
experiments. For the experiments, the mediumwas decanted, and the cells
were carefully washed with prewarmed (37 �C) PBS. To the upper
compartments, test media containing DNJ or MLE were added, and a
blank medium was added to the lower compartment. After the cells were
incubated for 2 h in an atmosphere of 5% CO2-95% air at 37 �C, each
membranewaswashedwith ice coldPBS three times, and then themedium
in the lower compartment was used to analyze DNJ content. Aliquots of
10 μL were used to determine protein concentrations by bichinchonic acid

(BCA protein assy, Bio-Rad, Hercules, CA, USA). The concentration of
DNJ was determined by RP-HPLC in the same manner as that described
above unless stated otherwise (15).

Animals. Ten male Sprague-Dawley (SD) rats at 9 weeks of age
(Orient Bio Inc., Kyeonggi-do, Korea) were used to determine DNJ

excretion in the urine and feces as well as levels in plasma. Another

50 SD rats at 6 weeks of age were used to examine time course changes of

DNJ in plasma. The rats were housed in a controlled roommaintained at

23 ( 1 �C with a 12 h light-dark cycle. The rats were randomly divided

into experimental groups according to blood glucose (n = 5). The rats

were fed a commercial pellet diet (Orient Bio Inc., Kyeonggi-do, Korea)

and allowed free access to water.
Time Course Changes of DNJ Concentrations in Plasma. To

evaluate time course changes of DNJ concentrations in plasma, the
animals were fasted for 12 h on day 9, and then the DNJ compound
(3 or 6 mg/kg body weight) or mulberry leaf extract (MLE, 1.7 g/kg body
weight, 6mg asDNJ) was orally administered. Before and at 15, 30, 45, 60,
120, 240, 360 min after MLE administration and before and at 0.5 min
after DNJ administration, blood samples were collected directly from the
heart using syringes under ethyl ether anesthetization. Each blood sample
was collected in a tube containing EDTA as an anticoagulant (1.5 mg/mL
blood). The plasma was immediately prepared by centrifugation at 1500g
for 15min at 4 �C.The obtained plasmawas transferred tomicrotubes and
stored at -80 �C until use.

Administration of MLE and DNJ to Rats for the Determination

of DNJ in Urine, Feces, and Plasma. For the determination of DNJ in
urine and feces, the animals were fasted for 12 h at day 9, and then purified
DNJ compound (30 mg/kg body weight) orMLE (0.85 g/kg body weight,
3 mg as DNJ) was orally administered. Using a metabolic cage, urine
was collected between 0 to 24 h, and feces samples were collected between
0 to 48 h to evaluate DNJ concentrations. To determine plasma DNJ, the
animals were fasted for 12 h at day 12 and then purified DNJ compound
(30 mg/kg body weight) or MLE (0.85 g/kg body weight, 3 mg as DNJ)
was orally administered. Thirty minutes after the administration, the
animals were sacrificed with ethyl ether anesthetization, and blood
samples were collected directly from the heart using a syringe. Each blood
sample was collected in a tube containing EDTA as an anticoagulant
(1.5 mg/mL blood). The plasma was immediately centrifuged at 1500g
for 15 min at 4 �C. The plasma was transferred to microtubes and stored
at -80 �C until use.

DNJAnalysis in Feces, Urine, and PlasmaUsing GC- TOF-MS.

A 200 μL amount of sample was sonicated, and then 800 μL of methanol
and 100 μL of adonitol [1 ppm (v/v) in methanol] as an internal standard
compound were added and mixed thoroughly with vortexing for 30 s.
Next, the samples were incubated on ice, sonicated, and centrifuged at
3000 rpm and 4 �C for 10 min. The supernatant was collected, dried, and
then mixed with 120 μL of pyridine, 90 μL of acetonitrile, and 90 μL ofN,
O-bis(trimethylsilyl)-trifluoroacetamide (BSTFA) with 1% trimethyl-
chlorosilane (TMCS) before sonication at 30 �C for 1 h. A gas chromato-
graph (Agilent 6890N, Agilent Technologies, Palo Alto, CA, USA) con-
nected to a time-of-flight (TOF) Pegasus III mass spectrometer (Leco, St.
Joseph, MI, USA) and equipped with a DB-5MS column (30 m length
�0.25 mm i.d.� 0.25 μm film thickness, J & W Scientific) was employed.
The GC oven temperature was increased from 80 to 230 �C at a rate
of 5 �C/min and then kept at 230 �C for 5 min. Both the injector and
detector transfer line temperatures were 250 �C. A 1 μL amount of
derivatized extract was injected in the splitless mode with helium as the
carrier gas (1.0 mL/min). The data acquisition rate of scanning was
20 scans s-1, and the recorded mass range was m/z 45 to 550. The
signal-to-noise (S/N) values of the peaks lower than 10 were rejected. The
baseline offset was set to 1, the data points for averaging was set to auto,
and the peak width was set to 1.333. Other MS conditions used were as
follows. Em voltage,-70 eV; transfer line temperature, 220 �C; ion souce
temperature, 180 �C; and vacuumstate 2.3� 10-7 torr.Quantificationwas
performed by comparing the unique ion peak area of the derivatized DNJ
to that of the derivatized internal standard compound following the same
method as that described above. The unique ion value of both the internal
standard compound and DNJ for quantification was 73.

Statistics. All statistical analyses were performed using the SAS
program package version 9.1. Differences between the control and
treatment groups were analyzed by Student’s t-test. As a way to compare
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several groups, one-way analysis of variance (ANOVA) with Duncan’s
multiple range tests was used at p< 0.05. All results are expressed as the
mean ( standard error (SE).

RESULTS

In Vitro Absorption of DNJ from Mulberry Extracts by Caco-2

Human Intestinal Cell Monolayers. Figure 2 shows the absorbed
concentrations of DNJ from mulberry extract or purified DNJ
compound in basolateral solutions after incubation of the
Caco-2 monolayers with DNJ concentrations of 0, 10, 20, 50,
and 100 μM. After 2 h of incubation, the concentrations of DNJ
in the basolateral side (filtrate) were determined by HPLC.
Concentrations of absorbed DNJ increased in a dose-response
manner in both treatments.However, concentrations of absorbed
DNJ from theMLE were lower than those by treatment with the
purified DNJ compound.

GC-TOF-MS Analysis of Standard DNJ and Rat Biological

Samples. The GC-TOF-MS unique ion chromatogram of the
authentic DNJ compound after derivatization is presented in
Figure 3A. Trimethylsilyl (TMS) derivatization was performed
in order to increase the volatility of the nonvolatile DNJ before
GC-TOF-MSanalysis. The increased volatility could be obtained
by elimination of polar OH and NH groups in nonvolatiles such
as sugars and amino sugars (16). The detection limit of this
method was below 6 � 10-4 μmol/L. In addition, the calibration
curve showed a good linearity (r2 > 0.99) in the range of 6.13 �
10-2 μmol/L and 3.07 � 10 μmol/L. For the recovery of DNJ, it
was found to be about 35% when a known amount of DNJ
standardwas added to the plasma sample. However, the recovery
test could provide relatively consistent results. A defined peak
ascribed to the derivatized DNJ was detected at a retention time
of around 22.40 min. The typical unique ion (m/z 73) chromato-
gram of a rat plasma extract is presented in Figure 3B. Although
there were several small peaks ascribed to the background of the
mulberry extract, DNJ itself was not detected in the rat plasma
extract before administration. However, 30 min after oral DNJ
administration, a clear peak ascribed to DNJ (22.40 min) was
observed in the plasma extract (Figure 3C). The same analytical

methods were applied to both the urine and feces samples for the
determination of DNJ concentrations.

Occurrence of DNJ in Rat Plasma. Figure 4 shows the time
courses of DNJ concentration when the mulberry extract was
administered. Plasma samples were obtained by scarification at
0, 15, 30, 45, 60, 120, 240, and 360 min afterMLE administration
(1.7 g/kg body weight, 6 mg as DNJ). The concentration of
DNJ in plasma increased to its highest level (12.01 μmol/L)
30min after single oral administration and then rapidly decreased
(Figure 4A). The DNJ concentrations in plasma 4-6 h after
administration were below the detection limit. When the purified
DNJ compoundwas administered at different levels (3 or 6mg/kg
bodyweight, respectively), concentrations ofDNJ in plasmawere
significantly increased in a dose-dependent manner after 30 min
(p < 0.0001, Figure 4B). To determine the absorption of DNJ
from the mulberry extract, we compared DNJ concentrations in
plasma after the extract was administered versus DNJ in plasma
after the purified DNJ compound was administered. A statisti-
cally significant (p<0.05, Figure 4B) difference in DNJ concen-
tration in plasma was found 30min after administration in which
the level was 25.66 ( 1.96 μmol/L when the purified DNJ
compound was administered and 12.01 ( 4.95 μmol/L when
the mulberry extract was administered.

Metabolic Fate of DNJ. In order to evaluate the metabolic fate
of DNJ,MLE (0.85 g/kg body weight, 3 mg as DNJ) and purified
DNJ compound at a high dose (ten times that contained in the
mulberry extract) were administered, and concentrations of DNJ
in urine and feces were analyzed. When DNJ was administered at
about 9.6 mg per rat, the amount of DNJ detected in the urine
(4.08 ( 0.83 mg) in the intact form was less than that of DNJ
excreted in the feces (7.22 ( 2.26 mg) over 48 h (Figure 5A).
However, whenMLEwasadministered at 0.98mgofDNJper rat,
the majority of the DNJ was excreted in the feces (1.27( 0.60 mg
per rat) and little amount ofDNJwas detected in the urine (0.07(
0.07 mg per rat) (Figure 5B). Although the pattern of metabolic
fatewas similar to that of the purifiedDNJ compound,whenDNJ
was administered as an extract, the excretion rate seemed to be
high compared to that with the purified form used.

DISCUSSION

Although various beneficial effects of DNJ on human health
have been suggested (1-5), the absorption and metabolism of
DNJ frommulberry leaves or leaf extracts still remain unresolved.
A recent study (12) using rats showed thatDNJwas absorbed into
plasma in the intact form. However, there is no reported data on
the absorption of DNJ when administered as an extract. This
prompted us to investigate the absorption ofDNJ usingmulberry
extract in vitro and in vivo. It has been reported that Caco-2 cells
can undergo spontaneous differentiation under culture condi-
tions and exhibit characteristics of mature enterocytes (17). The
cell surface facing the top medium develops a brush border that
resembles the luminal membrane of the intestinal epithelium. The
cell surface attached to the permeable membrane and facing the
bottom medium develops into a basolateral membrane. These
cells have been used to evaluate cell transport and/or accumula-
tion of pure phytochemicals such as quercetin and flavones, as
well as flavonoids in the food form (18-20). In the current study,
we evaluated the bioaccessibility of DNJ in the mulberry leaf
extract against that of purified DNJ using a Caco-2 cell model.
We found that DNJ was transported through the Caco-2 cell
monolayers in the intact formbut that its absorption rate was low
when the mulberry extract was applied.

In order to confirm the absorption ofDNJ in an animalmodel,
we evaluated the level absorbed through the intestinal barrier

Figure 2. DNJ concentrations at the basolateral side of cell monolayers
when incubated for 2 h. Purified DNJ compound or MLE at DNJ con-
centrations of 0, 10, 20, 50, 100 μM were treated to Caco-2 cells in
transport chambers. After 2 h of incubation, the concentrations of DNJ in
the serosal side (filtrate)were determined byHPLC.Data are expressed as
mean values with standard errors shown by vertical bars.
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using SD rats after oral administration of mulberry extract or
purified DNJ compound. To analyze DNJ in biological samples
such as plasma, urine, and feces, it was important to develop a
highly reproducible and sensitive analyticalmethod.We therefore
developed a simplifiedmethod that employedGC-TOF-MS after
derivatization of DNJ by BSTFA. The derivatization procedure
allowed for the relatively easy detection of DNJ in complex
biological samples using GC-TOF-MS. It is less expensive com-
pared to other analytical approaches such asLC-MSandhas high
reproducibility, high resolution, and few matrix effects (21).
Although there was no study on the derivatization of DNJ for

the analysis using GC-MS, we confirmed that DNJ, which has a
structure very similar to that of sugars and amino sugars, could be
readily derivatized to be analyzed by GC-MS following the same
procedure as that used for sugars and amino sugars. Also, this
method could provide increased selectivity and sensitivity as well
as a lower detection limit. Compared to the detection limit using
HILIC-TOF-MS, which was lower than 6 μmol/L (12), the
detection limit of this study was below 6 � 10-4 μmol/L. With
this newly developed analytical method, we investigated the
bioavailability of DNJ in mulberry leaf extract using SD rats.
Recently, Nakagawa et al. (12) reported that DNJ was absorbed

Figure 3. GC-TOF-MS analysis of rat plasma extract before (B) and after (C) oral administration of DNJ. Rat plasma extract before and 30 min after oral
administration of DNJ (6 mg/kg body weight) was analyzed using GC-TOF-MS. (A) MS spectrum of standard derivatized DNJ compound. (B) Extract of rat
plasma before administration. (C) Extract of rat plasma at 30 min after administration of DNJ.
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into plasma in the intact form in a dose-dependent manner. They
also found that DNJ has a short half-life and that 1% of ingested
DNJ was incorporated into the rat plasma. In our study, which
also used isolated DNJ, it was shown that DNJ in mulberry
extract was absorbed into plasma in the intact form as well,
reaching a maximum at 30 min after oral intake. To determine
the metabolic fate of DNJ, we analyzed levels in feces and
urine. Most of the DNJ absorbed into the plasma was excreted
in the feces and a small portion seemed to be metabolized
especially when themulberry extract was administered (Figure 5).
Nakagawa et al (12) also reported that the absorption rate ofDNJ
was slightly lower when compared to that of aza-sugars. In our
study,we confirmed that themajority of orally administeredDNJ
is not fully absorbed into the plasma, but rather excreted in the
feces. Our results also showed that the metabolic pattern of DNJ
existing in the extract was similar to that of the highly purified

DNJ compound. However, we found that the bioavailability of
DNJ from the mulberry extract was lower by analyzing it in
plasma following oral administration of the extract. Mulberry
leaves are composed of dietary fiber, quercetin, rutin, and other
compounds in addition to DNJ (9). Among these compounds,
soluble dietary fiber is the major component in mulberry leaf
aqueous extract, which is about 60% (22). Soluble dietary fiber
has the function of inhibiting glucose uptake by binding sugar
groups (23); therefore, it is assumed that the absorption of DNJ,
which is very similar to sugar in its structure, would be inhibited
by soluble dietary fiber. Despite the low absorption rate of DNJ
from mulberry extracts, it still offers prominent beneficial effects
in terms of hypoglycemia control.Miyahara et al. (8) reported on
the inhibitory effects of an aqueous ethanol extract of mulberry
leaves on postprandial hyperglycemia in normal Wistar rats.
Kimura et al. (7) also showed that food grade mulberry powder
suppressed the elevation of postprandial blood glucose in hu-
mans. On the basis of these results, although the absorption of
DNJ, the active ingredient in mulberry leaves, is lower than that
of isolatedDNJ, mulberry extract remains a promising candidate

Figure 4. Concentrations of DNJ in rat plasma after single oral adminis-
tration of purified DNJ compound and mulberry extract. (A) Concentra-
tion-time curves for DNJ after oral administration of MLE. MLE was orally
administered at 1.7 g/kg body weight (6 mg as DNJ), and then concentra-
tions of DNJ were measured at 0, 15, 30, 45, 60, 120, 240, and 360 min in
plasma. Data are expressed asmean values with standard errors shown by
vertical bars. Mean values were significantly different at 15 and 30 min
using one-way ANOVA at p < 0.05. (B) Concentrations of DNJ in rat
plasma at 30 min after single oral administration of purified DNJ compound
and mulberry extract. The purified DNJ compound (3 or 6 mg/kg body
weight) and MLE (1.7 g/kg body weight, 6 mg as DNJ) were administered
to rats, and then levels of DNJ in plasma were measured. Data are
expressed as mean values with standard errors shown by vertical bars.
Comparisons were performed between each of the two groups (DNJ3 vs
DNJ6 and DNJ6 vs MLE6: ** P < 0.01).

Figure 5. Concentrations of DNJ in urine and feces after single oral
administration of purified DNJ compound or mulberry extract. The animals
were fasted for 12 h, and then purified DNJ compound (30 mg/kg body
weight) or MLE (0.85 g/kg body weight, 3 mg as DNJ) was orally
administered at day 9 for the determination of DNJ in urine and feces.
Using a metabolic cage, we collected urine between 0 to 24 h, and feces
samples were collected between 0 to 48 h to evaluate DNJ concentrations.
Data are expressed as mean values with standard errors shown by vertical
bars. (A) Purified DNJ compound. (B) MLE.
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as a hypoglycemic functional ingredient in food or food supple-
ments.

DNJ is generally regarded as a competitive inhibitor of small-
intestinal brush-boarder R-glucosidase. Therefore, the therapeu-
tic consideration of DNJ always centers on its postprandial
hypoglycemic effects in the gastrointestinal tract. Derivatives of
DNJ such as miglitol and emiglitate are systematically absorbed,
but they are not metabolized and are rapidly excreted via the
kidneys (24). However, in the case of DNJ, it appears to be
excreted in the feces after administration, and although a small
amount ofDNJmay be rapidly absorbed into the blood after oral
administration, it was removed from the body in our study.
Moreover, if DNJ would be administered via mulberry extracts,
which is a complex form, its bioavailability would be lower while
maintaining its hypoglycemic effect. However, studies revealing
the hypoglycemic effects and lysosomal storage of glycogen as a
sequel ofR-glucosidase inhibition by the absorption ofDNJ from
mulberry extract over a longer period are required.

In conclusion, the results of our study clearly indicate that the
majority of DNJ administered to rats were excreted in feces and
that a small amount was absorbed and then rapidly excreted in
urine. In addition, the absorption ofDNJ inmulberry leaf extract
was found tobe lower than that of highly purifiedDNJ.However,
further studies examining the effects of DNJ from mulberry leaf
on glucose control over long-term intake as well as its safety
concerns are required in order to clarify the role of mulberry leaf
as a hypoglycemic agent.

ABBREVIATIONS USED

DNJ, 1-deoxynojirimycin; GC-TOF-MS, gas chromatograph
coupled with time-of-flight mass spectrometer; DMJ, 1-deoxy-
mannojirimycin; BSTFA, N,O-bis(trimethylsilyl)-trifluoroaceta-
mide; TMCS, trimethylchlorosilane; HPLC, high performance
liquid chromatography; FMOC-Cl, nine-fluorenylmethyl chloro-
formate; DMEM, Dulbecco’s modified Eagle’s medium; FBS,
fetal bovine serum;DPBS, Dulbecco’s phosphate buffered saline;
MEM NEAA, modified Eagle’s medium nonessential amino
acids; MLE, mulberry leaf extract; KCLB, Korean Cell Line
Bank; BCA, bichinchonic acid; RP-HPLC, reversed-phase high-
performance liquid chromatography; TEER, transepithelial elec-
trical resistance; SD, Sprague-Dawley.
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