
Research Article
The Effect of PVP Molecular Weight on Dissolution Behavior
and Physicochemical Characterization of Glycyrrhetinic Acid
Solid Dispersions

Xiaoyu Sui , Yan Chu , Jie Zhang , Honglian Zhang , Huiyu Wang , Tingting Liu ,
and Cuiyan Han

College of Pharmacy, Qiqihar Medical University, 161006 Qiqihar, China

Correspondence should be addressed to Tingting Liu; ltting@outlook.com and Cuiyan Han; hancy1001@126.com

Received 8 August 2020; Revised 26 September 2020; Accepted 1 October 2020; Published 31 October 2020

Academic Editor: Ning Zhu

Copyright © 2020 Xiaoyu Sui et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

The effect of polyvinylpyrrolidone (PVP) as glycyrrhetic acid (GA) solid dispersions carrier at different molecular weights on the
dissolution behavior and physicochemical properties was investigated. PVP-GA-SDs prepared with all four molecular weight
PVPs displayed good enhancement of dissolution rate and equilibrium solubility compared with pure drug and corresponding
physical mixtures. The results showed that the enhancement effect of molecular weight on dissolution rate and equilibrium
solubility follows PVPK30 > PVPK60 > PVPK17 > PVPK15. In addition, the dissolution rate and solubility of the SDs with a
carrier-drug ratio of 8 : 1 were better than the samples of 4 : 1. The DSC and XRD patterns showed that the crystallization of GA
in SDs prepared by PVP K30 and PVP K60 was significantly inhibited, and both were transformed to amorphous. Based on
FTIR and Raman detection, a hydrogen-bond between PVP and drug molecules is formed. SEM results showed that there were
no significant differences in the appearance of SDs prepared with four PVPs, and no crystalline morphology of GA was seen. In
conclusion, the findings of this study demonstrated that the dissolution performance of the PVP-GA-SDs prepared by the
solvent method is related to the molecular weight of PVP, and the change in the molecular weight of PVP does not cause a
monotonic change in dissolution of GA. The samples with PVP K30 as the carrier have the best dissolution performance.

1. Introduction

Glycyrrhetinic acid (GA) is one of the main active ingredi-
ents extracted from the root or rhizome of licorice [1]. It
is also a degradation product of glycyrrhetic acid in the
body, which is the main active component of licorice [2].
The molecular formula of GA is C30H46O4, and the molec-
ular weight is 470.69. The structural formula is shown in
Figure 1. Studies have shown that glycyrrhetic acid has
anti-inflammatory, antiviral, antitumor, and other pharma-
cological effects [3–5]. Currently, it is often used clinically
to treat chronic hepatitis and liver cancer [6]. However,
due to the strong hydrophobicity of glycyrrhetic acid, its sol-
ubility and dissolution rate are poor. This also limits the oral
bioavailability of glycyrrhetic acid [7]. In general, the solu-
bility of hydrophobic drug can be improved by adding a
surfactant, but a large amount of solubilizer is prone to side

effects such as hemolysis. In order to overcome poor solubil-
ity of GA, in recent years, some research on new drug deliv-
ery systems of GA have been done, including GA liposomes
[8], GA nanoemulsions [9], GA microparticles [10], and GA
solid dispersion [11].

The solid dispersions (SDs) technique refers to the uni-
form dispersion system of drugs in the form of molecules,
microcrystallines, amorphous, and other states in a solid car-
rier. Due to the high dispersion of the drug and the high
hydrophilicity of the carrier, the wettability of the drug is
improved. Therefore, this technique is an effective method
for improving the dissolution and oral bioavailability of
poorly soluble drugs. Currently, there are some commercial
products based on solid dispersions [12], such as vemurafe-
nib (Zelboraf®), regorafenib (Stivarga®), and everolimus
(Afinitor®). Solid dispersions are often prepared by four
methods, including the comilling method, melting method,
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solvent melting method, and solvent method. The solvent
method is also called the coprecipitation method, in this
method, solid dispersion can be obtained after the evapora-
tion of solvent from the solution containing carrier and
drug. Some polymers are hardly used as carriers in the melt-
ing method due to their high melting point or thermal
decomposition. Because the solvent method can be achieved
without using high temperature in the preparation process,
this method is suitable for thermally unstable drugs or high
melting point carriers [13, 14]. Currently, the most com-
monly used carrier in the solvent method is polyvinylpyrrol-
idone (PVP) [15].

Polyvinylpyrrolidone (PVP) is an amorphous high-
molecular polymer, high melting point, stable to heat, easily
soluble in water, and many organic solvents. After oral
administration, PVP is not absorbed by the gastrointestinal
tract and is nontoxic [16]. Commonly used PVP specifica-
tions include PVP K15, PVP K17, PVP K30, PVP K60,
and PVP K90 (average molecular weight is about 8000,
10000, 50000, 400000, and 1000000). Until now, studies of
these specifications of PVP as solid dispersion carriers have
been reported [17–19]. Generally speaking, after the drug is
dispersed in PVP, it is easy to form an amorphous solid dis-
persion due to the strong crystal inhibiting effect of PVP
[20]. Studies have shown that the drug release profile of
amorphous solid dispersions is driven by the polymer prop-
erties. Amorphous solid dispersions show a higher apparent
solubility than drug crystalline due to “spring and para-
chute” effect, which include two key steps, namely, the gen-
eration of metastable supersaturation state and inhibition of
precipitation [21]. The magnitude of “spring and para-
chute” effect is highly dependent on the type and molecular
weight of the polymer. Hence, it is important to study the
influence of molecular weight on the properties of solid
dispersions [22].

There are 59 articles found on Scopus using keywords:
“PVP” & “molecular weight” & “solid dispersion”. A total
of 14 articles contain research on the relationship between
the PVP molecular weight and drug solubility or dissolution,
and only 6 studies compared experimentally determined dis-
solution rates of solid dispersions prepared using more than
two molecular weights of PVPs as carriers. Moreover, all
researches have focused on synthetic drugs with molecular
weights less than 400 and are commonly used in the clinic
with antipyretic, anti-inflammatory, and blood pressure-
lowering effects.

Most of the previous studies [23–26] found that the dis-
solution rate of drug from the SDs decreases with increasing
molecular weight of PVP. A few studies have shown that PVP
has a nonmonotonic effect on the dissolution behavior of
drugs in solid dispersions [27]. These studies indicate that
the effect of PVP molecular weight on the dissolution rate
of the drug in the solid dispersions is related to the structural
characteristics of the drug.

To date, there are few studies on solid dispersions of gly-
cyrrhetinic acid, and there is no study on the effect of PVP
molecular weight on the dissolution behavior of solid disper-
sions of glycyrrhetic acid or other structurally similar penta-
cyclic triterpenoids (oleanolic acid, glycyrrhizic acid, ursolic
acid, etc.). For this reason, the aim of the present study was
to investigate the effect of different molecular weight PVPs
as carriers on the dissolution behavior of glycyrrhetic acid
solid dispersion by the solvent method. In addition, the
differences in physical and chemical properties, especially
regarding crystallization inhibition, were further investigated
by examining micromorphology and structure properties
using SEM, FTIR, XRD, and other identification techniques.

2. Materials and Methods

2.1. Materials. GA (>98% pure), Reference compound of GA,
PVP K15, PVP K17, PVP K30, and PVP K60 (analytically
pure), was obtained from Dalian Meilun Biology technology
Co., Ltd (Dalian, China). Ethanol was purchased from Sino-
pharm Chemical Reagent Co., Ltd. (Beijing, China). Pure
water was prepared by a Milli-Q water purification system
(Millipore, Bedford, MA, USA).

2.2. Preparation of Solid Dispersions. PVP-GA-SDs were pre-
pared by the solvent method. Briefly, the GA and carrier were
weighed based on the formulated amount and placed in an
evaporating dish. They were then codissolved in 95% (V/V)
ethanol-water solution and heated in a water bath (80 ± 1°C
) with stirring. After removal of ethanol, the mixture was
taken out and placed in a vacuum dryer for several days,
and then it was milled and sieved with 80 mesh sieves for
subsequent experiments.

2.3. Preparation of Physical Mixtures. Physical mixtures
(PMs) were prepared by manually mixing of GA and differ-
ent PVPs which were previously sieved through 80 in a
mortar for 5min, until a homogenous mixture was obtained.

HO

O
H

COOH

(a)

O
N

H
H

n

(b)

Figure 1: Chemical structure of glycyrrhetinic acid (a) and polyvinylpyrrolidone (b).
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2.4. Analysis for Characterization of Solid Dispersions

2.4.1. Determination of Equilibrium Solubility. Excess sample
(pure GA, PMs or SDs, equivalent to 10.0mg GA) was added
into 10mL of pure water, PBS (pH = 6:8), and 0.1N HCl
solution under magnetic stirring (300 rpm) at 25°C in a
temperature-controlled water bath until equilibrium was
achieved (48h). The samples were filtered through a 0.45μm
Teflon membrane filter, suitably diluted with methanol,
and analyzed via high-performance liquid chromatography
(HPLC) as described below. The drug solubility was assayed
using a LabAlliance (model Series III) HPLC system (Lab
Alliance, Tianjin, China) equipped with a quaternary pump,
an autosampler, and a column compartment, coupled to a
UV detector. Separation was performed on a C18 column
(4:6mm × 250mm; 5μm; Dikma Technologies, Beijing,
China). The mobile phase comprises methanol, water, and
acetic acid (89 : 10 : 1, v/v/v) at a flow rate of 1.0mL·min-1.
The analytes were detected by a UV detector at 250nm. A
good linearity was found for GA in the range of 0.5-
50μg·mL-1.

2.4.2. In Vitro Dissolution Testing. The dissolution rate was
determined using a USP type II Apparatus (RCZ-8A, Tianda-
tianfa Tech., Ltd., Tianjin, China). 900mL of pure water, 0.1N
HCl solution, and phosphate buffer solution (pH = 6:8) were
used as the dissolution medium (37°C ± 0:2°C) for the solid
sample (equivalent to 10.0mg drug) with the paddle rotation
speed of 100 rpm. At predetermined time intervals, 5mL ali-
quots were withdrawn, filtered through a 0.45μm Teflon
membrane filter, and analyzed by HPLC. The removed vol-
ume was replaced with fresh media to maintain sink condi-
tions. The drug dissolution was performed in triplicate.

2.4.3. Differential Scanning Calorimetry (DSC). DSC mea-
surements were performed on a HSC-1 DSC scanning calo-
rimeter (Hengjiu Instrument, Ltd., Beijing, China). Samples
were precisely weighted (10mg) and were sealed in alumin-
ium crucible. The samples were heated from 25 to 350°C at
a rate of 10°C·min-1 under a nitrogen atmosphere.

2.4.4. X-Ray Diffraction (XRD). The structural properties of
samples were obtained using the D8 Focus X-ray diffractom-
eter (Bruker, Germany) with Cu-Kα radiation. Measure-
ments were performed at a voltage of 40 kV and 40mA.
Samples were scanned from 5° to 60°, and the scanned rate
was 5°·min-1.

2.4.5. Fourier Transform Infrared Spectroscopy (FTIR). The
FTIR spectra of samples were obtained on a Nicolet 6700
FT-IR spectrophotometer (Thermo Scientific, Waltham,
MA, USA). Every sample and potassium bromide were
mixed by an agate mortar and compressed into a thin disc.
The scanning range was 4000-400 cm-1, and the resolution
was 4 cm-1.

2.4.6. Raman Spectrometry (RS). FT-Raman spectra were
acquired by a Nicolet 6700 FTIR with NXR FT-Raman mod-
ule (1064 nm) in the wavenumber range 3700–100 cm-1 with
an accumulation of 64 scans with 4 cm-1 spectral resolution.

2.4.7. Scanning Electron Microscopy (SEM). The samples
were fixed to an SEM stub with a carbon conductive and
sputter-coated with gold using SBC-12 sputter-coater (KYKY
Tech., Ltd., Beijing, China). The surface morphology of the
sample was then observed by a S-4300 scanning electron
microscope (Hitachi, Tokyo, Japan).

3. Results and Discussion

3.1. Determination of Equilibrium Solubility. The solubility of
a drug in a solid dispersion system is generally greater than
that of a pure drug, and the type of dissolving medium also
has an influence on the solubility of the drug in a solid disper-
sion. In this research, the equilibrium solubility of the four
kinds of PVP-GA-SDs and the four kinds of PVP-GA-PMs
in pure water, PBS, and hydrochloric acid solution were
determined as mentioned in Section 2.4.1, respectively. The
results are shown in Table 1.

The data in the table showed that the solubility GA in
pure water was improved by SDs prepared with PVP at dif-
ferent molecular weights as carrier. Among them, the solubi-
lization effects of PVP K30-GA-SDs and PVP K60-GA-SDs
were better than those of PVP K17-GA-SDs and PVP K 15-
GA-SDs. PVPK30 with a carrier-drug weight ratio of 8 : 1
presented the strongest solubilization ability, and its solubil-
ity was 32:06 ± 3:13μg · mL−1. In a hydrochloric acid solu-
tion, PVP K30-GA-SDs and PVP K60-GA-SDs maintained
a certain solubilization improvement, but the solubility of
other SDs could not be detected, and PVP K30-GA-SDs has
significantly higher solubility than PVP K60-GA-SDs. Com-
pared with the above two media, in PBS, SDs had the best sol-
ubilization. Similarly, the solubilization effects of PVP K30-
GA-SDs and PVP K60-GA-SDs are better than those of
PVP K15-GA-SDs and PVP K17-GA-SDs. Among all solid
dispersion samples, the PVP K30-GA-SDs with a carrier-
drug weight ratio of 8 : 1 has the best solubilization effect,
with a solubility of 566:51 ± 34:55μg · mL−1. On the other
hand, all physical mixtures are more soluble in PBS than in
pure water, and their solubility in hydrochloric acid cannot
be detected.

3.2. Determination of In Vitro Dissolution Rate. In general,
PBS and hydrochloric acid solution was used as simulated
intestinal and gastric fluid, respectively. According to the
above results, the equilibrium solubility of each solid disper-
sion in PBS is higher than in the other two dissolution media.
In addition, the use of hydrochloric acid media does not
guarantee that all solid dispersions will perform dissolution
experiments under sink conditions. In order to satisfy the
sink condition, PBS was selected as the dissolution medium
in the dissolution determination. The dissolution rates of
pure GA, four PMs, and four SDs in PBS are shown in
Figure 2.

The experimental results showed that the molecular
weight of PVP has a significant effect on the dissolution
behavior of PVP-GA-SDs. However, there is no linear rela-
tionship between the dissolution rate and molecular weight.
The dissolution rate of SDs with carrier-drug ratio of 8 : 1
and 4 : 1 both have the following ordering: dissolution rate
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ðK30Þ > dissolution rate ðK60Þ > dissolution rate ðK17Þ >
dissolution rate ðK15Þ, which is also consistent with the
relationship between PVP molecular weight and GA equi-
librium solubility in PBS. On the other hand, the carrier-
drug weight ratios have an obvious impact on the dissolu-
tion rate of SDs. Before 120min, the dissolution rate of
SDs with carrier-drug ratio of 8 : 1 (W/W) was faster than
4 : 1 (W/W) under the same PVP molecular weight condi-
tion. When the carrier-drug ratio was 4 : 1, the dissolution
rate of SDs with PVP K30 and PVP K60 tended to equilib-
rium after 120min. When the drug loading ratio was 8 : 1,
the dissolution rate of each SD with PVP K30 and PVP
K60 tended to equilibrium after 60min. Overall, the dissolu-
tion rates with PVP K30 as the carrier were the fastest. The
cumulative percentage of dissolution of PVP K30-GA-SDs
(8 : 1, W/W) could reach 81:60 ± 2:45% at the 10th minute.

The pure GA and all PMs were lower than that of SDs,
and PMs are a few differences from GA. We observed the
maximum percentage of dissolution of PMs prepared with
PVP K15 and PVP K17 was slightly higher than samples with
the other two PVPs.

3.3. Differential Scanning Calorimetry (DSC). Thermal analy-
sis techniques can be used to speculate change in drug crys-
tallinity or drug-carrier interactions in solid dispersions.
Some studies have shown that endothermic melting peaks
of drug can be observed in physical mixtures of certain crys-

talline drugs and PVP, and once the drug becomes amor-
phous or drug interacts with the carrier, the corresponding
melting point peaks disappear or weaken [20, 28–30]. There-
fore, in this study, we compared the thermal properties of
solid dispersions prepared from four different molecular
weight PVPs.

In the DSC thermogram (Figure 3), GA showed an
absorption peak at 299°C, which was the melting peak of
GA. No obvious characteristic peaks were found for all four
PVPs with different molecular weights due to the amorphous
nature of PVP. This GA melting peak was also not observed
in the physical mixtures of GA with PVP. The same behavior
has been reported about the physical mixture of prednisolone
with PVP [31, 32]. The reason for this may be low GA con-
tent relative to the PVP, leading to a low calorific value,
which cannot be displayed in the PM spectra. In addition,
SDs showed a similar behavior due to the absence of a GA
melting peak, from which it maybe can be inferred that the
crystalline structure of the drug in these samples has disap-
peared. However, this information on whether the crystallin-
ity of GA has changed is not available can only be confirmed
with the aid of other techniques such as X-ray diffraction.

3.4. X-Ray Diffraction (XRD) Analysis. Many studies have
shown that PVP-drug solid dispersions prepared by solvent
methods tend to form a glassy state. Since the carrier of the
glassy solid solution has a high viscosity and easily interacts
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Figure 2: Dissolution profiles of pure GA, PVP-GA-SDs, and PVP-GA-PMs in phosphate buffer solution. (a) PVP/GA weight ratio of 4 : 1.
(b) PVP/GA weight ratio of 8 : 1.
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Figure 3: DSC curves of SDs and PMs of GA prepared using (a) PVP K15, (b) PVP K17, (c) PVP K30, and (d) PVP K60.
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Figure 4: X-ray diffractogram of SDs and PMs of GA prepared using (a) PVP K15, (b) PVP K17, (c) PVP K30, and (d) PVP K60.
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Figure 5: FTIR spectra of SDs and PMs of GA prepared using (a) PVP K15, (b) PVP K17, (c) PVP K30, and (d) PVP K60.
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with the drug, the drug crystallization is inhibited [33–35]. In
order to evaluate whether this was a crystalline change of GA
in SDs with different PVP molecular weight, XRD analysis
was performed for the detection. As shown in Figures 4(a)
and 4(d), GA exhibited multiple distinct and sharp diffrac-
tion peaks of crystal form between 3° to 60°, indicating that
GA existed in the highly crystalline form.

Four PVPs with different molecular weights showed no
characteristic diffraction peaks at the range of the scanning,
which indicated that they all existed in amorphous form.
The crystal diffraction peaks of GA were observed in the cor-
responding positions of all the PMs prepared by four PVPs at
different molecular weights, which suggested that the drug
existed in crystalline form in all PMs.

Among the XRD spectrum of SDs, the characteristic dif-
fraction peaks of GA of SDs prepared by PVP K30 and PVP
K60 basically disappeared, indicating that GA existed in
amorphous form. The characteristic diffraction peaks of GA
of SDs prepared with PVP K15 and PVP K17 still can be
clearly seen, indicating that GA existed in crystalline form.
Therefore, it can be speculated that GA crystallization of
SDs prepared with PVP K30 and PVP K60 could be signifi-
cantly inhibited. This result has a positive correlation with
the higher solubility of PVP K30-SDs and PVP K60-SDs
compared to the other two solid dispersions.

According to the drug release model of SDs with water-
soluble polymer as carrier proposed by Craig, the release of
the drug from the SDs is not only related to polymer but also
to drug [36]. For the PVP-GA-SDs prepared in this study, we
speculate that when PVP K15, PVP K17, and PVP K30 are
used as carriers, GA is mainly released as solid particles,
and the dissolution rate is mainly affected by the size and
crystallinity of the drug. It can be seen from the XRD spec-
trum that the crystallinity of PVP K30-GA-SDs is signifi-
cantly lower than that of PVP K15-GA-SDs and PVP K17-
GA-SDs, which leads to higher chemical potential and super-
saturation of the drugs in PVP K30-GA-SDs, and thus has a
faster dissolution rate. On the other hand, according to the
drug release model, the drug molecules must first pass
through the polymer-rich diffusion layer and then be released
into the bulk phase. According to the Stokes-Einstein equa-
tion, the diffusion coefficient is inversely proportional to
the viscosity. Although the XRD spectrum shows that the
GA in PVP K30-GA-SDs and PVP K30-GA-SDs are both
transformed to amorphous, the viscosity of PVP K60 is
greater than PVP K30, so when the drug is initially released
from PVP K60, it is blocked by the polymer diffusion layer,
so the dissolution rate of PVP K60-GA-SDs is slower than
that of PVP K30-GA-SDs.

3.5. Infrared (IR) Spectrum Analysis. Many studies have
shown that solid dispersions can increase drug solubility
related to drug-carrier interactions, especially hydrogen bond-
ing [37]. In this study, FTIR was used to detect potential inter-
molecular interactions effects of solid dispersion systems.

As seen in Figures 5(a) and 5(d), in the IR spectra of GA,
the peaks of GA at 1,704 cm-1 and 1,664 cm-1 are attributed to
C=O in carboxylic acid and carbonyl moieties [38]. The
absorption peak of phenol-OH in C3 was at 3,440 cm-1, and

absorption peak at 2,940 cm-1 is due to the stretching vibra-
tion of hydroxyl in the carboxyl group (blue dotted line).
The absorption peaks (red dotted line) of C=O were found
at approximately 1,662 cm-1 in four PVPs with different
molecular weights [30, 39].

In the IR spectra of various PMs except PVP K15-GA-
PMs, the two absorption peaks at 1,704 cm-1 and 1,664 cm-1

of GA can be still observed, and they overlap with the car-
bonyl absorption peak at 1662 cm-1 of PVPs, whereas these
two absorption peaks in PVP K15-GA-PMs IR spectra
tended to form a single peak. In addition, the absorption peak
at 2,940 cm-1 can be clearly seen in the physical mixtures of
the four molecular weight PVP and drug. However, in the
IR spectra of all four SDs, 2,940 cm-1 peaks are clearly weak-
ened, especially for PVP K30-GA-SDs and PVP K60-GA-
SDs. Furthermore, compared with the PMs, the two peaks
(1,704 cm-1 and 1,664 cm-1) of GA turn into a single peak,
and the peak intensity is weakened and blunted with different
degrees. This can be seen more clearly in IR spectra of PVP
K30-GA-SDs and PVP K60-SDs. These results suggest that
the hydroxyl in the carboxyl group in GA may form a
hydrogen bond with C=O of PVPs, which changes the char-
acteristics of IR spectra; the schematic diagram of the inter-
molecular hydrogen bond between GA and PVP is shown in
Figure 6. This result is also consistent with that detected by
XRD. The hydrogen bonding effect of PVP K30-GA-SDs
and PVP K60-GA-SDs is more obvious, and their XRD
characteristic peak strength is also weaker, which indicates
that the hydrogen bonding interaction between GA and
PVPs leads to the formation of amorphous structure of gly-
cyrrhetic acid. In addition, because the hydroxyl absorption
peak of GA at 3440 cm-1 overlaps with the characteristic
absorption peak of PVP at 3710-3020 cm-1, we cannot
observe whether the C3 hydroxyl absorption peak of GA
in GA-SDs has obvious migration or passivation. Therefore,
through infrared spectroscopy, we cannot infer whether the
C3 hydroxyl group has formed a hydrogen bond with the
carbonyl group of PVP.

3.6. Raman Spectroscopy. Raman spectroscopy and infrared
spectroscopy are both vibrational spectra of molecules, and
they are complementary. Generally speaking, the asymmetric
vibrations of polar groups are more suitable for detection by
infrared. The vibration of nonpolar groups and the molecular

Polyvinylpyrrolidone

Hydrogen bond

Glycyrrhetic acid

Figure 6: The schematic diagram of the intermolecular hydrogen
bond between GA and PVP.
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Figure 7: Raman spectra of SDs and PMs of GA prepared using (a) PVP K15, (b) PVP K17, (c) PVP K30, and (d) PVP K60.
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vibration of full symmetry are more suitable for detection by
Raman scattering. Some studies have used Raman spectros-
copy to study the interaction of polymers and drugs in solid
dispersions [40, 41]. Therefore, in order to compare the
effects of different molecular weight carriers on the structure
of solid dispersions, a Raman spectrum analysis was per-
formed on each sample.

As presented in Figures 7(a) and 7(d), pure GA had two
sharp characteristic peaks at 1620 cm-1 and 1,670 cm-1,
which is attributed to stretching vibrations of the carbonyl
moiety and -COO- group [11]. Four different molecular
weight PVPs also showed a significant scattering peak of car-
bonyls at 1670 cm-1 [42], and the peak shape is not sharp.
However, a sharp peak-shaped scattering peak (red rectangle
frame) can be observed at 1670 cm-1 in PMs (blue dotted
line) of four different molecular weight PVPs and GA, which
indicated that the PM scattering peak at 1670 cm-1 is the
result of the overlapping of two scattering peaks without
chemical reaction. Compared with the physical mixtures,
the scattering peaks of GA-SDs prepared using four molecu-
lar weight PVPs at 1670 cm-1 are obviously broader and
weaker (red rectangle frame). This is consistent with XRD
results. Moreover, in the spectra of PVP-GA-SDs (4: 1)
prepared from four molecular weight PVPs, the peak at
1670 cm-1 all move towards the low wavenumber region
(light blue dotted line). However, in the PVP-GA-SDs
(8 : 1) spectrum, the scattering peak at 1670 cm-1 has not
shifted. This may be due to the low content of GA in the
sample, which caused the hydrogen bonding in the surface
area to be dispersed and weakened and did not cause scatter-
ing peak change. From this result, it can be speculated that
the carbonyl group of PVP forms a hydrogen bond with
the hydroxyl group of glycyrrhetic acid molecule.

3.7. Scanning Electron Microscope (SEM) Analysis.
Figure 8(a) is the SEM image of GA, showing that GA is
rod-like and its crystal shape is clear. Figures 8(b) and 8(e)
are SEM images of the PVP-GA-SDs (8 : 1), presenting the
SDs as irregular masses with the rod-like crystal GA unob-
servable. This suggests that glycyrrhetic acid has been uni-
formly dispersed in PVP in amorphous or microcrystalline
form. Compared with PVP K60-GA-SDs, the surface of the
solid dispersions prepared with PVP K15, PVPK17, and
PVP K30 is smoother. This may be due to the larger molecu-
lar weight of PVP K60, resulting in greater cohesion. In addi-
tion, the average particle size of SDs prepared with PVP K60
as a carrier was larger than the sizes of samples with the other
three molecular weight PVPs. However, the solubility and
dissolution studies have shown that the performance of
PVP K60-SDs was better than PVP K15-SDs and PVP K17-
SDs, which indicates that the particle size of the solid disper-
sion has no significant effect on dissolution. According to the
Noyes-Whitney equation, the dissolution rate of a drug is
related to the particle size of the drug [22]. Although the par-
ticle size of PVP K60-SDs was larger than samples prepared
using PVP K15 and PVP K17, the dispersion efficacy of GA
in the PVP K60 may be better, which leads to better solubility
and dissolution performance.

4. Conclusions

The results confirmed that the molecular weight of a carrier
has a significant influence on the drug dissolution rate from
solid dispersion systems. For specific drugs, the effect of car-
rier molecular weight on its dissolution properties is unique.
According to our research, when PVP is used as the carrier
and the solvent method is used to prepare the glycyrrhetic

(a) (b) (c)

(d) (e)

Figure 8: SEM images of (a) pure GA and SDs prepared using (b) PVP K15, (c) PVP K17, (d) PVP K30, and (e) PVP K60.
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acid solid dispersions, the effect of PVP molecular weight on
the solubility and dissolution of the drug is not monotonic.
Among all PVPs, the dissolution effect of glycyrrhetic acid
solid dispersion was best when PVP K30 was used as the car-
rier. And the effect of carrier-drug weight ratio on the disso-
lution effect is also obvious. The dissolution rate of the
carrier-drug weight ratio of 8 : 1 is faster than that of the
4 : 1 sample. This can be useful for the choice of the proper
materials for GA applications. It is expected that the PVP
K30-GA-SDs can be used as an ideal material for the devel-
opment of glycyrrhetic acid oral products. On the other
hand, in this study, we only used the solvent method and only
investigated the effects of four molecular weight carriers
(including PVP K15, PVP K17, PVP K30, and PVP K60)
on the properties of solid dispersions. Perhaps other prepara-
tion methods (such as electrospinning and hot melt extru-
sion) or PVP with other molecular weights would have a
better dissolution rate, which requires further research in
the follow-up.
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