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The Water Solubility of Ursolic Acid Complexes at

Different Choline Concentrations

Sera Lim, Renjie Zhan, Dr. Phillip M. Gerk

VCU School of Pharmacy, Department of Pharmaceutics

Abstract

The purpose of this experiment was to determine whether an
agueous choline complex of ursolic acid will increase Iits dissolution
In water. The dried complexes were combined with water and
vortexed in 37°C to allow dissolution. Then, they were centrifuged
and analyzed with HPLC-MS. The results helped us identify the
optimal choline to ursolic acid complexes and recognize the
effectiveness of salt complex formation for the oral bioavailability of
ursolic acid.

Introduction

e Ursolic acid (UA) Is a natural triterpene acid that can be commonly
found in various fruits, plants, herbs, and vegetables!3l.

e UA Is known to have numerous pharmacological benefits including
anti-inflammatory, anti-viral, antioxidant, and anti-tumor activity as
well as liver protection, iImmune function enhancement, and lowering
blood glucosel!-],

e Ursolic acid can be taken orally as a currently marketed dietary
supplement which would need to dissolve In the gastrointestinal
tract, permeate the intestine, and survive metabolic enzymes before
reaching the blood!24,

e Unfortunately, ursolic acid is extremely hydrophobic, thus it is poorly
soluble in water (with solubllity less than 1 pg/mL), giving UA a
predicted bioavailability of less than 1%.

e |n an attempt to combat the low oral bioavailability of ursolic acid, we
used the method of salt complex formation to study and determine
whether there was evidence of an increase Iin dissolution. In this
research project, salts of UA at different choline concentrations were
prepared and further analyzed to find the optimal choline to UA ratio
INn terms of highest water solubility.

Methodology

e Varying ratios of choline hydroxide to ursolic acid (UA) were mixed
INn water to determine the stoichiometry of the complex regarding
their water solubility (ratios tested: 1.75, 2, 2.5, 3, 4).

e Those UA salt complexes were dried for 10-14 days at room
temperature.

e Approximately 50mg of each UA salt complex was combined with
50uL of water and vortexed for 2 hours at 37°C followed by
centrifugation at maximum speed (17000RPM) for 20 minutes to
remove undissolved materials..

e Supernatants were then analyzed by performing HPLC-MS on a
Cogent bidentate C18 column (with 90% methanol and 10% 5 mM
ammonium acetate) and detected by mass spectrometry in
negative ion mode ([M-H] = 455).

e Each UA complex was run in triplicates for greater validity, and
samples were guantified by interpolating from the UA standard
curve.

Ve

Figure 1: An image of the choline to ursolic acid ratios tested for
water solubility.
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Figure 2: Water Solubility of Ursolic Acid Complexes in Different

Choline Concentrations.

e \Water solubllity for ursolic acid containing no choline
concentration was 0.00034mg/L.

e UA water solublility was highest at a choline:UA ratio of 2

e Higher ratios of choline:UA showed about half the UA solubllity

e UA solubility was enhanced by > 10°fold in the 2:1 choline:UA
complex

DIScuSsSIon

e The data showed that a choline to UA ratio of 2 was optimal.
However, the large variability shows that the solubility of UA Is a
challenging issue.

e Compared to the water solubility value for the control UA, adding
choline and making salt complexes did show dramatic
Improvement in solubility.

Conclusion

Ursolic acid has potential as a treatment for multiple types of
conditions and diseases. However, Its oral bioavailabllity Is
problematic, beginning with its poor agueous solubllity. Therefore, a
more novel ursolic acid preparation, having enhanced solubllity, Is
needed. Our choline complex dramatically improved the water
solubility of UA. Increasing our understanding of the complex
properties of ursolic acid will help us advance towards achieving a
positive improvement on its oral bioavailability. Although it will be
challenging, we hope to compose an oral dosage form of UA that
will efficiently and successfully reach systemic circulation.
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