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Proliposomes for oral delivery of dehydrosilymarin:
preparation and evaluation in vitro and in vivo
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Aim: To formulate proliposomes with a polyphase dispersed system composed of soybean phospholipids, cholesterol, isopropyl
myristate and sodium cholate to improve the oral bioavailability of dehydrosilymarin, an oxidized form of herbal drug silymarin.
Methods: Dehydrosilymarin was synthesized from air oxidation of silymarin in the presence of pyridine, and proliposomes were pre-
pared by a film dispersion-freeze drying method. Morphological characterization of proliposomes was observed using a transmission
electron microscope. Particle size and encapsulation efficiency of proliposomes were measured. The in vitro release of dehydrosily-
marin from suspension and proliposomes was evaluated. The oral bioavailability of dehydrosilymarin suspension and proliposomes

was investigated in rabbits.

Results: The proliposomes prepared under the optimum conditions were spherical and smooth with a mean particle size in the range
of 7 to 50 nm. Encapsulation efficiency was 81.59%+0.24%. The in vitro accumulative release percent of dehydrosilymarinloaded
proliposomes was stable, which was slow in pH 1.2, and increased continuously in pH 6.8, and finally reached 86.41% at 12 h. After
oral administration in rabbits, the relative bioavailability of proliposomes versus suspension in rabbits was 228.85%.

Conclusion: Proliposomes may be a useful vehicle for oral delivery of dehydrosilymarin, a drug poorly soluble in water.
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Introduction

Milk thistle (Silybum marianum) is one of the few herbal drugs
whose excellent pharmacological profile readily lends itself to
proof of clinical efficacy!. Silymarin, the seed extract of milk
thistle, has been widely used to maintain liver health and treat
liver disorders”. Different dosage forms of silymarin have
been reported!™ .

Dehydrosilymarin is a novel compound synthesized from
silymarin, exhibited markedly greater pharmacological activ-
ity in comparison with silymarin. Nevertheless, the poor
water-solubility of dehydrosilymarin hindered the effective-
ness of dehydrosilymarin compared to silymarin®.

Recently, great interest has been shown in the use of lipo-
somes for improving oral absorption and bioavailability of
hydrophobic drugs'®. Liposomes are enclosed vesicles com-
posed of phosphatidylcholine and cholesterol lipid bilayers,
which have been extensively studied as drug carriers” . The
similarity between liposomal lipid bilayers and biomembranes
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and the relatively small size of liposomes significantly facili-
tate their oral absorption!”. However, liposomes still lack a
significant medical impact despite a relatively long history of
investigation. Limited physical and biological stability are the
major barriers in their development, such as with aggregation,
sedimentation, fusion, phospholipid hydrolysis and/or oxida-
tion”. Accordingly, the development of stable liposomes is a
prerequisite for their exploitation in the delivery of therapeu-
tic drugs"” "', For many years, attempts have been made to
improve the stability of liposomes by several methods, includ-
ing preparing more stable bilayers'?, coating their surface
with protecting polymers™™, and modifying charge!” .
Proliposomes are defined as dry, free-flowing particles with
a dispersed system that can immediately form a liposomal
suspension when in contact with water. Compared with con-
ventional liposomes, proliposomes exhibit more advantages
in promoting drug absorption. Because of their solid proper-
ties, the physical stability of liposomes can be improved upon
without influencing their intrinsic characteristics. Therefore,
proliposomes would be a potential vehicle to help improve the
oral absorption of hydrophobic drugs. The underlying mecha-
nism allowing proliposomes to improve oral absorption might
be partially explained by the presence of bile salts, which can
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interact with phospholipids in the gastrointestinal tract to
form mixed micelles for vehicles/mesophases to increase the
solubility of hydrophobic drugs™ .

Expanding on our previous work®, novel proliposomes
(a polyphase dispersed system containing trace micelles and
emulsions) loaded with dehydrosilymarin were prepared. The
physicochemical characteristics and in vitro release character-
istics of dehydrosilymarin treatment were evaluated. Further-
more, the oral absorption of the dehydrosilymarin suspension
and dehydrosilymarin-loaded proliposomes was investigated
and compared in rabbits.

Materials and methods

Materials

Silymarin was kindly provided by Zhongxing Pharmaceuti-
cal Co Ltd (Jiangsu, China). Soybean phospholipid, which
contained approximately 82% (w/w) phosphatidylcholine, was
purchased from Taiwei Co Ltd (Shanghai, China). Cholesterol
was supplied by Shanghai Chemical Reagent Co (Shanghai,
China). Sodium cholate was obtained from Sigma Chemical
Co (USA). Isopropyl myristate and all other reagents were
from Sinopharm Chemical Reagent Co Ltd (Shanghai, China).
Other chemical reagents were of analytical grade or better.

Synthesis of dehydrosilymarin

Dehydrosilymarin was prepared essentially according to a
reported method”, which was originally designed for the
preparation of dehydrosilybin. In brief, silymarin was dis-
solved in pyridine and heated to 90 °C under reflux for 77 h
with stirring. After the reaction, pyridine was removed using
a rotary evaporator. To remove the residual pyridine, toluene
was introduced and evaporated. The remaining pellet was
dissolved in ethyl acetate, loaded onto a silica gel column, and
then eluted with hot acetone. After those procedures, acetone
was removed from the products with distillation. The remain-
ing pellet was re-dissolved in hot ethanol and filtered through
a Double-ring #102 filter paper (Xinhua Paper Industry Co
Ltd, Hangzhou, China). The pass-through fraction was air
dried until approximately 4 g of brown dehydrosilymarin
pellet was obtained. Dehydrosilymarin’s structure was veri-
fied by IR and NMR, which were consistent with the results
reported in the literature™ (spectra not shown).

Preparation of dehydrosilymarin-loaded proliposomes

Dehydrosilymarin-loaded proliposomes were prepared by
the film dispersion-freeze drying method. Dehydrosilymarin
(0.1 g) and phospholipids (0.3 g) were dissolved in acetone
solution and heated to 40 °C under reflux in a water bath for
at least 3 h with stirring. After the organic solvent was evapo-
rated off using a rotary evaporator (Heidolph Co, Germany)
under vacuum, a thin film was formed on the wall of the flask.
The film was dissolved with ethanol after 0.075 g cholesterol,
0.2 g isopropyl myristate (IPM) and 0.2 g sodium cholate were
added with ultrasound conditions. The solution was then
completely evaporated, and the dried residues were gathered
and transferred into a petri dish. Distilled water (10 mL)
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containing 5% mannitol was added to produce the liposomal
suspension at room temperature. After freezing at -80 °C for
2 h and drying under vacuum for 24 h (Alpha 2-4, CHRIST,
Germany), the yellow dehydrosilymarin-loaded proliposome
powder was produced.

Characteristics of dehydrosilymarin-loaded proliposomes
Morphological characterization

The morphology of dehydrosilymarin-loaded proliposomes
was observed by transmission electron microscope (TEM)
(JEM-2100, JEOL, Japan). The formulation was diluted with
distilled water and shaken thoroughly to obtain liposomal dis-
persion. A 2 pL drop of suspension was placed on a carbon-
coated copper grid and dried in bright light until a thin liquid
film formed on one side. This sheet of copper with stained
film was set onto the end of a long iron bar and inserted into
the TEM for sample viewing and photography.

Particle size measurement

A certain amount of dehydrosilymarin-loaded proliposomes
was diluted with distilled water to form liposomes. The parti-
cle size of the so-formed liposomal suspension was measured
using Zetasizer 3000 (Malvern, UK).

Determination of entrapment efficiency

Determination of the content of dehydrosilymarin in dehydrosily-
marin-loaded proliposomes

The content of dehydrosilymarin in dehydrosilymarin-loaded
proliposomes was determined as follows. A measured num-
ber of dehydrosilymarin-loaded proliposomes (0.2 g) were
hydrated with 100 mL of distilled water. The obtained lipo-
somal suspension (1 mL) was mixed with anhydrous alcohol
(9 mL) and analyzed with a UV-spectrophotometer (UV-
2401, Shimazu, Japan) at 255 nm, the maximum absorption
wavelength of dehydrosilymarin. Blank liposome, with an
absorption maximum about 208 nm, did not interfere with
drug detection. The concentration of dehydrosilymarin can be
mathematically calculated with the standard curve.

Determination of entrapment efficiency of dehydrosilymarin-
loaded proliposomes

The percentage of drug entrapped within the proliposomes
was measured according to the method described by Xiao*l.
A suitable quantity of proliposomes loaded with 0.1 g dehy-
drosilymarin was reconstituted with 100 mL of distilled
water. The percentage of dehydrosilymarin encapsulated into
proliposomes was measured after separating free drug from
dehydrosilymarin-loaded proliposomes with 0.22 pm cellu-
lose nitrate membrane. Because dehydrosilymarin is slightly
soluble in water, after dispersing the proliposomes with
water, non-trapped dehydrosilymarin was filtrated via cel-
lulose nitrate membrane. The encapsulation efficiency (EE%)
of dehydrosilymarin in the reconstituted liposomes was calcu-
lated with the following formula:

EE%=C, /C,x100%
where C, and C,, denote the concentration of dehydrosilymarin



in the reconstituted liposomes after (a) and before filtration

().

In vitro release studies

The in vitro release studies were conducted according to the
release test method described by China Pharmacopoeia (2010
edition, paddle method) with minor modifications. Briefly,
proliposomes entrapping 0.1 g dehydrosilymarin were
instilled into a dialysis bag (MWCO 3500 D, 25 mmx5 m,
Shanghai Green Bird Science and Technology Development,
China) after exposure to distilled water. Dialysis bags were
fixed on the paddles before immersion into the dissolution
medium (pH 1.2 HCI, 900 mL; pH 6.8 phosphate buffered
saline, 900 mL) containing 0.1% sodium dodecyl sulfate as
a surfactant (sink condition). The entire set was placed on a
dissolution tester (ZRS-8G, Tianjin University Radio Power
Station, China) set to a constant speed of 100 revolutions per
minute at 37°C. At different time intervals, 10 mL samples
were withdrawn and filtered using 0.22 pm cellulose nitrate
membranes, and 10 mL of fresh medium was supplemented
into the beaker. The samples were measured spectrophoto-
metrically at 255 nm.

Determination of dehydrosilymarin in rabbit plasma by RP-HPLC
In our study, the plasma concentrations of dehydrosilymarin
were determined by a HPLC-UV method. Dehydrosily-
marin was separated at 25°C by a C;5 column (VP-ODS,
150 mmx4.6 mm, 5 pm, Shimazu, Japan) and analyzed at 255
nm. The mobile phase was composed of methanol/double
distilled water/methanoic acid in a volume ratio of 57/43/0.2
(v/v/v) at a flow rate of 1.2 mL/min.

After plasma samples had been thawed, dehydrosilymarin
in rabbit plasma was extracted by liquid-liquid extraction
procedures as follows: 200 pL of rabbit plasma was added to
a 10 mL polypropylene screw-capped conical tube, which was
followed by the addition of 20 pL of internal standard solution
(a-naphthol, 100 pg/mL in methanol), 20 pL of methanol, 50
pL of a 0.5 mol/L K,HPO, solution and 5 mL of anhydrous
diethyl ether, in order. After vortexing for 2 min, the mixture
was centrifuged at 3000 revolutions per minute (Clements
GS 200 centrifuge) for 10 min. The organic layer was trans-
ferred to another tube and evaporated under a light stream
of nitrogen at 37°C. The residues were re-suspended in 200
pL of mobile phase and vortexed for 30 s. Aliquots (20 pL) of
the supernatant were injected for HPLC analysis. Quantita-
tion was based on the peak area ratio (Apsy/Ass). Linearity
was observed over the concentration range of 0.22-55 ng/
mL. Moreover, the limit of detection (5/N=23), within-day and
between-day precisions, and recovery method of dehydrosily-
bin in rabbit plasma were also determined by HPLC.

Bioavailability studies

The bioavailability of dehydrosilymarin-loaded proliposomes
was compared with that of dehydrosilymarin suspension.
Dehydrosilymarin-loaded proliposomes were diluted with
distilled water to form liposomal suspension, while a dehy-
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drosilymarin suspension was prepared by dispersing the
milling drug in water by ultrasonic resuspension. Six rabbits
weighing 2.5£0.5 kg (supplied by the Laboratory Animal Cen-
ter of Jiangsu University) were randomly divided into two
groups and fasted overnight prior to the experiment, while
water was available ad libitum following the regulations for
the administration of affairs concerning experimental animals
(State Council of the China, 1988). All research protocols
were approved by the Research Ethics Committee of Jiangsu
University. The rabbits in each group were given the dehy-
drosilymarin liposomal suspension and dehydrosilymarin
suspension through gavage administration for a dose of dehy-
drosilymarin of 80 mg/kg. Approximately 1.2 mL of blood
was collected through the peripheral ear vein into heparinized
tubes at 0.25, 0.5, 1, 2, 3, 4, 6, 8, 10, and 12 h. Blood samples
were immediately separated by centrifugation (3000 revolu-
tions per minute for 10 min), and subsequent plasma samples
were stored at -20 °C until further analysis.

The peak concentration (C,,,) and peak time (t,.,) were
derived directly from the experimental points as raw data.
The other pharmacokinetic parameters were calculated by the
software program BAPP 2.3 (Nanjing Baikang Pharmaceutical
Co Ltd, China).

Results

Synthesis of dehydrosilymarin

The experimental results demonstrated that reaction time and
reaction temperature could affect the synthetic product. Too
long a reaction time or too high a reaction temperature would
result in carbonation. Finally, dehydrosilymarin was prepared
at 90 °C under reflux for 77 h with stirring. The yield of dehy-
drosilymarin was generally approximately 70%-80%.

Preparation of dehydrosilymarin-loaded proliposomes

The shape, outward appearance and entrapment efficiency of
proliposomes were characterized. The results proved that the
proliposomes was smooth and spherieal in appearance with
better dispersion and high entrapment efficiency. The proli-
posomes can be administered orally in the form of powders or
filled into capsules.

Characteristics of dehydrosilymarin in dehydrosilymarin-loaded
proliposomes

The dehydrosilymarin-loaded proliposomes turned into a
liposomal suspension when diluted with distilled water. The
morphological characterization of dried dehydrosilymarin-
loaded liposomes is shown in Figure 1. The observed lipo-
some droplets were spherical.

Because the particle size of the preparation made a large
impact on its in vitro and in vivo performance, we measured
the size distribution of dehydrosilymarin-loaded prolipo-
somes after diluting them with distilled water. The result is
displayed in Figure 2. It can be seen from the picture that the
particle size of dehydrosilymarin-loaded liposomes was dis-
tributed in the range of 7 to 50 nm, and the average diameter
was 15.5 nm, which was consistent with the results of the TEM
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Figure 1. Transmission electron micrograph for liposomal dispersion
atx4000 magnification.
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Figure 2. Size distribution of dehydrosilymarin-loaded proliposomes.

analysis. We were pleased to note that the relatively small
size of liposomes may have the potential to facilitate the oral
absorption of dehydrosilymarin.

The content of dehydrosilymarin in dehydrosilymarin-
loaded proliposomes after hydration with water was
25.004£5.93 pg/mL (1n=3), and the drug loading percentage was
approximately 12.5%.

The entrapment efficiency of dehydrosilymarin in prolipo-
somes was 81.59%+0.24% (n=3), which was predominately
dependent on the dehydrosilymarin/phospholipid ratio and
sodium cholate/phospholipid. Increasing the amount of
phospholipid in addition to adding a moderate amount of
surfactants in the prescription can increase drug encapsulation
efficiency. However, excessive amounts of phospholipid not
only increased the viscosity of the final preparation, but also
yielded a sharp reduction in the drug loading efficiency, while
the toxicity of surfactant also limited its dosage.

In vitro release studies

As shown in Figure 3, the release of dehydrosilymarin from
suspension and proliposomes was poor in pH 1.2, with less
than 20% of drug going into the medium after 12 h. Despite a
slightly higher release of the drug from suspension than from
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Figure 3. In vitro release profiles of dehydrosilymarin from suspension
and proliposomes in different release mediums containing 0.1 % of
sodium dodecyl sulfate as surfactant. (¢), suspension in 900 mL HCI
(pH 1.2); (A), proliposomes in 900 mL HCI (pH 1.2); (m), suspension in
900 mL phosphate buffered saline (pH 6.8); (), proliposomes in 900 mL
phosphate buffered saline (pH 6.8).

proliposomes in pH 1.2, the release of the drug from prolipo-
somes was tremendously increased compared with that of the
drug suspension in pH 6.8. Furthermore, dehydrosilymarin
was continuously released from proliposomes in PBS, and the
cumulative release ratio was up to 86.41% at 12 h.

Rabbit bioavailability experiments

Dehydrosilybin, the main active ingredient of dehydrosily-
marin, was measured as the indicator of bioavailability. In
accordance with previous pretreatment and chromatographic
conditions, blank rabbit plasma, blank rabbit plasma spiked
with dehydrosilybin and a sample after oral administration
of dehydrosilymarin-loaded proliposomes were analyzed by
HPLC (Figure 4). Good separation of the main peak and the
hybridized peak was achieved in the present chromatographic
conditions. The retention time of internal standard and dehy-
drosilybin was approximately 7.5 and 17.5 min, respectively.

Within the concentration range of 0.22-55 pg/mL, the peak
area ratio (R) of dehydrosilybin as a whole compared to the
internal standard correlated well to the spiked plasma con-
centration: R=0.5691C-0.0058, ¥=0.9991. The lowest limit of
quantification for the determination of dehydrosilybin in rab-
bit plasma was found to be 50 ng/mL. The relative standard
deviations of intra-day and inter-day assay and the spiked
recoveries of dehydrosilybin from rabbit plasma are shown in
Table 1.

The oral bioavailabilities of dehydrosilymarin-loaded proli-
posomes and drug powders were compared in rabbits. Figure
5 shows the drug plasma profiles after gavage administration
of dehydrosilymarin-loaded liposomal suspension and dehy-
drosilymarin suspension (n=3). The liposomal suspension
was obtained by dispersing proliposome powders in distilled
water. The dehydrosilymarin suspension was prepared by
mixing dehydrosilymarin powders with distilled water. As
seen in the graph, the plasma concentration of dehydrosi-
lymarin suspension was at a low and stable level at 12 h,
although a slight peak was observed at 2 h. The drug con-
centration of dehydrosilymarin-loaded liposomal suspension
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Figure 4. Typical chromatograms of dehydrosilybin: (A) blank rabbit
plasma; (B) blank rabbit plasma spiked with dehydrosilybin; (C) a sample
after oral administration of dehydrosilymarin-loaded proliposomes.

was much higher than that of dehydrosilymarin suspension
at every time point, and doubly sharp peaks at maximum
concentrations were seen as a result, which is a characteristic
of enterohepatic circulation®. Moreover, C,,., was approxi-
mately 0.57 pg/mL after the dehydrosilymarin suspension
was orally administered to rabbits with a #,,,, of 2.00 h. Mean-
while, after oral administration of the dehydrosilymarin-
loaded liposomal suspension, the value of C,,, was approxi-
mately 2.83 pg/mL with a f,,,, of 0.50 h. In conclusion, the
dehydrosilymarin-loaded proliposomes took less time to reach
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Figure 5. Mean plasma concentration-time curves of dehydrosilybin after
oral administration of dehydrosilymarin suspension and dehydrosilymarin-
loaded liposomal suspension (n=3, 80 mg/kg). (¢), dehydrosilymarin
suspension; (m), dehydrosilymarin-loaded liposomal suspension. Data
expressed as meanzSD.

the maximum plasma concentration in comparison with the
dehydrosilymarin suspension, and the C,,,,, was approximately
4.96-fold higher than that of the dehydrosilymarin suspension.

The pharmacokinetic parameters calculated by the software
program BAPP 2.3 are shown in Table 2. It was found that the
curves plotting the plasma concentration of dehydrosilybin
over time after the oral administration of the dehydrosily-
marin suspension and dehydrosilymarin-loaded liposomal
suspension in rabbits were both in accordance with a non-
compartment model. As shown in Table 2, dehydrosilymarin-
loaded proliposomes exhibited higher absorption in 12 h. The
AUC; of the vesicle was approximately 2.29-fold higher than
that of the dehydrosilymarin suspension, which meant that
the relative bioavailability of dehydrosilymarin-loaded proli-
posomes was approximately 228.85%.

Table 2. Pharmacokinetic parameters of dehydrosilymarin suspension
and dehydrosilymarin-loaded liposomal suspension (n=3, 80 mg/kg).
Data expressed as mean+SD.

Dehydrosilymarin-loaded

Parameters Unit Dehydrosilymarin .
proliposomes
AUC, pgmL™h 5.58+0.21 12.77+1.39
12 h 20.63+5.03 7.48+0.30
tinax h 2.00 0.50
MRT h 21.33+0.24 6.98+0.71

Table 1. The precision and recovery tests of dehydrosilybin in rabbit plasma. Data expressed as mean+SD. n=5.

Added Within-day Between-day R v (%
(ug/mL) Concentration (ug/mL) RSD (%) Concentration (ug/mL) RSD (%) ecovery (%)
1.0 1.02+0.10 10.21 1.22+0.17 14.22 121.8
5.0 5.49+0.03 0.51 5.84+0.60 10.34 116.9
50.0 55.27+5.14 9.29 61.37+5.40 8.79 122.7
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In vitro and in vivo correlation

The in vitro and in vivo correlation was analyzed using the
software program BAPP 2.3. The Wegner-Nelson method was
applied to compare the in vitro drug release curve with the in
vivo absorption curve. The linear regression equations of drug
powders and proliposomes in vivo versus release percentages
in vitro after 1-12 h were calculated. As presented in Table 3,
F, was the in vitro release percentage, and F, was the in vivo
absorption percentage. Apparently, the in vivo absorption of
dehydrosilymarin and proliposomes significantly correlated
with the in vitro drug release at both pH 1.2 and pH 6.8; the
in vitro release study could be used to help predict the drug
absorption in vivo.

Discussion

Silymarin is a flavonoid complex extracted from seeds of the
milk thistle (Silybum marianum)™ that contains the main active
compounds silybin, silychristine and silydianin®. Silybin, the
major active moiety, has been widely used in the prevention
and treatment of various liver diseases. Nevertheless, the bio-
availability of silybin is rather limited due to its low solubility

in water?> %

. The equilibrium solubility of silybin in water is
approximately 51.06 pg/mL at 37 °C. Therefore, some prepa-
rations have been made in recent years to improve the solu-
bility and bioavailability of silybin, including phospholipid
complexes™™, sodium cholate/phospholipid complexes and
povidone-sodium cholate-phospholipid mixed micelles™ >,
Recently, 2,3-dehydrosilybin, an oxidized form of silybin, has
been reported to exhibit a significantly greater antioxidant
221 We syn-

thesized dehydrosilymarin following the method originally

and anticancer activity in comparison with silybin

designed for the preparation of dehydrosilybin and confirmed
that dehydrosilymarin showed increased antiradical and
antioxidative capacities than those of silybin, dehydrosilybin
and silymarin. The compositions of dehydrosilymarin were
studied with HPLC-MS analysis (data not shown).

Prior to the preparation of proliposomes, we initially pro-
duced dehydrosilymarin-phospholipid complexes to improve
the lipid solubility of dehydrosilymarin, which was convenient
for the formation of liposomes. The results revealed that the
mass ratio of dehydrosilymarin to phospholipid had the most

significant effect on entrapment efficiency of proliposomes.
With an increasing amount of phospholipid, the encapsulation
efficiency of proliposomes was correspondingly increased.
When the concentration of phospholipid reached a certain
proportion, the encapsulation efficiency of proliposomes was
mostly unchanged. Moreover, too high a concentration of
phospholipid drastically decreased the drug loading percent-
age, and gradually increased the viscosity of the final prepara-
tion. As a result, optimal drug-lipid ratio was determined to
be 1:3.

The cumulative release of dehydrosilymarin from prolipo-
somes in pH 6.8 and pH 1.2 was compared to simulate the
environment of the stomach and small intestine. Above all, it
was important to disperse proliposomes with water to form a
liposomal suspension; otherwise, the proliposomes powders
would stick to the dialysis bag, thus affecting drug release
from the liposomal suspension.

To simulate the in vivo release profiles of the vesicles, min-
ute amounts of surfactant are typically incorporated into the
release medium. In this study, 0.1% sodium dodecyl sulfate
was employed as a surfactant, mimicking the presence of bile
salts, which are the natural surfactants in the gastrointestinal
tract.

The in vitro study showed that the release of dehydrosily-
marin from proliposomes in pH 1.2 was relatively poor and
that the drug was continuously released from proliposomes
in pH 6.8. These results might be explained by the fact that
the lipophilic drug was held by the small fragment of the
liposomal membrane. Therefore, the drug that was loaded in
the lipid membrane was released mainly through dissolution
and diffusion from the lipid bilayer, which could decrease
the release rate of dehydrosilymarin from proliposomes®™ .
However, the higher accumulative release ratio of prolipo-
somes in pH 6.8 was attributed to the fact that the formulation
afforded a greater solubilizing effect on the drug, thus enhanc-
ing the release rate.

A study on the pharmacokinetics of dehydrosilymarin-
loaded proliposomes in rabbits after oral administration was
also conducted. The results indicated that, in rabbits, the
absorption profile of the proliposomes was much better than
that from the suspension. We speculated that the underlying

Table 3. The correlative results of dehydrosilymarin powders and dehydrosilymarin-loaded proliposomes in vitro and in vivo (Checked the critical value
table for r, when the degree of freedom v was 8, critical value rg ¢05=0.632, which showed the correlation coefficients of regression equations of drugs

I>rg 0.05)-

Formulation type t(h) 0.25 0.5 1 2 3 4 6 8 10 12 r
Powders F, (%) 3.67 5.81 9.58 11.73 13.76 15.22 16.31 18.24 19.67 20.17 0.9886
inpH 1.2 Fa, (%) 41.59 58.40 63.18 72.34 78.32 83.56 89.04 92.90 94.36 100.0
Proliposomes F, (%) 2.30 2.40 2.51 2.67 3.19 3.71 3.85 4.38 4.46 5.22 0.9594
inpH 1.2 Fa (%) 25.33 40.12 40.76 44.57 46.84 51.29 61.89 81.08 91.19 100.0

Powders F. (%) 4.81 5.61 7.99 12.46 19.96 26.15 33.00 40.83 44.66 48.04 0.9362
in pH 6.8 F. (%) 41.59 58.40 63.18 72.34 78.32 83.56 89.04 92.90 94.36 100.0
Proliposomes F, (%) 10.75 17.15 20.73 26.68 34.97 39.57 54.02 70.65 80.08 86.41 0.9887
in pH 6.8 Fa, (%) 25.33 40.12 40.76 44.57 46.84 51.29 61.89 81.08 91.19 100.0
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mechanism for the improvement of oral absorption of pro- 63: 288-94.
liposomes could be explained by the relatively small size of 4 Xiao YY, Song YM, Chen ZP, Ping QN. Preparation of silymarin

the proliposomes, the presence of bile salts and the similarity
between liposomal lipid bilayers and biomembranes. There-
fore, we deduced that proliposomes, as a new dosage form,
provide a promising method to enhance the oral absorption
of hydrophobic drugs. As noted in the results, the double
peak phenomenon was observed for the plasma concentration
versus time curve for dehydrosilymarin-loaded proliposomes.
Enterohepatic cycling is known to be responsible for second-
ary peaks in relation with bile salts, the component of prolipo-
somes.

Interestingly, although the plasma concentration of the
dehydrosilymarin suspension was low, the MRT was rela-
tively long (about 21.33 h after oral administration). However,
we failed to detect the existence of the drug after oral adminis-
tration of the same dosage of silymarin, which meant that the
absorption of dehydrosilymarin in vivo was obviously better
than silymarin. The reasons that dehydrosilymarin exhib-
ited better bioavailability will be investigated in our further
research.

In summary, the current study demonstrates that the oral
bioavailability of the new drug dehydrosilymarin was sig-
nificantly enhanced by proliposomes (a polyphase dispersed
system composed of phospholipids, cholesterol, isopropyl
myristate, and sodium cholate). The relatively small size of
proliposomes, the presence of bile salts and the similarity
between liposomal lipid bilayers and biomembranes might be
responsible for the improved oral absorption. Moreover, the
results in vivo significantly correspond with the in vitro release
results, suggesting that the in vitro release study can be used to
help predict drug absorption in vivo. However, the absorption
mechanism of dehydrosilymarin will require further investi-
gation.
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