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Abstract

The aim of this study was to evaluate the effects of paeoniflorin extract (Pae) on chondrocyte proliferation and apoptosis in
osteoarthritis, with emphasis on miR-140 regulation and modulation of the Wnt/B-catenin signalling pathway. The work
comprised two components. First, paconiflorin extract was characterised, and its pharmacokinetics were assessed following
oral administration and intestinal perfusion. Second, its anti-inflammatory efficacy was examined in an IL-1B-stimulated
human chondrocyte model (C28/12). In vitro within-day precision ranged from 2.16% to 4.27%, inter-day precision from 1.85%
to 5.08%, recovery was 72.88% - 77.41%, and relative standard deviation values were all < 15%. After gavage, effective
intestinal permeability coefficients were 0.26 - 0.34, with peak plasma concentrations at 3 - 4 hours; absorption and elimination
half-lives ranged from 0.667 - 1.124 h and 1.250 - 1.881 h, respectively. /n vitro, IL-1p reduced cell proliferation, increased
apoptosis, downregulated miR-140, DVL2, Cyclin D1 and B-catenin, and upregulated GSK-3p (p < 0.05). Treatment with low,
medium and high concentrations of Pae reversed these effects in a dose-dependent manner (p < 0.05). Overall, paeoniflorin extract
upregulated miR-140 and modulated Wnt/B-catenin signalling, thereby attenuating IL-1p-induced chondrocyte dysfunction.

Rezumat

Scopul acestui studiu a fost de a evalua efectele extractului de paeoniflorina (Pae) asupra proliferarii si apoptozei condrocitelor
in osteoartritd, cu accent pe reglarea miR-140 si modularea céii de semnalizare Wnt/pB-catenind. Lucrarea a abordat doua
aspecte: caracterizarea extractului prin evaluarea farmacocinetica a acestuia dupa administrare orala si perfuzie intestinala si
investigarea efectului antiinflamator intr-un model in vitro de condrocite umane C28/12 stimulate cu IL-1f. Dupa administrarea
orala, coeficientii de permeabilitate intestinald au avut valori de 0,26 - 0,34, cu concentratie plasmaticd maxima la 3 - 4 ore.
Timpii de injumatatire pentru absorbtie si eliminare au fost 0,667 - 1,124 h si 1,250 - 1,881 h. In vitro, IL-1 a redus proliferarea
celulard, a crescut apoptoza, a scazut expresia miR-140, DVL2, Cyclin D1 si B-catenind si a crescut expresia GSK-3p (p < 0,05).
Tratamentul cu Pae in concentratii mici, medii si mari a inversat aceste efecte intr-o maniera dependenta de doza (p < 0,05).
Per ansamblu, extractul de paeoniflorina a crescut nivelul miR-140 si a modulat calea Wnt/B-catenina, ameliorand disfunctia
condrocitelor indusa de IL-1p.

Keywords: paconiflorin extract, pharmacokinetic characteristics, osteoarthritis, interleukin-1, miR-140, Wnt/p-catenin signalling
pathway

Introduction and the adjustment of herbal prescriptions based on
individual conditions, have shown positive effects in
the clinical treatment of osteoarthritis. TCM can slow
down the degeneration of chondrocytes, promote cell
proliferation and inhibit apoptosis through mechanisms
such as clearing oxygen free radicals, reducing oxidative
stress reactions, regulating microcirculation and
suppressing the release of inflammatory factors [5].
Paeonia lactiflora is a commonly used Chinese herbal
medicine belonging to the Paeoniaceae family. It
possesses pharmacological properties such as heat-
clearing, blood-cooling, blood-supplementing, Yin-
restraining and pain-relieving effects. Various parts of
the peony plant, including the root, stem, leaves and
flowers, contain rich chemically active components
such as monoterpene glycosides, triterpenes, flavonoids,

Osteoarthritis is a common degenerative disease
characterised by the destruction of joint matrix and a
reduction in joint cells, primarily affecting the elderly
population, with a higher incidence in women than
in men [1-3]. The pathogenesis of osteoarthritis is
associated with various factors, although it has not
been fully elucidated. Abnormalities in chondrocytes,
specifically in cell proliferation and cell apoptosis, exert
a crucial effect in the occurrence and progression of
this disease [4]. Therefore, inhibiting chondrocyte
apoptosis is one of the therapeutic approaches for
treating osteoarthritis.

Traditional Chinese medicine (TCM) approaches,
including syndrome differentiation, pattern identification
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volatile oils and phenolic acids, exhibiting anti-
inflammatory, anti-cancer and immune-regulating effects
[6, 7]. Monoterpenes and their glycoside compounds
are the main active ingredients in peony, including
paeoniflorin, paconol glycosides and oxidised paeoniflorin.
Paeoniflorin has been shown to improve depressive
symptoms by regulating the expression of clock genes
in the hippocampus [8]. Additionally, paeoniflorin can
inhibit the proliferation, invasion and migration of
colon cancer cells [9] and has immune-modulating
functions. In vitro, paeoniflorin enhances the release
of interleukin-1 from splenic cells and peritoneal
macrophages, exerting a concentration- and function-
dependent bidirectional immune-modulating effect [10].
Studies have confirmed that paeoniflorin can suppress
the elevation of inflammatory factors such as tumour
necrosis factor-alpha and interleukin (IL)-6 caused by
arthritis, exhibiting anti-inflammatory effects [11, 12].
The therapeutic effect of paeoniflorin in the treatment
of rheumatoid arthritis is comparable to methotrexate,
with lower adverse reactions. Consequently, it has
been approved as a Class II western medicine for the
treatment of rheumatoid arthritis [13]. However, with
the deepening of research on the pharmacokinetic
parameters of paeoniflorin and its distribution in tissues
in vivo, it has been discovered that its bioavailability
is relatively low, and there is significant variability
in absorption after oral administration.

The Wnt/B-catenin signalling pathway is involved in
regulating various biological processes, including cell
proliferation and cell apoptosis. In osteoarthritis, abnormal
activation of the Wnt/B-catenin signalling pathway is
observed, and inhibiting Wnt can regulate the metabolism
of chondrocytes and the fibrosis of synovial fibroblasts,
thereby playing a therapeutic role in osteoarthritis [14].
Micro ribonucleic acid (miRNA) can specifically
recognize binding sites in the 3’ non-coding region
of mRNA. After complementary base pairing, it affects
its transcription and expression, thus regulating cellular
biological processes. MiR-140 is highly specifically
expressed in cartilage tissue [15].

Therefore, this work explored whether paeoniflorin
affects the cell proliferation and cell apoptosis of
chondrocytes in osteoarthritis by regulating the expression
of miR-140 and activating the Wnt/B-catenin signalling
pathway. It aimed to understand the protective mechanism
of Paeoniflorin on chondrocytes in osteoarthritis and
provide experimental evidence for the development
of novel drugs for osteoarthritis.

Materials and Methods

Preparation of paeoniflorin extract solution

9.61 mg of paeoniflorin (Sigma-Aldrich, USA) was
dissolved in 1 mL of dimethyl sulfoxide (DMSO)
(Sigma-Aldrich, USA), which was then made up to
2 mL with anhydrous ethanol and thoroughly mixed
to obtain a 10 mmol/L for the reference solution.
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This reference solution would be used for subsequent
intestinal perfusion experiments and stability tests.
Next, 5.85 mg of ginkgolide B (Sigma-Aldrich, USA)
was dissolved in a methanol solution, creating a 5.85
mg/L internal standard solution.

Determination of paeoniflorin extract
Methodological detections. Paeoniflorin was quantitatively
detected employing ginkgolide B as the internal standard.
A Shimadzu octadecylsilyl column (4.6 x 250 x 2.0
mm) was employed, with a mobile phase consisting of
a methanol-water solution (70:30). The flow rate was
set at 0.22 mL/min, and the column temperature was
maintained at 35°C. A sample injection volume of
10 puL was used. Paeoniflorin and ginkgolide B were
detected at a wavelength of 230 and 220 nm, respectively.
Plasma sample pretreatment. Whole blood was collected
from clean-grade Sprague-Dawley (SD) rats (Beijing
BeYou Biotechnology Co., Ltd., China). After the
centrifugation, a precise volume of 100 pL of plasma
was carefully transferred into a centrifuge tube. Sub-
sequently, 10 pL of ginkgolide B reference solution
was added, followed by thorough vortex mixing. A
total of 1000 pL of ethyl acetate extraction solution
was then added, and the mixture was vortexed before
centrifuging at 12,000 rpm for 5 minutes. The upper
organic phase was collected, and under 45°C, a water
bath and nitrogen gas were used to evaporate the solvent.
Afterward, 50 pL of mobile phase was added to
dissolve the residue, and 20 pL of the supernatant
was taken for injection.

Precision experiment. Blank plasma was utilised to
prepare drug-containing samples at drug concentrations
of 10, 100, 500, 1000 and 5000 pg/L, along with
ginkgolide B reference samples for quality control.
For each concentration, five sample analyses were
conducted over five consecutive days. Within a
single day, five measurements were taken, and the
concentration mean, standard deviation and relative
standard deviation were calculated. The resulting relative
standard deviation (RSD) values for each concentration
daily were defined as within-day precision. After
performing five measurements on different days over
a 5-day period, the calculated relative standard deviation
values were defined as intra-day precision.
Experiment for recovery rate. Drug-containing samples
at drug concentrations of 10, 100, 500, 1000 and
5000 pg/L were prepared using blank plasma, along
with ginkgolide B reference samples for quality control.
The reference solution was placed in an empty centrifuge
tube, and after nitrogen gas drying, 100 pL of blank
plasma was added. Following plasma pretreatment,
high-performance liquid chromatography (HPLC) was
employed for detection. Four measurements were
taken within a single day. After constructing a standard
curve, paeoniflorin concentrations were calculated
to determine the intra-day recovery rate.

Stability test. Drug-containing samples were prepared
in blank plasma at drug concentrations of 10, 100, 500,
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1000 and 5000 pg/L, and ginkgolide B reference
samples were used for quality control. After plasma
pretreatment, each sample was assigned to three
aliquots. One aliquot of the sample was left at room
temperature for 1, 3, 6 and 12 hours to assess sample
stability under ambient conditions. Another aliquot
was subjected to three freeze-thaw cycles by placing
it in a -20°C freezer and then thawing it, and the
stability of the sample under repeated freeze-thaw
cycles was assessed. The third aliquot was stored in
a-20°C freezer for 5 days to evaluate sample stability
under frozen conditions.

In vivo leverage treatment. The animal experiment
was approved by the Ethical Committee of First People’s
Hospital of Linping District, Hangzhou, China. Before
the experiment, 15 SD male rats (3 months age) were
subjected to a fasting period of at least 18 hours with
free access to water. Subsequently, they received an
intramuscular injection of 2.3 mL/kg 50% urethane
(Shandong Qilu Xinghua Pharmaceutical Co., Ltd.,
China) for anaesthesia. Blood was drawn via the neck
vein immediately after intubation with heparin infusion.
Blood samples were collected at the perfusion time
point. After opening the abdominal cavity, catheters
were inserted and ligated at both ends of the duodenum,
jejunum, ileum and colon, with each intestinal segment
approximately 10 cm. Sterile gauze soaked in physiological
saline was applied and covered at the incision site to
keep it moist. Using 37°C warm physiological saline,
the intestines were washed at a flow rate of 5 mL/min
until clean. Afterward, the solution was changed to
Hank’s Balanced Salt Solution containing drugs at
concentrations of 5, 10 and 20 pg/mL. Perfusion was
continued at a flow rate of 0.15 mL/min for 50 minutes
to reach equilibrium. Subsequently, perfusate was
collected every 30 minutes, and the weight was measured.
The lengths of various intestinal segments were measured
at the end of the experiment. After precise collection
of 400 pL of intestinal perfusate, 100 uL of ginkgolide
B internal standard solution was added, mixed and
centrifuged at 12,000 rpm for 10 min. The supernatant
was then taken for analysis. Drug effective permeability
coefficient was determined using the weight method.
Pharmacokinetic experiment. Before the experiment,
15 SD male rats were subjected to an 18-hour fasting
period with free access to water. The drug was
administered via oral gavage using Hank’s Balanced
Salt Solution containing drug concentrations of 5, 10
and 20 pg/mL. Blood samples (0.5 mL) were collected
from the retro-orbital venous plexus at 0.0, 0.5, 1.0,
1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 9.0, 12.0 and 24.0
hours. After anticoagulation with heparin, the samples
were left to stand at room temperature for 1 hour,
then centrifuged at 5000 rpm for 10 minutes, and the
plasma was collected for analysis. The pharmacokinetic
model was fitted using the 3P97 practical pharmacokinetics
software developed by the Pharmacometrics Committee
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of the Chinese Pharmacological Society, and pharmaco-
kinetic parameters were calculated.

Culture, grouping and detection of chondrocytes of
osteoarthritis

Preparation and grouping of chondrocytes of osteo-
arthritis model. The human normal chondrocyte cell
line C28/I2 (Chinese Cell Resource Centre, China)
was cultured in Dulbecco’s Modified Eagle Medium/
Nutrient Mixture F-12 (DMEM/F-12) medium (Gibco,
USA) containing 10% FBS and 1% penicillin-
streptomycin. The cells were maintained in a 37°C,
5% CO; incubator. When the cell confluence reached
approximately 80%, they were passaged after trypsin
digestion. For seeding, C28/I2 lines were plated in a
96-well plate at 1 x 10* cells/mL.

Control group: The C28/12 lines were grouped as
Control group (normal culture of C28/12 cells in regular
culture medium);

IL-1p group: C28/12 cells cultured in medium containing
10 ng/mL IL-1P to induce an osteoarthritis chondrocyte
model;

1L-1p+L-Pae group: C28/12 cells cultured in medium
containing 10 ng/mL IL-1B and 5 pg/mL paeoniflorin
extract;

1L-15+M-Pae group: C28/12 cells cultured in medium
containing 10 ng/mL IL-1f and 10 pg/mL paeoniflorin
extract;

IL-15+H-Pae group: C28/12 cells cultured in medium
containing 10 ng/mL IL-1f and 20 pg/mL paeoniflorin
extract.

Methylthiazolyldiphenyl-tetrazolium bromide (MTT)
for detecting cell proliferation. For the grouped culture
of C28/12 cells, at 12, 24, 48 and 72 hours of culture,
cell proliferation was assessed using the MTT cell
proliferation assay kit (Sigma-Aldrich, USA) following
the kit’s instructions. In each well, 20 uL of 5 g/L
MTT reagent was added, and the cells were incubated
at room temperature for 4 hours. The original culture
medium was then discarded, and 150 pL. of DMSO
was introduced. The plate was shaken to mix thoroughly,
and the optical density of each well was measured at
490 nm using a SpectraMax i3x Multimode Plate Reader
(Shanghai Meigu Molecular Instrument, China).
Flow cytometry (FCT) for cell apoptosis. After 48
hours of grouped culture of C28/12 cells, the cells
were harvested and digested. The detection of cell
apoptosis was performed using the Annexin V-
Fluorescein Isothiocyanate/Propidium iodide (Annexin
V-FITC/PI) assay kit (Sigma-Aldrich, USA). The
collected cells were resuspended in 400 uL of binding
buffer, followed by the addition of 10 uL of Annexin
V-FITC reagent. The mixture was gently mixed and
incubated in the dark at room temperature for 15
minutes. Subsequently, 5 pL of PI reagent was added,
mixed gently and incubated in the dark at room
temperature for an additional 5 minutes. Afterward,
100 pL of binding buffer was added, and the mixture
was gently mixed before being analysed using a
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CytoFLEX flow cytometer (FCT, Beckman Coulter,
USA).

Real-time fluorescence quantitative PCR (rt-qPCR).
Grouped cultivation of C28/12 cells was conducted,
and after 48 hours of cultivation, the cells were digested
and collected. Total RNA from the cells was extracted
using the Trizol reagent method, and the concentration
and purity of RNA were determined. Following the
instructions of the cDNA reverse transcription kit
(Beijing Baorui Doctor Biotechnology Co., Ltd., China),
cDNA was synthesized using the extracted RNA as
atemplate. Using cDNA as a template, the TB Green
rt-qPCR detection kit (Beijing Baorui Doctor Bio-
technology Co., Ltd., China) was utilised to amplify
and detect the expression of the target gene according
to its instructions. The primers for miR-140 were as
follows: upstream: 5’-GAGTGTCAGTGGTTTTACCCT-
3, downstream: 5°’-GCAGGGTCCGAGGTATTC-3’;
for U6, upstream: 5’-GTCGTATCCAGTGCAGGGTCCG-
3’, downstream: 5>~ TGCGGGTGCTCGCTTCGGCAGC-
3°. The PCR amplification conditions were as follows:
pre-denaturation at 95°C for 5 min, denaturation at
95°C for 30 s, annealing at 60°C for 30 s, extension
at 72°C for 50 s, a total of 32 cycles, and final
extension at 72°C for 10 min. Using U6 as the
reference gene, the relative expression of miR-140
was detected by the 244 method.

Western blot

C28/12 cells were subjected to grouped cultivation,
and after 48 hours of cultivation, cells were digested
and collected. Total cellular proteins were extracted
using the RIPA reagent method, and protein concentration
was determined using the Bicinchoninic Acid (BCA)
protein quantification kit (Thermo Fisher Scientific,
China). Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was employed to separate
the proteins, which were then transferred onto a PVDF
membrane. The membrane was blocked with 5% skim
milk at 37°C for 1 hour. Diluted primary antibodies
for DVL2, GSK-3B, cyclin D1, B-catenin and B-actin
were added and incubated overnight at 4°C. The
membrane was washed three times with Tris-HCI +
Tween (TBST), each time for 10 minutes. Diluted
secondary antibodies were added and incubated at room
temperature for 1 hour. The membrane was washed
again three times with TBST, each time for 10 min.
Enhanced Chemiluminescence (ECL) chemiluminescent
reagent kit (Thermo Fisher Scientific, China) was
adopted for visualisation. f-actin was undertaken as
the internal reference gene, and protein bands were
photographed and analysed for grayscale values using
the WD-9403C gel imaging system (Beijing 61Bio
Science & Technology Co., Ltd., China). All protein
antibodies were obtained from Abcam, UK.
Statistical analysis

Data were statistically analysed using SPSS 22.0.
The data were expressed as mean + RSD. The t-test
was employed for comparisons between two groups,
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while one-way analysis of variance (ANOVA) was
utilised for comparisons among multiple groups. A
value of p <0.05 was considered statistically significant.

Results and Discussion

Properties of paeoniflorin extract

Figure 1 illustrates the precision, recovery and stability
results of paeoniflorin extract at 10, 100, 500, 1000
and 5000 pg/L. It was observed that within-day precision
was greater than 2.1%, the inter-day precision exceeded
1.5%, and the recovery rate was above 72.5% for different
concentrations of paeoniflorin extract. Additionally,
the RSD values were all below 15% for samples
placed at room temperature for different durations,
subjected to repeated freeze-thaw cycles, and stored
under freezing conditions.

Pharmacokinetic characteristics of paeoniflorin extract
Intestinal absorption of paeoniflorin. Figure 2 depicts
the HPLC profiles and the drug effective permeability
coefficients of rat intestinal perfusate samples after
oral gavage with varying concentrations of paeoniflorin
extract. As demonstrated in Figure 2A, the blank
intestinal perfusate sample (0 umol/L) displayed only
one characteristic peak. In contrast, the intestinal
perfusate samples after oral gavage with 5, 10 and 20
pg/mL concentrations of Paeoniflorin extract exhibited
three characteristic peaks. The first peak was identical
to the characteristic peak in the blank intestinal
perfusate sample, the second peak corresponded to
paeoniflorin extract, and the third peak corresponded
to ginkgolide B. Figure 2B demonstrated that there
were no remarkable differences in the effective
permeability coefficients of paeoniflorin extract
among the duodenum, jejunum, ileum and colon at
concentrations of 5, 10 and 20 pg/mL. This suggests
that the transport of paconiflorin extract in the intestine
occurs through passive diffusion.

Pharmacokinetics of paeoniflorin extract

Figure 3 illustrates HPLC profiles and the concentration-
time curves of paeoniflorin extract in rat plasma
samples after oral gavage with distinct concentrations
of paeoniflorin extract. In Figure 3A, it was observed
that, in contrast to the blank plasma sample (0 pg/mL),
plasma samples after oral gavage with 5, 10 and 20
pg/mL of paeoniflorin extract experienced an additional
characteristic peak corresponding to the chromatographic
peak of paeoniflorin extract. This indicated that a
higher concentration of paeoniflorin extract leads to a
more prominent drug chromatographic peak. Figure
3B revealed that with the increase in paeoniflorin
extract concentration, the changes in the concentration-
time curve of paeoniflorin became more pronounced.
The peak concentrations of paeoniflorin extract in
plasma samples after oral gavage with 5, 10 and 20
pg/mL concentrations of paeoniflorin extract were
reached around 4 hours, measuring 64.53, 148.35 and
318.03 ug/mL, respectively.
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Properties of paeoniflorin extract
(A) within-day precision; (B) inter-day precision; (C) recovery rate; (D) placement stability; (E) repeated freeze-thaw
stability; and (F) cryopreservation stability.
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Detection of intestinal perfusate samples
(A) HPLC profiles; (B): effective permeability coefficients.
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Figure 3.
Detection of plasma samples: (A) HPLC profiles; (B): concentration-time curves
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Figure 4 depicts the differences in pharmacokinetic
parameters after oral gavage with different concentrations
of paconiflorin extract. As the drug concentration
increases, the absorption half-life (AHL) ranges from
0.667 to 1.124 hours (Figure 4A), the elimination
half-life (EHL) ranges from 1.250 to 1.881 hours

(Figure 4B), the peak concentration ranges from 64.532
to 318.031 pg/mL (Figure 4C), the peak time ranges
from 3.512 to 3.790 hours (Figure 4D), and the area
under the concentration-time curve (AUC) ranges from
281.962 to 1282.143 ug/h/L (Figure 4E). Overall, all
parameters exhibit a gradual increasing trend.
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Main pharmacokinetic parameters of paconiflorin: (A): absorption half-life; (B): elimination half-life; (C): peak
concentration; (D): time to reach peak concentration; (E): area under the concentration-time curve
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Proliferation activity of chondrocytes of osteoarthritis
*p < 0.05 vs. Control group; #p < 0.05 vs. IL-1p group.

Impacts of paeoniflorin extract on proliferation and
apoptosis of chondrocytes of osteoarthritis

Influences on the proliferation of chondrocytes of
osteoarthritis. Figure 5 illustrates the impact of
paeoniflorin extract on the proliferation of chondrocytes
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of osteoarthritis. It was evident that with the extension
of culture time, the cell proliferation activity gradually
increased in the Control group, IL-1B group, IL-
1B+L-Pae group, IL-1p+M-Pae group and IL-1B+H-
Pae group. Relative to the Control group, the cell
proliferation activity in the IL-1p group was greatly
decreased (p < 0.05). Meanwhile, the IL-1B+L-Pae
group, IL-1B+M-Pae group and IL-1p+H-Pae group
exhibited a remarkable increase in cell proliferation
activity compared to the IL-1p group (p <0.05), showing
a concentration-dependent characteristic.

Impacts on apoptosis of chondrocytes of osteoarthritis.
Figure 6 demonstrates the impact of paeoniflorin extract
on the apoptosis of chondrocytes of osteoarthritis. In
comparison to the Control group, the cell apoptosis
rate in the IL-1 group was increased greatly, exhibiting
an obvious difference (p < 0.05). IL-1p+L-Pae group,
IL-1p+M-Pae group and IL-1p+H-Pae group experienced
greatly decreased cell apoptosis rates based on the
IL-1PB group (p < 0.05), exhibiting a concentration-
dependent characteristic.
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Cell apoptosis for chondrocytes of osteoarthritis: (A) FCT-detected cell apoptosis; (B): cell apoptosis
*p < 0.05 vs. Control group; #p < 0.05 vs. IL-1 group.
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miR-140
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miR-140

Figure 7.
miR-140 expression in chondrocytes of osteoarthritis:
(A): PCR band; (B): miR-140 level
*p < 0.05 vs. Control group; #p < 0.05 vs. IL-1p group.

Impacts on miR-140 expression in chondrocytes of
osteoarthritis. Figure 7 depicts the influence of the
paeoniflorin extract on miR-140 expression in osteo-
arthritis chondrocytes. Relative to the Control group,
the IL-1B group experienced a notable reduction in
miR-140 expression, with a visible difference (p <
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0.05). In comparison to the IL-1f group, the IL-
1B+L-Pae group, IL-1p+M-Pae group and IL-1B+H-
Pae group displayed a substantial elevation in cellular
miR-140 level, presenting great differences (p < 0.05),
indicating a concentration-dependent trend.

Impacts on the Wnt/B-catenin signalling pathway in
chondrocytes of osteoarthritis. Figure 8 illustrates the
impact of paeoniflorin extract on the levels of key
proteins in the Wnt/B-catenin signalling pathway in
chondrocytes of osteoarthritis. The figure signified
that, relative to the Control group, the IL-1B group
experiences a remarkable reduction in the DVL2,
Cyclin D1 and B-catenin, while GSK-3f was elevated
greatly (p < 0.05). When compared to the IL-1J group,
the IL-1p+L-Pae group, IL-13+M-Pae group and the
IL-1B+H-Pae group showed a marked increase in
DVL2, Cyclin D1 and B-catenin, coupled with a
considerable decrease in GSK-3f3 expression (p < 0.05),
indicating a concentration-dependent pattern.
Osteoarthritis is a degenerative chronic joint disease
and a significant factor causing joint pain and disability
in the elderly population. It predominantly occurs in
weight-bearing joints such as the hip, knee and spine,
with key pathological features including cartilage
degeneration, disruptions in extracellular matrix synthesis
and the formation of osteophytes that affect synovial
tissue [16]. In TCM, osteoarthritis falls within the
categories of “Bi (numb) Syndrome” and “Bone Bi
Syndrome”. The main etiological factors leading to
this disease involve blood stasis, qi stagnation, wind-
cold-dampness pathogens and deficiencies in nourishing
tendons and bones. Treatment strategies often involve
the use of tonifying the liver and kidney, promoting
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blood circulation and resolving stasis-oriented medications
for osteoarthritis [17-19]. paeoniflorin, a major active
component in Chinese peony, has been investigated
for its pharmacokinetic characteristics. It has been
reported to promote T lymphocyte differentiation,
exhibiting immunomodulatory effects [20]. Additionally,
paconiflorin can scavenge free radicals in the body,
improving oxidative stress reactions [21]. This work
examined the in vivo pharmacokinetic properties of
paconiflorin, revealing that it was absorbed to a certain
extent in various intestinal segments. The uniform
paeoniflorin effective permeability coefficients across
different intestinal segments indicated its transport

in the intestine occurs through passive diffusion.
Furthermore, this work observed that at different
concentrations, paconiflorin exhibited an AHL of < 1.5
h, EHL of < 2.0 h, a peak concentration of > 50 pg/
mL, a peak time of <4 h, and an AUC of > 280 pg/h/L.
This suggests that paeoniflorin is characterised by
rapid absorption and efficient clearance in the body.
Unabsorbed paeoniflorin undergoes metabolism by
intestinal flora, generating three metabolites, which
may contribute to reduced bioavailability [22]. Therefore,
future research should explore strategies to enhance
the bioavailability of paeoniflorin, which is crucial for
improving therapeutic efficacy in disease management.
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Figure 8.

Relevant proteins in Wnt/B-catenin signalling pathway of chondrocytes: (A) Western blot results; (B): DVL2;
(C): GSK-3B; (D): Cyclin D1; (E): B-catenin.
*p < 0.05 vs. Control group; #p < 0.05 vs. IL-1P group.

Paeoniflorin can suppress the generation and release
of inflammatory mediators, alleviating inflammatory
reactions. Clinically, it is used for the treatment of
diseases such as rheumatoid arthritis, systemic lupus
erythematosus and other arthritis [23-25]. However,
the mechanisms by which paeoniflorin affects the
activities of chondrocytes in osteoarthritis, particularly
cell proliferation and cell apoptosis, remain unclear.
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In the joint cells of osteoarthritis patients, inflammatory
factors such as IL-1J are abnormally expressed,
activating related signalling pathways, promoting
imbalances in joint cell metabolism and exacerbating
the severity of arthritis inflammation [26]. IL-1J serves
as the initiating factor for inflammatory reactions and is
highly expressed in the synovial fluid of osteoarthritis
patients [27]. This work induced the normal human
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chondrocytes with IL-1B to establish an in vitro
osteoarthritis cell model. The results showed that IL-
1B induction led to a decrease in chondrocyte cell
proliferation activity and an increase in cell apoptosis,
indicating that IL-1f induces chondrocyte apoptosis,
consistent with the pathological features of abnormal
apoptosis in osteoarthritis [28]. Subsequently, different
concentrations of paeoniflorin were applied to IL-1p-
induced chondrocytes, revealing that paeoniflorin
significantly enhanced IL-1B-induced chondrocyte cell
proliferation activity while inhibiting cell apoptosis.
This is like the findings of Wu et al., who observed
that paeoniflorin could reduce the proportion of IL-
1B-induced apoptosis in rat cartilage [29]. These results
suggest that paeconiflorin has potential therapeutic value
as a treatment for osteoarthritis.

MiRNAs are extensively expressed in eukaryotic
organisms and are involved in the regulation of
chondrocyte cell proliferation and cell apoptosis.
Duan et al. summarised that miR-140 plays a key role
in promoting cartilage matrix remodelling, primarily
by regulating the maturation of mesenchymal stem
cell-derived cartilage [30]. Shi et al. [31] reported that
in a mouse model with T-2 toxin-induced damage to
joint cartilage and growth plates, the expression level
of miR-140 decreased, suggesting its involvement in
processes such as joint cartilage formation and extra-
cellular matrix degradation. Chen, Huang et al. discovered
that in vitro induction of rat chondrocytes with IL-1(
led to a decrease in the expression level of miR-140-
5p, and inhibiting miR-140-5p could exacerbate osteo-
arthritis-like changes [32]. This work revealed that
after IL-1pB induction in human chondrocytes, miR-
140 expression decreased, indicating the involvement
of miR-140 in the progression of osteoarthritis.
Furthermore, this work found that paeoniflorin increased
the miR-140 expression in chondrocytes induced by
IL-1B. This suggests that paeoniflorin may regulate
chondrocyte cell proliferation and cell apoptosis induced
by IL-1p through the modulation of miR-140 expression.
However, the precise mechanisms of action of miR-
140 in osteoarthritis require further clarification.
The Wnt/B-catenin signalling pathway is involved in
the regulation of various biological behaviours, including
cell proliferation, differentiation, adhesion and polarity.
Numerous studies have confirmed that abnormal
activation of the Wnt/B-catenin signalling pathway,
along with aberrant expression of Wnt and -catenin
proteins, exerts a crucial effect in activating downstream
target molecules and regulating cell proliferation,
invasion, apoptosis and the release of inflammatory
factors [33-36]. Fan et al. demonstrated that inhibiting
the activation of the Wnt/B-catenin signalling pathway
stimulated by IL-1 could reverse the abnormal extra-
cellular matrix metabolism in chondrocytes and exert
a therapeutic effect in alleviating osteoarthritis of the
ankle joint [37]. In the cytoplasm of cells, free B-
catenin protein enters the cell nucleus, activating the
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transcription of downstream target genes such as Cyclin
D1. Proteins like GSK-3f3 belong to the B-catenin protein
degradation complex, regulating B-catenin levels in
the cytoplasm. In the absence of Wnt ligands, GSK-
3 promotes the phosphorylation of -catenin, leading
to its degradation and reduced expression levels [38].
DVL protein in the cytoplasm receives upstream signals,
inhibiting the function of protein complexes such as
GSK-3, stabilising the free B-catenin protein in the
cytoplasm [39]. This work unveiled that after IL-1f3
induction in human chondrocytes, DVL2, Cyclin D1
and B-catenin decreased, while GSK-3B increased.
This indicates that IL-1p induction inhibits DVL2 in
chondrocytes, promotes the formation of the GSK-
3B complex, exacerbates the phosphorylation of -
catenin protein, and inhibits the transcription of down-
stream target genes like Cyclin D1, suggesting abnormal
activation of the Wnt/B-catenin signalling pathway in
osteoarthritis. Furthermore, this work signified that
paeoniflorin treatment of IL-1pB-induced chondrocytes
resulted in increased DVL2, Cyclin D1 and B-catenin,
and decreased GSK-3p. This indicates that paeoniflorin
can inhibit the abnormal activation of the Wnt/B-catenin
signalling pathway induced by IL-1p in chondrocytes,
thereby promoting cell proliferation and inhibiting
apoptosis.

Conclusions

Paeoniflorin extract can be absorbed in the intestine,
and the drug concentration to some extent affects its
pharmacokinetics in the body. Additionally, paconiflorin
extract could promote the proliferation of IL-1p-induced
human chondrocytes while inhibiting apoptosis. This
effect may be mediated by increased expression of
miR-140 and the suppression of abnormal activation
of the Wnt/B-catenin signalling pathway. These findings
suggested that paeoniflorin extract held promise as a
therapeutic agent for osteoarthritis.
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