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Highlights
» HPD-600 macroporous resin was identified the optimal to extract CPF among five different
resins.

»  CPF promoted osteogenic differentiation in MC3T3-E1 cells.
»  CPF activated PI3K-AKT-FOXOL1 signaling pathway to enhanced osteogenic differentiation.

Abstract

In this study, four types of macroporous resins (HPD-600, AB-8, D-101, and DM130) and a polyamide
resin were compared the efficiency to extract total flavonoids from Cyclocarya paliurus (Batal.)
Iljinskaja (CPF). Among them, HPD-600 was identified as the most effective. The ideal adsorption
conditions were determined to be as follows: 70% ethanol used as the eluent, a flow rate of 2 BV/h,
and a CPF concentration of 1.0 mg/mL. Following purification with HPD-600, the CPF yield increased
to 69.76% + 2.3%. Purified CPF exhibited strong ABTS* radical scavenging activity. Furthermore, in
CPF-treated MC3T3-E1 cells, the osteogenic proliferation and differentiation activity were evaluated.
At a concentration of 200 ug/mL, CPF enhanced cell viability, not affecting cell proliferation by Ki67
staining. CPF promoted osteogenic differentiation by ALP staining. In mechanism, CPF enhanced
osteogenic differentiation by PI3K-AKT-FOXO1 signaling pathway.

Keywords: CPF; HPD-600 macroporous resin; MC3T3-E1 cells; osteogenic differentiation

1. Introduction

Osteoporosis (OP) is a condition characterized by an imbalance in bone remodeling, caused by
decreased osteoblast activity and increased osteoclast activity.[1-3] As a common chronic health issue
among the elderly, OP has become a serious global problem.[4] Impaired bone remodeling not only
underlies the pathology of OP but is also increasingly recognized as a significant public health
problem.[5,6] Currently, treatments for OP include calcitonins, vitamin K analogs, and so on.[7]
Nonetheless, many agents can negatively impact a patient’s health. For example, vitamin K analogs
have been reported to cause side effects such as stomach upset, abdominal pain, skin itching, and
edema.[8] In recent years, there are increasing interest in active compounds sourced from natural
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products, attributed to their low toxicity and positive safety profiles [6]; He et al. found that natural
Chinese medicines offer therapeutic anabolic and anticatabolic advantages for treating OP.[9]

The therapeutic potential of flavonoids was being investigated more and more in the promotion
of osteogenic differentiation.[10] Cyclocarya paliurus (Batal.) Iljinskaja (C.paliurus), a traditional
Chinese and medicinal plant, belongs to the genus Cyclocarya in the family Juglandaceae and has
survived since the glacial century.[11] It is widely distributed in regions such as Jiangxi, Zhejiang,
Jiangsu, Anhui, Fujian, Taiwan, typically growing in mountainous areas at altitudes ranging from
420 to 2500 meters.[12] The leaves of C.paliurus are known for their therapeutic properties, including
heat-clearing, pain-relieving, and treatment of persistent ringworm.[12,13] Flavonoids are among the
primary active compounds found in these leaves.[14] These compounds are also abundant in various
plant-based foods, such as vegetables and herbs. [15,16] Bellavia reported that flavonoids exert
protective effects against osteoporosis by influencing the survival, proliferation, and differentiation
of cells involved in bone homeostasis.[1] Despite the broad spectrum of biological activities attributed
to flavonoids, such as scavenging free radicals, lowering blood glucose levels, inhibiting liver cancer,
and enhancing immune function; however, there is no reference regarding CPF’s effects on MC3T3-
E1 cells’ osteogenic proliferation and differentiation. Considering CPF’s pharmacological potential,
more study on its osteogenic effects should be done.

In this study, we compared the efficiency of five different resins (HPD-600, AB-8, D-101, DM130,
and Polyamide) for purifying CPF. Resins are widely used in the pharmaceutical industry for the
separation, extraction and purification of chemical components from Chinese herbal medicines.[17]
Compared to traditional adsorbents, resins have several advantages, including high selectivity, large
adsorption capacity, easy desorption, and strong resistance to contamination.[18] To optimize the
separation and extraction conditions, the resins were selected based on key parameters that influence
their performance. The best to purify CPF was determined by using HPD-600 macroporous resin.
Additionally, cell proliferation assays, extracellular alkaline phosphatase (ALP) activity assays, and
osteogenic differentiation assays were conducted to evaluate the effects of CPF on mouse embryo
osteoblast precursor (MC3T3-E1) cells. The expression of osteogenic proteins, such as ALP, was
assessed to further investigate CPF’s effect on MC3T3-E1 cells. Furthermore, the effects of CPF on
PI3K-AKT-FoxO signaling pathway were studied.

2. Results and Discussion
2.1. Selection of 5 Different Resins for CPF Extraction

The adsorption capacity of different resin types can vary significantly under identical conditions,
and it has been reported that resin polarity is closely correlated with adsorption performance.[19]
CPF was purified by testing four different kinds of macroporous resins (HPD-600, AB-8, D-101, and
DM130) and a polyamide resin. As shown in Tablel, the static adsorption-desorption characteristics
of resins was used to identify five different resins for the purification of CPF.

Table 1. The static adsorption-desorption characteristics of resins.

Adsorption Adsorption

Resins Rate (%) Capacity Desorption rate (%) Desorption capacity
HPD-600 77.401 + 0.509 36.786 + 0.04° 92.544 + 0.68¢ 34.019 + 0.23¢

AB-8 76.983 + 0.36° 36.636 + 0.09° 84.711 + 0.710 30.973 + 0350

D-101 69.608 + 0.462 32.831 + 0.352 91.322 + 1.32° 30.193 + 0.60°
DM130 72.738 + 0.36° 34.402 + 0.202 91.358 + 1.38° 31.561 + 0.57°
Polyamide 72.815 + 0.43° 34.816 + 0.312 19.302 + 0.322 6.676 + 0.15%

As shown in Tablel, the results indicated that HPD-600 macroporous resin had the optimal
extraction efficiency to purify CPF with an adsorption rate of 77.401 + 0.50% and a desorption rate of
92.544 +0.68%, compared with the resins of AB-8, D-101, DM130 resins and a polyamide resin.
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Therefore, HPD-600 was selected the optimal resin to purify CPF due to the superior binding and
elution properties. The results were the same with the results of Saraswaty et al, who reported that
fractionation using HPD-600 resin significantly enhanced the antioxidant activity of Gnetum gnemon
L. seed hard shell extract.[20] HPD-600 macroporous resin was identified as the optimal to purify
CPF in this study, and five chemical compositions of CPF by HPLC might well be isoquercetin,
quercetin-3-O-a-L-rhamnoside, kaempferol-3-O-a-L-rhamnoside, quercetin and kaempferol with the
content of 2.37%, 1.94%, 15.77%, 4.86% and 2.64%, respectively[21].

2.2. The Ideal Adsorption-Resolution Parameters by Adsorption and Resolution Tests

The static adsorption capacity using HPD-600 macroporous resin to purify CPF was shown in
Figure 1A. The adsorption rate of CPF rose rapidly during the first 0.5 h, reaching its maximum
capacity, with equilibrium attained after around 5 h. Figure 1B presents the static desorption capacity
using HPD-600 macroporous resin to purify CPF. Desorption occurred rapidly within the first 0.5 h,
and as time progressed, the desorption curve gradually plateaued, reflecting a slower change in
desorption capacity.
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Figure 1. The ideal adsorption-resolution parameters. A. Static adsorption capacity (mg/g) of the HPD-600
macroporous resin. B. Static desorption capacity (mg/g) of the HPD-600 macroporous resin. C. The effect of
different ethanol concentrations on the amount of desorption capacity (mg/g). D. Effect of different ethanol

concentrations on desorption rate (%). E. CPF concentration in dynamic adsorption effects on injection mass
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concentration (1.5 mg/mL, 1.0 mg/mL, 1.5 mg/mL). F. CPF concentration in dynamic adsorption on CPF injection
rate (1BV, 2BV, 3V).

To determine the optimal ethanol concentration for CPF elution, dynamic adsorption
experiments were conducted using ethanol concentrations of 30%, 60%, 80%, and 100%. As shown in
Figure 1C, 80% ethanol demonstrated the best elution performance, followed by 60% and 100%. In
contrast, distilled water and 30% ethanol exhibited poor elution efficiency. The optimal flow rate was
defined as the rate at which CPF leakage appeared latest. Figure 1F shows the leakage profiles at flow
rates of 1BV/h, 2BV/h, and 3 BV/h. The leakage points were observed at approximately 9 BV for
1BV/h, 7BV for 2BV/h, and 5BV for 3 BV/h. Based on these data, the corresponding adsorption
capacities were calculated to be 175 mg, 135 mg, and 78 mg, respectively. Although 1 BV/h resulted
in the highest adsorption capacity, it was inefficient due to the lengthy processing time. Conversely,
3BV/h led to early breakthrough and poor adsorption, and a flow rate of 2 BV/h was identified as
optimal, balancing adsorption efficiency and operational feasibility.

As shown in Figure 1E, when the injection of CPF was 0.5, 1.0, and1.5 mg/mL, the corresponding
adsorption capacities were 93 mg, 141 mg, and 135 mg, respectively. Although 1.5 mg/mL yielded
slightly lower adsorption than 1.0 mg/mL, the shorter breakthrough time made it less favorable.
Thus, 1.0 mg/mL was determined to be the optimal injection concentration, providing the highest
adsorption with good time efficiency.

The polarity of ethanol strongly influences its elution capacity for flavonoids.[22] Figure 1D
illustrated that the desorption rate of CPF was evaluated with ethanol concentrations of 60%, 70%,
80%, 90%, and 100% Using HPD-600 macroporous resin. Figure 1E further showed the effect of
ethanol concentration on dynamic desorption. Among all tested concentrations, 70% ethanol
exhibited the best desorption performance, with faster elution and a higher desorption rate. These
results showed the optimal purification conditions for CPF were determined as follows: 70% ethanol
as the eluent, 2 BV/h as the flow rate, and 1.0 mg/mL as the feed concentration. Under these optimized
conditions, CPF purity reached 69.76% after three rounds of purification, and its antioxidant capacity
was significantly enhanced CPF purified with HPD-600 macroporous resin thus demonstrated
excellent purification efficiency and high commercial value. Wang et al. also reported that the
adsorption/desorption features illustrated that HPD-600 was the best choice for purifying ASTFs
from EAS among the six tested resins.[23]

2.3. Antioxidant Activities

In the reaction system, ABTS* radicals are stably generated through auto-oxidation, producing
a characteristic blue-green color. Antioxidants can reduce ABTS* radicals, resulting in a loss of color
intensity. When flavonoids or other free radical scavengers are introduced into the system, the
solution’s color gradually lightens or even disappears. [24] The scavenging activity of purified CPF
against ABTS* radicals was evaluated based on the degree of color change. As shown in Figure 2,
crude CPF, purified CPF, and ascorbic acid (Vc) all exhibited concentration-dependent ABTS* radical
scavenging activity. Purified CPF showed slightly higher scavenging activity than crude CPF,
although both were significantly lower than that of Vc. At CPF concentrations of 0.05 to 0.25 mg/mL,
CPF displayed scavenging activity ranging from 17.98 +0.54% to 63.17 £0.85%. The ICs, value of
purified CPF for ABTS* radical scavenging was calculated to be 0.185 mg/mL, indicating strong
antioxidant capacity at higher concentrations, consistent with previous studies that CPF exhibit
excellent ABTS* radical scavenging activity. Given its potent antioxidant properties, CPF holds
promise as a natural antioxidant for applications in the food, medical, and cosmetic industries. Given
the promising antioxidant performance of CPF, we next investigated its biological effects on MC3T3-
E1 cells.
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Figure 2. ABTS* radical scavenging activity of purified CPF.

2.4. The Effects of CPF on the Capacity of Cell Viability, Cell Proliferation, and Cell Differentiation in
MC3T3-E1 Cells

The osteoblast precursor cell line MC3T3-E1 was produced from mouse calvaria. [25] MC3T3-
E1 cells were cultured with CPF concentrations of 25, 50, 100, 150, and 200 pg/mL. As shown in Figure
3A, cell viability was improved with increasing CPF concentrations, peaking a maximum at
200 pug/mL. However, when the concentration exceeded this level, a slight decline in viability was
observed. The quantity of crystal produced is directly related to the number of viable cells as
determined by MTT assays. [26] These results suggest that CPF, at concentrations up to 200 ug/mL,
did not exhibit cytotoxicity and is therefore suitable for use in subsequent cell-based assays. To assess
the effect of CPF on cell proliferation, Ki67 immunofluorescence staining was performed.[27] As
shown in Figure 3B, after 24 h of incubation, the expression of Ki67+ cells was not affected by CPF
treatment. These results indicated that CPF enhanced cell viability at a concentration of 200 ug/mL,
not affecting cell proliferation by Ki67 staining, consistent with that most flavonoids do not
significantly affect proliferation of MC3T3-E1 cells.[28] This supports the notion that CPF, like many
other flavonoids, is non-toxic to osteoblast precursor cells at effective concentrations.[5]

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. The effects of CPF on the capacity of cell viability, cell proliferation, and cell differentiation in MC3T3-
E1 cells. A, B: The effects of CPF on cell viability and proliferation in MC3T3-E1 cells by MTT assays and Ki67

staining. C, ALP staining was performed on day 7 of osteogenic differentiation in MC3T3-E1 cells with or
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without CPF treatment, and the number of osteoblasts per cell was assessed.

A natural flavonoid-rich extract, and its role in osteoblast differentiation, renewal, and
maintenance is essential for identifying novel therapeutic targets in the treatment of skeletal
disorders.[29] The results revealed that CPF enhanced osteogenic differentiation by ALP staining in
Figure 3C. Specifically, CPF treatment markedly increased the proportion of ALP-positive
osteoblasts, indicating its ability to promote osteoblast maturation. This observation aligns with
previous studies that 7,8-dihydroxyflavone improved trabecular bone microarchitecture, reduced
bone loss, and exerted regulatory effects on bone remodeling.[30] Similarly, Song et al showed that
3,4’-dihydroxyflavone enhanced osteogenic differentiation of eADSCs through activation of the ERK
signaling pathway.[31]

2.5. The Mechanism How CPF Regulated MC313-E1 Cells Differentiations

To further elucidate the underlying mechanism, the effect of CPF on the PI3K-AKT signaling
pathway was assessed by Western blot analysis on day 7 of osteogenic induction. The expression
levels of key osteogenic-related proteins, including ALP, p-PI3K/PI3K, FOXO1, and p-AKT/AKT,
were evaluated. Figure 4 A, B illustrated that CPF treatment led to increased protein expression of
ALP, p-PI3K/PI3K, FOXO1, and p-AKT/AKT. Importantly, CPF enhanced osteogenic differentiation
with no effect on cell proliferation, supporting its role as a differentiation-promoting rather than
proliferation-inducing agent. This is consistent with the finding that Calycosin prevented IL-1p3-
induced damage in articular chondrocytes by regulating the PI3K/AKT/FOXO1 pathway.[32]
Moreover, FoxOl is the critical target of puerarin in inhibiting osteoclastogenesis and bone
resorption.[33] While Lai et al reported that 6-OH-flavone enhances osteoblastic differentiation by

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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activating the AKT, ERK1/2, and JNK pathways.[28] Together, these findings highlight the potential
of flavonoids in regulating osteogenesis.

Flavonoids from
Cyclocarya paliurus
(CPF)
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Figure 4. The mechanism how CPF regulated MC3T3-E1 cells differentiations. A. The effect of CPF on PI3K-
AKT signaling pathway in MC3T3-E1 cells during osteogenic differentiation on day 7 was assessed by western
blot analysis, which measured the relative protein levels of ALP, p-PI3K/PI3K, FOXO1, and p-AKT/AKT. B. The
mechanism how CPF affected MC3T3-E1 cells differentiations.

3. Materials and Methods
3.1. Preparation of CPF

C. paliurus leaves were ground, air-dried. To remove interfering components, such as lipophilic
substances, petroleum ether was used to extract the dried leaf powder (40 mesh) for 24 h.[34] Then,
using an enzymolysis ultrasonic-assisted extraction procedure, crude CPF was produced; the best
result was determined by combining PlackettBurman and BoxBehnken experimental designs.[21,26]
A rotary evaporator was used to concentrate the extract at 55 C in a vacuum. The purified CPF was
finally obtained by centrifugation and filtration of the concentrated sample, followed by vacuum
freeze-drying at —40 °C.

3.2. The Static Adsorption-Desorption Characteristics of 5 Different Resins

3.2.1. Measurement of Resins Adsorption Rate

One gram of each of the five different pre-treated resins was added to CPF solution. The
mixtures were sealed and placed on a shaking bed at 25 °C and 110 rpm for 24 h to allow adsorption.
The adsorption capacity (Q, mg/g) and adsorption rate (E, %) were calculated using the following

equations:
Q= (C0-C1) xV1/W ©)
E = (C0-C1)/ CO @
Where:

CO is the initial concentration of flavonoids in the extract of total flavonoids of C.paliurus leaves
(mg/mL)

C1 is the amount of flavonoids in the extract after adsorption (mg/mL);

V1 is the volume of adsorbent (mL)

W is the mass of resin (g)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.2.2. Measurement of Resin Resolution Rate

The five different resins were first rinsed with distilled water to remove any residual extract
from their surfaces. Next, each resin sample was placed in a 50 mL conical flask, and 10 mL of 60%
ethanol was added. The flasks were covered with plastic wrap and placed on a shaker at 25°C and
110 rpm for 24 h to promote desorption. The desorption rate (D, %) was calculated using the following
equation:

D =C2v2/Q ®
Where:

C2 is the concentration of flavonoids in the resolving solution (mg/mL)

V2 is the amount of the resolving solution (mL)

Q is the adsorption amount of resin (mg/g)

3.3. CPF Purification Using HPD-600 Macroporous Resin
3.3.1. Static Adsorption Capacity Test

In this test, 1 g of HPD-600 resin and 10 mL of CPF solution were added to a 50 mL conical flask.
Then, to make adsorption easier, the flask was put on a shaker at 25°C and a speed of 110 rpm. The
quantity of adsorption was calculated at specific time intervals (0, 0.5, 1, 1.5, 2, 3, and 5h). The
static adsorption curves are shown in Figure 2A.

3.3.2. Static Desorption Capacity Test

Then, 1 g of the resin was added to a 50 mL conical flask, and 10 mL of 60% ethanol was added.
The flask was shaken at 25 °C and 110 rpm to commence desorption. At different times of 0, 0.5, 1,
1.5, 2, 3, and 5 h, the concentration of CPF in the ethanol solution was measured, and the desorption
capacity (mg/g) was computed as follows. The results are shown in Figure 2B.

3.3.3. Effect of Different Ethanol Concentration on the Desorption Capacity and Rate

One gram of HPD-600 resin was weighed, washed with distilled water to remove any residual
extract, dried. Subsequently, 10 mL of ethanol at different concentrations (0%, 30%, 60%, 80%, and
100%) was added to a 50 mL conical flask containing the resin. The flask was set on a shaker at 25 °C
and 110rpm to initiate desorption. The desorption capacities and rate at different ethanol
concentrations are shown in Figure 2C, D.

3.3.4. The Dynamic Adsorption Effects on CPF Injection Rate

HPD-600 resin was wet-packed into a column. A CPF solution (1.5 mg/mL) was added to the
column at different flow rates of 1BV/h, 2BV/h, and 3 BV/h. Effluent was collected for each bed
volume (BV) to monitor CPF leakage. The dynamic adsorption is illustrated at varying flow rates in
Figure 2E.

3.3.5. The Dynamic Adsorption Effects on CPF Inlet Mass Concentration

HPD-600 resin was wet-packed into a column. CPF solutions at concentrations of 0.5 mg/mL, 1
mg/mL, and 1.5 mg/mL were loaded at a constant flow rate of 2 BV/h. Figure 2F illustrates that inlet
CPF concentration influences dynamic adsorption.

3.4. Antioxidant Activities

CPF was dissolved in 0.05. 0.10. 0.15. 0.20. and 0.25 mg/mL ethanol at different
concentrations. Two milliliters of both crude and purified CPF solutions were transferred into
separate test tubes. For each tube, 32 mL of ultrapure water, 2.0 mL of ABTS* solution, and 8.0 mL of
1.0 mg/mL potassium persulfate solution were added and then incubated in the dark for 6 min before

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1133.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 July 2025 d0i:10.20944/preprints202507.1133.v1

9 of 12

measuring the absorbance at 734 nm. In the control group, the CPF solution was replaced with 80%
ethanol.

ABTS* scavenging activity (%) =(Ac-Ai)/A0x100% @
Where:

Ao is the absorbance of the control.

Ai is the absorbance of sample solution.

3.5. Effect of CPF on MC3T3-E1 Cytotoxicity

MC3T3-E1 cells were seeded at a density of 1x105/mL and cultured for 2 h. Following cell
attachment, the cells were divided into seven treatment groups, which inculded one blank control
group and six CPF treatment groups, each consisting of six replicate wells. Cells were incubated at
37°C for 24 h. After incubation, 20 uL of MTT solution (5 mg/mL) was added to each well, and the
plates were incubated for an additional 4 h, removed the supernatant, then added 150 pL. of DMSO.
Following a 10-minute shaking period, absorbance was measured at 570 nm.[35]

3.6. Effect of CPF on Osteogenic Proliferation in MC3T3-E1 Cells by Ki67 Staining

MC3T3-E1 cells were fixed with 4% paraformaldehyde (PFA) at room temperature for 20 min,
then permeabilized with 0.5% Triton X-100 in PBS for 30 min, and subsequently blocked with a
blocking solution for 1 h. Then, the cells were treated with rabbit anti-Ki67 antibody (1:500,
Invitrogen) and counterstained with DAPI. After staining, an anti-fade mounting medium was
applied, and fluorescence images were taken for analysis.

3.7. Effect of CPF on Osteogenic Differentiation in MC3T3-E1 Cells by ALP Staining

MC3T3-E1 cells were fixed with 4% PFA for 15 min and then washed three times with PBS. The
BCIP/NBT staining solution was created by combining alkaline phosphatase coloring buffer, BCIP
solution (300x), and NBT solution (150x) in the following ratio of 3 mL:10 puL:20 uL, respectively. Both
control and CPF-treated (200 pig/mL) MC3T3-E1 cells were incubated with the staining solution for
30 minutes at 37 °C. After removing the solution, cells were washed with PBS, and ALP-stained cells
were examined and imaged under a microscope.

3.8. The Mechanism How CPF Regulates Osteogenic Differentiation in MC3T3-E1 Cells

RIPA lysis buffer with protease and phosphatase inhibitor was used to extract total protein from
both control and CPF-treated (200 pg/mL) MC3T3-E1 cells. Equal amounts of protein were separated
using 10% SDS-PAGE gels and subsequently transferred onto PVDF membranes (Life Technologies)
at 4 °C using a Bio-Rad transfer system (Hercules, CA). The membranes were blocked with 5% skim
milk for 1 h, incubated overnight at 4°C with primary antibodies, and subsequently treated with
HRP-conjugated secondary antibodies. Immunoreactive bands were taken wusing an
chemiluminescence kit (ECL, Amersham Biosciences).

3.9. Statistical Analysis

All experiments were performed with 3 to 5 replicates. Data are expressed as mean + SEM.
Statistical analysis was conducted using Prism 9 (GraphPad Software). For comparisons between two
groups, an unpaired two-tailed Student’s t-test was used (P < 0.05 was considered statistically
significant).

4. Conclusions

In summary, five types of resins (HPD-600, AB-8, D-101, DM130, and Polyamide) were
compared for their efficiency in purifying CPE. HPD-600 macroporous resin was identified as the
optimal choice. The best purification conditions were established as 70% ethanol elution at a flow rate
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of 2BV/h with a CPF concentration of 1.0 mg/mL. Strong ABTS* radical scavenging activity was
shown by purified CPF, which also confirmed that CPF had an antioxidant potential. Moreover, CPF
had no significant effect on MC3T3-E1 cell proliferation but significantly enhanced osteogenic
differentiation, as evidenced by increased ALP staining and upregulation of ALP expression. CPF
enhanced osteogenic differentiation by PI3K-AKT-FOXO1 signaling pathway. CPF may serve as a
promising natural supplement for the prevention and treatment of osteoporosis.
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