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Abstract. Berberine, a plant alkaloid used in traditional Chinese medicine, has a wide spectrum of
pharmacological actions, but the poor bioavailability limits its clinical use. The present aim was to
observe the effects of sodium caprate on the intestinal absorption and antidiabetic action of berberine.
The in situ, in vitro, and in vivo models were used to observe the effect of sodium caprate on the
intestinal absorption of berberine. Intestinal mucosa morphology was measured to evaluate the toxic
effect of sodium caprate. Diabetic model was used to evaluate antidiabetic effect of berberine
coadministrated with sodium caprate. The results showed that the absorption of berberine in the small
intestine was poor and that sodium caprate could significantly improve the poor absorption of berberine
in the small intestine. Sodium caprate stimulated mucosal-to-serosal transport of berberine; the
enhancement ratios were 2.08, 1.49, and 3.49 in the duodenum, jejunum, and ileum, respectively. After
coadministration, the area under the plasma concentration–time curve of berberine was increased 28%
than that in the absence of sodium caprate. Furthermore, both berberine and coadministration with
sodium caprate orally could significantly decrease fasting blood glucose and improve glucose tolerance in
diabetic rats (P<0.05). The hypoglycemic effect of coadministration group was remarkably stronger, and
the areas under the glucose curves was decreased 22.5%, compared with berberine treatment group (P<
0.05). Morphologic analysis indicated that sodium caprate was not significantly injurious to the intestinal
mucosa. The study demonstrates that sodium caprate could significantly promote the absorption of
berberine in intestine and enhance its antidiabetic effect without any serious mucosal damage.
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INTRODUCTION

Berberine is an isoquinoline alkaloid extracted from the
genera Berberis and Coptis. These two plants have antibacte-
rial and anti-inflammatory actions and have been used to cure
gastroenteritis and secretory diarrhea as traditional Chinese
medicines for over two millennia. An extract agent berberine
also has been used for many decades (1). Recently, a wealth
of data has described the therapeutic effect of berberine on
other diseases, such as congestive heart failure, cardiac
arrhythmia, hypertension, diabetes, hyperlipemia, and cancer
(2). At 1999, Lee and Yuan already reported the beneficial
effect of berberine on the treatment of diabetes clinically, and
other investigators also proved its role in the treatment of
type 2 diabetes in clinic (3,4).

Presently, berberine has provoked great interest due to
its various bioactivities and low toxicity. The pharmacologic
action of berberine has been extensively examined by animal

experiments. However, the studies on the absorption of
berberine demonstrated that it has poor bioavailability
(<5%) (5). High dose (0.9–1.5 g/day in clinic) of berberine
usually causes gastrointestinal side effects, due to its poor
absorption and long-term administration for diabetes treat-
ment, which greatly limit its clinical application. Presently,
few studies have focused on improving the low bioavailability
of berberine. We have postulated that berberine coadminis-
trated with an absorption enhancer might increase the
bioavailability, enhance its action, and attenuate adverse
effects.

Sodium caprate, a medium chain fatty acid, is a well-
recognized absorption enhancer. It increases the paracellular
permeability through enlarging the tight junctions, thereby
expanding paracellular routes for water-soluble, low lipo-
philic, and poorly absorbable drugs. It is reported that sodium
caprate have demonstrated a decrease in transepithelial
resistance (Rm) (6) and increase in membrane capacitance,
reflecting wider tight junctions and enlargement of the
basolateral membrane surface area, respectively (7). Mean-
while, it has been shown that sodium caprate increases the
intracellular calcium level by interaction with phospholipase
C in the cell membrane, inducing calcium release from the
calcium ion pool (8). Sodium caprate can also induce myosin
light chain kinase activation by binding calcium ion and
calmodulin, which consequently enhance permeability by
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opening tight junctions through contraction of the calm-
odulin-dependent actin and cadherin endocytosis (9). Fur-
thermore, it has been found that sodium caprate inhibits the
excretion pump function of P-glycoprotein (10). It has been
used clinically to enhance the rectal absorption of the low
molecular weight drug ampicillin (11), and it has been
extensively shown to improve the bioavailability of drugs
which are offer poorly absorbed (12–14).

Evaluating drug absorption is one of the first steps in
documenting pharmacological actions. Therefore, the aim of
the present study was to determine the pharmacokinetic
characteristics of berberine and to investigate the effect of
sodium caprate on the intestinal absorption and antidiabetic
action of berberine, our aim being to provide new strategies
for broadening the clinical use of berberine.

MATERIALS AND METHODS

Materials

Chemical Reagents

Reference grade berberine (purity quotient >99.8%) was
purchased from the Institute for the Northeast Tragacanth,
Changchun, China. Sodium caprate was purchased from
Sigma Chemical Company. Streptozotocin (STZ) was pur-
chased from Sigma. Glucose test kit was obtained from
Beijing BHKT Clinical Reagent Co., Ltd., Beijing, China.
Other reagents were purchased from Beijing General Chem-
ical Reagent Factory, Beijing, China.

Chromatographic System and Instrumentation

A Shimadzu high-performance liquid chromatography
(HPLC) system equipped with LC-10AT VP pump, DGU-
14AM online degasser, SIL-10AD VP refrigerated autosam-
pler, CTO-10AS VP column oven, and SPD-10AVP UV–VIS
detector was used. Shimadzu CLASS-VP software was used
for data acquisition and mathematical computations. Mettler
Toledo AG 245 electronic balance, Branson 3210 sonicator,
Minisart NML (0.45 μm) Sartorius filters for samples,
Nichipet Nichiryo (10–100 and 100–1,000 μl) micropipette,
hypodermic syringes, microliter syringes from Hamilton,
Remi Magnetic stirrers with thermostatic controls (1 MLH),
Beckman UV–VIS spectrophotometer 640i, and USF ELGA
for preparation of reverse osmosis water were used in the
study.

Animals

The experimental procedures were approved by the
intuitional animal ethical committee and were approved by
the Animal Care Committee of Jilin University (certificate
number: scxk2007-0003). Male Wistar rats (160–180 g) were
purchased from the Experimental Animal Holding of Jilin
University. The animals were housed in standard polypropy-
lene cages (three rats per cage) and maintained under
controlled room temperature and humidity with 12:12 h
light/dark cycle. The rats were acclimated for at least 5 days
and fasted before the experiments.

In Situ Intestinal Perfusion Experiment

Recirculating Intestinal Perfusion in Rats

Experiments were carried out as described previously
(15), with minor modification. Rats were fasted for 16 h,
anesthetized with 20% urethane (5 mL kg−1), and affixed
supine on a surface under a surgical lamp to maintain body
temperature. The intestine was exposed by a midline
abdominal incision. Two glass tubes (outer diameter 5 mm,
inner diameter 3 mm) were inserted through small slits at the
top of the duodenum and ileum ends. To clear the gut, saline
solution at 37°C was slowly passed through it until the
effluent was clear; then, prepared phosphate buffered
solution (PBS) was circulated for 20 min at 5 mL min−1.
The remaining perfusate was completely expelled by air.
Berberine (50, 100, and 200 μmol L−1) dissolved in 100 mL
PBS was circulated through the gut at 1.0 mL min−1. At 0, 0.5,
1.0, 2.0, 3.0, and 4.0 h, 1.5-mL perfusate solution was removed
from the reservoir for analysis of berberine and replaced with
equal volumes of PBS. Fresh PBS was prepared with
114.3 mM NaCl, 4.2 mM KCl, 24.9 mM Na2HPO4, and
0.3 mM KH2PO4 and adjusted to pH 7.4 with carbogen (95%
O2, 5% CO2) bubbling. In this experiment, phenol red
(56 μmol L−1) was added into the blank PBS buffer to act
as a nonabsorbable marker to identify any transfer of water
into or out of the intestine and to monitor the structural
integrity of the intestinal segment.

Animal Groups

Thirty rats were randomly divided into six groups: low-
dose berberine group (50 μmol L−1) with sodium caprate
(BCL) or without sodium caprate (BL), middle-dose group
(100 μmol L−1) with (BCM) or without sodium caprate (BM),
and high-dose group (200 μmol L−1) with (BCH) or without
sodium caprate (BH). The concentration of sodium caprate
was 0.2% (w/v).

HPLC Method for Detecting the Concentration of Berberine
in the Circulating Fluid

HPLC Analysis. The HPLC measurements were carried out
using chromatographic column: Zorbax Extend-C18; (4.6×
250 mm, 5 μm). The mobile phase was a mixture of 10 mM
ammonium acetate (0.1% formic acid) and acetonitrile
(72:28). The flow rate was 1.2 mL min−1. The detection
wavelength was 346 nm. The column temperature was 25°C.
The mobile phase was filtered through a type HA, 0.45 μm
nuclepore membrane filter (Millipore Corporation), and de-
aerated. Twenty microliters of each sample was injected into
the HPLC system for analysis. Six samples of 0.3, 5, and
30 μg mL−1 berberine were analyzed for 3 days in a row to
generate a standard curve that could be used to calculate the
concentration of samples and to determine the accuracy and
precision of our method.

Data Analysis

According to the absorption process, which fits Fick’s
formula, the absorptive parameters of berberine in the rat
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intestine were obtained from the absorptive rate constant
(Ka) and the absorptive fraction in unit time (P%) which was
calculated by the formula: Q ¼ Q0e�Kat , where Q represents
the remaining berberine detected in the perfusate at each
sampling time, t is the time of circulation of the perfusate, Q0

is the calculated amount at zero time, and Ka is the
absorption rate constant of the drug (15).

In the common way (15), the absorptive fraction in unit
time (P%) was calculated by the equation: P% ¼ C0V0�ð
CtVtÞ=C0V0 � 100% , where C0 is the initial berberine
concentration in the perfusate, V0 is the initial volume of
the perfusate, Ct is the final berberine concentration in the
perfusate, Vt is the final volume of the perfusate, and t is the
time of circulation of the perfusate.

In Vitro Transport Across Everted Intestinal Sacs

Preparation of the Everted Rat Gut Sacs

The absorption parameters of berberine in the three
intestinal segments (duodenum, jejunum, ileum) were tested
by in vitro method as described (14,16). In vitro permeation
studies were performed using everted small intestine segments.
Rats were fasted for 16 h and then anesthetized with 20%
urethane (5 mL kg−1). After making a midline abdominal
incision, the whole small intestine was perfused with 50 mL
PBS prewarmed to 37°C, excised, and removed into a beaker
containing ice-cold PBS solution, which was continuously
aerated. Approximately 8-cm-long segments of duodenum
(2 cm distal to the pylorus), jejunum (immediately distal to
the ligament of Treitz), and ileum (immediately proximal to
the cecum) were selected. One of the distal ends of each
segment was tied and everted with the help of a glass rod. The
proximal end was attached to a cannula then suspended in a
tube containing 35 mL PBS with 50 mM berberine, with or
without sodium caprate (0.2%, w/v). Two milliliters of PBS was
placed into the everted intestinal segment. Samples (1 mL)
were collected at 15, 30, 60, and 90 min and replaced with
equal volumes of drug-free buffer. The sample was analyzed by
liquid chromatography–mass spectrometry (LC–MS) methods.
The medium was maintained at 37°C and stirred by bubbling
with O2/CO2 (95/5%) throughout the process.

LC–MS Method for Detecting the Concentration of Berberine
in Sacs

LC–MS Analysis. Using an API-4000 four-of-three series mass
spectrometer, with an ESI-Analyst 1.3 source and data
processing software, the IonSpray Voltage was set at 2,500 V
for negative ionization. The nitrogen curtain gas was adjusted to
a constant pressure of 15 psi, source of gas 1 (GS1, N2) and gas 2
were both set to 50 psi, and the source temperature (at set point)
was 500°C. Detect mode was set to positive ion detection, and
the scanmodewas set tomonitormultiple reactions. Parameters
for quantitative analysis from m/z 336.1 to 278.1 with a
declustering potential of 70 Vand collision energy of 56 eV.

Data Processing

The cumulative amount of drug that had permeated
through the sac per unit area (micrograms per square

centimeter) was plotted against time (minutes). The apparent
permeability coefficient (Papp, centimeters per second) was
calculated using the following equation: Papp ¼ V= A �ð½
C0Þ� � dC=dt , where V is the liquid volume in the everted
intestinal sacs, A is the surface area of the exposed intestine
membrane (square centimeters), C0 is the initial concentra-
tion of berberine outside the intestinal sacs, and dC/dt is the
changed concentration rate of berberine at which the dose
appears in the chorion compartment. The enhancement ratio
(ER) represents the ability capability of sodium caprate to
promote the absorption of berberine in each intestinal
segment: ER ¼ P=P0 , where P and P0 are Papp of berberine
added with and without sodium caprate.

In Vivo Experiments

In Vivo Evaluation

Male Wistar rats weighting 180–230 g were fasted for
about 16 h and randomly divided into two experimental
groups. We administered berberine at 100 mg kg−1 with or
without the addition of 50 mg kg−1 sodium caprate via
intragastric administration. Blood samples (0.2 mL) were
taken from the tail vein with heparinized syringes at 0, 0.5, 1,
2, 4, and 6 h, respectively. The plasma sample was collected
after centrifugation at 12,000 rpm for 3 min. The plasma
concentration of berberine was determined by HPLC. Each
experiment was replicated in six rats.

Berberine Level Analysis in Plasma

The peak concentration (Cmax) and the time to reach
Cmax (Tmax) were determined directly from the plasma
concentration–time profiles. The area under the plasma
concentration–time curve (AUC) was calculated by the
trapezoidal method from beginning to the final sampling time.

HPLC Method for Detecting the Concentration of Berberine
in the Plasma

HPLC Analysis. The mobile phase was methanol–H2O–
triethylamine (75:25:0.5v/v), adjusting pH to 6.8 by
phosphoric acid. The flow rate was 1.0 mL min−1. The
detection wavelength was 340 nm; the column temperature
was 25°C. The mobile phase was filtered through a type HA,
0.45 μm nuclepore membrane filter and de-aerated. The
sample size was 20 μl.

Pretreatment of Blood Samples. A 0.5-mL acetonitrile
was added to a 0.2-mL portion of plasma, for precipitin the
plasma proteins. After exposure to ultrasound for 1 min, it
was centrifuged at 12,000 rpm min−1 for 10 min. The
supernatant of the sample was transferred to another clean
tube and then filtrate it through a 0.45-μm oil-system
nuclepore membrane filter.

Histopathological Evaluation of Local Toxicity

The ileum was carved out after washing the lumen using
saline. The segment was then removed and immersed in 10%
neutral buffered formalin. A vertical section was prepared
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and stained with hematoxylin–eosin, examined by light
microscopy. This evaluation was carried out by an experi-
enced veterinary histopathologist in a blinded fashion.

Beneficial Effect of Berberine on the Diabetic Rats

Modeling of Type 2 Diabetes and Drug Administration

Eighty Wistar rats were randomly divided into four
groups: control group, diabetes model group, berberine
treatment group (BER), and berberine coadministrated with
sodium caprate treatment group (BC). The method for
developing diabetic rat model was used as we previously
described (17,18). Control group was fed with regular chow,
and another three groups were given high-fat diet for 4 weeks
and then intraperitoneally injected with 30 mg/kg dose of
STZ. After 1 week, fasting blood glucose (FBG) was
measured, the rats with FBG<7.8 mmol L−1 were injected
with 30 mg kg−1 STZ again, while the control rats were given
vehicle citrate buffer (pH 4.4) in a dose volume of
0.25 mL kg−1, respectively. After 4 weeks of STZ injection,
the rats with the fasting blood glucose of ≥7.8 mmol L−1 twice
were considered diabetic. Berberine (100 mg kg−1 body
weight) with or without sodium caprate (50 mg kg−1 body
weight) was administered orally as suspension by mixing with
vehicle 1% Na-CMC at a dose volume of 0.5 mL kg−1 body
weight of rats in treatment group for another 4 weeks. At the
end of the study, FBG and intraperitoneal glucose tolerance
test (IPGTT) were carried out in these four groups.

Measurement of FBG and Intraperitoneal Glucose Tolerance
Test

After an overnight fast (12–16 h), the rats were ip
injected with 40% glucose (2 g kg−1 body weight). Blood
samples were collected by cutting tail at 0, 30, 60, and 120 min
for measurement of glucose. Blood glucose was measured by
using commercially available colorimetric diagnostic kits
according to the instruction.

Statistical Analysis

Results were expressed as mean value ± standard
deviation (SD). Statistical analyses were performed using
the Student’s t test or analysis of variance. P<0.05 was
considered statistically significant differences.

RESULTS

The Accuracy and Range of Determination of Berberine
by HPLC and LC–MS

Concentration of Berberine in the Circulating Fluid

The regression equation for berberine concentration in
sample response peak area determined by HPLC, ranging
from 0.1 to 60 μg mL−1, was S ¼ 31:763C � 1:4038 r2 ¼�

0:9996Þ . Precision assay showed that the average of the
relative SD within 1 day was 0.75% and intraday was 1.06%.
The mean recovery was 99.2±0.48% (n=3). These
parameters indicated that the methods fulfilled analytical

requirements with an adequate repeatability (<2%). The
retention time of berberine was about 5 min. PBS buffer did
not interfere with the determination of berberine (Fig. 1a).

The Concentration of Berberine in the Samples
from the Everted Gut Sacs

The samples from the in situ model were evaluated by
LC–MS (Fig. 1b). The concentration of berberine in the in
vitro experiment was much lower than the detection limit of
HPLC, as described in the present. Therefore, those samples
were determined using LC–MS which is more sensitive.

The regression equation for berberine concentration in
sample response peak area as determined by LC–MS, ranging
from 0.3 to 500 ng mL−1, was A ¼ 1:92e4C � 1:98e3 r2 ¼�

0:9994Þ . It indicated that there was good linear correlation in
the limit.

Berberine Level in Plasma

The regression equation for berberine concentration in
sample response peak area as determined by HPLC, ranging
from 0.1 to 1.6 μg mL−1, was A ¼ 12:043C � 764:97 r2 ¼�

0:9996Þ . The drug peak was not affected by any of the
absorption enhance or blood artifacts (Fig. 1c).

Effects of Sodium Caprate on the Intestinal Absorption
of Berberine in the In Situ Experiment

The intestinal absorption of berberine generally followed
dose-dependent and time-dependent characteristics (Table I).
The absorption rates of berberine in the small intestine at 4 h
were 9.3%, 10.0%, and 10.2% at the dosage of 50, 100, and
200 μmol L−1, respectively, suggesting that absorption of
berberine was low. In addition, there was no significant
difference of the absorption rate constant (Ka) among these
groups (P>0.05; Table I) and r2>0.9 in each group, indicating
that there was good linear correlation between the drug
absorption and the incubation time. According to the
absorption process, which fits Fick’s formula, the absorption
of berberine belongs to first-order absorption and the
absorption pattern is that of passive diffusion.

In order to improve the intestinal absorption of berber-
ine, the absorption enhancer sodium caprate was added. The
absorption rates at 4 h were significantly increased to 18.5%,
13.1%, and 20.1%, respectively (Table I). The most notable
promoting effect of sodium caprate on absorption was
observed at berberine concentration of 50 μmol L−1 [(526.6±
30.9) ng vs. (272.7±50.0) ng, P<0.05]. However, there were no
differences in Ka between berberine combined with sodium
caprate and berberine alone (P>0.05).

The Influence of Sodium Caprate on the Transport
of Berberine Across the Sac In Vitro Evaluation

In order to determine the possible effect and promoting
site of sodium caprate on berberine absorption in the
intestine, co-incubative tissue culture tests with berberine
and sodium caprate (0.2%, w/v) were conducted using an
everted intestinal sac model (19). As shown in Fig. 2, the
cumulative amount of drug transported through the sac was
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Fig. 1. a HPLC chromatogram of berberine in the circulating fluid I Blank intestinal
circulation solution. II Standard sample (0.1 μg mL−1) in PBS. III Sample solution. b LC–
MS spectrum of berberine in samples from the everted gut sacs. I Standard preparation in
PBS (3 ng mL−1). II Sample solution. c HPLC chromatogram of berberine in the plasma. I
Standard sample (0.1 μg mL−1) in the plasma. II Sample solution
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plotted against time (minutes). The absorption of berberine
gradually increased with incubation time up to 90 min, and it
was absorbed at various intestinal segments although the
absorbed dose was small. Absorption was the greatest in the
jejunum, followed by the duodenum and ileum. However,
there was no significant difference between the various
intestinal segments. The Papp of berberine was 3.56×10−7,
4.64×10−7, and 1.88×10−7 cm s−1 in the various intestinal
segments (Table II).

Sodium caprate was able to promote the absorption of
berberine significantly at various intestinal segments (P<0.05
or P<0.01; Fig. 2). The absorption of berberine increased
approximately about 1.5–5.2-fold, when berberine was co-
incubated with sodium caprate for 90 min at concentrations of
0.2% (w/v). The ileum showed the highest sensitivity to
sodium caprate followed by the duodenum and the jejunum.
Papp increased in the three tested intestinal segments when
sodium caprate was added (P<0.05, P<0.01), and the
enhancement ratios were 2.08, 1.49, and 3.49 in the duode-
num, jejunum, and ileum, respectively (Table II).

Effects of Sodium Caprate on the Pharmacokinetics
of Berberine In Vivo

The plasma concentration–time curves of berberine after
oral administration of berberine solution (100 mg kg−1) and
berberine containing sodium caprate (50 mg kg−1) in rats are
shown in Fig. 3, and the pharmacokinetic parameters are
summarized in Table III. The Cmax of berberine was
significantly increased after coadministration while Tmax was
delayed from 30 to 60 min. The area under the serum
concentration–time curve (AUC0–6 h) was increased 28%.
The results indicated that sodium caprate could increase the
absorption of berberine.

Histopathological Evaluation of Local Toxicity

Photomicrographs of intestinal mucosa exposed to ber-
berine and berberine combined with sodium caprate are
shown in Fig. 4. The Ileum cavity was chosen as the site of
testing because of its greater sensitivity to sodium caprate. As
indicated in the Fig. 4, epithelium of each group was

undamaged, and villus structure was intact. Only a few villi
showed slight edema at the tip. There was no discernible
significant difference between berberine alone and with
sodium caprate compared with the control groups.

Effects of Sodium Caprate on the Hypoglycemic Effect
of Berberine on the Diabetic Rats

To evaluate the effects of sodium caprate on the
antidiabetic action of berberine, we carried out IPGTT on
diabetic rat models. As shown in Table IV and Fig. 5a, after
4 weeks of treatment, both berberine (100 mg kg−1) orally
administration (BER group) and coadministration with
sodium caprate (BC group) could significantly decrease
fasting blood glucose and improve impaired glucose
tolerance. The areas under the glucose curves (millimoles
per liter minute) decreased 27% and 43% in BER and BC
groups, compared with diabetic model group (Fig. 5b;
Table IV). The hypoglycemic effect of BC group was
remarkably increased, and the areas under the glucose
curves were decreased 22.5%, compared with BER group
(P<0.05). This data also demonstrated that sodium caprate
might enhance the antidiabetic action of berberine by
increasing its bioavailability.

DISCUSSION

Berberine is an isoquinoline alkaloid extracted from
Rhizoma Coptidis. It was initially used as an anti-inflamma-
tory drug in clinical practice. Recently, many investigations
have reported that it has a wide spectrum of pharmacological
actions in the treatment of diabetes, cardiovascular diseases,

Table I. Absorbed Amount and Ka of Berberine from the Circulating Fluid

Group

Absorbed amount(ng)

Absorption rate (%) Ka (h
−1)30 min 60 min 120 min 180 min 240 min

BL 173.3±12.8 146.4±41.6 211.1±57.3 246.6±55.1 272.7±50.0 9.3 0.034±0.0065
BCL 343.7±27.6* 467.0±38.0** 501.5±39.2* 503.6±24.5* 526.6±30.9** 18.5 0.039±0.0054
BM 372.8±72.1 540.5±98.2 571.9±96.1 592.6±49.6 654.1±86.1 10.0 0.036±0.0048
BCM 486.6±63.4 565.5±33.8 662.7±53.0 896.6±78.9* 987.3±179.8* 13.1 0.040±0.0076
BH 756.9±166.4 965.9±155.6 1,275.5±257.4 1,680.6±128.1 1,798.2±261.8 10.2 0.045±0.0095
BCH 1,493.3±367.2* 1,833.7±330.2* 1,907.7±416.1 2,233.4±399.5 2,333.1±279.3* 20.1 0.047±0.0064

The uptake of berberine was measured in the presence or absence of 0.2% sodium caprate. The absorptive rate constant (Ka): Q ¼ Q0e�Kat ,
where Q represents the remaining berberine found in the perfusate at each sampling time, t is the time of circulation of the perfusate. Q0 is the
calculated intercept at zero time. Each point represents the mean ± SD. n=5
BL low-dose group of berberine (50 μmol L−1 ), BCL low-dose group of berberine with sodium caprate, BM middle-dose group of berberine
(100 μmol L−1 ), BCM middle-dose group of berberine with sodium caprate, BH high-dose group of berberine (200 μmol L−1 ), BCH high-dose
group of berberine with sodium caprate
*P<0.05; **P<0.01 vs. berberine alone

Fig. 2. Influence of sodium caprate on the cumulative berberine
transport in the everted rat gut sac system. a The amount of
berberine transported through the sac, incubated in the duodenum
(I), jejunum (II), and ileum (III), respectively. b Cumulative berber-
ine transport across the three tested intestinal segments at 90 min. BL
incubated with berberine (50 mmol L−1) alone, BCL co-incubated
with sodium caprate (0.2%, w/v). n=5. *P<0.05, **P<0.01 vs. BL
group

b
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hypertension, hypercholesterolemia, and tumors (1,20–23).
Therefore, the development of new application for use of
berberine is of potential widespread interest.

However, berberine also displays numerous limitations
or side effects including low bioavailability, poor intestinal
absorption, and the need for repeated administration. It has
been reported that berberine is a xenobiotic with poor
bioavailability (<5%) (24). Consequently, its clinical applica-
tion has been greatly limited. Therefore, development of
dosage forms to enhance its bioavailability is extremely
important. Coadministration with absorption enhancer is a
good way. Sodium caprate is a well-recognized absorption
enhancer without any serious toxicity (11). A low bioavail-
ability of berberine may be related to the action of P-
glycoprotein, a drug efflux pump (24), and sodium caprate
has been reported to inhibit the excretion pump function of
P-glycoprotein (10). Therefore, we expect the coadministra-
tion with sodium caprate to increase the bioavailability of
berberine, decrease the clinical dose, and avoid its side
effects.

The pharmacokinetic behavior of berberine and the
effect of sodium caprate on absorption of berberine were
firstly observed to determine whether sodium caprate can
enhance the absorption of berberine, using the recirculating
perfusion model. The results showed the small intestine

absorption rates of berberine at 4 h was 9.3% at the dosage
of 50 μmol/L. Pan et al. (25) also proved the poor absorb-
ability of berberine. They stated that berberine was absorbed
only small amount (2.5%) after 160 min at the same dose.
Compared with berberine alone, the absorption rate in the
small intestine at 4 h was increased to 18.5% when sodium
caprate co-incubated. The uptake of berberine was also
elevated at a different level in medium- and high-dose groups
when it was combined with sodium caprate. Therefore, it is
clear that sodium caprate can significantly increase the
absorption of berberine in the small intestine.

Furthermore, in order to guide clinical application and
the search for new forms of medication, the effects of sodium
caprate on the intestinal transport and the site of action of
berberine were examined in vitro studies using the everted rat
gut sac system. Our data showed that berberine alone was
absorbed in only small amounts at various intestinal seg-
ments. The order of absorption amount is jejunum >
duodenum > ileum. Whereas the cumulative amount of
berberine taken in through the sac was fairly low, berberine
was rapidly absorbed when treated with sodium caprate after
90 min incubation. The increase was significant in all the
three tested intestinal segments, and Papp was also enhanced
when sodium caprate was added. The site in which sodium
caprate promoted the greatest absorption of berberine was
the ileum where berberine absorption is the weakest. The ER
was 3.49 in ileum, followed by the duodenum and jejunum.
The results from vitro studies indicated that the best site of
absorption enhancement of sodium caprate is different with
that of berberine absorption.

Several reports have shown that the most sensitive
segment of intestine for the action of sodium caprate is colon
(26). However, we found that berberine is scarcely absorbed
in the colon segment in vitro experiment (data were not
shown). Therefore, we only investigate the promoting func-
tion of sodium caprate in duodenum, jejunum, and ileum
segments.

It is recognized that studies in the in vivo models are
necessary to confirm the utility of the enhancer and to
determine the influence of physiological variables, although
in situ and in vitro studies are useful for early screening to
select a potential promoter (27). Sometimes the effect of
absorption enhancer in vitro is significant, but in vivo, their
effect is not as noticeable as in vitro experiment or even
undetectable because of the complex environment of whole
organism. Therefore, we further verified the enhancement of

Table II. Papp of Berberine in the Three Intestinal Segments
(centimeters per second)

Group

Papp

Duodenum Jejunum Ileum

BL 3.56×10−7 4.76×10−7 2.82×10−7

BCL 7.42×10−7* 7.09×10−7* 9.85×10−7**
ER 2.08 1.49 3.49

The Papp=[V/(A×C0)]×dC/dt, where V is the liquid volume in the
everted intestinal sacs, A is the surface area of the exposed intestine
membrane (square centimeters), C0 is the initial concentration of
berberine outside the intestinal sacs, dC/dt is the changed concen-
tration rate of berberine at which the dose appears in the chorion
compartment. The ER=P/P0, where P and P0 are Papp of berberine
added with or without sodium caprate
BL incubated with berberine (50 μmol L−1 ) alone, BCL co-incubated
with sodium caprate (0.2%, w/v), ER enhancement ratios, Papp

apparent permeability coefficient
*P<0.05; **P<0.01 vs. BL group

Fig. 3. Histopathological comparison between treatment and control. Light micrographs were taken at 6 h after intragastric administration of
drugs (original magnification ×200). I Control (intragastric administration of normal saline). II Intragastric administration of berberine
(100 mg kg−1). III Intragastric administration of berberine (100 mg kg−1) with sodium caprate (50 mg kg−1)
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sodium caprate on berberine absorption through the in vivo
experiments. In the present study, our in vivo studies with
unrestrained conscious rats demonstrated that with coadminis-
tration of sodium caprate, the peak plasma concentration of
berberine in rats was elevated, the peak time was delayed and
the AUC0−6 h was increased, and it indicated that sodium
caprate could improve the bioavailability of berberine. How-
ever, the increase level of AUC (28%) in vivo model is not as
noticeable as the vitro models (above 100%), owing to the
complex environment of the whole organism. The concen-
tration of sodium caprate was diluted by food or water in the
intestine. Otherwise, all the conditions, such as pH, temper-
ature, or secretions, could influence the drug absorption.

Presently, many studies reported that berberine plays
noticeably hypoglycemia effect in animal experiment and
clinical trials (3,4). The mechanism of berberine on anti-

diabetic actions has also been extensively studied (28–30). In
the present study, we chose the dose of berberine as 100 mg/
kg based on the clinical studies (0.9–1.5 g/days); this dose also
has been used in the other studies in rats (28–30). We also
found that berberine could decrease fasting blood glucose
and improve impaired glucose tolerance of diabetic model
rats, which were consistent with other studies (3). As we have
found that sodium caprate could enhance the bioavailability
of berberine in the first section of present study, the treatment
effect of berberine coadministrated with sodium caprate on
hyperglycemia has further confirmed this point. Berberine
with sodium caprate could remarkably decrease the blood
glucose level and the areas under the glucose curves,
compared with berberine treatment group. This result might
indicate that the coadministration of sodium caprate was an
effective way for the utilization of berberine in diabetes.

The local toxicity of sodium caprate in the small intestine
is one of the major concerns in relation to the use of intestinal
enhancer in pharmaceutical products. Lindmark et al. (11) has
reported that ampicillin suppositories containing 5% of
sodium caprate caused nonspecific damage to the rectal
mucosa. This result is in agreement with the report by other
reporters (31–33), suggesting that it does not cause serious
cytotoxicity and its effects is reversible. This is in agreement
with our current investigations. We examined the in vivo
effect of sodium caprate on the mucosal morphology in the
ileum. Discernible morphological alteration was not observed
in the rat ileum mucosa after the delivery of sodium caprate.
Sodium caprate thus seems to be a good candidate for a
formulation excipient to enhance the oral curative effect of
berberine. However, our toxicity evaluation of berberine and/
or sodium caprate has certain limitations. Further data about
acute and chronic toxicity were necessary before clinical
experiments.

Table III. Pharmacokinetic Parameters of Berberine with and With-
out Sodium Caprate

B BC

AUC0–6 h (ng mL−1 h−1) 2,641.024±230.8 3,385.22±131.4*
Tmax(min) 30 60
Cmax(ng mL−1) 721.39±53.45 988.84±135.56*

Berberine was oral administration at the dose 100 mg kg−1 with or
without sodium caprate (50 mg kg−1 ). Each value represents the
mean ± SD of more than three experiments. n=6
AUC area under the serum concentration–time curve, which was
calculated from 0 to 6 h following the trapezoidal rule, Cmax

maximum serum concentration of berberine, Tmax time to achieve
Cmax after the administration of berberine, B oral administration of
berberine without sodium caprate, BC oral administration of
berberine with sodium caprate
*P<0.05 vs. B group

Fig. 4. Plasma berberine concentration–time profile after oral administration with or
without sodium caprate in rats. All data are expressed as mean ± SD. n=6. B berberine
administration (100 mg kg−1) without sodium caprate, BC coadministration with sodium
caprate (50 mg kg−1). *P<0.05 vs. B group
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CONCLUSION

The enhancement of sodium caprate on intestinal
absorption of berberine was investigated in the in situ, in

vitro, and in vivo systems. The results demonstrated that
berberine was a drug with poor absorption situation in the rat
small intestine, and the overall absorptive profile of it can be
increased obviously by coadministrated with sodium caprate,

Table IV. Plasma Glucose During IPGTT

Group

Plasma glucose (mmol/L)

AUC (mmol L−1 min)0 min 30 min 60 min 90 min

CON 4.71±0.64 13.21±1.33 11.62±2.20 8.16±1.04 1,234.48±166.61
DM 9.05±0.88* 33.36±3.35 33.92±2.48 27.30±3.58 3,482.07±245.28*
BER 7.93±1.00 25.92±2.19** 26.37±1.18** 15.46±2.22** 2,547.24±176.56**
BC 5.89±0.62** 21.59±3.06** 18.02±2.22**,**** 14.29±2.11** 1,975.68±230.03***,****

Plasma glucose concentration during IPGTT in CON, DM, BER, and BC after 4 weeks treatment. Data shown are means ± SE (n=6–10 rats
per group per time point)
CON control group, DM diabetes model group, BER berberine treatment group, BC berberine coadministration with sodium caprate
treatment group, AUC area under the curve during IPGTT in these four groups
*P<0.001 vs. control group; **P<0.05 vs. DM group; ***P<0.01 vs. DM group; ****P<0.05 vs. BER group

Fig. 5. a Plasma glucose during intraperitoneal glucose tolerance test (IPGTT) in control
group (CON), diabetes model group (DM), berberine treatment group (BER), and
berberine coadministration with sodium caprate treatment group (BC) after 4 weeks
treatment. b Area under the curve during IPGTT in these four groups. Data shown are
means ± SE (n=6–10 rats per group per time point). #P<0.001 vs. control group; *P<0.05,
**P<0.01 vs. DM group; △P<0.05 vs. BER group
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moreover enhance its antidiabetic action, without causing
significant damage to the intestinal mucosa. High dose of
berberine oral administration usually causes gastrointestinal
side effects, which greatly limit its clinical application on
diabetes mellitus. Therefore, combination with sodium cap-
rate could lower the dose of berberine, which may offer
advantages of better pharmacological action and lower
adverse reaction.

ACKNOWLEDGMENT

Thanks to Pharmaceutical Sciences Department of Jilin
University for the help of HPLC and LC–MS technique. The
subject supported by administration of traditional Chinese
medicine of Jilin province (2004-076) and National Natural
Science Foundation of China (30572218).

REFERENCES

1. Zhang MF, Shen YQ. Antidiarrheal and anti-inflammatory
effects of berberine. Zhongguo Yao Li Xue Bao. 1989;10:174–6.

2. Yang J, Ljn J. Advance on study in anti-tumor mechanism of
berberine (Ber). Zhongguo Zhong Yao Za Zhi. 2007;32:881–3.
934.

3. Lee KZ. Clinical trials of berberine chloride as pharmaceutical
agent of type II diabetes. Hubei J Tradit Chin Med. 2006;28:38–
41.

4. Yuan YH. Clinical trial of berberine as pharmaceutical agent of
type 2 diabetes. Mod J Integr Tradit Chin West Med.
1999;8:1777–81.

5. Qu QM, Zhang MF. The pharmacokinetics of berberine. Chin
Acad Med Mag Organ. 2002;12:31–5.

6. Pappenheimer JR. Physiological regulation of transepithelial
impedance in the intestinal mucosa of rats and hamsters. J
Membr Biol. 1987;100:137–48.

7. Coyne CB, Kelly MM, Boucher RC, Johnson LG. Enhanced
epithelial gene transfer by modulation of tight junctions with
sodium caprate. Am J Respir Cell Mol Biol. 2000;23:602–9.

8. Lindmark T, Kimura Y, Artursson P. Absorption enhancement
through intracellular regulation of tight junction permeability by
medium chain fatty acids in Caco-2 cells. J Pharmacol Exp Ther.
1998;284:362–9.

9. Tomita M, Hayashi M, Awazu S. Absorption-enhancing mecha-
nism of EDTA, caprate, and decanoylcarnitine in Caco-2 cells. J
Pharm Sci. 1996;85:608–11.

10. Sharma P, Varma MVS, Chawla HPS, et al. In situ and in vivo
efficacy of peroral absorption enhancers in rats and correlation
to in vitro mechanistic studies. Biochem Pharmacol. 2000;59:665–
72.

11. Lindmark T, Soderholm JD, Olaison G, Alvan G, Ocklind G,
Artursson P. Mechanism of absorption enhancement in humans
after rectal administration of ampicillin in suppositories contain-
ing sodium caprate. Pharm Res. 1997;14:930–5.

12. Salartash K, Gonze MD, Leone-Bay A, Baughman R, Stern-
bergh III WC, Money SR. Oral low-molecular weight heparin
and delivery agent prevents jugular venous thrombosis in the rat.
J Vasc Surg. 1999;30:526–31.

13. Dos Santos I, Fawaz F, Lagueny AM, Bonini F. Improvement of
norfloxacin oral bioavailability by EDTA and sodium caprate.
Int J Pharm. 2003;260:1–4.

14. Sasaki K, Yonebayashi S, Yoshida M, Shimizu K, Aotsuka T,
Takayama K. Improvement in the bioavailability of poorly
absorbed glycyrrhizin via various non-vascular administration
routes in rats. Int J Pharm. 2003;265:95–102.

15. Ling W, Rui LC, Hua JX. In situ intestinal absorption behaviors
of tanshinone IIA from its inclusion complex with hydroxy-
propyl-beta-cyclodextrin. Biol Pharm Bull. 2007;30:1918–22.

16. Hillgren KM, Kato A, Borchardt RT. In vitro systems for
studying intestinal drug absorption. Med Res Rev. 1995;15:83–
109.

17. Zhang M, Lv XY, Li J, Xu ZG, Chen L. The characterization of
high-fat diet and multiple low-dose streptozotocin induced type 2
diabetes rat model. Exp Diabetes Res. 2008;2008:704045.

18. Zhang M, Lv XY, Li J, Xu ZG, Chen L. Alteration of 11beta-
hydroxysteroid dehydrogenase type 1 in skeletal muscle in a rat
model of type 2 diabetes. Mol Cell Biochem. 2009;324:147–55.

19. Barthe L, Woodley JF, Kenworthy S, Houin G. An improved
everted gut sac as a simple and accurate technique to measure
paracellular transport across the small intestine. Eur J Drug
Metab Pharmacokinet. 1998;23:313–23.

20. Xu MG, Wang JM, Chen L, Wang Y, Yang Z, Tao J. Berberine-
induced mobilization of circulating endothelial progenitor cells
improves human small artery elasticity. J Hum Hypertens.
2008;22:389–93.

21. Zhang Y, Li X, Zou D, et al. Treatment of type 2 diabetes and
dyslipidemia with the natural plant alkaloid berberine. J Clin
Endocrinol Metab. 2008;93:2559–65.

22. Zhou JY, Zhou SW, Zhang KB, et al. Chronic effects of
berberine on blood, liver glucolipid metabolism and liver PPARs
expression in diabetic hyperlipidemic rats. Biol Pharm Bull.
2008;31:1169–76.

23. Zeng XH, Zeng XJ, Li YY. Efficacy and safety of berberine for
congestive heart failure secondary to ischemic or idiopathic
dilated cardiomyopathy. Am J Cardiol. 2003;92:173–6.

24. Maeng HJ, Yoo HJ, Kim IW, et al. P-glycoprotein-mediated
transport of berberine across Caco-2 cell monolayers. J Pharm
Sci. 2002;91:2614–21.

25. Pan GY, Wang GJ, Sun J-G. Inhibitory action of berberine on
glucose absorption. Acta Pharm Sin. 2003;38:911–4.

26. Lo YL, Huang JD. Effects of sodium deoxycholate and sodium
caprate on the transport of epirubicin in human intestinal
epithelial Caco-2 cell layers and everted gut sacs of rats.
Biochem Pharmacol. 2000;59:665–72.

27. Aungst BJ. Intestinal permeation enhancers. J Pharm Sci.
2000;89:429–42.

28. Lee YS, Kim WS, Kim KH. Berberine, a natural plant product,
activates AMP-activated protein kinase with beneficial metabolic
effects in diabetic and insulin-resistant states. Diabetes.
2006;55:2256–64.

29. Yin J, Gao Z, Liu D, Liu Z, Ye J. Berberine improves glucose
metabolism through induction of glycolysis. Am J Physiol
Endocrinol Metab. 2008;294:E148–56.

30. Yin J, Hu R, Chen M, et al. Effects of berberine on glucose
metabolism in vitro. Metabolism. 2002;51:1439–43.

31. Chao AC, Nguyen JV, Broughall M, Griffin A, Fix JA, Daddona
PE. In vitro and in vivo evaluation of effects of sodium caprate
on enteral peptide absorption and on mucosal morphology. Int J
Pharm. 1999;191:15–24.

32. Uchiyama T, Sugiyama T, Quan YS, et al. Enhanced perme-
ability of insulin across the rat intestinal membrane by various
absorption enhancers: their intestinal mucosal toxicity and
absorption-enhancing mechanism of n-lauryl-beta-D-maltopyra-
noside. J Pharm Pharmacol. 1999;51:1241–50.

33. Yamamoto A, Okagawa T, Kotani A. Effects of different
absorption enhancers on the permeation of ebiratide, an ACTH
analogue, across intestinal membranes. J Pharm Pharmacol.
1997;49:1057–61.

382 Lv et al.


	Enhancement of Sodium Caprate on Intestine Absorption and Antidiabetic Action of Berberine
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Materials
	Chemical Reagents
	Chromatographic System and Instrumentation
	Animals

	In Situ Intestinal Perfusion Experiment
	Recirculating Intestinal Perfusion in Rats
	Animal Groups
	HPLC Method for Detecting the Concentration of Berberine in the Circulating Fluid
	Data Analysis

	In Vitro Transport Across Everted Intestinal Sacs
	Preparation of the Everted Rat Gut Sacs
	LC–MS Method for Detecting the Concentration of Berberine in Sacs
	Data Processing

	In Vivo Experiments
	In Vivo Evaluation
	Berberine Level Analysis in Plasma
	HPLC Method for Detecting the Concentration of Berberine in the Plasma
	Histopathological Evaluation of Local Toxicity

	Beneficial Effect of Berberine on the Diabetic Rats
	Modeling of Type 2 Diabetes and Drug Administration
	Measurement of FBG and Intraperitoneal Glucose Tolerance Test

	Statistical Analysis

	RESULTS
	The Accuracy and Range of Determination of Berberine by HPLC and LC–MS
	Concentration of Berberine in the Circulating Fluid
	The Concentration of Berberine in the Samples from the Everted Gut Sacs
	Berberine Level in Plasma

	Effects of Sodium Caprate on the Intestinal Absorption of Berberine in the In Situ Experiment
	The Influence of Sodium Caprate on the Transport of Berberine Across the Sac In Vitro Evaluation
	Effects of Sodium Caprate on the Pharmacokinetics of Berberine In Vivo
	Histopathological Evaluation of Local Toxicity
	Effects of Sodium Caprate on the Hypoglycemic Effect of Berberine on the Diabetic Rats

	DISCUSSION
	CONCLUSION
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


