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Lignan glycosides are important functional compounds in sesame meal. In the present study, we
investigated whether the tissue distribution of nano/submicrosized lignan glycosides from sesame
meal (N-LGSM) differs from lignan glycosides from sesame meal (LGSM). LGSM was nano/
submicrosized with 0.3 mm zirconia beads as the milling media. The average particle size of the
4% LGSM aqueous suspension reduced rapidly from approximately 2 um to 200 nm after media
milling at an agitation speed of 3600 rpm for 30 min. We examined the tissue distribution of
sesaminol triglucoside (ST), the main component in LGSM, in Sprague-Dawley (SD) rats. The
concentrations of ST were determined in various tissues and plasma within a 24 h period after oral
administration of N-LGSM and LGSM (800 mg/kg of body weight). The results showed that higher
concentrations of ST and its metabolites (sesaminol, sesaminol sulfate, and sesaminol glucuronide)
were found in N-LGSM compared to those in LGSM in most tissues, especially liver and small
intestine. Sesaminol glucuronide was the main metabolite in rats. After 3 h of oral administration,
around 70% higher concentration of sesaminol glucuronide was found in N-LGSM compared to that
in LGSM. This study clearly showed that LGSM is more bioavailable after nano/submicrosizing.
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INTRODUCTION

Sesame (Sesamum indicum L.) has been known as a traditional
health food in East Asian countries. Sesame seed, composed of
50% lipid and 20% protein, is one of the important oilseed crops
in the world (7, 2). Lignans and lignan glycosides are important
functional components in sesame. Lignan glycosides, existing
mainly in the defatted sesame meal, are hydrophilic antioxidants.
The major lignan glycosides found in sesame are sesaminol
glucosides, pinoresinol glucosides, and sesamolinol glucosides
(3, 4). Several biological effects of these lignan glycosides have
been studied. Sesame lignan compounds including sesaminol
glucosides have been shown to inhibit lipid peroxidation as well
as oxidative DNA damage in rat liver and kidney (§). Dietary
defatted sesame flour containing 1% sesaminol glucoside has
been reported to decrease susceptibility to oxidative stress in
hypercholesterolemic rabbits (6). It was also reported that sesa-
minol glucosides have an antiinflammatory effect through inhibi-
tion on nuclear factor kB (NF-xB) and may be a useful agent for
prevention of inflammatory disease such as Alzheimer’s dis-
ease (7). In addition, it has been shown that sesaminol glucosides
could inhibit azoxymethane- (AOM-) induced carcinogenesis in
rat colon and suggested sesaminol glucosides as a possible
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chemopreventive agent (§). As a waste byproduct, sesame meal
would be of added value if it could be used in the food industry.

Nanotechnology is expected to create innovation and play an
important role in various biomedical applications. Due to the
advantage of size effect and high surface reactivity of nanopar-
ticles, nanotechnology is already used in pharmaceutical applica-
tions to increase the bioavailability of drugs (9—15). Size-
dependent tissue distribution of nanoparticles was also found in
the literature (16 —18). However, there are only few reports on
applications of nanotechnology in foods. The advantages and
limitations of its use in the food industry are not yet fully
understood. Several techniques have been applied to produce
nanosuspensions, such as media milling and high-pressure
homogenization (/1 —13, 19). The specific physicochemical prop-
erties at the nanoscale are expected to result in increased reactivity
with biological systems. Due to the smaller particle size and larger
surface area, the biological effects and bioavailability of tradi-
tional foods may be higher after nanosizing. In our previous
in vitro finding (20), we examined the intestinal epithelial mem-
brane transport and absorption of lignan glycosides from sesame
meal (LGSM) and nano/submicrosized LGSM (N-LGSM) using
the Caco-2 human colonic cell line, a model simulating human
intestinal absorption. After 4 h of transport experiment using the
Caco-2 cell monolayer model, higher transport efficiency of
sesaminol triglucoside (ST), which is the main component in
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LGSM, was found after nano/submicrosizing. However, more
information on absorption, distribution, metabolism, and excre-
tion of food nanoparticles in vivo is needed.

The aim of this study was to investigate whether the tissue
distribution of ST and its metabolites in N-LGSM differs from
that in LGSM. This is the first report describing the biodistribu-
tion of nano/submicrosized sesame lignans. We want to investi-
gate if the size reduction would enhance the absorption of LGSM
In rats.

MATERIALS AND METHODS

Materials and Chemicals. Black sesame meal was supplied by Yuan-
Shun Food Co. (Yun-Ling County, Taiwan). Sulfatase (type H-1),
p-saccharic acid 1,4-lactone, and S-glucuronidase (type E-1) were obtained
from Sigma-Aldrich (St. Louis, MO). Methanol (purity = 99.5%, HPLC
grade) and n-hexane (purity = 98%) were purchased from Merck Co.
(Darmstadt, Germany) and Tedia Co. (Fairfield, OH), respectively.
Deionized water (Millipore Co., Bedford, MA) was used for all prepara-
tions.

Sesaminol triglucoside (ST) standard (purity = 99%, identified by
nuclear magnetic resonance spectroscopy) and sesaminol standard
(purity = 98%, identified by nuclear magnetic resonance spectroscopy)
were extracted and purified from sesame meal in our own laboratory as
reported previously (27). The chemical structures of ST and sesaminol are
shown in Figure 1.

Animals. Sprague-Dawley (SD) rats (275 + 25 g), supplied by
BioLASCO Co. (Taipei, Taiwan), were used for tissue distribution study.
First, the animals were acclimatized at a temperature of 20—22 °C and a
relative humidity of 50—70% under a 12 h light/dark cycle for 1 week fed
with AIN 93 M diet (Purina Mills, St. Louis, MO) and water ad libitum.
The experimental protocol was approved by the National Laboratory
Animal Center (Taipei, Taiwan).

Preparation of the Crude Extract of Lignan Glycosides. The
method was adapted from Shyu et al. (2). Black sesame meal was extracted
with n-hexane (1:10, g/mL) by stirring for 8 h at room temperature (two
times). After removal of supernatant, the defatted sesame meal was
collected and then extracted with 80% methanol (1:10, g/mL) by stirring
for 8 h at room temperature (two times). This methanol extract was
desolventized under reduced pressure to afford the crude extract of LGSM
for the following experiments. The yield of LGSM from raw sesame meal
was approximately 6%. LGSM contained 18.5% sesaminol triglucoside,
an important bioactive compound in sesame meal.

Preparation of Nano/Submicrosuspension of Lignan Glycosides
from Sesame Meal. The detailed method has been described in our
recent publication (20). In brief, nano/submicrosized LGSM was pro-
duced by a media milling machine (MiniPur; Netzsch-Feinmahltechnik
GmbH, Staufen, Germany) using a wet-milling process. It was performed
using Yttria-stabilized zirconia beads with a diameter of 0.3 mm. Sixteen
grams of LGSM powder was suspended in 400 mL of deionized water. The
milling time was 30 min at the agitation speed of 3600 rpm. The suspension
was agitated and recycled in the milling system by a pump. The bulk
volume of milling medium was 140 mL. The process was performed at
room temperature.

Particle Size and Morphology Determination. The detailed meth-
od has been described in a recent publication (20). In brief, dynamic light
scattering measurements were performed using a light scattering particle
size analyzer (Nanotrac 150; Microtrac Inc., Largo, FL). The size and
morphology of N-LGSM were also studied by transmission electron
microscopy (TEM; Model JSM-1200EX II; JEOL, Tokyo, Japan). Ten
microliters of N-LGSM was added to 200 mesh carbon-coated copper
grids (Electron Microspray Science, Hatfield, PA), and the excess liquid
was drained off with a Whatman filter paper. Copper grids containing the
sample as a dry film were placed on a TEM sample holder and observed at
an accelerating voltage of 80 kV. A Sudan stain test was also performed
using a 0.2% Sudan I (Sigma-Aldrich, St. Louis, MO) solution in 70%
ethanol.

Tissue Distribution Studies. The method was adapted from Jan
et al. (21, 22) and Nardini et al. (23). LGSM or nano/submicrosized
LGSM (N-LGSM) was administered via gastric gavage to two groups of
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(A)

Figure 1. Chemical structures of (A) sesaminol triglucoside and (B)
sesaminol.

rats (n = 15) for 4 days in three daily doses of 800 mg/kg body weight, a
total of 2400 mg/kg body weight per day. Rats were anesthetized, using
CO; as a carrier, at 1, 3, 6, 9, and 24 h (three rats were used for each time
point) after the final tube feeding on the fourth day. Blood obtained by
heart puncture was collected in heparin tubes, and plasma was subse-
quently prepared in centrifuge tubes by centrifuging at 1000g at 4 °C for
20 min. Heart, liver, spleen, lung, kidney, stomach, small intestine, cecum,
colon, and rectum samples were collected after lightly rinsing with normal
saline. Plasma and tissue samples were frozen at —80 °C until analysis.

Extraction. For extraction, rat tissues, weighted in 50 mL tubes, were
homogenized by Polytron with normal saline. The homogenate was then
mixed with acetonitrile (1:2, v/v) by a shaker for 30 min. The extract was
centrifuged at 10000 rpm for 10 min at 4 °C. The supernatant was
transferred to a clean tube and evaporated by nitrogen at 50 °C.
Subsequently, the dried supernatant was dissolved with 1 mL of 0.1 N
sodium acetate buffer (pH 5.0, with 200 mg/mL ascorbic acid) to obtain
the tissue homogenate sample.

One hundred microliters of tissue homogenate sample or plasma was
added with 50 4L of 0.1 N HCI and 250 uL of acetonitrile solution. The
sample was then deproteinized by vortex mixing for 30 s. The deproteinized
sample was centrifuged at 10000 rpm for 10 min at 4 °C. The supernatant
was transferred to a clean tube and evaporated by nitrogen at 50 °C. Then
the dried supernatant was dissolved with 1 mL of 0.1 N sodium acetate
buffer (pH 5.0). Twenty microliters of sample was injected into the HPLC
system for determination of sesaminol triglucoside and sesaminol.

Sulfatase type H-1 from Sigma-Aldrich also contains -glucuronidase
activity. The activity of p-glucuronidase can be totally inhibited by
performing the enzymatic reaction in the presence of p-saccharic acid
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1,4-lactone (23). For determination of sesaminol sulfate, 100 uL of
tissue homogenate sample or plasma was added with 50 uL of sulfatase
(1000 units/mL), 50 uL of p-saccharic acid 1,4-lactone (26 mM), and 50 uL.
of ascorbic acid (200 mg/mL) dissolved in 0.1 N sodium acetate buffer
(pH 5.0). After being incubated in a water bath at 37 °C for 2 h, the
hydrolyzed sample was added with 250 uL of acetonitrile and 50 uL of
0.1 N HCI. After vortex mixing for 30 s, the deproteinized sample was
centrifuged at 10000 rpm for 10 min at 4 °C. The supernatant was
transferred to a clean tube and evaporated by nitrogen at 50 °C. Then
the dried supernatant was dissolved with 1 mL of 0.1 N sodium acetate
buffer (pH 5.0). Twenty microliters of sample was injected into the HPLC
system. This procedure allows the measurement of free plus sulfate
conjugates of sesaminol. The amount of sulfates in plasma and tissue
samples was calculated by subtracting the value of free, nonconjugated
sesaminol content obtained with the above-reported procedure.

For determination of sesaminol glucuronide, 100 uL of tissue homo-
genate sample or plasma was added with 100 uL of fS-glucuronidase
(1000 units/mL) and 50 uL of ascorbic acid (200 mg/mL) dissolved in 0.1 N
sodium acetate buffer (pH 5.0). After being incubated in a water bath at
37°C for 2 h, the hydrolyzed sample was added with 250 uL of acetonitrile
and 50 uL of 0.1 N HCI. After vortex mixing for 30 s, the deproteinized
sample was centrifuged at 10000 rpm for 10 min at 4 °C. The supernatant
was transferred to a clean tube and evaporated by nitrogen at 50 °C. Then
the dried supernatant was dissolved with 1 mL of 0.1 N sodium acetate
buffer (pH 5.0). Twenty microliters of sample was injected into the HPLC
system. This procedure allows the measurement of free plus glucuronide
conjugates of sesaminol. The amount of glucuronides in plasma and tissue
samples was calculated by subtracting the value of free, nonconjugated
sesaminol content obtained with the above-reported procedure.

Determination of Sesaminol Triglucoside and Its Metabo-
lites. Concentrations of sesaminol triglucoside and its metabolites were
determined by HPLC. The HPLC system consisted of a Shimadzu LC-
10AT pump (Kyoto, Japan), a Hitachi L-4250 UV detector (Tokyo,
Japan), and a Shimadzu SIL-10AF autosampler (Kyoto, Japan). Data
acquisition was performed on a SISC program (Taipei, Taiwan). The
Cosmosil SCI18-AR-II column (250 mm x 4.6 mm, 5 um pore size;
Nacalai, Kyoto, Japan) was maintained at 25 °C. The detector wavelength
was 290 nm. The solvent system used was (A) water and (B) methanol. The
linear gradient program used was the following: flow rate = 1.0 mL/min;
0—25 min, (A) 60% and (B) 40%; after 25 min, (A) 0% and (B) 100%.
Injection volume was 20 uL.

Statistical Analysis. All data were reported as mean + standard
deviation (SD) for three replicates of each group. Sesaminol triglucoside,
sesaminol, sesaminol sulfate, and sesaminol glucuronide concentrations
were expressed in nanomoles per gram of tissue or nanomoles per milliliter
of plasma. The statistical software Microsoft Office Excel (Microsoft Co.,
Redmond, WA) was used to perform the statistical analysis. Data were
analyzed by Student’s ¢-test analysis of variance, and the differences were
considered to be statistically significant at p < 0.05.

RESULTS AND DISCUSSION

Preparation of Nano/Submicrosized Lignan Glycosides from
Sesame Meal. We used a wet-milling machine to make the LGSM
nano/submicrosuspension. Milling was performed using Y'ttria-
stabilized zirconia balls with a diameter of 0.3 mm. Effective size
reduction could be achieved by strong shear force and high
frequency compression during milling. Results of dynamic light
scattering measurements showed that the average particle size of
LGSM was reduced from approximately 2 um to 200 nm after
30 min of milling with a rotation speed of 3600 rpm. The TEM
photograph also showed that the N-LGSM are nano/submicro-
particles having particle size around 200 nm with spherical and
homogeneous morphology. Interestingly, the possible formation
of nanoemulsion droplets was found, which may be due to the
presence of lipid and protein in LGSM and the high speed
homogenization during the process of nanonization. The positive
result of the Sudan stain test and the composition analysis of
LGSM were reported in our recent publication (20).
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Figure 2. HPLC chromatograms of sesaminol triglucoside (ST) and
sesaminol in (A) liver and (B) small intestine of rat collected at 6 h after
oral administration of nano/submicrosized LGSM. Peaks: 1, sesaminol
triglucoside; 2, sesaminol.

Organs Distribution of Nano/Submicrosized Lignan Glycosides
from Sesame Meal. In this study, we analyzed the concentration of
ST and its metabolites (sesaminol, sesaminol sulfate, and sesa-
minol glucuronide) to investigate the biodistribution in rats
within 24 h after oral administration. A method of measuring
ST, the main component in lignan glycosides from sesame meal,
was developed. The determination of ST was performed using
HPLC/UV for quantification. The method adapted from Jan et
al. (21) has been used to analyze ST in various tissues. The
maximum absorption wavelength (290 nm) of ST determined by a
photodioarray detector was employed as the UV detecting
wavelength in the following analysis. The linear gradient program
of mixed solvents of water and methanol was used. The Cosmosil
5C18-AR-II column showed good performance in HPLC ana-
lyses. In addition, the quantitative method for determination of
ST-conjugated metabolites (sulfate and glucuronide form) by
HPLC was established in this study. While doing sulfate analysis,
it is necessary to add p-saccharic acid 1,4-lactone as an inhibitor
for p-glucuronidase. Because the commercial sulfatase (from
Helix pomatia) has both activities of sulfatase and S-glucuroni-
dase, it hydrolyzes not only sesaminol sulfate but also sesaminol
glucuronide.

Typical HPLC chromatograms of sesaminol triglucoside and
sesaminol in rat liver and small intestine collected after oral
administration are shown in Figure 2. The retention time of
sesaminol triglucoside and sesaminol was approximately 12 and
21 min, respectively. This analytical method was rapid and
reliable. As shown in Figure 3, ST and its metabolites were widely
distributed in organs. The concentration of ST in N-LGSM was
higher in liver (Figure 3C) and kidney (Figure 3F), compared to
that in plasma (Figure 3A), heart (Figure 3B), spleen (Figure 3D),
and lung (Figure 3E). In organs, the concentrations of ST reached
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Figure 3. Concentration—time profiles for sesaminol triglucoside (ST) and its metabolites in (A) plasma, (B) heart, (C) liver, (D) spleen, (E) lung, and
(F) kidney of rat after oral administration of LGSM and nano/submicrosized LGSM (N-LGSM). S = sesaminol. S-conjugate = S-sulfate + S-glucuronide.

maxima at 1—6 h after oral administration and decreased after
9 h. Conjugation reactions are considered to be the major
detoxification processes in the body, but conjugation products
may also be biologically active.

The liver is an important organ in the human body. It serves as
a gatekeeper between the intestines and the general circulation. In
this study, times to reach maximum concentration (7,,) of ST in
N-LGSM and LGSM were 3 and 6 h, respectively, indicating
smaller particles reached the liver more rapidly (Figure 3C).
Enterohepatic circulation may occur faster in N-LGSM than in
LGSM. The maximum concentrations (Cy,y) of ST in LGSM
and N-LGSM were 27.17 £+ 6.01 and 41.40 £+ 8.42 nmol/g,
respectively (Table 1). Higher concentrations of metabolites were
also found in N-LGSM. Glucuronide seemed to predominate as
ST metabolites in vivo. After 6 h of oral administration, around
50% higher concentration of sesaminol glucuronide was found
in N-LGSM compared to that in LGSM. It had a significant

difference in statistics (p < 0.05). The same trend was also found
in heart, spleen, lung, kidney, and plasma. The C,,,,x of ST and its
metabolites in different organs was higher in N-LGSM than in
LGSM.

Gastrointestinal Tract Distribution of Nano/Submicrosized Lig-
nan Glycosides from Sesame Meal. Time-dependent changes of
ST, sesaminol, and conjugated metabolite concentrations in rat
stomach and intestines are shown in Figure 4. The concentrations
of ST and its metabolites in large intestine (cecum, colon and
rectum) were higher than those in stomach and small intestine and
much higher than those in heart, liver, spleen, lung, and kidney. In
the stomach and small intestine, the concentrations of ST and its
metabolites reached maxima at 1 and 3 h, respectively, after oral
administration and were rarely found after 24 h. In cecum, colon,
and rectum, the concentrations of ST and its metabolites reached
maxima at 6 and 9 h, respectively, after oral administration,
longer than those in the stomach and small intestine.
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Table 1. Concentrations of Sesaminol Triglucoside (ST) and lts Metabolites in Rat Liver at Each Time Point after Oral Administration of LGSM and Nano/
Submicrosized LGSM (N-LGSM)?

concn (nmol/g)

sesaminol triglucoside sesaminol aglycon sesaminol sulfate sesaminol glucuronide
time (h) LGSM N-LGSM LGSM N-LGSM LGSM N-LGSM LGSM N-LGSM
1 9.37 £1.87 13.36 +3.02 5124 0.51 6.80+1.16 7.84 £3.08 11.68 +3.14 6.51+2.02 9.71+1.86°
3 21.06 +2.98 41.40+8.42° 8.2540.96 11.03 +2.33° 14.54 4-3.92 19.644-2.89 13.824+2.21 19.91 + 3,53
6 27.17 £6.01 39.64 +8.47° 14.434+1.62 15.58 4+ 2.60 23.02 £6.83 28.49 £9.84 26.14 £3.06 37.92 + 4.16°
9 8.1243.05 14.59 4 4.40 5.1540.86 6.504-1.40 12124 5.01 14.414+4.44 11.894-4.04 12.50 4+ 6.25
24 3.254+1.48 5.32 + 0.65° 3.74 +0.61 4254 0.65 6.77 £1.95 7.96 +2.36 6.30 +£3.17 7.48 +3.80

@Data expressed as mean + SD. Two groups (LGSM and N-LGSM) of rats (n = 15) were administered via gastric gavage for 4 days in three daily doses (800 mg/kg body
weight). ° Significantly different (p < 0.05) when compared with LGSM by Student's ttest.
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Figure 4. Concentration—time profiles for sesaminol triglucoside (ST) and its metabolites in (A) stomach, (B) small intestine, (C) cecum, (D) colon, and
(E) rectum of rat after oral administration of LGSM and nano/submicrosized LGSM (N-LGSM). S = sesaminol. S-conjugate = S-sulfate + S-glucuronide.
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Table 2. Concentrations of Sesaminol Triglucoside (ST) and lts Metabolites in Rat Small Intestine at Each Time Point after Oral Administration of LGSM and Nano/
Submicrosized LGSM (N-LGSM)?

Liao et al.

concn (nmol/g)

sesaminol triglucoside sesaminol aglycon sesaminol sulfate sesaminol glucuronide

time (h) LGSM N-LGSM LGSM N-LGSM LGSM N-LGSM LGSM N-LGSM

1 1067.15 £21349  1324544271.98 2914 +214  4463£7.97 24934459 3106513 4328740 5146+£7.18
3 549.07 4 7851 73546412055 59194765 70891530  69.81867 784941220  97.83+1461  166.04436.35
6 210.61 4 36.20 260.1144021  2040+481  3866+£924° 28034754  3267+£854  79.37+1070 114,68+ 18.26
9 265.24 4 44.36 4532248593 9844175  1830£323° 12434328  1521£473 28374757 49.35£8.23°
24 2067 +3.59 36.86 -+ 8.47 6094240 906356 4744161 5544085 6.16 4 1.21 7.08 4 1.62

Two groups (LGSM and N-LGSM) of rats (n = 15) were administered via gastric gavage for 4 days in three daily doses (800 mg/kg body weight). ° Data expressed as mean +
SD. Significantly different (p < 0.05) when compared with LGSM by Student’s t-test.

In the biodistribution study, the most important information
about absorption can be found from the results in the small
intestine. The higher concentration of nutrient detected in the
small intestine usually indicated better absorption. In this study,
the concentrations of ST and its metabolites in small intestine
were higher in N-LGSM than in LGSM. It seemed that the
smaller particle size resulted in better absorption. Concentrations
of ST and its metabolites in rat small intestine at each time point
after oral administration are shown in Table 2. The Ty, of ST
and its metabolites in the small intestine was 1 and 3 h,
respectively. Sesaminol glucuronide was the main metabolite
in the small intestine. After 1 h of oral administration, ST con-
centrations in LGSM and N-LGSM were 1067.15 £ 231.49 and
1324.54 £ 271.98 nmol/g, respectively. After 3 h of oral admin-
istration, around 70% higher concentration of sesaminol glucuro-
nide was found in N-LGSM compared to that in LGSM.
Sesaminol glucuronide concentrations in LGSM and N-LGSM
were 97.83 & 14.61 and 166.04 £ 36.35 nmol/g, respectively. The
difference is statistically significant (p < 0.05). Our results clearly
showed that N-LGSM group had better small intestinal absorp-
tion.

The T,,.x of ST and its metabolites in colon was 6 and 9 h,
respectively. Sesaminol glucuronide was the main metabolite in
the colon. After 6 h of oral administration, ST concentrations in
LGSM and N-LGSM were 683.67 £ 139.03 and 520.04 & 76.66
nmol/g, respectively. After 9 h of oral administration, sesaminol
glucuronide concentrations in LGSM and N-LGSM were
1490.49 + 383.58 and 1217.26 + 278.18 nmol/g, respectively.
The opposite trend of tissue distribution was found in the large
intestine compared to that in the small intestine. The large
intestine receives the liquid residue after digestion and absorption.
This residue consists mostly of water as well as materials that were
not digested and absorbed. In this study, the lower level of ST in
the large intestine was found in N-LGSM, indicating that the
percentage of ST not absorbed was lower in N-LGSM compared
to that in LGSM.

For particles with decreasing size, the ratio between the relative
surface area and its volume will increase rapidly. Nano/submi-
crosized particles can be more reactive compared to larger
particles because more surface area can interact with biological
components of cells (24—26). Many reports have shown that the
smaller the particle size, the higher the absorption efficiency. The
bioavailability of regular carbendazim (7 ym) and its nanoparticle
(280 nm) made by wet milling has been compared (12). It was
found that the relative bioavailability of nanoparticle carbenda-
zim versus regular carbendazim was 166%. Szentkuti (27) found
that the smaller the particle, the faster the penetration action
across the mucus barrier. Latex nanoparticles (14 and 415 nm)
could penetrate the mucus gel layer in 2 and 30 min, respectively.
Particles larger than 1 um were unable to pass through the
intestinal mucus barrier. In addition, size-dependent absorption

of '*I-labeled polystyrene latex particles was found by Jani
et al. (9). Higher levels of polystyrene in intestine, stomach, liver,
spleen, and urine were found in the group fed 100 nm particles
than that fed 1 um particles to rats, indicating the smaller the
particle, the better the absorption. The trend was the same as the
results we found in this study.

Our results demonstrated that in plasma, heart, liver, spleen,
lung, kidney, and small intestine Cp,,,x of ST and its metabolites in
N-LGSM was higher than that in LGSM. It clearly showed that
LGSM is more bioavailable after nano/submicrosizing. Besides,
shorter Tax of ST in liver and shorter Ty, of sesaminol in spleen
were found in N-LGSM compared to those in LGSM, indicating
nano/submicroparticles might be transported and absorbed more
rapidly and efficiently than microparticles in rats. The Cp,.x of ST
after oral administration to rats was in the following order: large
intestine > small intestine > stomach > kidney ~ liver > heart >
spleen ~ lung ~ plasma. In most organs, concentrations of ST-
conjugated metabolites were higher than ST, indicating ST could
be hydrolyzed and biotransformed to metabolites by intestinal
enzymes and microflora. Glucuronide was the major metabolite,
followed by sulfate. Conjugated metabolites (sulfate/glucuro-
nide) were widely distributed in rat tissues, with the highest
concentrations in intestines. It seemed that hydrolysis, sulfation,
and glucuronidation of ST play an important role in intestines.
The same trend was also shown in the literature (217).

The Tiax of ST in small intestine, liver, and large intestine was
1, 3, and 6 h, respectively. ST was believed to pass through the
small intestine and enter the large intestine, where it is hydrolyzed
to aglycon by enterobacteria. A proportion of ST might be
reabsorbed by the intestinal mucosa via the enterohepatic circula-
tion. ST is mostly hydrolyzed to its aglycon by hydrolase,
followed by conjugation to sulfate and glucuronide by sulfo-
transferase and UDP-glucuronosyltransferase before and during
the process of intestinal absorption. Conjugated metabolites are
transported into circulatory systems and excreted in urine.
According to this study, the metabolites and metabolic pathways
of LGSM and N-LGSM may not be different. However, at the
same time point after oral administration, the concentrations of
ST metabolites in N-LGSM differ significantly from those in
LGSM. The higher absorption and bioavailability of nano/
submicrosized LGSM may be attributed to the following factors:
(a) smaller particle size and larger surface area provided by the
fine particles, (b) increased mucosal permeability, and (c) im-
proved intestinal absorption due to the formation of nanoemul-
sion droplets.

In our previous report (20), a similar trend was also found.
In brief, we examined the intestinal epithelial membrane trans-
port and absorption of LGSM and nano/submicrosized LGSM
(N-LGSM) using the Caco-2 human colonic cell line, a model
simulating human intestinal absorption. After 4 h of trans-
port experiment using the Caco-2 cell monolayer model, higher
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transport efficiency of sesaminol triglucoside (ST), which is
the main component in LGSM, was found after nano/submicro-
sizing.

The results of this in vivo study confirm our previous in vitro
finding that nano/submicronization may enhance the efficiency
of small intestinal absorption. In addition, our study also pro-
vided a clear and helpful understanding of the tissue distribution
of nano/submicrosized food components.
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