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This study is aimed at using spray drying method to codisperse it with the commonly used drug carrier lactose in different solvents
and then pass it through a spray dryer to obtain different samples. The results showed that the dissolution rate and solubility of the
samples obtained by dispersion in hot water and 25% ethanol were significantly higher. The water of crystallization peaks of the raw
material disappeared at 105-125°C and 130-150°C (DSC). The excipient lactose had a small upward exothermic peak at 177°C and a
significant heat absorption peak at 209°C before untreated (XRD). α-Lactose peaks were observed at 12.5°, 19.1°, 19.6°, and 19.9° at
2θ in both samples, and β-lactose peaks were found at 10.5° at 2θ in sample A, but not in sample B (FTIR). The complex sharp peaks
of lactose at 1100 cm-1 and quercetin at 1700-1000 cm-1 became moderated (SEM). The sample obtained by spray drying has a slit-
type mesoporous structure with an average pore size of about 9.3 nm.

1. Introduction

Quercetin (3,5,7-trihydroxy-2-(3,4-dihydroxyphenyl)-4Hchro-
men-4-one) is an important flavonoid; it is a bright citrus
yellow needle-like crystal, completely insoluble in cold water
but its solubility can be increased by heating, very soluble in
solvents such as alcohol and lipids. It is one of the most com-
mon flavonoids in various foods and is found in a variety of
fruits, vegetables, grains, and leaves, with green tea, apple, rad-
ish leaves, cranberries, apples, onions, buckwheat, and cilantro
being among the more common types [1]. It is antioxidant,
anti-inflammatory, antiatherosclerosis, antiobesity, antidia-
betes, and other important beneficial effects on the human
body [2–6]. However, because of its low solubility and absorp-
tion, its beneficial effects on the human body are very limited.
In fact, preliminary pharmacokinetic studies of quercetin in
humans have shown that the oral bioavailability of this com-
pound is very low (complex metabolic reactions in the small
intestine and stomachmake it bioavailable, with a reported bio-
availability of less than 10%). Quercetin glucoside, the natural

form of this compound, has an estimated absorption range of
only 3% to 17% per 100mg of quercetin ingested in healthy
individuals. The low bioavailability of quercetin is mainly due
to its low absorption rate, extensive metabolism, and/or rapid
elimination rate. After ingestion into the body, quercetin
metabolites appear in plasma 30 minutes after ingestion but
are excreted in large quantities within 24 hours [7]. This sug-
gests that quercetin is rapidly cleared from the blood and has
a short half-life. Numerous factors contribute to its practical
application with significant difficulties and obstacles.

In recent years, several innovative methods for enhancing
the bioavailability of insoluble quercetin have been developed
[8–11]. Among them, quercetin-loaded solid lipid nanoparti-
cles have been developed [12]. Compared with pure querce-
tin powder, their solubility has been improved, but they still
have problems such as complicated preparation, high process
requirements, and instability.

In the pharmaceutical industry, the aqueous solubility of
drug candidates is a very important factor that hinders the
entry of drugs into clinical applications. In general, the
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bioavailability of both BCS class II and class IV drugs is con-
strained by the degree of dissolution and dissolution rate.
Therefore, a slight improvement in the rate of dissolution
can sometimes lead to a significant increase in bioavailability.
According to drug theory, dosage form is a very important
factor in determining the dissolution properties of a drug.
For drugs absorbed from the gastrointestinal tract, amor-
phous drug forms are effective in increasing the solubility
of compounds, thus greatly increasing the bioavailability of
these drugs [13]. Unlike crystalline APIs, amorphous APIs
have a more disordered structure due to the lack of long-
range ordering of molecules. This disorder increases the
Gibbs free energy thereby reducing the need to overcome
the lattice energy during the dissolution process [14]. It has
been reported that an increase in saturated solubility of
amorphous drugs may promote a remarkable increase in oral
bioavailability. Spray drying technique [15–17] is an impor-
tant method to obtain amorphous drugs. Spray drying is also
a method to well mix multiple ingredients [18].

2. Materials and Methods

2.1. Materials. The quercetin was purchased from (purity > 96
%) Sarn Chemical Technology (Shanghai) Co. Ltd. The phar-
maceutical grade α-lactose monohydrate (purity ≥ 99:9%)
was purchased from Jiangsu Dawning Pharmaceutical Co.,
Ltd., China. The anhydrous ethanol (purity ≥ 99:7%) was pur-
chased from Shanghai Titan Technology Co. The purified
water used in this experiment was made by the laboratory.

2.2. Experimental Design. In order to increase the solubility
and dissolution rate of the insoluble quercetin, we used a
spray drying technique in an attempt to convert quercetin
and lactose crystals into an amorphous form and keep them
stable over a period of time. Lactose is a normal excipient for
drug loading [19]. Since quercetin is almost insoluble in cold
water, its solubility can be increased by heating, very soluble
in solvents such as alcohol and lipids, and in order to dissolve
the API (quercetin) as much as possible to destroy its lattice
structure, we dispersed the same proportion of quercetin
and lactose mixture in 60°C hot water and 25% hot ethanol,
respectively, and stirred them at 1000 rpm/min to dissolve
and fully disperse them, respectively.

In this experiment, 200ml of purified water and 200ml of
25% ethanol were precisely measured and placed in a beaker
and heated to 60°C. Subsequently, 0.5 g of quercetin and 9.5 g
of lactose were accurately weighed and dissolved in two bea-
kers to obtain suspension A and suspension B, respectively.

Two suspensions were dried using the identical spray dry-
ing parameters, and the spray dryer (Shanghai YC-015) was
adjusted to the optimum parameters as follows: fan frequency
50.0Hz, inlet air temperature 140°C, outlet air temperature
120°C, peristaltic pump speed 12.0ml/min, spray pressure
0.20MPa, and nozzle diameter 0.5mm. Spray dry the two
suspensions separately to obtain sample A and sample B.

Tablets were prepared by manually introducing powders
into the biconvex-faced punch of a hydraulic press with a
compression pressure of 4MPa. A desktop tableting machine

was used, and the internal diameter of the equipped tableting
die was 10.0mm (equal to the diameter of the tablets).

2.3. Characterization of Samples. Dissolution samples were
obtained from RC1210G Dissolution Tester (Xinzhi, China).
The extraction method was paddle method, the speed was
75 rpm/min, the temperature was 37 ± 0:2°C, and the
sampling height was 500mL. UV-Vis absorption spectra
were obtained at 200~400 nm with a UV-2401 pc spectro-
photometer at Shimadzu, Kyoto, Japan. The obtained sample
powders were analyzed by DSC using a differential scanning
calorimeter (HSC-4 DSC, Henven, China). Samples for DSC
determination were prepared using a sealed aluminum pan
following standard procedures. Approximately 8.0mg of
each specimen was used in the analysis. The specimen was
heated from 25°C to 300°C at a rate of 5°C/min, using N2 as
the purge gas. To analyze all samples, heat flow was recorded
versus temperature rise [20].

The rawmaterials and samples (quercetin crystals, lactose,
and physical mixture and samples A and B) were studied using
Fourier transform infrared spectroscopy (FTIR). The samples
were compounded with dried KBr powder, pressurized into
transparent flakes, and scanned for transmission sensitivity
in a Nicolet 6700 FTIR spectrometer (Thermo Fisher Scien-
tific). The FTIR spectral resolution was 1 cm-1. The solid pow-
der sample was placed on an aluminum sample peg on a
carbon-band. The gold-plated samples were examined with a
JSM-7200F scanning electron microscope (SEM, JEOL Ltd.).
The samples were analyzed using a thermogravimetric
analyzer (TGA Q5000 V3.17 Build 265). The samples were
tested in an alumina pot with N2 as equilibrium gas [21].
The temperature was set at 35°C~350°C, and the heating rate
was constant at 5°C/min, under pyrolytic conditions with
nitrogen flow. The crystallization characteristics of the two
sample specimen powders were studied by XRD analysis.
The solid samples were mounted on powder cartridges and
analyzed by a Siemens D5000 diffractometer with 1.0 g of
sample dispersed in the cartridge. The scan area of diffraction
angle (2θ) was 5~50°, the scan rate was 1.2o/min, the scan
current was 30mA, and the scan voltage was 40kV. N2
adsorption experiments were performed on the powder sam-
ples separately to evaluate their relative porosity.

2.4. Results and Discussion. We analyzed the data obtained
from the experimental assay. The dissolution curves of the
three powders for the same conditions are shown in Figure 1,
and it can be seen that the untreated quercetin crystal tablets
were almost insoluble under the present experimental condi-
tions. The dissolution rate and dissolution degree of the two
powders by spray drying increased significantly compared to
quercetin crystals [22]. The solubilization effect of sample B
obtained by 25% ethanol dispersion was more pronounced,
and the dissolution rate was also faster. This may be due to
the fact that more quercetin crystals were dissolved in suspen-
sion B, causing a large amount of quercetin crystal structure to
be disrupted, and more amorphous quercetin was produced
during the spraying operation, causing an increase in its solu-
bility. This was also verified in the subsequent analysis.
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The DSC curve (Figure 2) shows that relative to the two
spray-dried products. The water of crystallization peaks of
the raw material disappeared at 105-125°C and 130-150°C.
The excipient lactose had a small upward exothermic peak at
177°C and a significant heat absorption peak at 209°C before
untreated. However, after the spray drying operation with
the API, the exothermic peak widened and moved to the low
temperature region, indicating the formation of amorphous
structure of lactose in the product. Meanwhile, the heat-
absorbing peak of lactose at 209°C disappeared, but the heat-
absorbing and exothermic peaks appeared simultaneously
between 198 and 205°C. By comparing the absorption curves
of sample A and sample B, we found that the amorphous
lactose exothermic peak of sample B shifted left relative to
sample A, and the peak at 198-205°C shifted right relative to
sample A. According to the analysis, it may be that more lac-
tose but less API was dissolved in the pure water, resulting in
more amorphous lactose generated and less amorphous quer-

cetin generated. Interestingly, the disappearance of the small
peak in the thermal spectrum of the quercetin API complex
suggests that a homogeneous single mixture was obtained.
According to the XRD spectra (Figure 3), α-lactose peaks were
observed at 12.5°, 19.1°, 19.6°, and 19.9° at 2θ in both samples,
and β-lactose peaks were found at 10.5° at 2θ in sample A, but
not in sample B. And the peak shape of both samples was flat,
and the lactose peak of sample B was slightly sharper [16]. The
analysis suggested that the higher content of amorphous prod-
uct was obtained in sample A, which was consistent with the
results of DSC analysis. The change in peak intensity or wave
number shift was studied by FTIR (Figure 4). Similarly, the
complex sharp peaks of lactose at 1100cm-1 and quercetin at
1700-1000 cm-1 became moderated. This indicates a decrease
in the density and strength of hydrogen bonds, a decrease in
crystalline states, and a low level of intramolecular interac-
tions. This leads to more dispersion of vibrational energy
levels and lower conformational selectivity [23, 24].
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Figure 1: Release spectra of quercetin tablets in the two samples and
physical mixture.
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Figure 2: DSC spectrum of the raw materials and productions.
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Figure 3: XRD spectrum of two samples.

300

250

200

150

In
te

ns
ity

 (C
PS

)

100

50

4000 3000 2000
Wavenumber (cm–1)

1000

0

Lactose
Physical mixture
Powder A

Quercetin
Powder B

Figure 4: FTIR spectra of the raw materials and samples.
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Figure 5: The TGA curve of the two samples.
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Figure 7: SEM images of the (a, b) sample A and (c, d) sample B, respectively.
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Figure 6: The N2 adsorption and desorption curves of the sample A.
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According to the TGA (Figure 5) curves, the weight loss
rates of the two samples were basically the same in the same
temperature range and the thermal stability was the same.
Except for the sample containing a small amount of water,
DTG analysis samples were roughly two-step weight loss,
sample A had a slightly higher weight loss rate in the first
step, and the analysis might be that it contained more amor-
phous lactose. According to the analysis of BET and BJH
(Figure 6) data, the adsorption isotherm has a hysteresis loop,
and isotherm of H3 type and the adsorption and desorption
branches overlap at the cavitation point, and the preliminary
analysis of the sample material has slit-type pores or macro-
pores. Combined with the SEM (Figure 7) analysis, the sam-
ple obtained by spray drying has a slit-type mesoporous
structure with an average pore size of about 9.3 nm. Its
porous structure can effectively promote the penetration of
water, providing a guarantee for the rapid disintegration
and dissolution of drugs.

3. Conclusions

In our experiments, we used pure water and 25% ethanol as
the dispersion medium, followed by spray drying, respec-
tively. The in vitro release characteristics were determined
by pressing the tablets after atomization and drying. The
solubility and dissolution rate of the samples obtained in
both dispersion media were higher than those of the control
group. In the two media, lactose and quercetin produced dif-
ferent dissolution characteristics such that after spray drying,
both materials yielded different proportions of amorphous
products. It was demonstrated that the solubility of quercetin
increased after performing spray drying, and the solubiliza-
tion effect was more pronounced for the sample obtained
with 25% ethanol. The results showed that the dissolution
rate and solubility of the samples obtained by dispersion in
hot water and 25% ethanol were significantly higher. The
water of crystallization peaks of the raw material disappeared
at 105-125°C and 130-150°C. The excipient lactose had a
small upward exothermic peak at 177°C and a significant heat
absorption peak at 209°C before untreated. α-Lactose peaks
were observed at 12.5°, 19.1°, 19.6°, and 19.9° at 2θ in both
samples, and β-lactose peaks were found at 10.5° at 2θ in
sample A, but not in sample B. The complex sharp peaks of
lactose at 1100 cm-1 and quercetin at 1700-1000 cm-1 became
moderated. Scanning electron microscopy images and BET
data showed that the two samples obtained by spray drying
contained incompletely dissolved crystals, which played a
positive role in the formation of mesoporous structures,
which further increased the dissolution rate. In conclusion,
the spray drying technique significantly improved the solu-
bility of quercetin and provided an idea to solve the problem
of its low bioavailability.
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