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The purpose of this study was to develop an optimized nanostructured lipid carrier formulation (NLC)
for tripterine, and to estimate the potential of NLCs as oral delivery system. Tripterine-loaded NLCs were
prepared by the solvent evaporation method. The average drug entrapment efficiency, particle size and zeta
potential of the optimized tripterine-loaded NLCs were 78.64 4+ 0.37 %, 109.6 + 5.8 nmand —29.8 1.3 mV,
respectively. The tripterine-loaded NLCs showed spherical morphology with smooth surface under the
transmission electron microscope (TEM). The crystallization of drug in NLC was investigated by differential
scanning calorimetry (DSC). The drug was in an amorphous state in the NLC matrix. According to the
in vitro release study, the tripterine-loaded NLCs showed a delayed release profile of tripterine. The rat
intestinal perfusion model was used to study the absorption of tripterine solution and tripterine-loaded
NLCs. The Py (effective permeability) of tripterine-loaded NLCs in the duodenum, jejunum, ileum and
colon was approximately 2.1, 2.7, 1.1, 1.2-fold higher than that of tripterine solution, respectively. The
10%ABS (percent absorption of 10 cm of intestine) of tripterine-loaded NLCs in the duodenum, jejunum,
ileum and colon was approximately 2.2, 2.3, 1.2, 1.3-fold higher than that of tripterine solution, respectively.
The intestinal toxicity of tripterine formulated in the NLCs was investigated and compared with the tripterine
solution by the MTT assay with Caco-2 cell models. According to the result, the tripterine-loaded NLCs
could greatly decrease the cytotoxicity of the drug. In conclusion, the NLC formulation remarkably improved

the absorption of tripterine and showed a better biocompatibility.

1. Introduction

Tripterygium wilfordii Hoog f. (Celastraceae) is used in tra-
ditional Chinese medicine for treatment of swelling, fever,
chills, sores, joint pain, inflammation and rheumatoid arthritis.
Tripterine (Fig. 1) is one of the main bioactive components of
Tripterygium wilfordii Hoog f., and now is widely used in chronic
nephritis, thrombocytolytic purpura and dermatologic diseases
in Chinese medicine (Radhamani et al. 2011). Recently, studies
have shown that tripterine has a significant effect on the treat-
ment of immune diseases (Li et al. 2008, 2005), skin diseases
(Brinker et al. 2008) and cancer (Chang et al. 2003; Radhamani
et al. 2011). However, tripterine has a low bioavailability due
to its negligible solubility in water. Tripterine also has many
severe adverse effects, e.g. diarrhea, headache, nausea and infer-
tility, especially if used at high concentrations (Lehtonenc et al.
2010). Therefore, in order to overcome these deficiencies, it is
necessary to design a formulation possible to improve the oral
absorption and bioavailability as well as reducing the side effects
of tripterine.

Lipid-based drug delivery systems are expected as promising
oral carriers because of their potential to increase the solubility
and improve oral bioavailability of poorly water-soluble and/or
lipophilic drugs (O’Driscoll et al. 2008). In recent years, as a new
generation of lipid nanoparticles which consists of a mixture
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Fig. 1: Chemical structure of tripterine

of different lipid molecules, nanostructured lipid carriers has
been developed to overcome the disadvantages of traditional
lipid nanoparticles such as limited drug loading, risk of gelation
and drug leakage during storage caused by lipid polymorphism.
NLCs system also possesses many advantages of traditional lipid
nanoparticles, such as good biocompatibility, controlled drug
release, and the possibility of production on large industrial scale
(Miiller et al. 2002a, b). Lipid formulations loaded with poorly
water-soluble drugs for the oral route have been investigated and
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Fig. 2: TEM photograph of tripterine-loaded NLCs (NLC-5)

reported to improve the oral bioavailability of drugs, but there are
only few reports on NLC systems for oral administration yet. In
view of this, we made efforts to develop tripterine-loaded NLCs
and to see if the nanostructured lipid carriers could increase the
absorption of tripterine.

The aim of this study was to develop a NLC delivery sys-
tem as a potential oral formulation of tripterine and assess its
intestinal absorption and toxicity. In this study, stearic acid (SA)
and isopropyl myristate (IPM) were chosen as the solid and
liquid cores. A variety of different emulsifiers were used to
prepare NLC, including Pluronic F68 (PF68), Tween-80, D-a-
tocopherol polyethylene glycol succinate (TPGS), and soybean
lecithin (SLT). It has been reported that TPGS is a good emul-
sifier in preparation of polymeric nanospheres (Mu et al. 2002),
but there is no report on TPGS for NLCs. Thus in this study, we
tried to use TPGS as the emulsifier in NLCs system for better
preparation. The physicochemical characteristics of the obtained
NLGCs, such as the drug loading capacity, encapsulation effi-
ciency, size, zeta potential, and differential scanning calorimetry
(DSC) results were investigated. According to the result, we
chose superordinary NLCs for further investigation. Here, we
used a rat intestinal perfusion model to study the absorption
mechanisms of tripterine-loaded NLCs, because this model is
routinely used to investigate drug absorption and is recognized
by FDA as viable models of human intestinal absorption (Yan
et al. 2008). Finally, the formulation of NLC was evaluated on
the drug release properties in vitro and the intestinal toxicity was
determined by cell viability experiment.

2. Investigations, results and discussion
2.1. Particle size and zeta potential measurements

Tripterine-loaded NLCs contain 4% (wt%) tripterine. Lipid
nanoparticles were produced by the solvent evaporation method.
Stearic acid (SA) was used as a solid matrix for the nanoparti-
cles. Isopropyl myristate as the liquid matrix was mixed with
stearic acid to form NLCs. The proportion of SA and IPM was
set at 3:1 wt%. SLT, Tween-80 and TPGS were used as emul-
sifiers of nanoparticles in different systems. The results showed
that different types of emulsifiers had a great influence on the
quality of NLCs. When SLT, Tween-80 and TPGS were used
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as emulsifiers separately (NLC-1, NLC-2, NLC-3), the parti-
cle size of NLCs was increased and the zeta potential values
of NLCs were above -20 mv, which indicated that a bad sta-
bility of NLCs. Thus the emulsifier matrix was selected for the
nanoparticles. As shown in Table 1, NLC-4 and NLC-5 had
smaller particle size than the other formulations, which was
93.7+£6.5nm and 109.6 £+ 5.8 nm, respectively, both of them
were less than 120 nm. Surface charge has an important influence
on the stability of a nanoparticle system. Generally, high surface
charge reflected stronger repulsion interactions among nanopar-
ticles. The zeta potential values of different NLCs was between
-11.9+£ 2.1 mV and -30.2 £ 0.9 mV, as a result, the NLC-4 and
NLC-5 could be more stable in the aqueous dispersion environ-
ment than NLC-6. With respect to particle size and zeta potential,
the formula of NLC-4 and NLC-5 was better than the others. The
mean particle size, zeta potential and entrapment efficiency (EE)
of the resulting products are reported in Table 1.

2.2. Visualization by transmission electron microscopy
(TEM)

The result of TEM imaging of tripterine-loaded NLCs (NLC-5)
is shown in Fig. 2. It was obvious that the particles had a spher-
ical shape with smooth surface and without any aggregation or
adhesion.

2.3. Drug encapsulation efficiency

An important issue with respect to the use of lipid nanoparticles
asdrug carriers is their capacity for drug loading. As summarized
in Table 1, the entrapment efficiency of NLC-4, NLC-5 and
NLC-6 was between 32.95 +0.42% and 78.64 - 0.37%. When
SLT and TPGS were used as the emulsifier matrix (NLC-5), the
drug loading was approximately 2.4, 1.9-fold higher than NLC-
4(SLT and Tween-80 group) and NLC-6 (TPGS and Tween-80
group), respectively. The entrapment efficiency of NLC-1, NLC-
2 and NLC-3 was not determined, because they were easy to
emerge floccule when SLT, Tween-80 and TPGS were used as
emulsifiers separately.

Emulsifiers which were composed of TPGS and SLT resulted in
higher entrapment efficiency (p <0.05) when compared to for-
mulations with tween-80 and SLT. It was observed that the TPGS
system showed greater entrapment efficiency than the Tween-80
system (p <0.05). Although the physicochemical characteristic
of the drug molecule plays an important role, the surfactant char-
acter also has significant effect on the localisation of the drug
molecule. The emulsifier could reduce the leakage of the drug
molecule from the oily droplets which could make improve-
ment of the encapsulation efficiency of the drug in the NLCs.
In the present case, the bulky and large surface area of TPGS
resulting from its big lipophilic alkyl tail (polyethylene glycol)
and hydrophilic polar head portion (tocopherol succinate) could
effectively protect the diffusion or partition of the hydrophobic
tripterine from polymer to external phase. The encapsulation
efficiency of tripterine in the NLCs can thus be significantly
improved. According to the result of particle size, zeta potential
and EE, NLC-5 was chosen for further investigation because of
its small particle size, highest EE and good stability.

2.4. Characterization by differential scanning
calorimetry (DSC)

DSC has been used to characterize the melting and crystalliza-
tion behavior of crystalline material like lipid nanoparticles (Hu
etal. 2006; Han et al. 2008). In the case of NLC, DSC character-
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Table 1: Characterization of the lipid nanoparticles by particle size, zeta potential, entrapment efficiency and drug loading

SLT (%) Tween-80 (%) TPGS (%) Mean size (nm) Zeta potential (mv) EE (%) DL (%)
NLC-1 20% 0 0 209.4+9.4 —17.8+£1.2 / /
NLC-2 0 20% 0 32144143 —89+1.3 / /
NLC-3 0 0 20% 195.6 +13.7 —3.54+0.8 / /
NLC-4 10% 10% 0 93.7£6.5 -30.2+£0.9 32.95+0.42 1.65+0.02
NLC-5 10% 0 10% 109.6 £5.8 —29.8+£1.3 78.64 +£0.37 3.93+£0.02
NLC-6 0 10% 10% 138.3+8.2 —119+£2.1 45.13+£0.54 2.08£0.03

Each value represents the mean £ SD (n=3).

ization can illuminate its structure through the mixing behavior
of solid lipids with liquid lipids.

Figure 3 shows the thermograms obtained from bulk material
(mannitol), tripterine, SA, IPM, SLT, TPGS, and lyophilized
samples (tripterine-loaded NLCs).

The melting peak of the tripterine was around 175.7°C and
211.4°C which was shown in the thermograms (Fig. 3A).
The presence of tripterine crystalline state was confirmed by
the melting peak of tripterine in the physical mixtures II
(Fig. 3C). However, the thermograms of the tripterine-loaded
NLCs (Fig. 3D) did not show the melting peak of the tripter-
ine. Compared with A, B, C, D, the melting peak of samples
in nanometer system was different from physical mixtures. The
results indicated that tripterine in the tripterine-loaded NLC was
not in crystalline state but in amorphous state and the similar
results were reported by Venkateswarlu and Manjunath (2004)
and Jenning et al. (2000) stating that lipid nanoparticles could
not allow the drug to crystallize.

2.5. Invitro release of the drug from lipid nanoparticles

In order to develop a NLC system with general applicability,
it is of great importance to understand release mechanism and
kinetics. The levels of in vitro tripterine release from nanoparti-
cles are shown in Fig. 4. The amount of tripterine released from
nanoparticles was plotted as a function of time. Because of the
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low solubility of tripterine in water, tripterine solution mixture of
Tween-80 (0.5%) was selected as the control group. The control
group showed quick release of tripterine, and the amount of the
released drug reached 96.4% after 24 h, which was significantly
higher than that of NLCs (77.6%) (Fig. 4). The release profiles
of drug from tripterine solution and tripterine-loaded NLC were
fitted to zero order kinetics model, first order kinetics model
Higuchi kinetics model and Ritger and Peppas kinetics model,
respectively (Table 2). Based on the fitting result, the Ritger and
Peppas kinetics model (In R=k In t+C) (Ritger and Peppas
1987) was chosen to describe the release profiles of drug from
tripterine-loaded NLC because of good correlation (r=0.9838).
The value of k was 0.6848 (0.45 <k <0.85), which suggested
that tripterine release from NLC was a delayed release process
by the effect of the mixing of drug diffusion and lipid matrix
erosion.

2.6. Absorption of tripterine-loaded NLCs and tripterine
solution in intestine

We used rat intestinal perfusion model to study the absorp-
tion of tripterine solution and tripterine-loaded NLCs. The Pui"
and 10%ABS values of tripterine solution and tripterine-loaded
NLCs are shown in Table 3. The P of tripterine solution was
0.3194+0.033,0.332+0.015,0.160 £ 0.021 and 0.126 £ 0.047
in the duodenum, jejunum, ileum and colon, respectively, the
P values were pretty low (< 1), which suggested that tripterine
is poorly absorbed from the intestine. For four different intesti-
nal segments, the absorption of tripterine in the duodenum and
jejunum were better than that in ileum and colon. Comparatively
speaking, the P.;" of tripterine-loaded NLCs in the duode-
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Fig. 3: Overlaid DSC thermograms of tripterine (A), physical mixtures I (B),
physical mixtures II (C), tripterine-loaded NLC (D)
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Fig. 4: In vitro release profile of tripterine from tripterine solution and
tripterine-loaded NLCs. Each value represents the mean £+ S.D. (n=3)
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Table 2: Fitting of accumulated release percentage of tripterine solution and NLC

Equation Tripterine solution

Tripterine-loaded NLC

Zero order equation
First order equation
Higuchi equation
Ritger- Peppas equation

R=0.039t+0.2438, r=0.8934
Ln(1-R)=—-0.1432t+0.1102, r=0.9996
R=0.2287t2—0.0792, r=0.9213
LnR=0.6761Lnt —2.0118, r=0.9473

R=0.0278t+0.1823, r=0.9323
Ln(1-R)=—-0.0615t—0.1127, r=0.9529
R=0.1873t2—0.0867, r=0.9352

LnR =0.6848Lnt—2.2801, r=0.9838

num and jejunum was approximately 1.1, 1.7-fold higher than
that of tripterine solution, respectively, and also the 10%ABS
of tripterine-loaded NLCs in the duodenum and jejunum was
approximately 1.2, 1.3-fold higher than that of tripterine solu-
tion. This indicated that intestinal absorption of tripterine was
significantly enhanced by NLC, and NLCs showed a promising
potential for promoting intestinal absorption of poorly water-
soluble drugs.

The possible reasons for low intestinal absorption of tripterine
were its poor water-solubility, and the barrier of the physic-
ochemical environment of gastrointestinal tract and intestinal
epithelium (Roger et al. 2009). Therefore, we summarized the
possible mechanism of the improved intestinal absorption of
tripterine by employing NLC formulation. Firstly, NLC can
improve the soubility of tripterine and the particle size range
of NLC formulation was almost less than 120 nm, the smaller
size nanoparticles have efficient gastrointestinal tissue uptake by
other routes, like uptake by intracellular pathways. They could
gain entry in the tissue through intracellular spaces and espe-
cially in larger defects of the mucosa. The reduction in particle

tripterine solution

1 M tripterine-loaded NLCs

W wa

Duodenum Jejunum lleum Colon

—
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S

W
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Fig. 5: Comparison of Pei* and 10%ABS between tripterine solution and
tripterine-loaded NLCs. Each value represents the mean £+ S.D. (n=4),
#P <0.05(A: Pe; B: 10%ABS)
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size also resulted in a great increase in surface area of the parti-
cles which could increase the contact area of NLC and intestinal
epithelium. Meanwhile, the small particle size of NLC was pos-
itive to a sufficient and steady absorption in the intestinal tract.
Thus it seems that the mechanism of gastrointestinal uptake of
these particles is a particle size dependent exclusion phenomena
with smaller size particles more likely to be internalized inside
the cells and tissue (Desai et al. 1996).

Secondly, NLC was composed of solid and liquid lipids
which were structurally similar to fat rich in food. The lipids
could induce bile secretion in the small intestine and the
tripterine—loaded NLCs were associated with bile salt to form
mixed micelles which helped the intact NLCs get into the intesti-
nal epithelium (Plain and Wilson 1984; Miiller et al. 2006;
Zhuang et al. 2010). The uptake of intact NLCs played a dom-
inant role in the promoted absorption. Another reason of the
improved absorption might be attributed to the use of surfactant
TPGS in the NLC formulations. TPGS might increase the intesti-
nal epithelial permeability by disturbing the cell membrane and
reversibly open the tight junction of intestinal epithelial cell
(Bittner et al. 2002).

2.7. Invitro cell viability assay

The in vitro cytotoxicity of tripterine formulated in NLCs was
investigated and compared with the tripterine solution by cell
viability experiments. Figure 6 shows the percentage of cell via-
bility of Caco-2 cells incubated with the tripterine formulated in
the NLCs versus tripterine solution at different drug concentra-
tions. From the results, we can see that at the same concentration,
the tripterine solution produced stronger inhibitory effect on the
cells growing than tripterine-loaded NLCs, and the cell viabil-
ity rates were 9.64 + 0.98%, 12.23 + 1.53% and 13.37 = 1.74%
at the concentration of 40 pg/mL, 20 wg/mL and 10 pg/mL,
respectively. Blank NLCs and 0.5%(w/v) Tween-80 solutions

70 —+— Tripterine solution
60 —s— Triptenne-loaded NLCs
. 50 [
S
> 40 [
£ 30r
>
3 200
10 | §\§\1
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0 10 20 30 40 50
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Fig. 6: Cell viability of tripterine solution and tripterine-loaded NLCs on caco-2
cells using the MTT assay. Each value represents the mean &+ S.D. (n=4)
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Fig. 7: The HPLC chromatograms of perfusate samples(1.tripterine; 2. prednisolone)

had no significant toxicity on cells, because the cell viability
rates of the blank NLCs and 0.5%(w/v) Tween-80 solutions were
large than 90%. Tripterine-loaded NLCs greatly decreased the
cytotoxicity of the drug, and the percentage of cell viability of
tripterine-loaded NLCs at 40 pwg/mL, 20 pg/mL and 10 pg/mL
was approximately 0.5, 2.8, 3.7-fold higher than that of tripter-
ine solution, respectively. The ICsq (50% cell growth inhibition)
of tripterine solution was 0.34 pg/mL, whereas the tripterine-
loaded NLCs was 2.11 pg/mL. As depicted in Fig. 6, the cell
viability of both tripterine NLCs and solution decreased when
the concentration of the drug was increased, and an excellent
linear relationship was obtained. The cell viability of tripterine-
loaded NLCs had a dramatically increase from 40 wg/mL to
10 pg/mL whereas the cell viability of tripterine solution kepted
in a low level, which demonstrated that tripterine-loaded NLCs
had lower cytotoxicity than tripterine solution. These suggested
that the NLCs were biocompatible with Caco-2 cells and, there-
fore, well tolerated by the gastrointestinal tract, and the similar
results have been reported by Silva et al. (2011), Nassimi et al.
(2010), and Rouxhet et al. (2009).

3. Experimental

3.1. Materials and animals
3.1.1. Materials

Tripterine (purity >99%) was provided by ZeLang medicine technology
co.ltd (China, Nanjing). Prednisolone (purity >99%) was purchased from
National Institute for the Control of Pharmaceutical and Biological Products
(China). Stearic acid (SA), isopropyl myristate (IPM), Pluronic F68, Tween-
80, acetone and ethanol were obtained from Shanghai Chemical Reagent
Corporation (Shanghai, China), soybean lecithin (SLT) was supplied by
Shanghai Advanced Vehicle Technology Company (Shanghai, China); D-
a-tocopherol polyethylene glycol succinate (TPGS) and Hanks’ balanced
salt solution (HBSS; powder form) were purchased from Sigma. All other
materials (typically analytical grade or better) were used as received.

3.1.2. Animals

Male Sprague-Dawley rats weighing between 250 and 300 g were obtained
from the SLEK Lab Animal Center of Shanghai (Shanghai, China). The
rats were fed with water and a standard diet. The rats were fasted overnight
before the day of the experiment.

3.2. Methods
3.2.1. Preparation of lipid nanoparticles

Blank NLCs were produced by the solvent evaporation method. The pro-
portion of SA and IPM was set at 3:1 wt%. SLT, Tween-80, TPGS was
used as emulsifiers. Each formulation was dissolved in a mixed solvent
of acetone and ethanol, and was added to an aqueous surfactant solution
containing of PF68 (1.0 wt%) at 65 °C under gentile magnetic stirring at
1200 rpm for 4 h. An external water bath (0-2 °C) was used to maintain the
sample temperature for 2 h in order to stabilize the NLC. The total volume
of the final product was 100 mL. Tripterine-loaded NLCs which contains
4% tripterine were produced in the same manner. The obtained blank NLCs
and tripterine-loaded NLCs dispersions were used for subsequent studies.
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3.2.2. PFarticle size and zeta potential measurements

Particle size and zeta potential of various NLC formulations were measured
by photon correlation spectroscopy (Nano-ZS ZEN3600 zetasizer, Malvern
Instruments Corp., UK) at 25 °C under a fixed angle of 90° in polystyrene
cuvettes. The measurements were obtained using a He-Ne laser of 633 nm.
Zeta potential was measured in folded capillary cells using the Nano-ZS
ZEN3600 zetasizer. The NLC sample was prepared by diluting the sam-
ple with double-distilled water, and the conductivity of the same solution
was adjusted to 50 S/cm by 0.1 mmol/L sodium chloride solution for zeta
potential measurement. The zeta potential values were calculated using the
Smoluchowski equation.

3.2.3. Visualization by transmission electron microscopy (TEM)

The microstructures of NLC, tripterine-loaded NLCs were examined by
TEM (Tecnai 12, Philips company, Holland) with negative stain method.
Samples were diluted appropriately with aqueous phase before preparation
for TEM. Firstly, a drop of the each sample was applied to a copper grid
coated with carbon film and air-dried, then 2% (w/v) phosphotungstic acid
(PTA) solution was dropped onto the grids. After being negative stained and
air-dried under room temperature, the samples were accomplished for the
TEM investigation.

3.2.4. Drug encapsulation efficiency

Entrapment efficiency (EE) was determined to assess the extent of tripterine
incorporation in the nanoparticles. EE of the tripterine-loaded NLCs were
determined by measuring the concentration of the free unloaded tripterine
in the aqueous phase of the nanoparticle suspension. Briefly, approximately
0.5mL of the nanoparticle dispersion was placed in the outer chamber of
the filter assembly with molecular weight cut-off of 12K (Pall, USA). The
filter assembly was then centrifuged at 5000 rpm (approximately 3000 x g)
for 15 min. The NLCs along with the encapsulated tripterine remained in
the outer chamber whereas the aqueous dispersion medium containing the
free unloaded tripterine moved to the sample recovery chamber through
the filter membrane. After separation, the amount of the free tripterine in
methanol was determined by HPLC. The amount of free drug was desig-
nated as Wyee. Equal volume of tripterine-loaded NLCs suspension was
accurately taken, dissolved and diluted with methanol. Then, drug content
in the resultant solution was determined by HPLC, and the calculated drug
amount was designated as Wioa1. The HPLC analytical method for tripter-
ine was described as follows: In brief, the HPLC system included a binary
pump, an auto sampler, and an photodiode array detector all from Agilent
(USA). A Agilent HC-C18 column (150 x 4.6 mm i.d.; particle size 5 wm)
was used as the stationary phase. The mobile phase was an acetonitrile:
0.4% phorsphoric acid (80:20; v/v) mixture at a flow rate of 1 mL/min. The
UV detection wavelength was 425 nm (tripterine). Consequently, the drug
encapsulation efficiency (EE) and drug loading (DL) could be calculated by
the following equations (Luo et al. 2006):

Wiotal-Wiree

EE% = x 100% (1)

total

Wiotal-Wiree

DL% = x 100% )

lipid
where Wi is the amount of free tripterine, Wiy is the amount of tripterine
in the system, Wipiq is the weight of the lipid.

3.2.5. Characterization by differential scanning calorimetry (DSC)

DSC analysis was performed using DSC 204 (NETZSCH,German). A
scan rate of 10°C /min was employed in the temperature range of
25-300 °C.Standard aluminum sample pans were used. About 10 mg sam-
ple was taken for analysis. An empty pan was used as reference. Preparation
of samples for thermal analysis:

(A) Tripterine

(B) Physical mixtures I. SA, IPM, TPGS, SLT, PF68 and mannitol.

(C) Physical mixtures II. Tripterine, SA, IPM, TPGS, SLT, PF68 and man-
nitol. The ratio of tripterine to matrix was similar to that of weight ratio in
NLC formulation.

(D) Lyophilized samples. Tripterine-loaded NLCs were frozen at —70 °C
for 8 h. Then the samples were freeze-dried at —52 °C and a pressure of 7.5
mmHg during 40 h. The tripterine-loaded NLC powder was collected and
stored at 4 °C.

3.2.6. Invitro release kinetics of the drug from lipid nanoparticles

The drug released from the carriers was measured using a Franz diffu-
sion cell. A dialysis Tubing (Union Carbide Corporation, with a molecular
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weight cutoff of 8000-14000) was mounted between the donor and receptor
compartments. The donor medium consisted of 4 mL of vehicle contain-
ing tripterine-loaded NLCs. The receptor medium consisted of 10ml of
0.5% Tween-80 in pH 7.4 buffer to maintain sink conditions. The dialysis
tubing was put into Franz diffusion cell which included receptor medium.
The stirring rate and temperature were 600 rpm and 37 °C, respectively. At
appropriate intervals (2, 4, 8, 12, and 24 h), 1 mL aliquots of the receptor
medium were withdrawn and immediately replaced with equal volumes of
fresh buffer. The amount of drug released was determined by an HPLC
method as described in Section 3.2.4.

3.2.7. Animal surgery

The surgical procedures were approved by the Animal Ethics Committee of
Jiangsu Provincial Academy of Chinese Medicine. Anesthesia was induced
by an i.m. injection of urethane (0.5 g/mL). After the rat was anesthetized,
four segments of intestine, duodenum, jejunum, ileum, and colon (8-12cm
for each of them) were simultaneously cannulated, each with two cannulae.
After cannulation, the small intestinal segments were placed carefully into
the abdominal cavity, avoiding crimping or kinking of the segments. The
incision was then covered by a normal saline-wetted paper towel. A piece
of plastic wrap was put on the towel to keep the intestinal segments moist.
To keep the temperature of the perfusate constant, the inlet cannulate was
kept warm by a 37 °C circulating water bath (Hu et al. 1998; Liu et al. 2006;
Jia et al. 2004).

3.2.8. Intestinal absorption of tripterine-loaded NLCs and tripterine
solution

This is a single-pass perfusion method. Four segments of the intestine (duo-
denum, jejunum, ileum, and colon) were perfused simultaneously with a
perfusate containing the compound of interest using an infusion pump (Har-
vard Apparatus, Cambridge, MA, USA) at a flow rate of 0.15 mL/min. After
a 30-min washout period, which is usually sufficient to achieve the steady-
state absorption, four samples were collected from the outlet cannulae every
30 min afterward. After perfusion, the length of the intestine was measured.
The outlet concentrations of the test compounds in the luminal perfusate
were determined by HPLC.

The conditions for the HPLC analysis of tripterine in the perfusion samples
were as follows: system, Agilent 1100 HPLC with photodiode array detector;
Agilent HC-C18 column (150 x 4.6 mm i.d.; particle size 5 pum) was used
as the stationary phase (Agilent, Palo Alto, CA, USA). Mobile phase A, ace-
tonitrile; mobile phase B, 0.4% phorsphoric acid; gradient, 0~5 min: 30%
A, 5-20 min:30-80 % A; flow rate, 1 mL/min; The UV detection wavelength
was 425 nm (tripterine), 246 nm (prednisolone as internal standard); injec-
tion volume, 20 pL. The HPLC chromatograms of perfusate samples are
shown in Fig. 7. In general, these methods were selective and reproducible
with day to day variability of less than 3%. The accuracy and precision were
greater than 98%. The tested linear response ranges for tripterine was 1 to
40 pg/mL.

3.2.9. Data analysis

In the perfused rat intestinal model, Pcff* and IO%ABS are two represen-
tation of the intestinal membrane permeability. Peiy' and 10%ABS of the
compounds are calculated using the following equations:

Pt — 1—-Cm/Co 3)
o 4Gz

10 cm % ABS = w )
VL

where Co and Cm are inlet and outlet concentrations, respectively; Om and
Qo are inlet and outlet drug content; Vis related with flow rate (Q) and water
flux, Gz, or Graetz number (Gz = ”ZDQL ), is a scaling factor that incorporates
flow rate (Q), intestinal length (L), and diffusion coefficients (D) to make
the permeability dimensionless. Crm was adjusted for water flux, data points
were discarded if the water flux exceeded 0.5%/cm of intestine.

3.2.10. Invitro cell viability assay

In the present study, we used the Caco-2 cell line to study the effect
of different concentrations of tripterine solution and tripterine-loaded
NLCs (40 pg/mL, 20 wg/mL, 10wg/mL) on cell toxicity by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) (Mosmann
1983; Dolbeare and Vanderlaan 1994). Briefly, the cells within the expo-
nentially growing period were harvested and plated in 96-well plates at a
concentration of 1 x 10% cells/well for Caco-2 cells (Meca et al. 2010). They
were then incubated for 24 h at 37 °C. After overnight incubation, the cells
were divided into four treatment groups, including: (a) tripterine solutions;
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(b) tripterine-loaded NLCs; (c) 0.5% (w/v) Tween-80 solutions; (d) blank
NLCs. Cells in the wells were treated with various concentrations of tripter-
ine and tripterine-loaded NLCs for 36 h. Then, 10 L of MTT (5 mg/mL)
was added to each well and incubated for 4 h at 37 °C. After the supernatant
was discarded, 100 L DMSO was added to each well. The absorbance value
at 490 nm was determined using a microplate reader (Naruse et al. 2002)
(Bio-Rad Instruments, Hercules, CA, USA). Cell viability rate of the vari-
ous concentrations were calculated using the following equation and ICsg
values was obtained using statistical software SPSS v15.0.

Cell viability rate = (T/C) x 100% 5)

where T means average OD value of the sample well, C means negative
control average OD value of the well.

3.2.11. Statistical analysis

One-way ANOVA (SPSS 15.0 software) was used to analyze data for mul-
tiple comparisons. Unpaired student’s t test (Microsoft Excel) was used to
analyze the data when there were only two groups in the experiments. The
prior level of significance was set at p <0.05.
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