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We investigated the formulation design of nanocomposite structure for the effective cosmetic utilization of quercetin.
Especially, we focused on the improvement of water solubility of quercetin (QUE) by preparing amorphous solid dispersion
of ternary dispersed system with transglycosylated rutin (Rutin-G) and isoquercitrin (IQC). The solubility enhancement
effect of IQC addition on QUE solubility was investigated. Evaporated particles (EVPs) were prepared by rotary evaporator
with QUE, Rutin-G, and IQC. Differential scanning calorimetry and powder X-ray diffraction analysis indicated the
amorphization of QUE and IQC by evaporation with Rutin-G. No characteristic diffraction peaks were observed in EVPs
even after storage in sealing condition for 8 weeks at 40°C. The amount of dissolved QUE from the physical mixture was
enhanced according to the increase of Rutin-G ratio because QUE was solubilized in the aggregated structure of Rutin-G, an
associated nanocluster of Rutin-G, formed in proportion to Rutin-G concentration. The concentration of dissolved QUE from
the EVP samples increased when IQC was added in QUE/Rutin-G binary formulation. The concentration of dissolved QUE
from EVPs of QUE/Rutin-G/IQC (1/7/3, w/w/w) and QUE/Rutin-G/IQC (1/5/5, w/w/w) was much higher than that with
QUE/Rutin-G/IQC (1/10/0, w/w/w). These results suggested that IQC inhibit the re-crystallization from an amorphous
QUE in dissolution medium, resulted in the enhancement in stability of an amorphous QUE in the supersaturated state. In
conclusion, the addition of IQC into QUE/Rutin-G binary system could obviously improve the water solubility of QUE by

forming nanocomposite structure.
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Chemical structure of (a) quercetin (QUE), (b) isoquercitrin (IQC), and (c) a-glucosy! rutin
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Figure 2 Preparation method of QUR involved evaporated samples (EVPs)
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nitrogen flow rate of 40 mL/min.
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Mobile phase : 0.1 (w/w) % acetic acid and acetonitrile
(65:35v/v), Flow rate:1.0mL/min, Column
Temperature : 40°C, UV : 254nm, Injection volume:
10ul)
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Figure 3 Scanning electron microscope (SEM) photographs of evaporated particles (EVPS). (a) untreated quercetin (QUE), (b)
untreated isoquercitrin (IQC), (c) a-glucosyl rutin (Rutin-G), (d) EVPs of QUE/Rutin-G/1QC (1/10/0), (e) EVPs of QUE/
Rutin-G/IQC (1/9/1), (f)EVPs of QUE/Rutin-G/1QC (1/7/3) and (g) EVPs of QUE/Rutin-G/IQC (1/5/5)
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Figure 4 Differential scanning calorimetry (DSC) plots of
evaporated particles (EVPs). (a) untreated quercetin (QUE),
(b) untreated isoquercitrin (IQC), (c) a-glucosyl rutin
(Rutin-G), (d) EVPs of QUE/Rutin-G/IQC (1/10/0), (e)
EVPs of QUE/Rutin-G/IQC (1/9/1), (f) EVPs of QUE/
Rutin-G/I1QC (1/7/3) and (g) EVPs of QUE/Rutin-G/IQC
(1/5/5)
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Figure 5 Powder X-ray diffraction (PXRD) patterns of
evaporated particles (EVPs) after preparation. (a)
untreated quercetin (QUE), (b) untreated isoquercitrin
(1QC), (c) a-glucosyl rutin (Rutin-G), (d) EVPs of QUE/
Rutin-G/IQC (1/10/0), (e) EVPs of QUE/Rutin-G/1QC
(1/9/1),(f) EVPs of QUE/Rutin-G/1QC (1/7/3) and (g)
EVPs of QUE/Rutin-G/1QC (1/5/5)
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Figure 6 Powder X-ray diffraction (PXRD) patterns of
evaporated particles (EVPs) after storage in sealing
condition for 8 weeks at 40°C. (a) untreated quercetin
(QUE), (b) untreated isoquercitrin (IQC), (c) a-glucosyl
rutin (Rutin-G), (d) EVPs of QUE/Rutin-G/1QC (1/10/0),
(e) EVPs of QUE/Rutin-G/1QC (1/9/1), (f) EVPs of
QUE/Rutin-G/1QC (1/7/3) and (g) EVPs of QUE/
Rutin-G/1QC (1/5/5)
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Figure 7 The solubility study of quercetin from physical
mixtures (PMs) at 37°C in distilled water. Each data
represents the mean = S.E. (n=3). Solubility study was
performed in distilled water at 37 degrees C under shaking
at 100 s/min. Samples at a QUE concentration of 20mg
were added in 10 mL distilled water.
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Figure 8 The solubility study of quercetin from evaporated
particles (EVPs) at 37 degrees C in distilled water. Each
data represents the mean = S.E. (n=3). Solubility study
was performed in distilled water at 37 degrees C under
shaking at 100 s/min. Samples at a QUE concentration
of 20 mg were added in 10 mL distilled water.
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Figure 9 Relationship between the amount of quercetin dissolved and transglycosylated additives
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Figure 10 The plausible scheme of soluibilization mechanism of poorly water
soluble compound by a nanocomposite formation of Rutin-G
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