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bstract

The objective of this study was to develop self-microemulsifying drug delivery system (SMEDDS) to enhance the oral bioavailability of the
oorly water-soluble drug, oridonin. The influence of the oil, surfactant and co-surfactant types on the drug solubility and their ratios on forming
fficient and stable SMEDDS were investigated in detail. The SMEDDS were characterized by morphological observation, droplet size and zeta-
otential determination, cloud point measurement and in vitro release study. The optimum formulation consisted of 30% mixture of Maisine 35-1

nd Labrafac CC (1:1), 46.7% Cremopher EL, and 23.3% Transcutol P. In vitro release test showed a complete release of oridonin from SMEDDS
n an approximately 12 h. The absorption of oridonin from SMEDDS showed a 2.2-fold increase in relative bioavailability compared with that of
he suspension. Our studies demonstrated the promising use of SMEDDS for the delivery of oridonin by the oral route.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Oridonin (Fig. 1.), an ent-kaurane diterpenoid compound
C20H28O6), is isolated from the Chinese herb Raddosia
ubescens (Hamsl.) Hara. Oridonin has shown various phar-
acological and physiological effects such as anti-tumor,

nti-bacteria, scavenging active oxygen free radicals, and anti-
nflammatory properties (Fuji et al., 1989; Osawa et al., 1994;
hang et al., 1999). The remarkable effect on treating human
ancers especially esophageal and hepatic carcinoma has drawn
reat attention during the last 30 years (Zhang and Ren, 2003).
echanisms of oridonin action include: inhibiting cell growth

n many cancer cells; inducing cell apoptosis; inhibiting DNA,
NA and protein synthesis (Ikezoe et al., 2003; Leung et al.,
005; Li and Zhang, 1988; Liu et al., 2004). All of the com-
ercially available tablets are crude extracts with low oridonin

ontent leading to correspondingly low therapeutic effect and

equiring a large dose (6–15 tablets per day). In addition, its
oor solubility in water contributes to high variability in absorp-
ion. In order to improve the solubility and bioavailability, some

∗ Corresponding author. Tel.: +86 21 51322197; fax: +86 21 51322193.
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fforts have been made in recent years, such as the study of
ridonin-solid liquid nanoparticles for injection (Zhang et al.,
005). The oral route is the most physiologically beneficial and
asily accepted by patients. Therefore, it is necessary to develop
lternative oral routes of administration to enhance the bioavail-
bility of poorly water-soluble drugs, and furthermore obtain
ore successful therapeutic effects.
The use of self-microemulsifying drug delivery system

SMEDDS) is one of the most interesting approaches to improv-
ng the solubility, dissolution and oral absorption for poorly
ater-soluble drugs (Constantinides and Scalart, 1997; Hauss et

l., 1998; Holm et al., 2003; Kommura et al., 2001). A commer-
ially available SMEDDS preparation is Neoral® (cyclosporine
). Now, much more attention has been focused on SMEDDS
ue to its excellent efficiency in delivering poorly water-soluble
rugs and achieving an increase in bioavailability. SMEDDS
re isotropic mixtures of oil, surfactant, co-surfactant, and drug
ubstance. Microemulsion can be generated rapidly upon gen-
le mixing with water or aqueous media. It is thought that the

icroemulsion is spontaneously formed by the combined action

f the specific pharmaceutical excipients with low free energy.
he microemulsion droplets dispersed in the gastrointestinal

ract provide large surface area and promote a rapid release
f dissolved form of the drug substance and/or mixed micelles

mailto:npfeng@sh163.net
dx.doi.org/10.1016/j.ijpharm.2007.12.026
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2.5.2. Determination of droplet size and �-potential
Fig. 1. Chemical structure of oridonin.

ontaining drug substance, and they may be also responsible
or transporting the drug through the unstirred water layer to
he gastrointestinal membrane for absorption. In addition to
he enhanced dissolution of drugs by SMEDDS, another factor
ontributing to the increasing bioavailability is that lymphatic
ransport is responsible for a portion of the entire drug uptake
s well. The lipid composition of SMEDDS may be related
o facilitate the extent of lymphatic drug transport by stimu-
ating lipoprotein formation and intestinal lymphatic liquid flux
Iwanaga et al., 2006; Porter et al., 2007). Over the past decades,
MEDDS have been extensively investigated to deliver various
inds of drugs (Cui et al., 2005; Kang et al., 2004; Kim et al.,
000; Khoo et al., 1998; Pouton, 2000; Wei et al., 2005). Only
few studies have been reported on the effective composition

f traditional Chinese medicines (Cui et al., 2005; Wu et al.,
006).

The aim of our present study was to develop a SMEDDS
ormulation of oridonin to improve its oral bioavailability.

. Materials and methods

.1. Chemicals and reagents

Oridonin was purchased from Nanjing Qingze Medical Tech-
ology Development. Co., Ltd. (Nanjing, China) with a purity
f 98.2%. Polyoxyethyleneglycerol triricinoleate 35 caster oil
Cremopher EL®) and Polyoxyl 40 hydrogenated castor oil (Cre-
ophor RH 40®) were donated by BASF, Germany. Glyceryl
onolinoleate (Maisine 35-1®), Caprylic/Capric triglyceride

Labrafac CC), PEG-8 glycol caprylate (Labrasol®), diethy-
ene glycol monoethyl ether (Transcutol P®) were provided by
attefosse, France; isopropyl myristate (IPM), oleic acid, 1,2-
ropanediol, PEG-400 were from Sinopharm Group Chemical
eagent Co., Ltd. (Shanghai, China). All other chemicals used
ere of analytical grade.

.2. Solubility studies

The solubility of oridonin in various oils, surfactants, and co-

urfactants was measured, respectively. An excess amount of
ridonin was added into each selected vehicle, and the mixture
as continuously stirred for 72 h at 30 ◦C. After equilibrium was

chieved, the mixture was centrifuged at 2500 × g for 20 min,

w
N
2
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nd the supernatant was filtered through a membrane filter. The
oncentration of oridonin was determined by high-performance
iquid chromatography (HPLC).

.3. Pseudo-ternary phase diagram construction

A pseudo-ternary phase diagram was constructed by titration
f four component mixtures of oil, surfactant and co-surfactant
ith water at room temperature. After equilibrium, the mixture
as visually observed. The generated sample which was clear or

lightly bluish in appearance was determined as microemulsion.
series of pseudo-ternary phase diagrams was constructed to

dentify microemulsion regions and the size of microemulsion
egion among the diagrams was compared by direct observa-
ion. The effect of various oils on the microemulsion formation
as studied by constructing ternary phase diagram with indi-
idual Maisine 35-1, individual Labrafac CC, and their mixture
t the ratio of 1:2, 1:1, and 2:1 as oil phase, respectively, Cre-
opher EL as surfactant, Transcutol P as co-surfactant. Then,

he mixture of Maisine 35-1: Labrafac CC (1:1, w/w) were
xed to be as oil phase, the following studies were carried
ut by constructing a ternary phase diagram: (1) the influ-
nce of various surfactants on the microemulsion formation
ith Transcutol P as co-surfactant; (2) the influence of various

o-surfactants on the microemulsion formation with Cremo-
her EL as surfactant; and (3) the influence of the ratio of
urfactant to co-surfactant on the formation of microemul-
ion.

.4. Preparation of SMEDDS

The formulation consisted of Oridonin: (Maisine 35-1:
abrafac CC, 1:1): Cremopher EL: Transcutol P (1.5:29.5:
6:23) (%, w/w). The formulations were prepared by dissolving
he formulation amount of oridonin in the mixture of Transcu-
ol P and Maisine 35-1 at 50 ◦C in an isothermal water bath.
remopher EL and Labrafac CC were then added. This mix-

ure was mixed by vortexing until a transparent preparation was
btained.

.5. SMEDDS characterization

.5.1. Morphological characterization
The morphology of SMEDDS was observed by transmission

lectron microscope (TEM) (PHILIPS TECNAI 12, Nether-
ands). SMEDDS was diluted with distilled water 1:25 and

ixed by slightly shaking. Then, a drop of sample obtained after
ilution was placed on copper grids. The excess was drawn off
ith filter paper. Subsequently, it was stained in 1% phospho-

ungstic acid solution for 30 s.
The droplet size/distribution and �-potential were determined
ith NicompTM 380 ZLS Zeta Potential/Particle sizer (PSS
icop, Santa Barbara, CA, USA). The detection range was from
to 5000 nm. Each sample was analyzed in triplicate.
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.5.3. In vitro release
In vitro release of oridonin SMEDDS was tested by the

ethod of Wu et al. (2006) with some modifications. A dialysis
ethod was used based on Chinese Pharmacopoeia (2005 ver-

ion) release test method. After Oridonin SMEDDS was instilled
nto the dialysis bag (MWCO 10000, Spectrum Medical Indus-
ries Inc., USA), the dialysis bag was firmly sealed with dialysis
lamp and was placed in 250 ml, 0.1N HCl (containing 0.5%
f Tween 80) as the dissolution medium at 37 ◦C. The revolu-
ion speed of the paddle was maintained at a rate of 100 rpm.
ne microliter samples were drawn out at the predetermined

ntervals, and the same volume of fresh dissolution medium was
eplenished. The release of oridonin from SMEDDS formula-
ion was compared with the suspension of oridonin containing
he same quantity of drug. A sample (20 �l) was injected into
PLC.

.6. HPLC analysis

The HPLC analysis was carried out on an Agilent high-
erformance liquid chromatography system (HP1100, Agilent,
SA). Chromatographic condition was ODS column (Kromasil
18, 250 mm × 4.6 mm, 5 �m, Dikma Technology, Shang-
ai, China). The mobile phase of methanol/water (45:55) was
umped at a flow rate of 1.0 ml/min. The column temperature
as kept at 25 ◦C. The detector was set at 241 nm.

.7. Bioavailability studies

The bioavailability experiment was designed to compare
ridonin SMEDDS and oridonin suspension. The oridonin sus-
ension was prepared according to the following methods:
EG-400 was mixed with the same volume of purified water
y stirring for 30 min. The desired amount of oridonin was
hen added to the mixture obtained above and mixed. Subse-
uently, purified water was added and blended thoroughly until
niformly distributed. Male SD rats (180–250 g) were supplied
y the Laboratory Animal Center of Shanghai University of Tra-
itional Chinese Medicine. They were allocated to two groups
t random. The animals were fasted for 12 h prior to the oral
dministration of oridonin SMEDDS and oridonin suspension
ith a dose of 20 mg/kg. After dosing for 0, 5, 15, 30, 45, 60,
0, 120, 240, 360, 480, and 720 min, 0.5 ml blood was collected
rom the retroorbital plexus with a heparinized tube. The blood
amples were then centrifuged at 3000 × g for 10 min. The serum
amples were separated and stored at −20 ◦C for later analysis.

The experimental procedures were approved by the institu-
ional animal ethical committee and were in compliance with
he National Institutes of Health Guide for Care and Use of
aboratory Animals.

A 20 �l aliquot of pH 5.0 phosphate buffer was added to an
liquot of plasma. After vortex-mixing for 10 s, a 3 ml aliquot
f ethyl acetate was added and vortexed for 5 min, and then son-

cated for 1 min. After centrifugation at 3000 × g for 10 min,
he organic layer was collected and 2.5 ml was transferred to a
lean tube and dried under nitrogen gas at 40 ◦C. The residue was
econstituted with a 100 �l aliquot of methanol, and 20 �l was

o
t
M
a
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njected directly onto the HPLC column. The mean recovery
as 93.8% with a coefficient of variation below 5%. The lin-

ar regression equation of the calibration graph of oridonin was
= 70.03A − 58.60 (correlation coefficient r = 0.999 0). The lin-

ar range for the determination of oridonin was 25–2500 ng/ml,
imit of detection (S/N > 3) was 4 ng/ml. At concentrations
f 10, 25, 500 ng/ml, spiked recoveries of oridonin from rat
lasma were 100.8%, 118.8%, and 93.8%, intro-day precision
as 4.28%, 9.00% and 3.91%; inter-day precision was 4.24%,
.00%, 4.80%.

Plasma concentration versus time data of oridonin for rats
as analyzed using standard non-compartment analysis. The

rea under the plasma concentration-time curve (AUC0→t) from
ero to the last time point was estimated by the linear trape-
oidal method. The relative bioavailability (F) of SMEDDS to
he suspensions was calculated using the following equation:

= AUCtest

AUCreference
× 100%

.8. Statistical analysis

Results are reported as means ± S.D. Kraskal–Wallis test or
ne-way analysis of variance followed by a post hoc (Tukey’s
est) was applied for statistical analysis of the effects of oil
oncentration, drug loading, formulation composition, dilution
nd mixing on droplet size and zeta potential. The phar-
acokinetic parameters were statistically examined using the
ann–Whitney U-test. A value of P < 0.05 was considered sta-

istically significant.

. Results and discussion

.1. Screening of oils and surfactants

The consideration for screening formulation of SMEDDS
sually involves: the formulation composition should be simple,
afe, and compatible; it should possess good solubility; a large
fficient self-microemulsification region which should be found
n the pseudo-ternary phase diagram, and have efficient droplet
ize after forming microemulsion (Constantinides, 1995; Klous
t al., 2004; Kommura et al., 2001; Subramanian et al., 2004).

Appropriate vehicles should have good solubilizing capac-
ty of the drug substance, which is essential for composing a
MEDDS. The results of solubility of oridonin in some vehicles
ere shown in Table 1. The components and their concentration

anges can be obtained by construction of a pseudo-ternary phase
iagram with constant drug level fixed at 1.5% (w/w).

The drug loading capability is the main factor when screen-
ng the oil phase. Oridonin has the highest solubility in Maisine
5-1, followed by Labrafac CC as shown in Table 1. Their
hase behavior was compared by constructing pseudo-ternary
hase diagram. The maximum fields of self-microemulsion were

btained when the mixture of Maisine 35-1 and Labrafac CC in
he ratio of 1:1 was used as oil phase. Hence, the mixture of

aisine 35-1 and Labrafac CC in the ratio of 1:1 was selected
s oil phase.
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Table 1
Solubility of oridonin in various vehicles at 25 ◦C (n = 3)

Vehicle Solubility (mg/ml)

Maisine 35-1 7.00 ± 0.93
Labrafac CC 0.41 ± 0.08
IPM 0.16 ± 0.03
Oleic acid 0.39 ± 0.15
Ethyl oleate 0.30 ± 0.05
Cremopher EL 9.46 ± 0.17
Labrasol 23.81 ± 1.83
Cremopher RH40 5.90 ± 0.60
Transcutol P 54.10 ± 1.32
1
P
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,2-Propanediol 31.92 ± 2.01
EG-400 37.35 ± 1.26

Non-ionic surfactants were used in most of the investigation
bout SMEDDS because they are less toxic and less affected by
H and ionic strength. The self-microemulsion region of both
remopher RH40 and Cremopher EL was larger than that of
abrasol. Cremopher RH40 formed a larger gel-like structure
egion than Cremopher EL, and required a longer time to dis-
erse. This was of concern in terms of affording efficient and
apid drug release. Therefore, the desirable surfactant should be
remopher EL.

l
t
T
r

ig. 2. Pseudo-ternary phase diagrams of the formulations composed of various oil, C
hases were as follows: Maisine 35-1 (a), Labrafac CC (b), Maisine 35-1:Labrafac CC
2:1) (e). The shadow area represents microemulsion region.
harmaceutics 355 (2008) 269–276

As to the selection of co-surfactant, 1, 2-propanediol and
EG-400 have relatively higher hydrophilic ability, increasing

he risk of destroying the microemulsion compared with Tran-
cutol P. In addition, Transcutol P provided the highest drug
olubility among all vehicles tested in our studies. Therefore, it
s reasonable to select Transcutol P as the co-surfactant.

The phase diagrams of the systems containing Maisine 35-1:
abrafac CC (1:1, w/w), Cremopher EL, and Transcutol P were
hown in Fig. 2. Although it is considered that the large content
f oil in the formulation will be beneficial to the SMEDDS, a
roper droplet size distribution is also an important factor for
electing a suitable self-microemulsifying vehicle. The effect
f the oil concentration on the droplet size was investigated as
ell. The droplet size increased from 24 to 110 nm when the oil

oncentration increased from 20 to 50%. According to Fig. 3,
0% oil should be expected in the formulation.

The ratio of surfactant to co-surfactant was very effective to
stable and efficient SMEDDS formation. The phase diagrams
ere constructed at the ratio of surfactant/co-surfactant 4:1, 2:1,
:1, 1:2, 1:4 (w/w). The gel-like region was found to become

arge with the increasing concentration of Cremopher EL, while
he self-microemulsifying region expanded with the ratio of
ranscutol P increasing. The maximum self-microemulsifying
egion was to be at the ratio of 1:4. However, the drug pre-

remopher EL and Transcutol P dispersed with distilled water at 37 ◦C. The oil
(1:2) (c), Maisine 35-1:Labrafac CC(1:1) (d), and Maisine 35-1:Labrafac CC
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ig. 3. Effect of oil concentration on the droplet size (n = 6). (The ratio of
urfactant to co-surfactant was 1:1.)

ipitation was observed after several hours at the ratio of 1:2
nd 1:4. The influence of the different ratios of surfactant (Cre-
opher EL) to co-surfactant (Transcutol P) on the droplet size
as also investigated. There were minor differences in mean
roplet size when the ratio of co-surfactant increased from 10
o 45%. Co-surfactant will be beneficial to form microemul-
ion at a proper concentration range. However, excessive amount
f co-surfactant will cause the system to become less stability
or its intrinsic high aqueous solubility and lead to the droplet
ize increasing as a result of the expanding interfacial film.
Lawrence and Rees, 2000; Zhang et al., 2004). Hence, the
ptimal ratio of surfactant to co-surfactant was selected to be 2:1.

Based on our results, a three-component SMEDDS formula-
ion was established: 30% mixture of Maisine 35-1 and Labrafac
C (1:1) as oil, 46.7% Cremopher EL as surfactant and 23.3%
ranscutol P as co-surfactant. The pseudo-ternary phase diagram
as shown in Fig. 4.

.2. SMEDDS characterization
.2.1. Morphological characterization
The oridonin SMEDDS turned into microemulsion when

iluted with distilled water. The TEM picture was shown in

ig. 4. Pseudo-ternary phase diagram of SMEDDS formulation composed of
aisine 35-1/Labrafac CC (1:1) as oil, Cremopher EL as surfactant and Tran-

cutol P as co-surfactant. The solid line area represents the area where a
icroemulsion is formed and the dotted line area represents the efficient self-
icroemulsification.
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Fig. 5. TEM photo of oridonin microemulsion (×43,000).

ig. 5. The microemulsion droplets were observed to be spher-
cal.

.2.2. Droplet size analysis
Droplet size distribution following self-microemulsification

s a critical factor to evaluate a self-microemulsion system.
roplet size is thought to have an effect on drug absorption

s has been illustrated in several papers. The smaller the droplet
ize, the larger the interfacial surface area will be provided for
rug absorption (Gershanik and Benita, 2000; Kang et al., 2004;
outon, 2000). In our study, we investigated several variables
n droplet size including dilution volume, different media, drug
oncentration (drug loading), and dispersing method. The aver-
ge droplet size of microemulsion dispersed from the oridonin
MEDDS was within 100 nm and showed Gaussian distribution.

The effect of dilution on droplet size in distilled water was
easured. When the dilution time was 1000-fold, the droplet size

eemed to be unchanged, which revealed that the microemulsion
ormed upon dilution was as large as 1000 times capable of
eeping oridonin solubilized.

As the drug loading increased from 0.2 to 2.5%, the droplet
ize remained almost unchanged, which indicated that the drug
oading had no obvious effect on droplet size in water.

The effect of medium on droplet size was also investigated
n our study. When the SMEDDS dispersed in distilled water,
.9% NaCl, 0.1N HCl and pH 6.8 phosphate buffer, the resulted
roplet size was 24.1 ± 3.6 nm, 25.6 ± 1.7 nm, 25.9 ± 1.8 nm
nd 25.7 ± 3.3 nm, respectively. There is no significant differ-
nce among the four different media, which demonstrated that
he formulation was not affected by pH and the ionic strength.

The effect of the various mixturing ways on the droplet size
as measured. Different mixturing ways including oscillate,

hisk (25 rpm, 50 rpm, 100 rpm) and swirl seem to have no obvi-
us effect on droplet size since the resulted droplet size varied
rom 23.9 ± 2.9 nm to 24.4 ± 2.3 nm. This result predicts stable
MEDDS can be formed under gastrointestinal peristalsis.
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Fig. 6. In vitro release profile of oridonin from SMEDDS and suspension in
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profiles of oridonin after gavage administration of the two prepa-
rations. The pharmacokinetic parameters are given in Table 2.
The Cmax and AUC0→t of the SMEDDS were significantly
higher than those of the suspension. The relative bioavailability

Table 2
Relative bioavailability and pharmacokinetic parameters of oridonin after oral
administration oridonin SMEDDS and suspension to the rats (n = 3)

SMEDDS Suspension

AUC0→12h (ng/ml min) 611.71 ± 35.47 277.79 ± 104.78
74 P. Zhang et al. / International Journ

.2.3. �-Potential analysis
Generally, an increase of electrostatic repulsive forces

etween microemulsion droplets prevents the coalescence of
icroemulsion droplets. On the contrary, a decrease of elec-

rostatic repulsive forces will cause phase separation. Oridonin
MEDDS was diluted with distilled water, 0.9% NaCl, 0.1N
Cl and pH 6.8 phosphate buffer, and the resulted zeta potential
as −4.16 ± 0.33 mV, −3.54 ± 0.41 mV, 4.88 ± 0.29 mV, and
5.97 ± 0.47 mV, respectively. There is no marked difference in

he absolute �-potential value among the four media. It’s inter-
sting that the surface charge was positive for the droplets in
.1N HCl. This result indicated this formulation would reach a
ositive zeta potential at physiological pH. Several studies have
eported that the zeta potential played an important role in the
nteractions with mucus of the gastrointestinal tract (Gershanik
t al., 2000; Wei et al., 2005). According to the reports, the
ositive charged droplets could have better interaction with the
ucus of the gastrointestinal tract, since the intestinal cell inte-

ior carry negative charges with the presence of mucosal fluid.
ecause the droplets in 0.1N HCl have a positive potential, they
re likely to facilitate the intestinal absorption of oridonin. The
eason why the droplets in 0.1N HCl carry the positive charge
s still unclear. It needs further investigation.

.2.4. Cloud point measurement
The cloud point is an essential factor in the SMEDDS con-

isting of non-ionic surfactants, and it is responsible for the
uccessful formation of a stable microemulsion (Itoh et al.,
002). When the temperature is higher than the cloud point, an
rreversible phase separation will occur and the cloudiness of the
reparation would have a bad effect on drug absorption, because
f the dehydration of the polyethylene oxide moiety. Hence, the
loud point for SMEDDS should be above 37 ◦C, which will
void phase separation occurring in the gastrointestinal tract.
ridonin SMEDDS was diluted with water in the ratio of 1:250,

nd the sample was placed in a water bath with the temperature
ncreasing gradually, at 5 ◦C intervals (or at 2 ◦C intervals when
pproaching the cloud point), spectrophotometric analysis was
arried out to measure the sample transmittance using an empty
lass test tube as a blank. The cloud point was found to be 72 ◦C.
herefore, it would suggest a stable microemulsion of oridonin
an be formed at physiological temperature in vivo.

.2.5. In vitro release
To understand the characteristics of drug release from

MEDDS, an in vitro release study was carried out. When
MEDDS encountered aqueous media, the drug existed in the
ystem in different forms including a free molecular form, or
ixed in the micelles or in the microemulsion droplets. Under

his circumstance, it is necessary to separate the isolated drug
olecules from those trapped by micelles or microemulsions

or a real in vitro release test. Therefore, it is not rational to
se the routine release approach in this case. Recently, dialysis

ethod was applied for SMEDDS in vitro release study (Wu et

l., 2006; Sheikh et al., 2007). The profile of drug release was
llustrated in Fig. 6. In spite of a slightly higher release of drug
rom the suspension than that from SMEDDS in the first 2 h, the

A
C
T
R

ig. 7. Plasma concentration profile of oridonin after oral administration of
MEDDS (triangles) and the suspension (diamonds) in rats (n = 3 and 20 mg/kg).

elease of drug from SMEDDS was markedly boosted compared
ith that of drug suspension in the following 10 h. In the case
f SMEDDS, more than 85% of oridonin was released during
he first 6 h and the accumulated amount of drug release in 12 h
as 100.2%, indicating a complete release.

.3. Bioavailability study

The in vivo pharmacokinetic behavior of oridonin with
MEDDS and suspension were investigated. Their pharmacoki-
etic parameters were compared in rats. Fig. 7 shows the plasma
UC0→∞(ng/ml min) 639.21 ± 53.62 297.94 ± 121.94

max (ng/ml) 244.89 ± 59.57 123.49 ± 25.25

max (min) 60.0 ± 0.31 50.0 ± 8.66
elative bioavailability (%) 220.21 –
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f SMEDDS was approximately 2.2-fold compared with the sus-
ension. Therefore, SMEDDS might be a promising approach
o the oral delivery of Oridonin. When evaluating the in vivo
ehavior of drug substance, it is necessary to consider the fol-
owing two aspects: one concerns the factors influencing the
rug absorption in vivo, the other concerns the formulation fac-
ors influencing its in vitro release. As for SMEDDS, it is rational
o deduce that the factors influencing the drug in vivo absorp-
ion rather than the improved in vitro release may contribute to
he enhanced absorption. For a poorly water-soluble drug, the
bsorption is often inadequate due to an insufficient dissolution
n the gastrointestinal tract. Therefore, the dissolution process

ight be a critical factor influencing the adsorption. Once the
MEDDS encounters the gastrointestinal tract, the spontaneous
ormation of a microemulsion presents the drug in a dissolved
orm and the dose from the drug in the soluble form will be ben-
ficial to enhance absorption. The drug absorption mechanisms
nclude transcellular routes and paracellular routes, which are
etermined by the properties of the drug itself and its molecular
eight. In most cases, the hydrophobic drugs with low molecular
eight are absorbed by the transcellular route. They are not eas-

ly absorbed by the paracellular route since the tight junction is
he absorption barrier. However the drug absorption behavior can
e facilitated by the formation composition in SMEDDS, espe-
ially by the surfactant, which can reduce the interfacial surface
ension and enhance penetration of the drug to the epithelial
ells. The surfactant also acts by dispersing the lipid formu-
ation in the gastrointestinal tract into small droplets with a
arge interfacial surface area, which may also be responsible
or absorption. Furthermore, SMEDDS, a lipid-based formula-
ion, is considered to be partially absorbed via the lymphatic
oute as well. That may reduce the opportunity for hepatic first
ass metabolism and therefore enhance the bioavailability of
rugs.

The animal model may be of concern when studying
MEDDS. Since the dynamic process in vivo would be respon-
ible for the emulsification progress. In this study, rats were used
ue to their low cost and relatively facile accessibility. However,
t is not clear whether the amount of fluid present in the rat stom-
ch might be insufficient to emulsify the administered dose of
MEDDS. The influence of the animal model on the bioavail-
bility still needs to be investigated, and it would be interesting
o study the bioavailability of oridonin from SMEDDS in a larger
nimal, such as rabbit or dog.

. Conclusion

A SMEDDS containing poorly water-soluble drug, oridonin,
as formulated for oral application. The components and their

atio ranges for the formulation of SMEDDS were obtained by
olubility study, pseudo-ternary phase diagram construction, and
roplet size analysis. The optimum formulation of the SMEDDS
onsisted of 30% mixture of Maisine 35-1 and Labrafac CC

1:1), 35% Cremopher EL, and 35% Transcutol P, which had suf-
cient drug loading, rapid self-microemulsification in aqueous
edia, and forming droplet size in the range of microemulsion.
he formulation showed greater extent of absorption than the

K

K
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uspension. The relative bioavailability of the SMEDDS to sus-
ension was 220.21%. These results suggested the potential use
f SMEDDS for oral administration of oridonin.
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