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Abstract: The recent advances in nanoscience and nanotechnology have greatly facilitated the development of nanoparticle drug
delivery system. A nanoparticle drug delivery system of silymarin will improve its poor solubility in water and oil, thus enhancing
its bioavailability. A variety of nanoparticle formulations of silymarin such as solid lipid nanoparticles, microemulsion and
self-emulsifying drug delivery system, and liposomes have been extensively investigated. This paper reviews the advances of
these formulations on their preparation and characterization, absorption and bioavailability, as well as in vivo and in vitro studies,
in order to provide an assessment of current research for further pharmaceutical studies of silymarin.
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1. Introduction

Silymarins, a group of naturally occurring penta-
cyclic triterpenoids from milk thistle (Silybum
marianum), are used in China, Germany, Japan, and
other countries for the treatment of liver diseases.
It has significant anti-neoplastic effect on prostate,
colon, bladder and lung cancers'"). Silymarin is a low
solubility drug with high permeability, composed of
three isomeric compounds, silibinin, silidianin and
silicristin. Its main biological active component is
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silibinin, which is largely responsible for the anti-
hepatotoxic activity™. Silibinin and its derivative,
dehydrosilybin, inhibit glucose uptake by directly
interacting with GLUT4 in 3T3-L1 adipocytes™. It
also could form dimers regioselectively through bond
formation and tautomerisation. Various clinical
and pharmacological effects of silymarin have been
reported, such as targeting cancer cell metastasis'',
inducing activation of death receptor and mitochon-
drial apoptotic pathways in human breast cancer
MCEF-7 cells'®). Unfortunately, silymarin’s poor solu-
bility in water and oil has resulted in permeation
through the intestinal epithelial membrane and low
absorption in rats’ gastrointestinal tracts'”. There-
fore, there is a strong need to develop new drug



M. W. Chen et al. / Journal of Chinese Pharmaceutical Sciences 20 (2011) 442—446 443

delivery systems to improve the solubility and
bioavailability of silymarin™.

In the past decades, increasing attention has been
paid to the development of nanoparticle drug delivery

systems[g]

. The emergence of nanoscience and
nanotechnology allows the creation and utilization
of materials and tools at the nanometer scale, which
has had a particularly strong impact on the pharma-
ceutical industry!'®. The nanoparticle dosage forms
include polymeric nanoparticles and nanocapsules,
liposomes, solid lipid nanoparticles (SLNs), and
nanoemulsion. Compared to conventional dosage
forms, nanoparticle drug delivery system could
enhance the solubility, stability, bioavailability,
and pharmacological activity, improve tissue macro-
phages distribution, protect from physical and
chemical degradation, and decrease toxicity!'*'"’,

In this review, nanoparticle systems were discussed
with respect to SLNs, microemulsion, and a self-
emulsifying drug delivery system. Recent investiga-
tions have shown that nanoparticle drug deliver
systems would be more appropriate dosage forms
to meet the clinical application requirement for

silymarin.

2. Solid lipid nanoparticles
2.1. Preparation and characterization

Silymarin-loaded solid lipid nanoparticles (Sly-
SLNs) can be prepared by the cold homogenization
technique, and characterized using mean diameter,
entrapment efficiency and drug loading"?!. The
influencing factors, such as ratios between drug to
Compritol 888 ATO, amount of emulsifier, and
poloxamer 188 in the emulsifier and homogenization
pressure were investigated!”). Under the optimal
conditions, the prepared Sly-SLNs have a mean
diameter of 190.9 nm, entrapment efficiency of
95.9%, and drug loading of 8.6%!"].

It was reported that the mixture of 2% lactose and
2% glucose could prevent nanoparticles from aggre-
gating followed by the optimal lyophilization
process: precooled at —45 °C for 10 h; primary
drying at —25 °C for 5 h; secondary drying at 10 °C
for 3 h; finally drying at 30 °C for 6 h!'"*l. The wide
particle size distribution during lyophilization could

be minimized by optimizing the parameters of the
lyophilization process and adding a supporting
agentm].

Further study found that SLNs composed of stearic
acid and surfactant Brij 78 (polyoxyethylene 20
stearyl ether) can incorporate fairly large amounts of
silibinin (up to 7.55%) as colloidal carriers. Silibinin-
loaded nanoparticles in nanometer range were
dispersed in an amorphous state and can be used for

their parenteral administration!").

2.2. Oral absorption and bioavailability

SLNs of various sizes (150, 500 and 1000 nm)
parpared by Compritol 888 ATO as the material and
silymarin as a model drug were investigated to
determine the effects of particle size on their oral
absorption. The author reported that the AUC of
150 nm SLNs was 2.08-fold higher than that of
500 nm SLNs and 2.54-fold higher than that of
1000 nm SLNs administered orally to rats (P<0.05).
The oral bioavailability of 150 nm SLNs was
remarkably higher than the other two sizes!',

For in vivo study, the oral bioavailability of Sly-
SLNs in beagle dogs was studied; it was confirmed
that SLN was a good carrier for improving the oral
bioavailability of poorly soluble drugs''”\. Sly-SLNs
had better bioavailability than the reference prepara-
tion (Yiganling Pian as reference). The pharma-
cokinetics of tested preparation and Yiganling Pian
can be fitted with one compartment model, and the
relative bioavailability of Sly-SLNs was 258%!'".

3. Microemulsion and self-emulsifying drug
delivery system

3.1. Preparation and formulation

Self-emulsifying drug delivery systems (SEDDS) are
consisting of oils and surfactants, ideally isotropic,
and co-solvents to form a fine oil-in-water emulsion
in order to improve the drug’s bioavailability!"®).
Micronized silybin particles were prepared by
emulsion solvent diffusion and uniform spherical
and rod-shaped particles were formed with a mean
size of 2.48 um and 0.89 pm using 0.1% sodium
dodecyl sulfate at 30 °C and 15 °C, respectively!".
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Compared to the commercial silybin powder, both
the spherical and rod-shaped silybin particles exhibited
a significantly enhanced dissolution rate. Long et al.
investigated the formulation of SEDDS by orthogonal
design and evaluated its emulsifying rate, light
transmittance, and dissolution””. They concluded
that when the silymarin SEDDS was composed of
Tween-85, olive oil, glycerin, and silymarin, its
dissolution in simulated gastric fluid and intestinal
fluid was the same as silymarin capsules (Legalon)
from Germany.

3.2. Experiment design method

Pseudo-ternary phase diagrams are widely used to
design SEDDS. Oil, surfactant and co-solvent were
selected by determining the solubility of silymarin
and drawing pseudo-ternary phase diagrams. Subse-
quently, silymarin self-emulsifying microemulsion
was prepared using particle size, emulsification time
and color of emulsion as the evaluation indexes”'.
When the formulation contained 5% silymarin and
the glycerin octanoate, decanoate, Cremophor RH40
and 1,2-propylene glycol ratio was 0.5:5:3.6:0.9, a
satisfactory self-microemulsifying effect could be
achieved. The emulsion particles were 68.6 nm in
average diameter, micro-emulsified within 3 min,
and dissolved completely in 0.1 mol/L HCl within
10—15 min.

It has recently been reported that silymarin self-
microemulsifying capsules were developed by
investigating the solubility of silymarin in different
media by constructing a pseudo-ternary phase
diagram. By studying the pharmacokinetics after oral
administration of silymarin self-microemulsifying
capsules and raw material in rats, it was shown that
the formulation of silymarin self-microemulsifying
drug capsules could significantly increase drug

dissolution in vitro and absorption in vivol**.

3.3. In vivo and in vitro studies

The difference in bioavailability between silymarin
self-microemulsion and commercial silymarin capsule
was determined in dogs by oral administration. Firstly,
dynamic light scattering, transmission electron
microscope, accelerated tests, and dialysis methods
were used to evaluate the physical properties™.

After silymarin self-microemulsion was confirmed

to have good stability, oral administration to dogs
was carried out to determine bioavailability. The
author concluded that the self-microemulsion formu-
lation of silymarin was obtained easily and the
bioavailiablity of silymarin was increased signifi-
cantly. In addition, Xiao et al. surveyed the mor-
phology and size distribution of silymarin microe-
mulsion to investigate absorption in rat intestine as
well as the absorption of silymarin micelle in rat
jejunum®!. The result showed that silymarin
microemulsion was well absorbed at the middle
and lower segments of intestine in rats and the
absorption was a first-order process with a passive

diffusion mechanism.

4. Liposomes

El-Samaligy et al. introduced silymarin hybrid
liposomes for buccal administration to improve the
poor bioavailability of oral products, after investi-
gating the stability and in vivo hepatoprotective
efficiency”. Silymarin-loaded hybrid liposomes were
prepared by lecithin, cholesterol, stearyl amine and
Tween 20 in a molar ratio of 9:1:1:0.5%). The
prepared silymarin hybrid liposomes produced a
significant decrease in transaminase levels when
challenged with CCl, (intraperitonially) in comparison
with orally administered silymarin suspension, which
was also confirmed histopathologically.

The protective effect of silymarin liposomes
(L-SIL) on the CCly induced acute liver injury in
mice was investigated. L-SIL could inhibit the
increase of serum ALT, AST levels induced by
CCly in a dose-dependent manner (P<0.05-0.01),
decrease MDA content (P<0.01) and prevent the
SOD and GSH-PX reduction in the liver homogenate
(P<0.05-0.01)*). The protective effect of L-SIL on
CCly-induced acute liver injury in mice was more
effective than that of silymarin tablets (T-SIL) at the
same dosage. The same authors also investigated the
protective effect of L-SIL on the BCG+LPS-induced
liver injury in mice in comparison with T-SILI*®.
The result showed that L-SIL could inhibit the
increase of serum ALT, AST activities induced by
BCG+LPS, decrease MDA, NO contents, reduce
the coefficient of liver and prevent the reduction
of SOD, GSH-PX activities in the liver homogenate.
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The protective effect of L-SIL on the BCG+LPS-
induced liver injury in mice was more effective than
that of the same dose of T-SIL.

5. Other nanoparticle formulation

Silymarin proliposome was prepared using the
film-deposition on carriers and the pharmacokinetic
characteristics and bioavailability after oral admini-
stration of silymarin proliposome and silymarin in
beagle dogs were compared, in order to find a
method to increase oral bioavailability of silymarin*”,
Silymarin proliposome was stable and the gastroin-
testinal absorption of silymarin was enhanced. The
silymarin liposome suspensions formed automatically
after the proliposome was contacted with water. The
high bioavailability of silymarin proliposome could
be obtained by oral administration™’. Furthermore,
nanosuspensions of silybin with smaller particle size
revealed a higher potential to increase their oral
bioavailability due to the increased surface area. For
intravenous infusion, the lower pressure produced
silybin nanosuspensions appeared to maintain a
more sustained drug release profile compared to the
coarse powder!?®.

6. Conclusions

Silymarin, which is a member of triterpenoids,
is widely used for the treatment of liver disease
and cancer. Nanoparticle drug delivery system is
developed for the clinical application to enhance the
aqueous solubility. However, more studies are needed
to investigate the mechanisms of the nanoparticle
drug delivery system of silymarin.

Acknowledgments

This study was supported by the Research Fund
of the University of Macau (Grant No. MYRG
208 (Y1-L4)-ICMS11-WYT).

References

[1] Rajamanickam, S.; Velmurugan, B.; Kaur, M.; Singh, R.P.;
Agarwal, R. Cancer Res. 2010, 70, 2368-2378.

[2] El-Samaligy, M.S.; Afifi, N.N.; Mahmoud, E.A. Int. J.
Pharm. 2006, 319, 121-129.

[3] Li, L.; Zeng, J.; Gao, Y.; He, D. Expert Opin. Investig.
Drugs. 2010, 19, 243-255.

[4] Wang, H.J.; Tashiro, S.; Onodera, S.; Ikejima, T. J.
Pharm. Sci. 2008, 107, 260-269.

[5] Barzaghi, N.; Crema, F.; Gatti, G.; Pifferi, G.; Perucca, E.
Eur. J. Drug Metab. Pharmacokinet. 1990, 15, 333-338.

[6] Woo, I.S.; Kim, T.S.; Park, J.H.; Chi, S.C. Arch. Pharm.
Res. 2007, 30, 82—89.

[71 Wu, W.; Wang, Y.; Que, L. Eur. J. Pharm. Biopharm.
2006, 63, 288-294.

[8] El-Samaligy, M.S.; Afifi, N.N.; Mahmoud, E.A. Int. J.
Pharm. 2006, 308, 140-148.

[9] Kurmi, B.D.; Kayat, J.; Gajbhiye, V.; Tekade, R.K.;
Jain, N.K. Expert Opin. Drug Deliv. 2010, 7, 781-794.

[10] Seigneuric, R.; Markey, L.; Nuyten, D.S.; Dubernet, C.;
Evelo, C.T.; Finot, E.; Garrido, C. Curr. Mol. Med.
2010, 10, 640-652.

[11] Yang, R.S.; Chang, L.W.; Yang, C.S.; Lin, P. J.
Nanosci. Nanotechnol. 2010, 10, 8482—-8490.

[12] Kumar, C.S.S.R. Mater. Today. 2010, 12, 24-30.

[13] Raffa, V.; Vittorio, O.; Riggio, C.; Cuschieri, A. Minim
Invasive Ther. Allied. Technol. 2010, 19, 127-135.

[14] Kalam, M.A.; Sultana, Y.; Ali, A.; Aqil, M.; Mishra,
A.K.; Chuttani, K. J. Drug Target. 2010, 18, 191-204.

[15] Seyfoddin, A.; Shaw, J.; Al-Kassas, R. Drug Deliv.
2010, /7, 467-489.

[16] He, J.; Feng, J.F.; Pang, J.Z.; Hou, S.X. Chin. J. Pharm.
2005, 36, 18-21.

[17] He, J.; Feng, J.F.; Zhang, L.L.; Lu, W.G.; Hou, S.X.
China J. Chin. Mater. Med. 2005, 30, 110-112.

[18] Zhang, J.Q.; Liu, J.; Li, X.L.; Jasti, B.R. Drug Deliv.
2007, 14, 381-387.

[19] He, J.; Hou, S.X.; Feng, J.F.; Cai, B.Q. China J. Chin.
Mater. Med. 2005, 30, 1651-1653.

[20] Long, X.Y.; Yang, F.; Li, L.; Zhou, X.Y. China Pharm.
2004, 7, 496—498.

[21] Zhao, Y.; Wang, C.; Chow, A.H.; Ren, K.; Gong, T.;
Zhang, Z.; Zheng, Y. Int. J. Pharm. 2010, 383, 170—
177.

[22] Zhang, Z.B.; Shen, Z.G.; Wang, J.X.; Zhang, H.X;
Zhao, H.; Chen, J.F.; Yun, J. Int. J. Pharm. 2009, 376,
116-122.

[23] He, J.; Feng, J.F.; Zhang, L.L.; Lu, W.G.; Hou, S.X.
Chin. Tradit. Pat. Med. 2005, 19-21.



446 M. W. Chen et al. / Journal of Chinese Pharmaceutical Sciences 20 (2011) 442—446

[24] Xiao, Y.Y.; Song, Y.M.; Chen, Z.P.; Ping, Q.N. Chin. J.
Pharm. 2005, 36, 678—682.

[25] Qin, F.H.; Hu, Q.H.; Liang, W.Q.; Xu, T.T. Chin.
Pharm. J. 2007, 42, 1551-1555.

[26] Lin, X.R.; Yuan, Q.; Li, X.Y.; Zhou, Y.X,; Liu, Y. Chin.
New Drugs J. 2010, 19, 422-426.

[27] Yuan, Q.; Lin, X.R.; Wang, H.J.; Li, X.Y.; Liu, Y. Acta
Pharm. Sin. 2004, 39, 631-634.

[28] El-Samaligy, M.S.; Afifi, N.N.; Mahmoud, E.A. Int. J.
Pharm. 2006, 319, 121-129.

[29] Xu, H.X.; Liu, L.; Wang, M.; Liu, G.; Gao, X.L. J.
Xinjiang Med. Univ. 2007, 30, 790-793.

[30] Xu, H.X.; Gao, X.L. J. Xinjiang Med. Univ. 2006, 29,
421-423.

[31] Xiao, Y.Y.; Song, Y.M.; Chen, Z.P.; Ping, Q.N. Int. J.
Pharm. 2006, 319, 162—-168.

[32] Wang, Y.C.; Zhang, D.R.; Liu, Z.P.; Liu, G.P.; Duan,
C.X.; Jia, LJ.; Feng, F.F.; Zhang, X.Y.; Shi, Y.Q.;
Zhang, Q. Nanotechnology. 2010. doi: 10.1088/0957-
4484/21/15/155104

IK TR R GIORAL I R SRR Ut
MREd, T, THEM, AP, T—4
WK LB 2GR 2 T K N SR, ] 999078

B JORBRERGUREARTIE GO 2P R G BAT IRV o K KBS 40K 204 338 3R S RO SR R e
KIS PEANIEVETE, Jrbem EMAI L. BRAR SRR L. AR BUASE — R IUK BT R GKAETT IIIFST
COBCRBSZ B0 . ASCERIR T /K CEIRAURBIR KBS R AL, VEREVEOY, Mol AR I BESE AR AMIT S, 2L

DO R A B
KWI: 20K AL R G K CETR; BFFTEE R





