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Abstract

Solubilization of Ginsenoside Rg3 and Pharmacokinetic Study of

Nanocrystalline Granules

Ginseng is a traditional Chinese medicine. The main components of ginseng
include ginsenosides, ginseng polysaccharides and proteins. Ginsenosides are the most
important active ingredients, among which Ginsenoside Rg3 (Ginsenoside Rg3) has
been proven to have significant anti-tumour effects. It is used to inhibit cardiovascular
production of tumours and is often combined with surgery and chemotherapy to treat
primary liver cancer in order to improve the quality of life of patients. Some studies
have shown that Rg3 also has anti-aging, anti-fatigue, anti-inflammatory, anti-viral,
anti-cardiovascular disease, neuroprotective and lung injury reducing pharmacological
effects, Rg3 is relatively safe.

However, the poor water solubility of Rg3 results in slow oral dissolution rate and
poor absorption, and the absolute bioavailability of Rg3 administered by gavage to rats
is only 2.63%. Therefore, it is of particular clinical importance to develop Rg3
formulations that are more stable, easier to administer and more effective. Currently,
studies have been carried out to make Rg3 into microemulsions, liposomes, solid lipid
nanoparticles, inclusions, solid dispersions, microspheres and micelles in order to

increase the solubility of the drug and improve its bioavailability in vivo.
Objective:

This project proposes to screen the optimal strategy to increase the solubility and
in vitro dissolution of ginsenoside Rg3 by physical methods and new pharmacological
techniques to prepare oral ginsenoside Rg3 granules to promote drug absorption in the

gastrointestinal tract and improve oral bioavailability.

Methods:

1. An in vitro analytical method for ginsenoside Rg3 was established using HPLC

to investigate the precision, stability and recovery of the analytical method.



2. To increase the solubility of Rg3. The solubility of Rg3 was increased by latent
solvent method, mainly examining the optimal percentage of ethanol in the latent
solvent; the solubility of Rg3 was increased by encapsulation technique, comparing the
encapsulation rate, drug loading and solubility of mechanical grinding method, manual
grinding method and aqueous solution method, and characterizing the encapsulation by
Fourier infrared chromatography; the solubility of Rg3 was increased by solid
dispersion technique, examining the preparation method, excipients and drug loading
ratio. The inclusion complexes were characterized by Fourier infrared chromatography;
the effect of different stabilizers on Rg3 was investigated by increasing the solubility
of Rg3 through nanocrystal technique.

3. Preparation of ginsenoside Rg3 granules. The particle size was used as an
indicator to screen the ratio of excipients, binder concentration, drying temperature and
time for the preparation of granules. The granules were evaluated for particle size,
solubility, flowability and moisture content. Screening the best granules preparation
process to improve the solubility of Rg3 using solubility as an indicator.

4. To establish an in vivo analytical method for ginsenoside Rg3.

5. Pharmacokinetic experiments in rats. Commercially available ginsenyi capsules
were used as a control group for comparison with Rg3 granules. The concentrations of
the drug in serum and tissues at various time points were determined, and the
pharmacokinetic curves and pharmacokinetic parameters of each formulation in serum

and tissues were calculated using PKSolver pharmacokinetic software.

Results:

1. An in vitro assay for ginsenoside Rg3 was established with a regression
equation of y = 4,065968.7212 x - 2559.7241, R?=0.9998, indicating that the linearity
of ginsenoside Rg3 was good in the range of 0.0025 ~ 0.16 mg-mL"! and that the method
has good precision and stability for the in vitro analysis of ginsenoside Rg3.

2. The optimum percent of ethanol, the latent solvent for increasing the solubility
of Rg3, was 75%; the best method for preparing the inclusion complexes was

mechanical grinding and infrared liquid chromatography proved inclusion complex

\%



formation. Infrared chromatography showed the formation of solid dispersions with
8.61% drug loading and 12.3 pg/mL solubility; the best method for the preparation of
nanocrystals was the molten solvent method with F68 as the excipient and a drug
loading ratio of 1:5. The best stabilizer was F68 for the preparation of Rg3 nanocrystals.
The solubility of the nanocrystals prepared by this method was 0.33 mg/mL with a drug
loading of 12.3%. The particle size was 200 nm and the potential was -7.52 mV.

3. The optimum preparation process for the granules was 80% ethanol as a binder,
preparation of soft material, granulation, drying at room temperature for 30 min. sieving
and whole granules were obtained. The content of Rg3 in Rg3 nanocrystalline
granules was more than 0.3%.The dissolution test of Rg3 nanocrystalline granules,
clathrate granules and solid dispersions showed that the dissolution rate of
nanocrystalline granules reached 80% within 10 min. Compared with the Shenyi group,
both the solid dispersion granule group and the inclusion compound granule group
could reach their respective maximum dissolution within 45 min.

4. An in vivo high performance liquid chromatography-UV detection method was
developed for Rg3. The linear equation for serum was y = 1,100,888.64 x+3,793.59, R?
=0.9982; the linear equation for lung was y = 752,131.21 x+2,409.98, R? =0.9979, with
good linearity in the range of 0.0025~0.16 mg/mL . Serum pharmacokinetic parameters
resulted in a Cnax 0f 0.049+0.017 mg/mL, Tmax of 8 h and AUCo.¢ of 0.208+0.021 mg'h
/mL for the Shenyi capsule. The Cmax for the granule group was 0.072+0.075 mg/mL,
Tmax of 2 h and AUCo; of 0.31940.048mg-h/ mL. The results of the pulmonary
pharmacokinetic parameters were 0.011+£0.221mg/mL, Tmax of 1 h and AUCo.t of
0.055+0.041 mg-h/mL for the Ginsenyi capsules 0.083£0.076 mg-h/mL. Tmax is

advanced, Cmax become larger and bioavailability is improved in the granule group.

Conclusion:

1. 75% ethanol as a latent solvent can increase the solubility of Rg3.
2. The solubility of the inclusion, solid dispersion and nanocrystals of Rg3 was
increased compared to the API. In vivo pharmacokinetics showed that the gavage

granule group was superior to the nanocrystal group superior to the ginseng group. It
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provides a reference for the development of new dosage forms and new routes of

administration of ginsenoside Rg3.

Points of innovation:

1. It is found that ethanolic water as a latent solvent can increase the solubility of
Rg3 and provide an effective solvent for the preparation of Rg3 inclusion complexes
and solid dispersions.

2. For the first time, Rg3 granules were prepared using nanocrystals.The
dissolution of nanocrystalline granules showed that the nanocrystalline granules could
be dissolved first, efficiently and quickly. And the results of pharmacokinetic studies

showed that the bioavailability was improved.

Keywords:

Ginsenoside Rg3,Solubility,Inclusion complex,Solid dispersion,Nanocrystalline,

Pharmacokinetics
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